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GFL-001
Warnings, Cautions, and Notes

as Used in this Publication

Warning

Warning notices are used in this publication to emphasize that hazardous voltages, currents,
temperatures, or other conditions that could cause personal injury exist in this equipment or
may be associated with its use.

In situations where inattention could cause either personal injury or damage to equipment, a
Warning notice is used.

Caution

Caution notices are used where equipment might be damaged if care is not taken.

Note

Notes merely call attention to information that is especially significant to understanding and
operating the equipment.

This document is based on information available at the time of its publication. While efforts
have been made to be accurate, the information contained herein does not purport to cover all
details or variations in hardware or software, nor to provide for every possible contingency in
connection with installation, operation, or maintenance. Features may be described herein
which are not present in all hardware and software systems. GE Fanuc Automation assumes
no obligation of notice to holders of this document with respect to changes subsequently made.

GE Fanuc Automation makes no representation or warranty, expressed, implied, or statutory
with respect to, and assumes no responsibility for the accuracy, completeness, sufficiency, or
usefulness of the information contained herein. No warranties of merchantability or fitness for
purpose shall apply.

©Copyright 2004 GE Fanuc Automation North America, Inc.
All Rights Reserved.
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DEFINITION OF WARNING, CAUTION, AND NOTE

This manua includes safety precautions for protecting the user and preventing damage to the
machine. Precautions are classified into Warning and Caution according to their bearing on safety.
Also, supplementary information is described as a Note. Read the Warning, Caution, and Note
thoroughly before attempting to use the machine.

WARNING

Applied when there isadanger of the user being injured or when there is a danger of both the user
being injured and the equipment being damaged if the approved procedure is not observed.

CAUTION

Applied when there is a danger of the equipment being damaged, if the approved procedure is not
observed.

NOTE

The Note is used to indicate supplementary information other than Warning and Caution.

(Q Read thismanual carefully, and storeit in a safe place.
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PREFACE

PREFACE

This manual describes al the NC functions required to enable machine
tool buildersto design their CNC machinetools. Thefollowingitemsare
explained for each function.

1. General
Describes feature of the function. Refer to Operator’s manual as
requied.
2. Signals
Describes names, functions, output conditions and addresses of the
signals required to realize a function.
3. Parameters
Describes parameters related with a function.
4. Alarms and messages
Lists the alarms and messages related with a function in atable.
5. Referenceitem
List the related items of the related manualsin atable.

A list of addresses of all signals and alist of signals are described in the
appendix of this manual. Refer to it as required.
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Applicable models

Signal description

The models covered by this manual, and their abbreviations are :

Model name Abbreviation
FANUC Series 0i-TC 0i-TC
Series 0i—-C Oi
FANUC Series 0i-MC Oi-MC

FANUC Series 0i Mate-TC Oi Mate-TC
Series 0i Mate—C | 0i Mate

FANUC Series 0i Mate—-MC 0i Mate—-MC

For ease of understanding, the models are categorized as follows:
T series: 0i—TC, Oi Mate-TC
M series: Oi—TC, Oi Mate-TC

NOTE
Some functions described in this manual may not be applied
to some products.
For details, refer to the DESCRIPTIONS manual
(B—64112EN).

Relation of interface signals among the CNC, the PM C and the machine
tool is shown below:

GO000- X000—-

Machine
CNC FO00- PMC Y000- tool

NOTE
For the signals, a single data number is assigned to 8 bits.

Each bit has a different meaning.
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® Expression of signals One address accommodates eight signals.
Address Symbol (#0 to #7 indicates bit position)
[ || \
#7 #6 #5 #4 #3 #2 #1 #0
| FO0O0 | | oP | SA | STL | SPL | | | | RWD |

In an item where both T series and M series are described, some signals
are covered with shade ( ) inthe signal address figure as shown
below. Thismeanseither T series or M series does not have this signal.
Upper partisfor T series and lower part isfor M series.

[Example 1]
Signal EXLM, ST isacommon signal, STLK isfor T seriesonly and
RLSOT and RVS arefor M series only.

#7 #6 #2 #1 #0 _
| G007 | | RLSOT | EXLM | // | ST | STLK | RVS IASS‘Z';SS
Parameter description Parameters are classified by data type as follows::
Dtatype Valid data range Remarks
Bit
Oorl
Bit axis
Byte —127 to 127 In some parameters, signs are ig-
Byte axis 0 to 255 nored.
Word 32767 to 32767
Word axis 0 to 65535
2-word ~99999999 to
2—word axis 99999999
NOTE

1 For the bit type and bit axis type parameters, a single data
number is assigned to 8 bits. Each bit has a different
meaning.

2 The axis type allows data to be set separately for each
control axis.

3 The valid data range for each data type indicates a general
range. The range varies according to the parameters. For
the valid data range of a specific parameter, see the
explanation of the parameter.
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e Notation of bit type and
bit axis type parameters

Data No. Data (#0 to #7 indicates bit position)
| - #7 #6 #5 #4 #3 #2 #1 #0 |
|oooo | | | | SEQ | | | INI | ISO | TVC |

e Notation of parameters
other than bit type and
bit axis type
Data No. Data

[
| 1023 | | Servo axis number of a specific axis |

NOTE
In an item where both T series and M series are described,
parameters having different meanings between the T series
and M series and parameters that are valid only for the T or
M series are indicated in two levels as shown below.
Parameters left blank are unavaliable.

[Example 1]
Parameter 5010 has different meanigs for the T series and M series.

Tool nose radius compensation . . . T series
5010
Cutter compensationC.. .. M series
[Example 2]
DPI isaparameter common to theM and T series, but GSB and GSC
are parameters valid only for the T series.
#7 #6 #0
Gsc | GsB /) DPI | Tseries
3401 .
/ / DPI M series
[Example 3]
The following parameter is provided only for the M series.
1450 T series
F1digitfeed. .. M series
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Related manuals of The following table lists the manuals related to Series 0i—C and Oi
Series 0i—C/0i Mate—-C Mate-C. Thismanua isindicated by an asterisk(*).
Manual name Specification
number
DESCRIPTIONS B—64112EN
CONNECTION MANUAL (HARDWARE) B—64113EN
CONNECTION MANUAL (FUNCTION) B—64113EN-1 | *
Series 0i—-TC OPERATOR’S MANUAL B—64114EN
Series 0i-MC OPERATOR’S MANUAL B—64124EN
Series 0i Mate—TC OPERATOR’S MANUAL B—64134EN
Series 0i Mate—MC OPERATOR’S MANUAL B—64144EN
MAINTENANCE MANUAL B—64115EN
PARAMETER MANUAL B—64120EN
PROGRAMMING MANUAL
Macro Compiler/Macro Executor B-61803E-1
PROGRAMMING MANUAL
FANUC MACRO COMPILER (For Personal Computer) B—66102E
PROGRAMMING MANUAL

PMC

PMC Ladder Language PROGRAMMING MANUAL B—61863E
PMC C Language PROGRAMMING MANUAL B—61863E-1
Network

PROFIBUS-DP Board OPERATOR’'S MANUAL B—62924EN
Ethernet Board/DATA SERVER Board B-63354EN
OPERATOR’S MANUAL

FAST Ethernet Board/FAST DATA SERVER B—63644EN
OPERATOR’S MANUAL

DeviceNet Board OPERATOR’S MANUAL B—63404EN
OPEN CNC

FANUC OPEN CNC OPERATOR’S MANUAL B—62994EN

Basic Operation Package 1 (For Windows 95/NT)

FANUC OPEN CNC OPERATOR’S MANUAL B—-63214EN
(DNC Operation Management Package)
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Related manuals of The following table lists the manuals related to SERVO MOTOR
SERVO MOTOR ais/ai/pis  cisoi/Bis series
Series Manual name Specification
number
FANUC AC SERVO MOTOR ais/ai series B—65262EN
DESCRIPTIONS
FANUC AC SERVO MOTOR Bis series B—-65302EN
DESCRIPTIONS
FANUC AC SERVO MOTOR ais/ai/Bis series B—-65270EN
PARAMETER MANUAL
FANUC AC SPINDLE MOTOR uqi series B—65272EN
DESCRIPTIONS
FANUC AC SPINDLE MOTOR Bis series B—65312EN
DESCRIPTIONS
FANUC AC SPINDLE MOTOR ai/Bi series B—65270EN
PARAMETER MANUAL
FANUC SERVO AMPLIFIER i series B—65282EN
DESCRIPTIONS
FANUC SERVO AMPLIFIER Bi series B—65322EN
DESCRIPTIONS
FANUC AC SERVO MOTOR ais/oi series B—65285EN
FANUC AC SPINDLE MOTOR i series
FANUC SERVO AMPLIFIER i series
MAINTENANCE MANUAL
FANUC AC SERVO MOTOR Bis series B—-65325EN
FANUC AC SPINDLE MOTOR i series
FANUC SERVO AMPLIFIER i series
MAINTENANCE MANUAL

Either of the following servo motors and the corresponding spindle can
be connected to the CNC covered in this manual.

® FANUC SERVO MOTOR aiis series

e FANUC SERVO MOTOR Bis series

This manual mainly assumes that the FANUC SERVO MOTOR ais
series of servo motor is used. For servo motor and spindle information,
refer to the manuals for the servo motor and spindle that are actualy
connected.
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1.1

CONTROLLED AXES

General

Series 0i—-C Item M series T series
Controlled path 1 path 1 path
Controlled axes Max. 4 axes Max. 4 axes
Simultaneously Max. 4 axes Max. 4 axes

Series 0i Mate-C

controlled axes

Axis control by PMC

Max. simultaneous 4
axes (Not available on

Max. simultaneous 4
axes (Not available on

Cs axis) Cs axis)

Cs contouring control Max. 1 axis Max. 1 axis

Item M series T series
Controlled path 1 path 1 path
Controlled axes 3 axes Max. 3 axes
Simultaneously Max. 3 axes Max. 3 axes
controlled axes
Axis control by PMC - -
Cs contouring control - Max. 1 axis

Parameter

| 1010 | | Number of CNC—controlled axes |
NOTE
After setting this parameter, turn the power off then on again
so that the setting will take effect.
[Datatype] Byte

[Valid datarange] 1, 2, 3, ..., the number of controlled axes

[Example]

Set the maximum number of axes that can be controlled by the CNC.

Suppose that the first axisis the X axis, and the second and subsequent
axesarethe, Z, and A axesin that order, and that they are controlled as

follows:

X, Y, and Z axes. Controlled by the CNC and PMC
A axis: Controlled by the PMC (cannot be controlled directly by the

CNC)

Then set this parameter to 3 (total 3: X, Y, and Z2)
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Alarm and message

Number

Message

Description

015

MANDED

TOO MANY AXES COM-

(M series)

The number of the commanded axes
exceeded that of simultaneously con-
trolled axes. Correct the program.

TOO MANY AXES
COMMANDED

(T series)

An attempt was made to move the ma-
chine along the axes, but the number of
the axes exceeded the specified num-
ber of axes controlled simultaneously.
Alternatively, in a block where the skip
function activated by the torque—limit
reached signal (G31 P99/P98) was
specified, either moving the machine
along an axis was not specified, or
moving the machine along multiple
axes was specified. Specify movement
only along one axis.

Reference item

OPERATOR’S MANUAL

(M series) (B—64124EN) 11.2.1 Controlled Axes
Series 0i—-C

OPERATOR’'S MANUAL

(T series) (B-64114EN) 11.2.1 Controlled Axes

OPERATOR’'S MANUAL

(M series) (B—64144EN) 11.2.1 Controlled Axes
Series 0i Mate-C

OPERATOR'S MANUAL 11.2.1 Controlled Axes

(T series) (B—64134EN)
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1.2
SETTING EACH AXIS

1.2.1
Name of Axes

General

Each axisthat iscontrolled by the CNC (including those controlled by the
PMC) must be named. Select and set names from among X, Y, Z, A, B,
C, U, V, and W (with parameter 1020).

The names of the basic axes, however, are fixed (X, Y, and Z for the M
seriesand X and Z for the T series). The names of additional axes can be
selected, as desired, from the names other than those for the basic axes.
The same name cannot be assigned to more than one axis.

Parameter

| 1020 | |

Name of the axis used for programming for each axis |

[Datatype]

Byte axis

Set the name of the program axis for each control axis, with one of the
values listed in the following table:

Axis | Setting | Axis | Setting | Axis | Setting | Axis | Setting
name name name name

X 88 u 85 A 65 E 69

Y 89 \Y 86 B 66

z 90 w 87 C 67
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1

NOTE

With the T series, when G code system A is used, neither

U, V, nor W can be used as an axis hame. Only when G code

system B or C is used, U, V, and W can be used as axis

names.

The same axis name cannot be assigned to more then one

axis.

The address used by the secondary auxilliary function

(address B with the T series or, with the M series, the

address specified in parameter No0.3460) cannot be used as

an axis name.

With the T series, when address C or A is used for

chamfering, corner R, or direct drawing dimension

programming (when the CCR parameter (bit 4 of parameter

N0.3405) is set to 1), addresses C or A cannot be used as

an axis name.

Only with the T series, address E can be used as an axis

name. Address E cannot be used with the M series. When

address E is used as an axis name, note the following:

— When G code system A is used, address E is always
assigned to an absolute command.

— When an equal-lead threading command (G32) is
issued in the FS10/11 tape format. Use address F to
specify the thread lead.

Reference item

Series 0i—-C

OPERATOR’S MANUAL

(M series) (B-64124EN) 11.2.2 NAMES OF AXES

OPERATOR’S MANUAL

(T series) (B—64114EN) 11.2.2 NAMES OF AXES

Series 0i Mate-C

OPERATOR’S MANUAL

(M series) (B-64144EN) 11.2.2 NAMES OF AXES

OPERATOR’S MANUAL

(T series) (B—64134EN) 11.2.2 NAMES OF AXES
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1.2.2
Increment System

General

Theincrement system consists of theleast input increment (for input ) and
least command increment (for output). The least input increment is the
least increment for programming thetravel distance. Theleast command
increment istheleast increment for moving thetool on themachine. Both
increments are represented in mm, inches, or degrees.

Theincrement systemisclassified aseither IS-B or IS-C (Tables1.2.2(a)
and 1.2.2 (b)). Select IS-B or IS-C using bit 1 (1SC) of parameter 1004.

Table 1.2.2 (a) Increment system IS-B

Least inputincrement | Least command increment
Metric mm 0.001mm(Diameter) 0.0005mm
system —1Input 57551 mm(Radius) 0.001mm
machine
0.001deg 0.001deg
inch 0.000linch(Diameter) 0.0005mm
NPUt 5 0001inch(Radius) 0.001mm
0.001deg 0.001deg
Inch mm 0.001mm(Diameter) 0.00005inch
system —1Input 57551 mm(Radius) 0.0001inch
machine
0.001deg 0.001deg
inch 0.0001inch(Diameter) 0.00005inch
NPUt 5 0001inch(Radius) 0.0001inch
0.001deg 0.001deg
Table 1.2.2 (b) Increment system IS-C
Least inputincrement | Least command increment
Metric mm 0.0001mm(Diameter) 0.00005mm
system — 1input 575501 mm(Radius) 0.0001mm
machine
0.0001deg 0.0001deg
inch 0.00001inch(Diameter) 0.00005mm
INPUt 5 00001inch(Radius) 0.0001mm
0.0001deg 0.0001deg
Inch mm 0.0001mm(Diameter) 0.000005inch
system — 1input 5’5501 mm(Radius) 0.00001inch
machine
0.0001deg 0.0001deg
inch 0.00001inch(Diameter) 0.000005inch
INPUt 5 00001inch(Radius) 0.00001inch
0.0001deg 0.0001deg
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NOTE
Diameter programming is used only for T series. Diameter
programming or radius programming is determined by
parameter DIAx (No. 1006#3) for each axis. Also,
parameter IPR (No. 1004#7) can make the least input
increment of IS-B and IS—C ten times the least command
increment on each axis.

Parameter

#7 #6 #5 #4 #3 #2 #1 #0
[ o000 | | | | | [~ ] | |

The following parameter can be set at “ Setting screen”.
[Datatype] Bit
INI' Unit of input

O: Inmm
1: Ininches
#7 #6 #5 #4 #3 #2 #1 #0
[ 1001 ] | | | | | | | | Nm |
NOTE

When this parameter is set, the power must be turned off
before operation is continued.

[Datatype] Bit
INM Least command increment on the linear axis

0: Inmm (metric system machine)
1: Ininches (inch system machine)

#7 #6 #5 #4 #3 #2 #1 #0
| 1004 | IPR ISC
IPR ISC ISA
NOTE

After setting this parameter, turn the power off then on again
so that the setting will take effect.

[Datatype] Bit
ISA, ISC Theleast input increment and least command increment are set.

ISC ISA Least input increment and Symbol
least command increment
0 0.001mm, 0.001deg, or 0.0001inch IS-B
0.01mm, 0.01deg, or 0.001inch IS-A
0 0.0001mm, 0.0001deg, or 0.00001inch IS-C
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NOTE
IS—A is not available.

IPR  Whether theleast inputincrement for each axisisset toavalue 10timesas
large as the least command increment is specified, in increment systems
of IS-B and IS-C, mm input.

0: Theleast input increment is not set to avaue 10 times aslarge asthe
least command increment.
1: Theleastinputincrementisset toavalue 10timesaslargeastheleast
command increment.
If IPRissetto 1, the least input increment is set as follows:
Input increment Least input increment
IS-B 0.01 mm, 0.01 deg, or 0.0001 inch
IS-C 0.001 mm, 0.001 deg, or 0.00001 inch
NOTE
For IS—A, the least input increment cannot be set to a value
10 times as large as the least command increment.
When inch of input is specified, the least input increment
does not become 10 times as large as the least command
increment.
#7 #6 #5 #4 #3 #2 #1 #0
| 1006 | DIAX
NOTE
When this parameter is changed, turn off the power before
continuing operation.
[Datatype] Bit axis
DIAx Either adiameter or radiusis set to be used for specifying the amount of
travel on each axis.
0: Radius
1: Diameter
Reference item
OPERATOR’S MANUAL
(M series) (B—64124EN) 11.2.3 Increment System
Series 0i—C
OPERATOR’S MANUAL
(T series) (B-64114EN) 1.2.3 Increment System
OPERATOR’S MANUAL
(M series) (B—64144EN) 11.2.3 Increment System
Series 0i Mate—C
OPERATOR'S MANUAL 11.2.3 Increment System
(T series) (B-64134EN) | '"* ¢ 4
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1.2.3
Specifying the Rotation
AXis

General

Bit 0 (ROTXx) of parameter 1006 can be used to set each axisto alinear
axisorrotation axis. Bit 1 (ROSX) of parameter 1006 can be used to select
the rotation axis type, A or B, for each axis. See the explanation of the
parameters for details of types A and B.

When the roll over function is used, the values displayed for absolute
coordinates are rounded by the shift amount per rotation, as set in
parameter No. 1260. This can prevent coordinates for the rotation axis
from overflowing. Displayed values for relative coordinates are also
rounded by the angle corresponding to one rotation when bit 2 (RRLx) of
parameter No. 1008 is set to 1. The roll-over function is enabled by
setting bit 0 (ROAX) of parameter 1008 to 1.

For an absolute command, the coordinates after the tool has moved are
values rounded by the angle corresponding to one rotation set in
parameter No. 1260. The tool moves in the direction in which the fina
coordinates are closest when bit 1 of parameter No. 1008 issetto 0. For
an incremental command, the tool moves the angle specified in the
command.

Parameter

#7 #6 #5 #4 #3 #2 #1 #0

| 1006 | |

| | | | | | ROSx | ROTX |

NOTE
After setting this parameter, turn the power off then on again
so that the setting will take effect.

[Datatype] Bit axis
ROTx, ROSx Setting linear or rotation axis.

ROSx | ROTx Meaning

0 0 Linear axis

(1) Inch/metric conversion is done.

(2) All coordinate values are linear axis type.
(Not rounded in 0 to 360°)

(3) Stored pitch error compensation is linear axis type
(Refer to parameter No. 3624)

0 1 Rotation axis (A type)

(1) Inch/metric conversion is not done.

(2) Machine coordinate values are rounded in 0 to 360°. Ab-
solute coordinate values and relative coordinate values
are rounded or not rounded by parameter No. 1008#0
and #2.

(3) Stored pitch error compensation is the rotation type. (Re-
fer to parameter No. 3624)

(4) Automatic reference position return (G28, G30) isdonein
the reference position return direction and the move
amount does not exceed one rotation.
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ROSx | ROTx Meaning
1 0 Setting is invalid (unused)
1 1 Rotation axis (B type)

(1) Inch/metric conversion is not done.

(2) Machine coordinate values, absolute coordinate values
and relative coordinate values are linear axis type. (Isnot
rounded in 0 to 360°)

(3) Stored pitch error compensation is linear axis type (Refer
to parameter No. 3624)

(4) The rotation axis roll over function and index table index-
ing function (M series) cannot be used.

#7 #6 #5 #4 #3 #2 #1 #0
| 1008 | | | | | | | RRLX | RABX | ROAX |
NOTE
After setting this parameter, turn the power off then on again
so that the setting will take effect.
[Datatype] Bit axis
ROAXx Theroll—over function of arotation axisis
0: Invadid
1: vdid
NOTE

RABX

RRLx

ROAX specifies the function only for a rotation axis (for
which ROTXx, #0 of parameter No. 1006, is set to 1)

In the absolute commands, the axis rotates in the direction

0: Inwhich the distance to the target is shorter.
1: Specified by the sign of command value.

NOTE
RABXx is valid only when ROAXx is 1.

Relative coordinates are

0: Not rounded by the amount of the shift per one rotation
1: Rounded by the amount of the shift per one rotation

NOTE

1 RRLx s valid only when ROAXx is 1.

2 Assign the amount of the shift per one rotation in parameter
No. 1260.
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| 1260 | | Amount of a shift per one rotation of a rotation axis |

NOTE

1 After setting the parameter, turn off the power once and turn
it on again to operate the machine.
2 This parameter is valid only when ROAx = 1.

[Datatype] Two-word axis

[Unit of data] | Increment system | Unit of data Standard value Unit
IS-A 0.01 36000
IS-B 0.001 360000 deg
IS-C 0.0001 3600000

[Valid data range] 1000 to 9999999

Set the amount of a shift per one rotation of arotation axis.

Note

NOTE

Rotary axis roll-over function cannot be used together with
the indexing function of the index table.

Reference item

OPERATOR’S MANUAL .
(M series) (B-64124EN) 11.20.2 Rotary Axis Roll-over
Series 0i—C
OPERATOR’S MANUAL .
(T series) (B—64114EN) 11.19.2 Rotary Axis Roll-over
. . OPERATOR’S MANUAL .
Series 0i Mate—C (T series) (B—64134EN) 11.18.1 Rotary Axis Roll-over
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1.24
Controlled Axes
Detach

General

These signalsrel ease the specified control axesfrom control by the CNC.
When attachments are used (such as a detachable rotary table), these
signals are selected according to whether the attachments are mounted.

Thesignalscan also beused for switching the C axisand spindleonlathes.

When multiple rotary tables are used in turn, the tables must use motors
of the same model. Absolute pulse coders cannot be used.

Signal

Controlled axis detach
signals

DTCH1 - DTCH4
<G124#0-#3> [Classification]

[Function]

[Operation]

Input signal

These signals detach the control axes from control.
These signalsareprovided for each control axis, the affixed number of the
signal name showsthe control axis number.

DTCH 1

1... The 1st axis is detached.
2. The 2nd axis is detached.

When the signals are 1, the control unit operates as follows:

1) Position control is not executed at all. Servo motor excitation is cut.
2) Servo alarm on the axisisignored.

3) Axisinterlock signal is assumed to be zero on the detached axis.

4) A command for automatic or manual operationiseffectivefor theaxis,
but do not execute the command. The command is accepted but the
operationisrestrained, becausetheaxisinterlock is0. Inanautomatic
operation, the execution may stop and hold at the block.

5) Position display also displays the position of the detached axis.
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Controlled axis detach

status signals

MDTCH1 — MDTCH4

<F110#0—#3>

[Classification] Output signal
[Function] These signals notify the PMC that the corresponding axes have been
released from control.
These signalsare provided for each control axis, the affixed number of the
signal name showsthe control axis number.
MDTCH 1
T 1.... The 1st axis is detached.
2 ..... The 2nd axis is detached.

[Output condition] These signalsare 1 in the following case:

— When the corresponding axes are released from control
These signals are 0 in the following case:
— When the corresponding axes are under control

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| G124 | | | | | | DTCH4| DTCH3| DTCH2| DTCH1|
#7 #6 #5 #4 #3 #2 #1 #0
| F110 | | | | | | MDTCH4| MDTCH3| MDTCH2| MDTCHl|
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
[ 0012 | | RMvx | | | | | | | |

Setting entry is acceptable.
[Datatype] Bit axis
RMVx Releasing the assignment of the control axis for each axis

0: Notreleased
1: Released

NOTE
RMVx is valid when the bit 7 (RMBX) in parameter 1005 is 1.

#7 #6 #5 #4 #3 #2 #1 #0
| 1005 | | RMBx | MCCx | | | | | | |

[Datatype] Bit axis
RMBx Releasing the assignment of the control axis for each axis (signal input
and setting input)
0: Invadid
1: vdid
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MCCx When an axisisreleased from control, control for theMCC signal for the
corresponding servo amplifier is
0: Disabled
1: Enabled

NOTE

If the servo motor for an axis is connected to a 2—axis or
other multiaxis amplifier, releasing the axis from control
causes servo alarm 401 (V ready off) to be output. This
alarm can be disabled by this parameter. When the servo
motor is disconnected from the CNC, however, servo alarm
401 is output, regardless of the value of the parameter, due
to the nature of multiaxis amplifier.

Caution
CAUTION
When a 2-axis or 3—axis amplifier is used, releasing only
one axis from control results in the output of servo alarm 401
(V ready off). Use 1-axis amplifiers for those axes to be
released from control, e.g., by replacing the rotary table.
Note

NOTE

1 Controlled axis detach signals DTCH1 <G124#0>, DTCH2
<G124#1>, DTCH3 <G124#2>, ... can be changed from 1
to 0 or from 0 to 1 when the power is first turned on or when
no movement is being executed along the corresponding
axis. If these signals are changed from O to 1 when the tool
is moving along the corresponding axis, the axis is released
from control upon completion of the movement.

2 For these signals to be attached, parameter No. 1005#7
must be set, indicating the axes are detachable.

3 Setting parameter No. 0012#7 from the MDI panel detaches
the axes in the same way as these signals.

4 Those axes that are released from control lose their
reference positions. Reference position return must,
therefore, be performed for the axes prior to executing move
commands for the axes. Specifying a move command
before reference position return has been performed
causes alarm 224 to be output (the alarm can be disabled
by setting bit 0 (ZRNx) of parameter 1005).
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1.2.5

Outputting the
Movement State of an
AXIS

General

The movement state of each axis can be output to the PMC.

Signal

Axis moving signals
MV1 - MV4

<F102#0—#3> [Classification]

[Function]

[Output condition]

Output signal

These signals indicate that a control axis is moving.
The signals are provided for each control axis, and the number in the
signal name corresponds to the control axis number.

MV 1
1. The 1st axis is moving.
2 .. The 2nd axis is moving.
3 ... The 3rd axis is moving.

The signalsturn to “1” in the following cases:
The corresponding axis has started moving.
In manual handlefeed mode, the handlefeed axisof the corresponding
axis has been selected.

The signalsturn to “0” in the following case:
When the move command for the corresponding axis has been
distributed (when bit 6 (MV X) of parameter 3003 is 0)

When decel eration for the corresponding axis has been completed and
the axisis set to the in—position condition. If in—position check is not
performed, when the deceleration for the corresponding axis is
completed. (When bit 6 (MVX) of parameter 3003 is 1)

Setting 1 in bit 7 (MVG) of parameter 3003 prevents these signals from
being output during drawing in dynamic graphics mode (drawing without
movement of the machine) inthe T series.

The axis moving signals are output in the M series.
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Axis moving direction
signals
MVD1 - MVD4
<F106#0—#3> [Classification] Output signal
[Function] These signals indicate the movement direction of control axis.

They areprovided for each control axis, and thenumber inthesignal name
corresponds to the control axis number.

MVD 1
1. The moving direction of the 1st axisis minus.
2 . The moving direction of the 2nd axis is minus.
3 ... The moving direction of the 3rd axisis minus.

[Output condition] “1” indicates the corresponding axes are moving in the minus direction,
and “0” indicates they are moving in the plus direction.

CAUTION
These signals maintain their condition during a stop,
indicating the direction of the axes’ movement before

stopping.
Signal address
#7 #6 #5 #4 #3 #2 #1 #0
|F102 || | | | | MV4 | MV3 | MV2 | MV1 |
| F106 | | | | | | MVD4 | MVD3 | MVD2 | MVD1 |
Parameter
® Setting the output format
of the axis moving signal
#7 #6 #5 #4 #3 #2 #1 #0
|3003 | MVG MVX
MVX

[Datatype] Bit
MVX The axis moving signal is set to O when:

0: Distribution for the axis is completed. (The signa is set to O in
deceleration.)

1: Decelerationof theaxisisterminated, and thecurrent positionisinthe
in—position.
When the deceleration—time in—position check is suppressed by
setting bit 5 (NCI) of parameter No. 1601, the signal is set to O at the
end of deceleration.

MVG While drawing using the dynamic graphics function (with no machine
movement), the axis moving signal is:
0: Output
1: Not output
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Caution
CAUTION
Axis moving signals and axis moving direction signals are
output in both automatic and manual operations.
1.2.6

Mirror Image

General

Mirror image can be applied to each axis, either by signas or by
parameters (setting input is acceptable). All movement directions are
reversed during automatic operation along axes to which amirror image
is applied.

Ny,
>
(os]

When MI1 signal turned to “1” at point A

Mirror image (Example for T series)

However, the following directions are not reversed:

— Direction of manual operation and direction of movement, from the
intermediate position to the reference position during automatic
reference position return (for the M and T series)

— Approach direction for single direction positioning (G60) and shift
direction for boring cycles (G76 and G87) (for M series only)

Mirror image check signals indicate whether mirror image is applied to
each axis. System variable #3007 contains the same information (refer
to the operator’s manual).

Signal

Mirror image signal

MI1 - MI4
<G106#0—+#3>

[Classification] Input signal
[Function] Apply mirror image to the specified axes.
[Operation] Apply mirror image to those axes for which the signals are 1.

Thesesignalsare provided for the controlled axes on a one-to—-one basis.
A number appended to a signal represents the controlled axis number.
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1. Applies mirror image to the 1st axis.
2 .. Applies mirror image to the 2nd axis.
3 ... Applies mirror image to the 3rd axis.

The mirror image signal can be turned to “1” in the following cases:
a) During offset cancel;

b) When the CNC isin the automatic operation stop state and not inthe
feed hold state.

Mirror image check

signal
MMI1 — MMI4
<F108#0—#3>

[Classification]

[Function]

[Output condition]

Output signal

Thesesignalsindicatethe mirror image condition of each axis. Themirror
image is set by taking the logical sum of the signal from the MDI panel
and the input signal of the machine tool, then relaying the information to
the machine tool.

Thesesignalsareprovided for every control axis; thenumeral inthesignal
name indicates the relevant control axis number.

MMI 1

1..... Mirror image is applied to the 1st axis
2 ..... Mirror image is applied to the 2nd axis

These signalsturnto “1” when:
Mirror image signal MIn of the corresponding axisis*“1”; or

Mirror image of the corresponding axis is turned on by setting data
from the MDI pandl.

These signals turnto “0” when:

Mirror image signa (MIn) of the corresponding axis is “0” and the
setting of the mirror image in the control unit is turned off.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| G106 | | | | | | MI4 | MI3 | MI2 | MIL |
#7 #6 #5 #4 #3 #2 #1 #0
| F108 | | | | | | MMI4 | MMI3 | MMI2 | MMI1 |
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Parameter

#7 #6 #5 #4 #3 #2 #1 #0
[ o0 | | | | | | | | MiRx_|

The following parameter can be set at “ Setting screen.”
[Datatype] Bit axis
MIRx Mirror image for each axis

0: Mirror imageis off.
1: Mirror imageison.

Warning

WARNING

1 When programmable mirror image (M series) and ordinary
mirror image are specified at the same time, programmable
mirror image is applied first.

2 No programmable mirror image (M series) affects mirror
image check signals MMI1 to MMI4 <F108>.

Caution

CAUTION
Even when the mirror image is applied, commands which do
not actuate mirror image (such as automatic reference
position return and manual operation) do not affect mirror
image check signals MMI1 to MMI4 <F108>.

Reference item

OPERATOR’S MANUAL

(M series) (B—64124EN) 111.4.8 Mirror Image

Series 0i—-C

OPERATOR’S MANUAL

(T series) (B—64114EN) 111.4.8 Mirror Image

OPERATOR’S MANUAL

(M series) (B—64144EN) 111.4.8 Mirror Image

Series 0i Mate-C

OPERATOR’S MANUAL

(T series) (B-64134EN) 111.4.8 Mirror Image
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1.2.7
Follow—up

General

® \When follow—up is not
performed for the axes
for which the servo is
turned off

® \When follow—up is
performed for the axes
for which the servo is
turned off

When position control isdisabled for the controlled axes (when the servo
isoff, during emergency stop, or during aservo alarm), if the machineis
moved, a positional error occurs. Follow—up is afunction for changing
the current position of the CNC and reseting the error counter to zero.
Assuming a command corresponding to the error has been specified.
You can select whether to perform follow—up for axes when the servo is
turned off.

Follow—up isaways performed during emergency stop or aservo alarm.

When signal *FLWU is 1 or bit 0 (FUPX) of parameter 1819 is 1,
follow—up is not performed. The error is added to the error counter as a
servo error. In this case, the machine moves to compensate for the error
when the servo off signal changesto O.

In general, follow—up isnot used if the machineis mechanically clamped
when position control is disabled for the controlled axes.

When *FLWU is “0”, the follow-up function is engaged. The present
position of the CNC is changed to reset the error counter to zero. The
machinetool remainsinadeviated position, but sincethe present position
of the CNC changes correspondingly, the machine moves to the correct
position when the absolute command is next applied.

In general, follow—up should be used when motors are driven by
mechanical handles.

Signal

Follow—up signal
*FLWU <GO07#5>

[Classification]

[Function]

Input signal

Select whether to perform follow—up whenthe servoisturned off for those
axes for which bit 0 (FUPX) of parameter 1819is0.

[Operation] 0: Performs follow—up.

1: Does not perform follow—up.

Signal address

#7

#6 #5 #4 #3 #2 #1 #0

|GOO7 | |

LW | | | | | |
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Parameter
#7 #6 #5 #4 #3 #2 #1 #0

[ 1809 | | | | | | | I

[Datatype] Bit axis
FUPx To perform follow—up when the servo is off for each axis.
0: The follow—up signal, *FLWU, determines whether follow—up is
performed or not.
When *FLWU is 0, follow—up is performed.
When *FLWU is 1, follow—up is not performed.
1: Follow—up is not performed.

CAUTION
When the index table indexing function (M series) is used,

be sure to set FUPXx of the 4th axis to 1.

Reference item

CO.NNECTlON MANUAL 1.2.8 Servo Off (Mechanical handle)
(This manual)
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1.2.8
Servo Off
(Mechanical Handle)

General

Placethe controlled axesinthe servo off state, stop the current tothe servo
motor, which disables position control. However, the position detection
feature functions continuously, so the current position is not lost.
Thesesignalsareused to prevent the servo motorsfrom overloadingwhen
the tools on the axes are mechanically clamped under certain machining
conditions on the machine, or to move the machine by driving the motors
by mechanical handles.

Signal

Servo off signal
SVF1 - SVF4

<G126#0-#3> [Classfication]

[Function]

Input signal

Select whether to place each axis in the servo off state.

These signals are provided for the controlled axes on asingle axis basis.

A number appended to a signal represents a controlled axis number.
SVF 1

1. Servo off for the first axis
2 .. Servo off for the second axis
3. Servo off for the third axis

[Operation] Thesesignalsput the axesfor whichthesignalsare 1 inthe servo off state
(the current to the servo motor is stopped). This disables position control.
However, the position detection feature continues to function, so the
current position is not lost.
Signal address
#7 #6 #5 #4 #3 #2 #1 #0
| G126 | | | | | | SVF4 | SVF3 | SVF2 | SVF1 |
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Caution

CAUTION

1 In general, interlock is applied to an axis while the servo off
signal for that axis is 1.

2 When one of these signals turns to “1”, the servo motor is
turned off. The mechanical clamp is done by using the
auxiliary function. Set the timing for the auxiliary function,
mechanical clamp and servo off signals as shown in the
diagram below. The clamp command auxiliary function
should be executed only after the distribution end signal
(DEN) turned to “1”.

Clamp command Unclamp command

MF
Machine
clamp
Servo off state
SVF1, ... ’ \L /

FIN

Reference item

CONNECTION MANUAL

(This manual) 1.2.7 Follow—up
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1.2.9
Position Switch

General Position switch signals can be output to the PMC while the machine
coordinates along a controlled axes are within a specified ranges.

Signal

Position switch signal
PSWO01 - PSW16
<FO70#0 — FO71#7>

[Classification] Output signal

[Function] Indicatesthat the machine coordinates along the controlled axes specified
by parameters (6910 to 6925) are within the ranges specified by
parameters (6930 to 6945 and 6950 to 6965). Up to 16 pasition switch
signals can be output.

(Using 11 or more position switches requires setting the EPS parameter
(bit 1 of No. 6901.)

[Output condition] These signalsare 1 in the following case:
When the machine coordinatesa ong the controlled axesarewithinthe
specified ranges.
These signals are 0 in the following case:

When the machinecoordinatesalong the controlled axesarenot within
the specified ranges.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| FO70 | | PSWO8| Pswo7| PSW06| PSW05| PSWO4| PSWO3| PSW02| PSW01|
| FO71 | | PSW16| PSW15| PSW14| PSW13| PSW12| PSW11| PSW10| PSW09|
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Parameter

® Increasing the number of
position switch signals

#7

#6 #5 #4 #3 #2 #1 #0

| 6901 | |

| | | | PSF | PCM | EPS | IGP |

[Datatype] Bit

IGP

EPS

PCM

PSF

During follow—up for the absolute position detector, position switch
signals are:

0: Output

1: Not output

The number of position switchesis:
0: Upto10.
1: Upto 16.

Position switch signals are output:
0 : Without considering accel eration/decel eration and servo delay.
1: With considering accel eration/decel eration and servo delay.

In Al contour control, Al advanced preview control or advanced preview
control mode, position switches are:

0: Not used.

1: Used.

To use the position switches in any of the following modes, set this
parameter:

Al contour control, Al advanced preview control mode or advanced
preview control mode

NOTE
The position switch signals are output considering

acceleration/deceleration after interpolation and servo
delay. Acceleration/deceleration after interpolation and
servo delay are considered even for position switch signal
output in a mode other than the Al contour control, Al
advanced preview control, and advanced preview control
modes. When this parameter is set to 1, however, signals
are output from the position switches at different times from
the specified ones.
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® Setting the
correspondence
between the position
switch signals and the
controlled axes

6910

Axis corresponding to the first position switch

6911

Axis corresponding to the second position switch

6912

Axis corresponding to the third position switch

6913

Axis corresponding to the fourth position switch

6914

Axis corresponding to the fifth position switch

6915

Axis corresponding to the sixth position switch

6916

Axis corresponding to the seventh position switch

6917

Axis corresponding to the eighth position switch

6918

Axis corresponding to the ninth position switch

6919

Axis corresponding to the tenth position switch

6920

Axis corresponding to the eleventh position switch

6921

Axis corresponding to the twelveth position switch

6922

Axis corresponding to the thirteenth position switch

6923

Axis corresponding to the fourteenth position switch

6924

Axis corresponding to the fifteenth position switch

6925

Axis corresponding to the sixteenth position switch

[Datatype] Byte

[Valid data range] 0to Number of controlled axes

These parameters sequentially specify the numbers of the controlled axes
corresponding to the 1st through 16th position switch functions. The
corresponding position switch signal is output to the PMC when the
machine coordinate of the corresponding axis is within the range set in
parameters.

NOTE
1 Set O for the number corresponding to a position switch

which is not to be used.
2 Parameter Nos. 6920 to 6925 are valid only when bit 1
(EPS) of parameter No. 6901 is 1.
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® Setting the machine
coordinate ranges for
which the position
switch signals are output

® Maximum operation

range | 6930 | | Maximum operation range of the first position switch |
| 6931 | | Maximum operation range of the second position switch |
| 6932 | | Maximum operation range of the third position switch |
| 6933 | | Maximum operation range of the fourth position switch |
| 6934 | | Maximum operation range of the fifth position switch |
| 6935 | | Maximum operation range of the sixth position switch |
| 6936 | | Maximum operation range of the seventh position switch |
| 6937 | | Maximum operation range of the eighth position switch |
| 6938 | | Maximum operation range of the ninth position switch |
| 6939 | | Maximum operation range of the tenth position switch |
| 6940 | | Maximum operation range of the eleventh position switch |
| 6941 | | Maximum operation range of the twelveth position switch |
| 6942 | | Maximum operation range of the thirteenth position switch |
| 6943 | | Maximum operation range of the fourteenth position switch |
| 6944 | | Maximum operation range of the fifteenth position switch |
| 6945 | | Maximum operation range of the sixteenth position switch |

[Datatype] 2-word

[Unit of data] Increment system IS-A IS-B Is-C Unit
Metric machine 0.01 0.001 0.0001 mm
Inch machine 0.001 0.0001 0.00001 inch
Rotation axis 0.01 0.001 0.0001 deg

[Valid datarange] —99999999 to 99999999

These parameters sequentially set the maximum operation ranges of the
1st through 16th position switches.

NOTE
Parameter Nos. 6940 to 6945 are valid only when bit 1

(EPS) of parameter No. 6901 is 1.
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® Minimum operation

range | 6950 | | Minimumoperation range of the first position switch |
| 6951 | | Minimum operation range of the second position switch |
| 6952 | | Minimum operation range of the third position switch |
| 6953 | | Minimum operation range of the fourth position switch |
| 6954 | | Minimum operation range of the fifth position switch |
| 6955 | | Minimum operation range of the sixth position switch |
| 6956 | | Minimum operation range of the seventh position switch |
| 6957 | | Minimum operation range of the eighth position switch |
| 6958 | | Minimum operation range of the ninth position switch |
| 6959 | | Minimum operation range of the tenth position switch |
| 6960 | | Minimum operation range of the eleventh position switch |
| 6961 | | Minimum operation range of the twelveth position switch |
| 6962 | | Minimum operation range of the thirteenth position switch |
| 6963 | | Minimum operation range of the fourteenth position switch |
| 6964 | | Minimum operation range of the fifteenth position switch |
| 6965 | | Minimum operation range of the sixteenth position switch |

[Datatype] 2—word

[Unit of data] Increment system IS-A IS-B Is-C Unit
Metric machine 0.01 0.001 0.0001 mm
Inch machine 0.001 0.0001 0.00001 inch
Rotation axis 0.01 0.001 0.0001 deg

[Valid datarange] —99999999 to 99999999

These parameters sequentially set the minimum operation ranges of the
1st through 16th position switches.

NOTE
Parameter Nos. 6960 to 6965 are valid only when bit 1

(EPS) of parameter No. 6901 is 1.
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1.3
ERROR
COMPENSATION

131
Stored Pitch Error
Compensation

General

If pitch error compensation datais specified, pitch errors of each axiscan
be compensated in detection units per axis.

Pitch error compensation datais set for each compensation position at the
intervals specified for each axis. The origin of compensation is the
reference position to which the tool is returned.

Pitch error compensation data can be set with external devicessuch asthe
Handy File (see Operator’s manual). Compensation data can also be set
directly with the MDI panel.

The following parameters must be set for pitch error compensation. Set
the pitch error compensation value for each pitch error compensation
position number set by these parameters.

In the following example, 33 is set for the pitch error compensation
number at the reference position.

Pitch error compensation value (absolute value)

Compensation number for
~"]the compensation position
having the largest value

Compensation number for the
reference position (No. 3620)

Compensationmagnification
parameter (No. 3623)

|
5 I |(No.3622)
| |
Jl |
I 1L
| ~ |
Islhlszlsls $4|35'36' 1|;7

I | \—: Reference position |
| T T compensationan
|

Compensation number for the
compensation position having the
smallest value (No. 3621)

Compensationinterval
parameter (No. 3624)

Compensation
positionnumber 31 32 33 34 35 36 37
Compensation -3 +1 +1 +1 +2 -1 -3
value to be set

Pitch error compensation position at the reference position (for each
axis): Parameter 3620

Pitch error compensation position having the smallest value (for each
axis): Parameter 3621

Pitch error compensation position having the largest value (for each
axis): Parameter 3622

Pitch error compensation magnification (for each axis): Parameter
3623
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Interval of the pitch error compensation positions (for each axis):
Parameter 3624

Procedure for displaying 1 Setthefollowing parameters:

and setting the pitch
error compensation data

Pitch error compensation position at the reference position (for
each axis): Parameter 3620

Pitch error compensation position having the smallest val ue (for
each axis): Parameter 3621

Pitch error compensation position having the largest value (for
each axis): Parameter 3622

Pitch error compensation magnification (for each axis):
Parameter 3623

Interval of the pitch error compensation positions (for each
axis): Parameter 3624

L( ) (PTCH) ¢ 3¢ ) C ]J 2 PreSSfUnCti on key .
<O E|a /e ] )
| 3 Pressthecontinuousmenukey (=], then presschapter sel ection soft
Continuous menu key
key [PITCH].
The following screen is displayed:
PIT-ERROR SETTING 00000 NOOOOO
NO. DATA NO. DATA NO. DATA
0000 0 0010 0 0020 0
0001 0 0011 0 0021 0
0002 0 0012 0 0022 0
0003 0 0013 0 0023 0
(X)0004 0 0014 0 0024 0
0005 0 0015 0 0025 0
0006 0 0016 0 0026 0
0007 0 0017 0 0027 0
0008 0 0018 0 0028 0
0009 0 0019 0 0029 0
> —
MEM **%% k% %k 16:05:59
\ [ NO.SRH ][ ON:1 ][ OFF:0 ][ +INPUT ][ -INPUT ] /

4 Move the cursor to the compensation position number to be set in
either of the following ways:

Enter the compensation position number and press the
[NO.SRH] soft key.

Movethe cursor to the compensation position number using the

pagekeys, and,andcursor keys,[1 ][l ][4—]
andE].

5 Enter avalue with numeric keys and press the [INPUT] soft key.
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Explanations

e Specifying the
compensation position

e Compensation position
number

® Interval of compensation
positions

To assign the compensation positions for each axis, specify the positive
direction or the negative direction relative to the compensation position
No. of thereference position. If the machine stroke exceedsthe specified
range on either the positive direction or the negative direction, the pitch
error compensation does not apply beyond the range.

1024 compensation positions from No. 0 to 1023 are available on the
pitch error setting screen. Assign arbitrary positions for each axis using
parameters.

The number of the compensation position at the reference position
(parameter 3620), number of the compensation position having the
smallest value (parameter 3621), and number of the compensation
position having the largest value (parameter 3622) must be set for each
axis.

The name of each axis is displayed before the smallest compensation
position number on the pitch error setting screen.

The pitch error compensation positions are equally spaced to parameter
No. 3624. Set the space between two adjacent positions for each axis.

The minimum interval between pitch error compensation positions is
limited and obtained from the following equation:

Minimum interval of pitch error compensation positions = maximum
feedrate (rapid traverse rate)/3750
Unit:
Minimum interval of pitch error compensation positions: mm, inches,
deg.
Maximum feed rate: mm/min, inch/min, deg/min

[Example] When the maximum rapid traverse rate is 15000 mm/min, the minimum

Examples

® For linear axis

interval between pitch error compensation positionsis 2 mm.

- Machine stroke: —400 mm to +800 mm

- Interval between the pitch error compensation positions: 50 mm

- No. of the compensation position of the reference position: 40

If the aboveis specified, the No. of the farthest compensation positionin
the negative direction is as follows:

No. of the compensation position of thereference position—(Machine
stroke on the negative side/Interval between the compensation
positions) + 1
=40 —400/50 + 1= 33
No. of the farthest compensation position in the positive direction is as
follows:

No. of the compensation position of thereference position + (Machine
stroke on the positive side/Interval between the compensation
positions)

= 40 + 800/50= 56
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The correspondence between the machine coordinate and the
compensation position No. is as follows:

-400 -350 -100, -50 0 50 100 750 8Q0
Machine S

coordinate (mm) _GF_| T 1|—€P—:—€P——ep—|—ep—| o]
| |
i i
| |

|
Compensation |
position number. £ i
3

I I
N
o ! ko

Compensation values are output at the positions indicated by o .

Therefore, set the parameters as follows:

Parameter Setting value
3620: Compensation number for the reference position 40
3621 : Smallest compensation position number 33
3622 : Largest compensation position number 56
3623 : Compensation magnification 1
3624 : Interval between pitch error compensation positions 50000

The compensation amount is output at the compensation position No.
corresponding to each section between the coordinates.
The following is an example of the compensation amounts.

No 33(34(35|36(37|38|39] 40| 41| 42| 43|44 45| 46|47 48] 49 28 56
coneensaton | ol g|-1|+2]o [+1]o |+1]+2]+1]o [-1][-1]-2]0 [+1]+2] ] 1
Pitch error compensation value
+4- (absolute value)
4 L __
+2 | 7 |
+14| |——| |
133134,35,36,37,38,39,40(41,42,43,44,45,46,47,48,49 » S
T T T T T T T T | 0 T T T T 1T T | T W
400300 -200 200 s L4 100 200 300 _J400  (mm)
L __ 4
—||_ Ref N
eference |
-1 | position 3
L 1 4




B—64113EN-1/01

1. AXIS CONTROL

e For rotary axis

Amount of movement per rotation: 360°

- Interval between pitch error compensation positions: 45°

- No. of the compensation position of the reference position: 60

If the aboveis specified, the No. of the farthest compensation positionin
the negative direction for the rotating axis is always equal to the
compensation position No. of the reference position.

The No. of the farthest compensation position in the positive direction is
asfollows:

No. of the compensation position of the reference position + (Move
amount per rotation/Interval between the compensation positions)
= 60 + 360/45= 68

The correspondence between the machine coordinate and the
compensation position No. is as follows:

Reference position 0.0

90.0 270.0

180.0
Compensation values are output at the positions indicated by O.

Therefore, set the parameters as follows:

Parameter Setting value
3620 : Compensation number for the reference position 60
3621 : Smallest compensation position humber 60
3622 : Largest compensation position humber 68
3623 : Compensation magnification 1
3624 : Interval between pitch error compensation positions 45000
3625 : Movement value per rotation 360000

If the sum of the compensation valuesfor positions 61 to 68 isnot 0, pitch
error compensation values are accumulated for each rotation, causing
positional deviation.

The same value must be set for compensation positions 60 and 68.
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The following is an example of compensation amounts.
No 60|61|62|63|64|65|66|67|68

Compensation

o +1|=2[+1|+3|-1|-1|-3|+2|+1

Pitch error compensation value

4 (absolute value)

Reference position

— 68 . _

RN 1

TR | A M 6s
61|62|6IB|64|65|66|67| 61|62|6!3|64|65|66|67|(60 61 | 62

| I I I ] | | | T 0 I
4590|135 180225 1270 31|
| | 31

+31

| |
T T T T I T T T
I 45 9ﬂ135 180225I270 315] 0145 90 (deg)

- —
Ll | | 2L || LA
L, L
4 +
Parameter
3620 Number of the pitch error compensation position for the reference position

for each axis

NOTE
After setting this parameter, turn the power off then on again
so that the setting will take effect.

[Datatype] Word axis
[Unit of data] Number
[Valid data range] 0to 1023

Set the number of the pitch error compensation position for the reference
position for each axis.

3621 Number of the pitch error compensation position at extreme negative
position for each axis

NOTE
After setting this parameter, turn the power off then on again
so that the setting will take effect.

[Datatype] Word axis
[Unit of data] Number
[Valid data range] 0to 1023

Set the number of the pitch error compensation position at the extreme
negative position for each axis.

— 34 —
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3622

Number of the pitch error compensation position at extreme positive
position for each axis

NOTE
After setting this parameter, turn the power off then on again
so that the setting will take effect.

[Datatype] Word axis
[Unit of data] Number
[Valid data range] 0to 1023

Set the number of the pitch error compensation position at the extreme
positive position for each axis.

NOTE
This value must be larger than the value of parameter (No.
3620).

| 3623 | | Magpnificationfor pitch error compensation for each axis |

NOTE
After setting this parameter, turn the power off then on again
so that the setting will take effect.

[Datatype] Byte axis
[Unit of data] 1
[Valid data range] Oto 100
Set the magnification for pitch error compensation for each axis.

If the magnification is set to 1, the magnification is the same as the
detection unit.

| 3624 | | Interval between pitch error compensation positions for each axis |

NOTE
After setting this parameter, turn the power off then on again
so that the setting will take effect.

[Datatype] Two—word axis

[Unit of data] | Increment system IS-A IS-B Is-C Unit
Metric machine | 0.01 0.001 0.0001 mm

Inch machine 0.001 0.0001 0.00001 inch

Rotation axis 0.01 0.001 0.0001 deg
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[Valid data range]

0 to 99999999

The pitch error compensation positions are equally spaced to parameter
No. 3624. Set the space between two adjacent positions for each axis.

The minimum interval between pitch error compensation positions is
limited and obtained from the following equation:

Minimum interval of pitch error compensation positions = maximum
feedrate (rapid traverse rate)/ 7500
Unit:
Minimum interval of pitch error compensation positions. mm, inches,
deg.
Maximum feed rate: mm/min, inch/min, deg/min

[Example] When the maximum rapid traverse rate is 15000 mm/min, the minimum
interval between pitch error compensation positionsis 2 mm.
| 3625 | | Travel distance per revolution in pitch error compensation of rotation axis type |
NOTE
When this parameter has been set, the power must be
turned off before operation is continued.
[Datatype] 2-word axis
[Valid data range] 0 to 99999999

If the pitch error compensation of rotation axis type is performed (bit 1
(ROSX) of parameter No. 1006 is set to 0 and bit 0 (ROTX) of parameter
No. 1006 is set to 1), set the travel distance per revolution. The travel
distance per revolution does not have to be 360 degrees, and a cycle of
pitch error compensation of rotation axis type can be set.

However, the travel distance per revolution, compensation interval, and

number of compensation points must satisfy the following condition:
(Travel distance per revolution) = (Compensation interval) x
(Number of compensation points)

The compensation at each compensati on point must be set so that thetotal

compensation per revolution equals 0.

NOTE
If O is set, the travel distance per revolution becomes 360
degrees.
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Warning

WARNING
1 Compensation value range
Compensation values can be set within the range from -7
X compensation magnification (detection unit) to +7 X
compensation magnification (detection unit). The
compensation magnification can be set for each axis within
the range from 0 to 100 in parameter 3623.
2 Pitch error compensation of the rotary axis
For the rotating axis, the interval between the pitch error
compensation positions shall be set to one per integer of the
amount of movement (normally 360°) per rotation. The sum
of all pitch error compensation amounts per rotation must be
made to 0. Also, set the same compensation value to a
position and the same position with one rotation.
3 Conditions where pitch error compensation is not
performed
Note that the pitch error is not compensated in the following
cases:
When the machine is not returned to the reference
position after turning on the power. This excludes the
case where an absolute position detector is employed.
If the interval between the pitch error compensation
positions is 0.
If the compensation position Nos. on the positive or
negative direction do not fall within the range of O to
1023.
If the compensation position Nos. do not conform to the
following relationship:
Negative side = Reference position < Positive side
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Reference item

Inputting pitch error compensa-

111.8.6.3 tion data
OPERATOR’'S MANUAL 11.8.6.4 Outputting pitch error com-
(M series) (B—64124EN) T pensation data
11.11.5.2 Displaying and setting pitch error
compensation data
Series 0i—C
Inputting pitch error compensa-
111.8.6.3 tion data
OPERATOR’'S MANUAL 11.8.6.4 Outputting pitch error com-
(T series) (B—64114EN) T pensation data
11.11.5.2 Displaying and setting pitch error
compensation data
Inputting pitch error compensa-
111.8.6.3 tion data
OPERATOR’'S MANUAL 11.8.6.4 Outputting pitch error com-
(M series) (B—64144EN) T pensation data
11.11.5.2 Displaying and setting pitch error
compensation data
Series 0i Mate—C
Inputting pitch error compensa-
111.8.6.3 tion data
OPERATOR’'S MANUAL 11.8.6.4 Outputting pitch error com-
(T series) (B—64134EN) T pensation data
1.11.5.2 Displaying and setting pitch error

compensation data
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1.3.2
Backlash
Compensation

General
® Backlash compensation Function for compensating for lost motion on the machine. Set a
compensation value in parameter No. 1851, in detection units from 0 to
+ 9999 pulses for each axis.
® Backlash compensation More precise machining can be performed by changing the backlash
for each rapid traverse compensating value depending on the feedrate, the rapid traverse or the
and cutting feed cutting feed.
L et themeasured backlash at cutting feed be A and the measured backlash
at rapid traverse be B. The backlash compensating valueis shown below
depending on the change of feedrate (cutting feed or rapid traverse) and
the change of the direction of movement.
Change of feedrate Cuttingfeedto | Rapidtraverse Rapid traverse Cutting feed to
cutting feed to rapid traverse to cutting feed rapid traverse
Change of direction
of movement
Samedirection 0 0 o + (—a)
Oppositedirection +A +B + (B+a) + (B+a)
o =(A-B)/2
The positive or negative direction for compensating values is the
direction of movement.
Stopped during cutting feed Stopped during rapid traverse
o | o
< A—> <><— B>
N = = I
a: Overrun

Assign the measured backlash at cutting feed (A) in parameter No.
1851 and that at rapid traverse (B) in parameter No. 1852.
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Parameter
#7 #6 #5 #4 #3 #2 #1 #0
[ 1800 | | | | | Re | | | | |
[Datatype] Bit
RBK Backlash compensation applied separately for cutting feed and rapid
traverse
0: Not performed
1: Performed
| 1851 | | Backlash compensating value for each axis
[Datatype] Word axis
[Unit of data] Detection unit
[Valid data range] —9999 to +9999
Set the backlash compensating value for each axis.
When RBK is 1, set the backlash compensating value for cutting feed.
When the machine moves in the opposite direction from to the reference
position return direction after the power is turned on, the first backlash
compensation is performed.
| 1852 | | Backlash compensating value used for rapid traverse for each axis |
[Datatype] Word axis
[Unit of data] Detection unit
[Valid data range] —9999 to +9999
Set the backlash compensating value used in rapid traverse for each axis.
This parameter is valid when RBK is set to 1.
Caution
CAUTION
The backlash compensation for rapid traverse and cutting
feed is not performed until the first reference position return
is completed after the power is turned on. Under this state,
the normal backlash compensation is performed according
to the value specified in parameter No. 1851 irrespective of
a rapid traverse or a cutting feed.
Note

NOTE
When backlash compensation is applied separately for
cutting feed and rapid traverse, jog feed is regarded as
cutting feed.
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1.3.3
Bidirectional Pitch
Error Compensation

Outline

Setting data

In bidirectional pitch error compensation, different pitch error
compensation amounts can be set for travel in the positive direction and
that in the negative direction, so that pitch error compensation can be
performed differently in the two directions, in contrast to stored pitch
error compensation, which does not di stingui sh between the directions of
travel. In addition, when the direction of travel is reversed, the
compensation amount is automatically calculated from the pitch error
compensation data to perform compensation in the same way as in
backlash compensation. This reduces the difference between the pathsin
the positive and negative directions.

1. Setting parameters
Set the following parameters for each axis.

Table 1.3.3 (a)

Data number Description

3605#0 Bidirectional pitch error compensation,
1: Enabled / O: Disabled

3620 Number of the pitch error compensation point of the refer-
ence position

3621 Number of the most distant pitch error compensation point
on the — side for travel in the positive direction

3622 Number of the most distant pitch error compensation point
on the + side for travel in the positive direction

3623 Pitch error compensation magnification
3624 Pitch error compensation point interval
3625 For a rotation axis, amount of travel per rotation in pitch

error compensation

3626 Number of the most distant pitch error compensation point
on the — side for travel in the negative direction

3627 Pitch error compensation amount (absolute value) at the
reference position when the machine moves to the refer-
ence position in the direction opposite to that of a reference
position return

2. Pitch error compensation data
The compensati on point numbers can befrom 0to 1023 and from 3000
to 4023. This data may be used for both the positive and negative
directions. Note, however, that the set of compensation datafor agiven
axis cannot extend over 1023 and 3000.
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Data setting example

ParameterNo0.3621 Parametir No0.3622
d

Set of pitch error compensation data

for the positive direction. Setof n data items

Parametir No0.3626

Set of pitch error compensation data Set of n data items
for the negative direction.

1

The pitch error compensation data numbers in this range are
from 0 to 1023 or from 3000 to 4023.

Fig. 1.3.3 (a)

If thedirection of amanual reference position returnispositiveonanaxis
(linear axis) having the pitch error amounts shown in the figure below
(Fig. 1.3.3 (b)), set the data given in the table below (Table 1.3.3 (b)).

A Pitch error compensation amount
(absolute value)
+3 1
Positive—
2T direction error
amount
+1 4
R e —— > Yachne
~40.0 -30.0 -20.0 -10.0 00 100 200 300 4pp coordinates
11T
-2
Negative—
< -3 T direction error
amount
I, 1
Fig. 1.3.3 (b)

Table 1.3.3 (b) Positive—direction pitch error data

Compensation

. 20 21 22 23 24 25 26 27
point number

Compensation
amount to be set
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As pitch error data, always set incremental values as viewed in the
negative direction (direction toward the left in Fig. 1.3.3 (b)).

Table 1.3.3 (c) Negative—direction pitch error data

Compensation

. 30 31 32 33 34 35 36 37
point number

Compensation

amount to be set -1 +1 -1 *2 -1 2 -1 -2

Set negative—direction pitch error data for al the points for which
positive—direction pitch error data has been set.

As negative-direction pitch error data, always set incremental values as
viewed in the negative direction.

Table 1.3.3 (d)

Data . o
number Setting Description
3605#0 1 Bidirectional pitch error compensation,

1: Enabled / O: Disabled

3620 23 Number of the pitch error compensation point for the
reference position

3621 20 Number of the most distant pitch error compensation
point on the — side for travel in the positive direction

3622 27 Number of the most distant pitch error compensation
point on the + side for travel in the positive direction

3623 1 Pitch error compensation magnification

3624 10000 | Pitch error compensation point interval

3625 - For a rotation axis, amount of travel per rotation in
pitch error compensation

3626 30 Number of the most distant pitch error compensation
point on the — side for travel in the negative direction

3627 -2 Pitch error compensation amount (absolute value) at
the reference position when the machine moves to
the reference position in the direction opposite to that
of the reference position return

This example assumes that the direction of a manual reference position
return is positive. For parameter No. 3627, therefore, set —2, which isthe
pitch error compensation amount (absolute value) at the reference
position when the machine movesto thereference positionin the negative
direction.
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Compensation example If, in the setting example given in the previous section, the machine
moves

0.0 to 40.0,

40.0 to —40.0, and

-40.0t0 0.0
for amanual reference position return, pitch error compensation pulses
are output as follows:

Machine

. 0.0 5.0 | 15.0 | 25.0 | 35.0 | 40.0
coordinate

Compensa-
tion pulse

Machine

. 350|250 | 15.0| 50 | -5.0 | -15.0| -25.0| —35.0| —40.0
coordinate

Compensa- |, |\ 4 | 4o | 1 | 42 | -2 | +1 | -1 | 2
tion pulse

Machine

. -35.0( —25.0| -15.0{ -5.0 | 0.0
coordinate

Compensa-

- +1 -1 0 -1 —
tion pulse

When the travel direction changes from positive to negative at the
position of 40.0, the compensation for the reverse of the travel direction
is output.

A pulse of +5 is the result of the following calculation:
t5=-((-4)-(+1))

L Pitch error associated with the positive—
direction absolute value at the position of
40.0

Pitch error associated with the negative—direction
absolute value at the position of 40.0

When the travel direction changes from negative to positive at the
position of —40.0, the compensation for the reverse of thetravel direction
is output.

A pulse of -2 is the result of the following calculation:

2=-((-1)-(-3))

L Pitch error associated with the negative—
direction absolute value at the position of
—40.0

Pitch error associated with the positive—direction ab-
solute value at the position of -40.0
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Setting and displaying All the compensation data can be displayed and set on the conventional
data screen for the pitch error compensation data.
And those data can be input and output by the following methods.
* Input by MDI

* Input by G10
* |nput and output by input/output device interface

* Input by PMC window (function code 18)
(Itisnot possible to input and output by the method other than the
above methods.)

Output format : The output format is as follows:
N20000 P.... ;
N21023 P... ;
N23000 P.... ;
N24023 P... ;
N : Pitch error compensation point No. + 20000
P : Pitch error compensation data

Parameter

#1 #6 #5 #4 #3 #2 #1 #0
[ 3005 | | | | | | | | eop |

[Datatype] Bit axis
BDP Specifies whether to use bidirectional pitch error compensation.

0: Do not use.
1: Use

NOTE
When this parameter is set, the power must be turned off

before operation is continued.

3620 Number of the pitch error compensation position for the reference position for each
axis

[Datatype] Word axis
[Unit of data] Number
[Valid data range] 0 to 1023, 3000 to 4023

Set the number of the pitch error compensation position for the reference
position for each axis

NOTE
When this parameter is set, the power must be turned off

before operation is continued.
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3621 Number of the pitch error compensation position at extremely negative position for

each axis (In case of positive—direction movement)

[Datatype] Word axis

[Unit of data] Number
[Valid data range] 0to 1023, 3000 to 4023

Set the number of the pitch error compensation position at the extremely
negative position for each axis.

NOTE
When this parameter is set, the power must be turned off

before operation is continued.

3622 Number of the pitch error compensation position at extremely positive position for

each axis (In case of positive—direction movement)

[Datatype] Word axis

[Unit of data] Number
[Valid data range] 0to 1023, 3000 to 4023

Set the number of the pitch error compensation position at the extremely
positive position for each axis.

NOTE
When this parameter is set, the power must be turned off

before operation is continued.

| 3623 | |

Magnificationfor pitch error compensation for each axis

[Datatype]
[Unit of data]
[Valid data range]

Byte axis
1
0to 100

Set the magnification for pitch error compensation for each axis.

If the magnification is set to 1, the same unit as the detection unit is used
for the compensation data. If the magnification is set to 0, the pitch error
compensation is not valid.

NOTE
When this parameter is set, the power must be turned off

before operation is continued.
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| 3624 | |

Interval between pitch error compensation positions for each axis

[Datatype] 2-word axis

[Unit of data] | Increment system IS-A IS-B Is-C Unit
Metric machine | 0.01 0.001 0.0001 mm

Inch machine 0.001 0.0001 0.00001 inch

Rotation axis 0.01 0.001 0.0001 deg

[Valid datarange] 0 to 99999999

The pitch error compensation positions are arranged with equal spacing.
The space between two adjacent positions is set for each axis. The
minimum interval between pitch error compensation positionsislimited
and obtained from the following eguation:
Minimum interval between pitch error compensation positions =
Maximum feedrate (rapid traverse rate) / 7500
Units: Minimum interval between pitch error compensation positions:
mm, inch, deg
Maximum feedrate : mm/min, inch/min, deg/min

NOTE
When this parameter is set, the power must be turned off

before operation is continued.

| 3625 | | Angulardisplacement per rotation in rotation—axis pitch error compensation

[Datatype] 2-word axis
[Unit of data]

Increment system IS-A 1IS-B IS-C Unit
0.001 0.0001 deg

Rotation axis 0.01

[Valid datarange] O to 99999999

For rotation—axis pitch error compensation (with bit 0 (ROT) of
parameter No. 1006 set to 1 and bit 1 (ROS) of parameter No.1006 set to
0), set angular displacement per rotation for each axis. The angular
displacement per rotation need not always be 360 degrees. The period in
rotation—axis pitch error compensation can be set.

The angular displacement per rotation, compensation interval, and
number of compensation points must satisfy the following equation:
Angular displacement per rotation =
compensation interval X number of compensation points
The sum of the compensation values per rotation must always be 0.
When this parameter is set to O, it assumes that 360 degree is set.

NOTE
When this parameter is set, the power must be turned off

before operation is continued.
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3626

Number of the pitch error compensation position at extremely negative position for

each axis (In case of negative—direction movement)

[Datatype] Word axis
[Unit of data] Number
[Valid data range] 0to 1023, 3000 to 4023

When using bidirectional pitch error compensation, set the number of the
pitch error compensation position at the extremely negative position for
each axis in the case of negative—direction movement.

NOTE
When this parameter is set, the power must be turned off
before operation is continued.

3627

Pitch error compensation value at the reference position when a movement is
made to the reference position in the direction opposite to the reference position

returndirection

[Datatype] Word axis
[Unit of data] Detection unit
[Valid data range] —32768 to 32767

By using an absolute value, set a pitch error compensation value at the
reference position when amovement is made to the reference positionin
the negative direction if the reference position return direction (bit 5
(ZM1) of parameter No. 1006) is positive, or when amovement ismadeto
the reference position in the positive direction if the reference position
return direction is negative.

NOTE
When this parameter is set, the power must be turned off
before operation is continued.
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Note

(2) Thisfunction isenabled after amanual reference position return or an
automatic reference position return with the same sequence as that of
a manua reference position return is performed. When an absolute
position detector is used, however, the function is enabled after the
power is turned on.

(2) When the machine moves to the reference position in the reference
position return direction, set the absolute value of the pitch error
compensation pulse to 0.

(3) When this function and backlash compensation are used at the same
time, the pul seresulting from backlash compensation is superimposed
on the compensation pulse when the travel direction is reversed.

(4) Whenthisfunctionisused for arotation axis, the sum of the pitch error
compensation amounts per rotation about the rotation axis must be 0
for both the positive and negative directions.

(5) The function cannot be used with the distance coded linear scale
function.
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1.4 The servo interface of the Series 16 features the following:

SETTINGS RELATED  Digitally controlled AC servo motor

TO SERVO- * Motor feedback with serial pulse coders

CONTROLLED AXES (1) Absolute pulse coder with a resolution of 1,000,000 pulses/rev
(2) Absolute pulse coder with aresolution of 65,536 pulses/rev
(3) Incremental pulse coder with aresolution of 10,000 pulses/rev

e Scale feedback with A/B/Z signal interface
141

Parameters Related to
Servo

General

Explanation of terms frequently used in CNC

L east command increment
The minimum unit of a command to be given from CNC to the
machine tool

Detection unit
The minimum unit which can detect the machine tool position

Command multiplier (CMR)
A constant to enable the weight of CNC command pulses to meet the
weight of pulses from the detector

Detection multiplier (DMR)
A constant to enable the weight of CNC command pulses to meet the
weight of pulses from the detector

CAUTION
The relations among the least command increment,
detection unit, CMR, and DMR are as specified below.
Least command increment = CMR X detection unit
Move amount per revolution of motor
DMR X number of pulses of detector per revolution

Detection unit =

The flexible feed gear function in the digital servo defines
constant DMR using two parameters (Nos. 2084 and 2085)
n and m (DMR = n/m).
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Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 1800 | | | | | | | | O | |

[Datatype] Bit
CVR When velocity control ready signal VRDY is set ON before position
control ready signal PRDY comes ON

0: A servoaarmisgenerated.
1: A servodarmisnot generated.

#7 #6 #5 #4 #3 #2 #1 #0
| 1815 | | | | APCx | APZx | | | OPTx | |

NOTE
When this parameter has been set, the power must be
turned off before operation is continued.

[Datatype] Bit axis
OPTx Position detector
0: A separate pulse coder is not used.
1: A separate pulse coder is used.
APZx Machine position and position on absolute position detector when the
absolute position detector is used

0: Not corresponding
1: Corresponding

WARNING
When an absolute position detector is used, after primary

adjustment is performed or after the absolute position
detector is replaced, this parameter must be set to 0, power
must be turned off and on, then manual reference position
return must be performed. This completes the positional
correspondence between the machine position and the
position on the absolute position detector, and sets this
parameter to 1 automatically.

APCx Position detector

0: Other than absolute position detector
1: Absolute position detector (absolute pulse coder)

#7 #6 #5 #4 #3 #2 #1 #0
| 1816 | | | DM3x | DM2x | DM1x | | | | |
NOTE

When this parameter has been set, the power must be
turned off before operation is continued.
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[Datatype] Bit axis
DM1x to DM3x Setting of detection multiplier

Set value

Detection multiplier
DM2x

DM3x DM1x

1/2
1
3/2
2
5/2
3
712
4

PFRPRRPOOOO
PRPOORRFROO
POROROPRO

NOTE
When the flexible feed gear is used, do not use these
parameters. Set the numerator and denominator of DMR
to an appropriate values in parameters 2084 and 2085
respectively.

| 1820 | | Command multiplier for each axis (CMR) |

NOTE
When this parameter has been set, the power must be
turned off before operation is continued.

[Datatype] Byte axis

Set a command multiplier indicating the ratio of the least command
increment to the detection unit for each axis.

Least command increment = detection unit x command multiplier

Relationship between the increment system and the least command

increment
Least command increment
Increment system IS-A 1IS-B IS-C Unit
Metric machine 0.01 0.001 0.0001 mm
Inch machine 0.001 0.0001 0.00001 inch
Rotation axis 0.01 0.001 0.0001 deg

The value set in the parameter is obtained as follows:
(1) When command multiplier is 1/2 to 1/27

Set value = 1 —
(Command multiplier)

100
Valid datarange: 102 to 127

52 —
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(2) When command multiplier is 1 to 48

Setvalue=2 X command multiplier
Valid datarange: 2to 96

NOTE
When command multiplier is 1 to 48, the set value must be
determined so that an integer can be set for command
multiplier.

| 1821 | | Reference counter size for each axis

[Datatype] Two-word axis
[Valid data range] 0 to 99999999

Set the size of the reference counter.

NOTE
When this parameter has been set, the power must be
turned off before operation is continued.

| 1825 | | Servo loop gain for each axis

[Datatype] Word axis
[Unit of data] 0.01 s
[Valid datarange] 1 to 9999
Set the loop gain for position control for each axis.

Whenthemachineperformslinear and circul ar interpol ation (cutting), the
same value must be set for all axes. When the machine requires
positioning only, the values set for the axes may differ from one another.
Asthe loop gain increases, the response by position control isimproved.
A too large loop gain, however, makes the servo system unstable.

Therelationship between the positioning deviation (the number of pulses

counted by the error counter) and the feedrate is expressed as follows:
feedrate

60 X (loop gain)

Positioning deviation =

Unit : Positioning deviation: mm, inches, or deg
Feedrate: mm/min, inches/min, or deg/min
Loop gain: s1

| 1828 | | Positioning deviation limit for each axis in movement

[Datatype] Two—word axis
[Unit of data] Detection unit
[Valid data range] O to 99999999
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Set the positioning deviation limit in movement for each axis.

If the positioning deviation exceedsthe positioning deviation limit during
movement, a servo alarm is generated, and operation is stopped
immediately (asin emergency stop).

Generally, set the positioning deviation for rapid traverse plus some
margin in this parameter.

| 1829 | |

Positioning deviation limit for each axis in the stopped state |

[Data type]
[Unit of data]
[Valid data range]

Word axis

Detection unit

0 to 32767

Set the positioning deviation limit in the stopped state for each axis.

If, in the stopped state and the positioning deviation exceeds the
positioning deviation limit set for stopped state, a servo aarm is
generated, and operation is stopped immediately (asin emergency stop).

| 1850 | |

Grid shift for each axis |

[Datatype]
[Unit of data]
[Valid data range]

Two—word axis

Detection unit

—99999999 to +99999999

A grid shift is set for each axis.

To shift thereference position, the grid can be shifted by theamount setin
this parameter. Up to the maximum value counted by the reference
counter can be specified as the grid shift.

NOTE
When this parameter has been set, the power must be
turned off before operation is continued.
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142

Absolute Position

Detection

General Even when the power to the CNC isturned off, a battery—powered pulse
coder storesthe current position. No reference position returnisrequired
when the power to the CNC is restored.

Signal

Absolute position
detector battery voltage
low alarm signal

PBATL <F172#7>

[Classification]
[Function]

[Operation]

Output signal

Notifies that the life of the absolute position detector battery, which is
used to keep the machine position even when the CNC power is off, is
about to expire.

Generally, thissignal is used to turn on alamp for calling the operator’s
attention.

The signal becomes 1 when:

The battery voltage for the absolute position detector becomes lower
than or equal to the rating.
The battery need be replaced in the immediate future.

The signal becomes 0 when:

The battery voltage for the absol ute position detector is higher than or
equal to the rating.

Absolute position
detector battery voltage
zero alarm signal
PBATZ <F172#6>

[Classification]
[Function]

[Operation]

Output signal

Notifies that the life of the absolute position detector battery, which is
used to keep the machine position even when the CNC power is off, has
expired.
The signal becomes 1 when:
The battery voltage for the absolute position detector becomes0 V.
The battery need be replaced before the CNC power is turned off.
The signal becomes 0 when:

The battery voltage for the absol ute position detector is higher than or
equal to 0 V.
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Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| F172 | | PBATLl PBATZl | | | | | |
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 1815 | | | | APcx | | | | | |
NOTE

When this parameter has been set, the power must be
turned off before operation is continued.

[Datatype] Bit axis
APCx Position detector

0: Other than absolute position detector
1. Absolute position detector (absolute pulse coder)
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1.4.3
FSSB Setting

Overview

Connecting the CNC control section to servo amplifiersviaahigh—speed
serial bus(FANUC Serial Servo Bus, or FSSB), which usesonly onefiber
optics cable, can significantly reduce the amount of cabling in machine
tool electrical sections.

In a system using the FSSB, it is necessary to set up the following

parametersto specify itsaxes. (The other parameters should be specified

asusual.)

® Parameter No. 1023

® Parameter No. 1905

® Parameter Nos. 1910 to 1919

® Parameter Nos. 1936 and 1937

These parameters can be specified using the following methods:

1. Manual setting 1
Parameters are defaulted according to the setting of parameter No.
1023. Thereisno need to specify parameter Nos. 1905, 1910to 1919,
1936 and 1937. No automatic setting is used. Note that some
functions are unusable.

2. Automatic setting
Axis settings are calculated automatically according to the
interrel ationships between axes and amplifiers entered on the FSSB
setting screen. Parameter Nos. 1023, 1905, 1910 to 1919, 1936, and
1937 are specified automatically according to the results of the
calculation.

3. Manua setting 2
Parameter Nos. 1023, 1905, 1910 to 1919, 1936, and 1937 are
specified according to manually entered values. The user must be
totally familiar with the meaning of each parameter before entering
any values.
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Slave

Manual setting 1

In an FSSB—based system, afiber optics cableisused to connect the CNC
to servo amplifiersand separate detector interfaceunits. Theseamplifiers
and separate detector interface units are called daves. The two—axis
amplifier consists of two slaves, and the three—axis amplifier consists of
three daves. The daves are numbered 1, 2, ..., 10 (dave number)
sequentialy, with that nearest to the CNC starting at number 1.

CNC

Slave

Controlled||Program
9 No.

axis axis name

number |[(No.1020) ]

Single—axis|
1 X amplifier 1
— 2
2 Y Two—_a_lxis
3 7 amplifier | 3
4 A M1 4
Singlgle—axis |5
amplifier

M1: First separate detector interface unit

The manual setting 1 is valid when the following parameter have the
following values:

Bit O of parameter No. 1902 =1

Bit 1 of parameter No. 1902 = 0

Parameter Nos. 1910 to 1919 = all Os
By manual setting 1, thevalueset for parameter No. 1023 when the power
is switched on is regarded as a slave number. Specifically, an axis for
which parameter No. 1023 isset to 1 isconnected to the amplifier nearest
to the CNC, while an axisfor which parameter No. 1023 isset to 2 isthe
second one from the CNC.

CNC

Controlled|| Program || Servo axis
axis axis name || number

number (No. 1020)|| (No. 1023) ]

1 1 Two—axis — X
5 v 3 am[?hfler A
3 z 4 ampier | Y
f a2 | [

By manual setting 1, some of the following functions and val ues cannot
be used, as described below. They should be used with automatic setting
or manual setting 2.

® No separate detector interface unit can be used; hence, no separate
position detectors can be used.

® No number can be skipped in parameter No. 1023; for example,
number 3 cannot be used for any axis unless number 2 is used.
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Automatic setting

® Thefollowing servo functions cannot be used:
(] High—speed current loop
[_] High—speed interface axis

Automati ¢ setting can beused on the FSSB setting screen, if thefollowing

parameter is set as follows:
Bit O of parameter No. 1902=0

On the FSSB setting screen, automatic setting should be enabled by

means of the following procedure:

1. Ontheamplifier setting screen, specify the axisnumber of acontrolled
axisto be connected to each amplifier.

2. Press the [SETING] soft key. (If a warning message is displayed,
restart from step 1.)

3. On the axis setting screen, specify information about each axis, such
as a separate detector interface unit connector No.

4. Press the [SETING] soft key. (If a warning message is displayed,
repeat the procedure, starting from step 3.)

Inthisway, parameter Nos. 1023, 1905, 1910t0 1919, 1936, and 1937 are

set according to the results of automatic calculation. In addition, bit 1 of

parameter No. 1902 isset to 1 to indicate that each parameter has been set

up. Switching the power off then back on again causes axis setting to be

performed according to these parameter settings.

For details of the FSSB setting screen, see the FSSB data display and
setting procedure, described bel ow.
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Manual setting 2

If the following parameter is set, manual setting 2 can be used for each

parameter axis setting.
Bit O of parameter No. 1902 =1

To perform manual setting 2, set parameter Nos. 1023, 1905, 1910 to
1919, 1936, and 1937. Refer to the Parameter Manual for the definition

of each parameter.

Example of axis configuration and manual setting 2

CNC
Controlled | Program Separate
axis axis name || detectorin-
number (No.1020)|| terface unit —|
connector - -
Single-axis
1 X No. 1inthe amplifier
firstmodule -
2 Y No. 2 in the Two-—axis
second module amplifier
3 Z No. 1inthe T
second module M1
4 A (Not used) .
Single—axis
amplifier
M2

(Refer to the corresponding description for the meaning of each parameter.)

Axis

M1/M2: First/second separate detector interface unit

No. 1902#0
FMD
1
No. 1910|1911 | 1912 | 1913 | 1914 | 1915 | 1916 | 1917 | 1918 | 1919
0 1 2 16 3 48 40 40 40 40
No. 1023 1905#0 | 1905#6 | 1905#7 1936 1937
FSL PM1 PM2
X 1 0 1 0 0 0
Y 3 0 0 1 0 1
4 4 1 0 1 0 0
A 2 1 0 0 0 0




B—64113EN-1/01

1. AXIS CONTROL

FSSB display and setting
procedure

e Display

The FSSB setting screen displays FSSB-based amplifier and axis
information. Thisinformation can also be specified by the operator.

1

2.

Press the function key.

To display [FSSB], pressthe (=] next menu page key several times.

Pressing the [FSSB] soft key causesthe AMPLIFIER SETTING]
screen (or the previously selected FSSB setting screen) to appear, with

the following soft keys displayed.
1[0 (OPRT) ])

k[ AMP ][ AXIS ][ MAINTE ][

The FSSB setting screens include: [AMPLIFIER SETTING], [AXIS
SETTING], and [AMPLIFIER MAINTENANCE]

Pressing the [AMP] soft key causes the [AMPLIFIER SETTING]
screen to appear.

Pressing the [AXI1S] soft key causesthe [AXIS SETTING] screen to
appear.

Pressing the [MAINTE] soft key causes the [AMPLIFIER
MAINTENANCE] screen to appear.

(2) Amplifier setting screen

The amplifier setting screen consists of two sections: the first section
displays information about the amplifiers, while the second section
displays information about the separate detector interface units.

AMPLIFIER SETTING 01000 N00001
NO. AMP SERIES UNIT CUR. AXIS NAME
1 al1-L o  SVM-HV  40AL X
2 A2-L o SVM 122 2 Y
3 A2-M o SVM 40A 3 Z
5 A3-L B SVM 202 4 A
NO. EXTRA TYPE PCB ID
4 M1 A 0000 DETECTOR (4AXES)
6 M2 B 12AB
>
1@31 *khkkk kkk kk*k 13:11:56
\[ AMP 1[ AXIS ][ MAINTE 1[ 1[0 (OPRT) ]/

The amplifier setting screen consists of the following items:

e NO. .. davenumber
The numbers of up to ten slaves (up to six amplifiersand up to two
Separate detector interface units) connected via the FSSB are
displayed sequentially, with the one nearest the CN C being number
1.
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AMP . ... amplifier type

Theamplifier typedisplay consistsof theletter A, which standsfor
“amplifier”, anumber that indicatesthe placing of theamplifier, as
counted from that nearest to the CNC, and aletter such asL (first
axis) or M (second axis) indicating the placing of the axisin the
amplifier.

AXIS . ... controlled axis number

The axis number of each controlled axis specified in parameters
(Nos. 1920 to 1929) is displayed. If a number specified in these
parameters falls outside the range of 1 and the maximum number
of controlled axes, O is displayed.

NAME ... controlled axis name

The axis name assigned to a parameter (No. 1020) corresponding
toaparticular controlled axisnumber isdisplayed. If thecontrolled
axis number is O, —is displayed.

The following items are displayed as amplifier information:

e UNIT..... servo amplifier unit type
e SERIES... servoamplifier series
e CUR...... maximum rating current

The following items are displayed as separate detector interface

unit information:

e EXTRA
Thisconsistsof theletter M, which standsfor “ separate detector
interface unit”, and a number indicating the placing of the
separate detector interface unit, as counted from that nearest to
the CNC.

« TYPE
This is a letter indicating the type of the separate detector
interface unit.

« PCBID
This consists of four digits indicating the separate detector
interfaceunit 1D (hexadecimal). Theseparatedetector interface
unit 1D is followed by DETECTOR (8AXES) when 8-axes
separate detector interface unit or DETECTOR (4AXES) when
4—axes separate detector interface unit.
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(2) Axis setting screen
The axis setting screen displays the information shown below:

AXIS SETTING 01000 N00001
AXIS NAME AMP M1 M2 1-DSP CS TNDM
1 x =a1-. B o 0 o 1
2 Y  A2-L 10 1 0 0
3 Z  A2-M 0 o0 0 1 0
4 A A3-L 0 o0 0 0 2
>_
MDTI *%%% k% %*k% 13:11:56
[ AMP ][ AXIS ][ MAINTE ][ 1[ (OPRT) 1]
- /
The axis setting screen displays the following items:
e AXIS .... controlled axis number
Thisitem is the placing of the NC controlled axis.
e NAME ... controlled axis name
e AMP .... typeof theamplifier connected to each axis
e M1 ...... connector number for separate detector interface unit
1

This item is the number of the connector for separate detector
interface unit 1, specified in parameter No. 1931.

e M2 ...... connector number for separate detector interface unit
2
This item is the number of the connector for separate detector
interface unit 2, specified in parameter No. 1932.

e 1-DSP
This item is the value specified in bit O (parameter 1DSP) of
parameter No. 1904. Itis1 for an axis (such asalearning control
axis, high—speed current loop axis, or high—speed interface axis)
that exclusively uses a DSP, which is usually shared by two axes.

e CS ..... Cs contour controlled axis
Thisitem isthe value specified in parameter No. 1933. Itis1for
the Cs contour controlled axis.

e TNDM
This item is the number specified in parameter No. 1934.
Consecutive odd and even numbers are displayed for the master
and save axes for tandem control. Thisitem isnot used in Series
0i Mate.
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(3) Amplifier maintenance screen
The amplifier maintenance screen displays maintenance information
for servo amplifiers. Thisscreen consists of the following two pages,

either of which can be selected by pressing the or key.

AMPLIFIER MAINTENANCE 01000 N00001
AXIS NAME AMP SERIES UNIT AXES CUR.
1 X Al-L o SVM-HV 2 40AL
2 Y Al-M o SVM 2 12a
3 Z A2-L B SVM 1 40A
4 A A3-L o SVM 2 20A
5 B A3-M o SVM 2 40A
6 C A4-L o SVU 1 240A

>

MDI ***% *x% *x% 13:11:56
[ AaMP ][ AXIS ][ MAINTE ]I 11 ]
/
/
AMPLIFIER MAINTENANCE 01000 NOOOO1
AXIS NAME EDITION TEST MEINTE-NO.
1 X 01a 010123 01
2 Y 01a 010123 01
3 z 01a 010123 01
4 A 02B 010123 01
5 B 02B 010123 01
6 c 02B 010123 01
>_
MDI ***% *x% *%% 13:11:56
[ AMP ][ AXIS ][ MAINTE ][ 11 ]
- /
The amplifier maintenance screen displays the following items:
o AXIS ......... controlled axis number
e NAME ........ controlled axis name
e AMP ......... type of amplifier connected to each axis
e SERIES ....... servo amplifier series of an amplifier
connected to each axis
e UNIT ......... unit type of aservo amplifier connected to each
axis
® AXES......... maximum number of axes controlled by an
amplifier connected to each axis
e CUR. ......... maximum rating current for amplifiers
connected to each axis
® EDITION ...... unit version number of an amplifier connected

to each axis
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® Setting

e TEST ......... date of test performed on an amplifier
connected to each axis
Example) 010123 = January 23, 2001

® MEINTE-No. .. engineering change number for an amplifier
connected to each axis

Onan FSSB setting screen (other than the amplifier maintenance screen),
pressing the [(OPRT)] soft key displays the following soft keys:

k[ SETING ][ 1[ CANCEL ][ 1 [ INPUT j

Toenter data, placethemachinein M DI mode or theemergency stop state,
position the cursor to the point where a desired item is to be input, then

enter the desired dataand pressthe[INPUT] soft key (or the key on

the MDI pandl).

When the[SETING] key ispressed after datahasbeen entered, awarning
message is displayed if the entered data contains an error. When the data
isvalid, the corresponding parameter is set up.

To restore the previous value of a parameter if, for example, an entered
value isincorrect, press the [CANCEL] soft key.

When the power is switched on, values are read from the parameters and
displayed on the screen.

CAUTION
1 For the parameters to be specified on the FSSB setting

screen, do not attempt to enter values on the parameter
screen using the MDI or a G10 command. Use only the
FSSB screen to enter values for these parameters.

2 If pressing the [SETING] key results in a warning message
being displayed, retry data entry, or press the [CANCEL] key
to clear the warning message. Note that pressing the reset
key does not clear the warning message.

(1) Amplifier setting screen

AMPLIFIER SETING 01000 N00001
NO. AMP SERIES UNIT  CUR. AXIS NAME
1 al1-L o  SVM-HV  40AL X
2 A2-L o SVM 122z 2 Y
3 A2-M o SVM 40 3z
5 A3-L B SVM 20A 4 A

NO. EXTRA TYPE PCB ID

4 M1 A 0000 DETECTOR (4AXES)
6 M2 B 12AB
>_
MDI *kkk %kk %k 13:11:56
[ AMP 1[ AXIS ][ MAINTE ]I 1[ (OPRT) 1

.
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The amplifier setting screen displays the following items:

AXIS ... controlled axis number

For thisitem, enter avalue of between 1 and the maximum number
of controlled axes. If a number that falls outside this range is
entered, the warning message FORMAT ERROR appears. If the
entered controlled axis number is duplicate or O, the warning
message DATA ISOUT OF RANGE appearswhen the [SETING]
soft key ispressed to assert theentered value. Inthiscase, novalue
can be entered for the parameter.

(2) Axis setting screen

AXIS SETTING 01000 NOOOO1
AXIS NAME AMP M1 M2 1-DSP CS TNDM
1 x =a1-. B o 0 o 1
2 Y A2-L 1 0 1 0 0
3 Z A2-M 0o 0 0 1 0
4 A A3-L 0o 0 0 0 2
>
1@31 kkkk kkk kk%k 13:11:56
[ SETING ][ 1[ CANCEL ][ 1[ INPUT ]

On the axis setting screen, the following items can be specified:

M1 ... connector number for separate detector interface unit 1
For an axis that uses separate detector interface unit 1, enter a
connector number using anumber intherange of between 1 andthe
maximum number of axes for separate detector interface unit 1.
When separate detector interface unit 1 need not be used, enter O.
If anumber that fallsoutsidethevalid rangeisentered, the message
FORMAT ERROR is displayed.

M2 ... connector number for separate detector interface unit 2
For an axis that uses separate detector interface unit 2, enter a
connector number using anumber intherange of between 1 and the
maximum number of axes for separate detector interface unit 2.
When separate detector interface unit 2 need not be used, enter O.
If anumber that fallsoutsidethevalid rangeisentered, the message
FORMAT ERROR is displayed.

1-DSP

Enter 1 for the following axes, each of which exclusively uses a
DSP, which is usually shared by two axes. If anumber other than
0 or 1 isentered, the message FORMAT ERROR is displayed.

e High—speed current loop axis
e High-speed interface axis

CS .. Cscontour controlled axis
Enter 1 for the Cs contour controlled axis. |f anumber other than
0 or 1 isentered, the message FORMAT ERROR is displayed.
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TNDM

Enter odd and even numbers for the master and slave axes for
tandem control. These numbers must be consecutive and in the
range of between 1 and 4. If a number that falls outside the valid
range is entered, the message FORMAT ERROR is displayed.
Thisitem is not used in Series Oi Mate.

Whenthe[SETING] soft key ispressed on the axis setting screen after
dataentry, themessage DATA ISOUT OF RANGE isdisplayedif any
of the following conditions is satisfied.

Both M1 and M2 are nonzero for an axis.

Any two of the 1-DSP, CS, and TNDM are nonzero for an axis.
A duplicate value is specified for M1.

A duplicate value is specified for M2.

A duplicate value is specified for CS.

A duplicate value is specified for TNDM.

An invalid master/slave axis pair is specified for TNDM.

Parameter

#6 #5 #4 #3 #2 #1 #0

| | | | | Ase | Fmo |

[Datatype] Bit
FMD Specifies the FSSB setting mode.
0: Automatic setting mode.

(If theinterrel ationships between axesand amplifiersare specified on
the FSSB setting screen, parameter Nos. 1023, 1905, 1910 to 1919,
1936, and 1937 are set automatically.)

: Manual setting 2 mode.

(Parameter Nos. 1023, 1905, 1910 to 1919, 1936, and 1937 must be
set manually.)

Indicateswhether automatic setting iscomplete, if bit O of parameter No.
1902 is 0 (automatic setting mode).

0: Incomplete.

1: Complete.
(This bit automatically becomes 1 upon the completion of automatic
Setting.)

#6 #5 #4 #3 #2 #1 #0

| ] | osp |

[Datatype] Bit axis
DSP 0: Two axesshareaDSP. (Ordinary axis)
1: One axisoccupiesa DSP. (Learning control axis, and so on)

Usually, the user should not attempt to manipulate this bit, because it is
set using the FSSB setting screen. It need not be used in FSSB manual
setting 2 mode.
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#7

#6

#5

#4 #3

#2

#1

#0

|1905 || PM2 | PM1 |

|FSL|

[Datatype] Bit axis

FSL Specifieswhether to useafast or slow interface between aservoamplifier
and the servo software.

0: Fasttype
1: Slow type

PM1

PM2

There are two types of servo datatransfer interfaces: fast and slow types.
They are selected as described bel ow.

Both types are usable for single-axis amplifiers.

For two—axis amplifiers, do not use fast type interfaces for both axes
simultaneously. Slow typescan be used simultaneously for both axes.

For three-axis amplifiers, the same rules as those for two-axis
amplifiersapply for the first and second axes, while the samerules as
those for single—axis amplifiers apply for the third axis.

For those axesfor which an odd number isset for parameter No. 1023,
thefast type must be used, except for the high—speed current loop and
high—speed interface axes, for which the slow type can also be used.

® For those axes for which an even number is set for parameter No.
1023, only the slow type is usable; this bit must be set to 1.
CNC
Controlled||Program || Servo axis || Interface
axis axis name || number type
number |[(No.1020)|| (No.1023) || (fast/slow) |
1 1 F Two-axis [ X (Fast)
amplifier
Single—axis |
3 z 4 S amplifier Y (Fast)
4 A 2 S One-axis L 7 (Slow)
amplifier

Specifies whether the first separate detector unit is to be used.
0: Not used.

1:

Used.

Specifies whether the second separate detector unit is to be used.
0: Not used.

1:

Used.

If automatic setting is set as the FSSB setting mode (bit O of parameter
No. 1902 = 0), this parameter is set automatically when data is entered
using the FSSB setting screen. For manual setting 2 (bit O of parameter
No. 1902 = 1), the user must set this parameter. When using a separate
detector interface unit, a connection number must be specified separately
(parameter Nos. 1936 and 1937).
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| 1910 | | Address conversion table value for slave 1 (ATR) |
| 1911 | | Address conversion table value for slave 2 (ATR) |
| 1912 | | Address conversion table value for slave 3 (ATR) |
| 1913 | | Address conversion table value for slave 4 (ATR) |
| 1914 | | Address conversion table value for slave 5 (ATR) |
| 1915 | | Address conversion table value for slave 6 (ATR) |
| 1916 | | Address conversion table value for slave 7 (ATR) |
| 1917 | | Address conversion table value for slave 8 (ATR) |
| 1918 | | Address conversion table value for slave 9 (ATR) |
| 1919 | | Address conversion table value for slave 10 (ATR) |

[Datatype] Byte
[Valid data range] Oto 7, 16, 40, and 48

An address conversion table value must be specified for each of dlaves 1
to 10. Theterm“slave” refersto any of the servo amplifiersand separate
detector interface units connected to the CNC. Each slaveisassigned a
number of between 1 and 10 sequentially, withthe onenearest tothe CNC
assigned number 1. A two—axisamplifier isregarded asbeing two saves,
while a three—axis amplifier is regarded as being three slaves. Each of
these parametersis set depending on whether the slaveis an amplifier or
separate detector interface unit, as follows:

O When the dlave is an amplifier:
The parameter is set to the “value in parameter No. 1023 for an axis
to which the amplifier is assigned,” minus 1.

O When the slave is a separate detector interface unit:
The parameter is set to 16 for the first separate detector interface unit
(that nearest to the CNC) or to 48 for the second separate detector
interface unit (that farthest from the CNC).

O When thereisno save:
The parameter is set to 40.

If automatic setting is set as the FSSB setting mode (bit O of parameter
No. 1902 = 0), this parameter is set automatically when dataisentered on
the FSSB setting screen. For manual setting 2 (bit O of parameter No.
1902 = 1), the parameter must be set manually.
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O Example of axis configuration and parameter setting

CNC
Slave ATR
Controlled|| Program || Servo axis number || No.1910 Axis
axis axis name|| number to 1919
number (No. 1020} | (No. 1023) —|
Single—axis |
1 1 amplifier 1 0 X
2 Y 3 Two-—axis — 2 1 A
3 7 4 amplifier 3 2 v
4 A 2 M1 4 16 (M1)
SingI;Ie—axis L
amplifier 5 s 2
M2 6 48 (M2)
7 40 (None)
8 40 (None)
9 40 (None)
10 40 (None)
CNC
Slave ATR
Controlled|| Program || Servo axis number || No.1910 Axis
axis axis name|| number t0 1919
number (No. 1020} | (No. 1023) —|
Single—axis |
1 1 amplifier 1 0 X
2 Y 3 Two-—axis — 2 2 Y
3 7 4 amplifier 3 3 2
4 A 2 M1 4 16 (M1)
SingI;Ie—axis L
amplifier 5 1 A
M2 6 48 (M2)
7 40 (None)
8 40 (None)
9 40 (None)
10 40 (None)

M1/M2: First/second separate detector interface unit
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| 1920 | | Controlled axis number for slave 1 (FSSB setting screen only) |
| 1921 | | Controlled axis number for slave 2 (FSSB setting screen only) |
| 1922 | | Controlled axis number for slave 3 (FSSB setting screen only) |
| 1923 | | Controlled axis number for slave 4 (FSSB setting screen only) |
| 1924 | | Controlled axis number for slave 5 (FSSB setting screen only) |
| 1925 | | Controlled axis number for slave 6 (FSSB setting screen only) |
| 1926 | | Controlled axis number for slave 7 (FSSB setting screen only) |
| 1927 | | Controlled axis number for slave 8 (FSSB setting screen only) |
| 1928 | | Controlled axis number for slave 9 (FSSB setting screen only) |
| 1929 | | Controlled axis number for slave 10 (FSSB setting screen only) |
[Datatype] Byte
[Valid datarange] 0to 8

Each of these parametersis set using acontrolled axis number for aslave
numbered 1 to 10. This parameter is set automatically when data is
entered using the FSSB setting screen; do not specify it manually. For
manual setting 2, the parameter need not be set.

1931

Connectornumber for first separate detector interface unit
(FSSB setting screen only)

1932

Connector number for second separate detector interface unit
(FSSB setting screen only)

[Datatype]
[Valid data range]

Byte axis
0 to the number of connectors in each separate detector interface unit

To use aseparate detector interface unit, the user must specify aconnector
number for the separate detector interface unit on each axis. This
parameter isset automatically when dataisentered using the FSSB setting
screen; do not specify it manually. For manual setting 2, the parameter
need not be set.

| 1933 | |

Cs contour controlled axis (FSSB setting screen only) |

[Datatype]
[Valid data range]

Byte axis

Oandl

To use Cs contour control, this parameter must be set to 1 for the
corresponding axis. This parameter is set automatically when data is

entered using the FSSB setting screen; do not specify it manually. For
manual setting 2, the parameter need not be set.
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| 1934 | | Master/slave number for tandem—controlled axes (FSSB setting screen only)

[Datatype] Byte axis
[Valid datarange] 0to 8

To use tandem control, this parameter must be set to an odd number (for
the master axis) or to an even number (dlave axis). Thisparameter is set
automatically when datais entered using the FSSB setting screen; do not
set it manually. For manual setting 2, the parameter need not be set.

| 1936 | | Connectornumber for first separate detector interface unit |
| 1937 | | Connector number for second separate detector interface unit |
[Datatype] Byte axis

[Valid datarange] Oto 7

To use a separate detector interface unit, this parameter must be set to
“connection number for the separate detector interfaceunit,” minus1; that
is, 0 for connector number 1, 1 for connector number 2, and so on. Itis
also necessary to set up bits 6 and 7 of parameter No. 1905. For an axis
that does not use a separate detector interface unit, O is specified for the
parameter. Any connector can be used for any axis, however the
connectors in a single separate detector interface unit should be used in
ascending order of connector number. For instance, connector 4 of a
Separate detector interface unit cannot be used without using connector
3 of the same separate detector interface unit.

Example)
Connector Connector
number for number for
Controlled | firstsepa- | secondsep- No0.1905
axis rate detector | aratedetec- | NO-1936 | No.1937 (#7, #6)
interface torinterface
unit unit
X 1 Not used 0 0 0,1
Y Not used 2 0 1 1,0
Z Not used 1 0 0 1,0
A Not used Not used 0 0 0,0

If the FSSB setting modeisautomatic setting (bit O of parameter No. 1902
= 0), this parameter is set automatically when data is entered using the
FSSB setting screen. For manual setting 2 (bit O of parameter No. 1902
= 1), the user must set this parameter.

72 —
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Alarm and message
® Servo alarms

Number

Message

Description

456

ILLEGAL CURRENT

LOOP

The current control cycle settings (pa-
rameter No. 2004, bit O of parameter
No. 2003, and bit 0 of parameter No.
2013) areincorrect. Possible problems
are as follows.

— For the two axes whose servo axis
numbers (settings of parameter No.
1023) are an odd number followed
by an even number (a pair of axes
1 and 2, for example), a different
current control cycle is set for each
of the axes.

— The requirements for slaves need-
ed for the set current control cycle,
including the number, type, and
connection method of them, are not
satisfied.

457

ILLEGAL HI HRV (250US)

Use of high—speed HRV is specified al-
though the current control cycle is 200

us.

458

CURRENT LOOP

ERROR

The current control cycle setting does
not match the actual current control
cycle.

459

HI HRV SETTING

ERROR

For the two axes whose servo axis num-
bers (settings of parameter No. 1023) are
an odd number followed by an even
number (a pair of axes 1 and 2, for exam-
ple), the SVM for one of the axes sup-
ports high—speed HRV control but the
SVM for the other does not. Refer to the
SVM specification.

460

n AXIS :

FSSB DISCON-
NECT

FSSB communication was interrupted.
The most likely causes are:

1. The FSSB communication cable is
disconnected or has a broken con-
ductor.

2. The amplifier power supply was
turned off.

3. A low—voltage alarm condition oc-
curred in the amplifier.

461

n AXIS :

ILLEGAL AMP
INTERFACE

The fast type interface was assigned to
both axes of a two—axis ampilifier.

462

n AXIS :

SEND CNC
DATA FAILED

The slave could not receive data cor-
rectly because of an FSSB commu-
nication error.

463

n AXIS :

SEND SLAVE
DATA FAILED

The servo section failed to receive data
correctly because of an FSSB commu-
nication error.

465

n AXIS :

READ ID DATA
FAILED

An attempt to read theinitial ID informa-
tion for the amplifier failed when the
power was switched on.

— 73
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® P/S alarms

Number Message Description
466 n AXIS : MOTOR/AMP The maximum current rating for the am-
COMBINATION | plifier does not match that for the motor.
467 n AXIS : ILLEGAL SET- The servo function for the following has
TING OF AXIS not been enabled when an axis occu-
pying a single DSP is specified on the
axis setting screen.
1. High—speed current loop
(bit O of parameter No. 2004 = 1)
2. High—speed interface axis
(bit 4 of parameter No. 2005 = 1)
468 HI HRV SETTING Use of high—speed HRV is specified for
ERROR(AMP) a controlled axis of an amplifier which
does not support high—-speed HRV.
Number Message Description
5134 | FSSB: OPEN READY The FSSB did not become ready to
TIME OUT open during initialization.
5135 | FSSB: ERROR MODE The FSSB entered an error mode.
5136 | FSSB: NUMBER OF The number of amplifiers recognized
AMPS IS SMALL | by the FSSB is insufficient, compared
with the number of controlled axes.
5137 | FSSB: CONFIGURATION | The FSSB detected a configuration er-
ERROR ror. The address conversion table val-
ue (ATR) setting (parameter Nos. 1910
to 1919 and 1970 to 1979) for a slave
axis does not match the type of a slave
axis actually connected to the FSSB.
5138 | FSSB: AXIS SETTING Axis setting has not been performed in
NOT COMPLETE | automatic setting mode. Perform axis
setting using the FSSB setting screen.
5139 | FSSB: ERROR The initialization of the servo was not
completed normally. Probable cases
are a defect of optical cable or a mis-
take of the connection between the am-
plifier and other modules.
5197 | FSSB: OPEN TIME OUT | The FSSB did not open when the CNC

had allowed the FSSB to open.

— 74
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Number Message Description

5198 | FSSB: ID DATA NOT
READ

The initial ID information for the amplifi-
er cannot be read because of a failure
in the temporary assignment.

5311 | FSSB: ILLEGAL CON-
NECTION

A connection related to FSSB is illegal.
This alarm is issued when either of the
following is found:

1 Two axes having adjacent servo
axis numbers (parameter No. 1023),
odd number and even number, are
assigned to amplifiers to which dif-
ferent FSSB systems are con-
nected.

2 The system does not satisfy the re-
quirements for performing HRV con-
trol, and use of two pulse modules
connected to different FSSB sys-
tems having different FSSB current
control cycles is specified.

144
Tentative Absolute
Coordinate Setting

General

In afull—closed system with a built—in absol ute position detector (seria
pulse coder) and incremental linear scale, a coordinate system is set up,
using absolute position data received from the built—in absol ute position
detector when the power is switched on. After this, position control is
carried out using the linear scaleincremental data. Because the machine
position obtained immediately after the power isswitched onistentative,
obtaining the accurate machine position requires making a manual
reference position return.

Even before a reference position return is made, using this function
enables a stroke limit, although the machine position obtained when the
power is switched on is approximate.

Note that this function is not intended to use an incremental linear scale
as an absolute position detector.

This function is an option.

CNC

Absolute position detection at
power—ontime

Ordinary position control

) Linear scale (incremental)
Serial pulse coder
(absolute position detector)

Fig. 1.4.4 System using tentative absolute coordinate system setting
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Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 1801 | | | | | | ™A | | | |

[Datatype] Bit
INA Specifies whether to perform absolute position communication for
re—setting up the machine position at areset after aservo alarm other than
alarm 413 (LS| overflow), 416, 445, 446, or 447 (broken—wire alarm)
occursin a system that uses an absolute position detector, as follows:

0: To perform.
1: Not to perform.

NOTE
1 If INA = 0 in a system that uses tentative absolute

coordinate system setting, the machine position is
approximate after a servo alarm other than 413, 416, 445,
446, or 447 is reset, because it has been re—set up using
data received from the built—in absolute position coder.

2 When a reset is performed after a servo alarm 413, 416,
445, 446, or 447 occurs, absolute position communication
for re—setting up the machine position always takes place.

#7 #6 #5 #4 #3 #2 #1 #0
| 1815 | | | | APCx | | | | OPTx | |

[Datatype] Bit axis
OPTx Specifies whether to use a separate position detector, as follows:
0: Not to use.
1: Touse
APCx Specifies whether to use a absolute position detector, as follows:

0: Not to use.
1: Touse.

NOTE
1 When using tentative absolute coordinate system setting,

set both OPTx and APCx to 1.
2 After setting any of these parameters, turn the power off
then on again so that the setting will take effect.
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| 1874 | | Flexible feed gear numerator for built—in position detector |

| 1875 | | Flexible feed gear denominator for built—in position detector |

[Datatype] Word axis
[Valid datarange] 1to 32,767

Specifiesaflexiblefeed gear for abuilt—in position detector for each axis
when using tentative coordinate system setting, according to the
following expression:

Number of position feedback pulses per

NO.1874 motor revolution
NO.1875 1,000,000
NOTE

1 These parameters can be used also in a system that uses
the Inductosyn.

2 After setting any of these parameters, turn the power off
then on again so that the setting will take effect.

#7 #6 #5 #4 #3 #2 #1 #0
[2ou || xax [ | | | | | | |

[Datatype] Bit axis
INI  Specifieswhether to enable tentative absol ute coordinate system setting,
asfollows:

0: Todisable.
1: Toenable

NOTE
Using tentative absolute coordinate system setting requires

setting bit 1 (OPTx) of parameter No. 1815, bit 5 (APCx) of
parameter No. 1815, parameter No. 1874, and parameter
No. 1875.
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1.5

SETTINGS RELATED
WITH COORDINATE
SYSTEMS

15.1
Machine Coordinate
System

General

High—speed G53
function

Machine coordinate system is a coordinate system set with azero point
proper to the machine system.

A coordinate system in which the reference position becomes the
parameter-preset (No. 1240) coordinate value when manual reference
position return is performed, is set. With G53 command, the machine
coordinate system is selected and the axis can be moved at rapid traverse
to the position expressed by the machine coordinates.

This function enables the inter—rapid traverse block overlap function
between machine coordinate system select command (G53) and
positioning (rapid traverse) command (G0O) blocks and allows the next
rapid traverse command (G00) to be executed at the end of the machine
coordinate system select command (G53) without decel erating to a stop.
This way, high—speed positioning becomes possible even when the
machine coordinate system select command (G53) is used.

Specifying P1 in the G53 bock enables the high—speed G53 function.

G53 IP_P1;

G53: Machine coordinate system select command G code
(00 group)

IP_:  End—point dimension word

P1: Enable high-speed G53 function

Parameter

1240

Coordinate value of the reference position on each axis in the machine
coordinate system

NOTE
After setting this parameter, turn the power off then on again
so that the setting will take effect.

[Datatype] Two—word axis

[Unit of data]

Increment system IS-A 1IS-B IS-C Unit
Metric machine 0.01 0.001 0.0001 mm
Inch machine 0.001 0.0001 0.00001 inch
Rotation axis 0.01 0.001 0.0001 deg
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[Valid data range] —99999999 to 99999999

Set the coordinate values of the reference positions in the machine
coordinate system.

| 1722 | |

Rapidtraverse deceleration rate at inter—rapid traverse block overlap

[Data type]
[Unit of data]

[Valid data range]

Byte axis
%
0to 100

If a high—speed G53 command (G53 P1) block is followed by a rapid
traverse block, the latter block (rapid traverse) is executed after the
feedrate specified for each axisin the G53 P1 block has decreased to the
deceleration rate specified in this parameter.

NOTE
1 Enabling the high—speed G53 function does not require

setting the RTO parameter (bit 4 of parameter No. 1601) for
enabling inter—rapid traverse block overlap to 1.

2 If the RTO parameter (bit 4 of parameter No. 1601) is set to
1, a value specified in parameter No. 1722 is used also for
ordinary inter-rapid traverse block overlap.

Warning

WARNING
Since the machine coordinate system must be set before
the G53 command is specified, at least one manual
reference position return or automatic reference position
return by the G28 command must be performed after the
power is turned on. This is not necessary when an
absolute—position detector is attached.

Reference item

OPERATOR'’'S MANUAL 171 MACHINE COORDINATE
(M series) (B—64124EN) o SYSTEM

Series 0i—C
OPERATOR'’'S MANUAL 171 MACHINE COORDINATE
(T series) (B—64114EN) - SYSTEM
OPERATOR'’'S MANUAL 171 MACHINE COORDINATE
(M series) (B—64144EN) - SYSTEM

Series 0i Mate-C
OPERATOR'’'S MANUAL 171 MACHINE COORDINATE
(T series) (B—64134EN) - SYSTEM
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152

Workpiece Coordinate
System/Addition of
Workpiece Coordinate
System Pair

General

Setting a workpiece
coordinate system

Selecting a workpiece
coordinate system

A coordinate system used for machining a workpiece is referred to as a
workpiece coordinate system. A workpiece coordinate systemisto be set
with the CNC beforehand (setting a workpiece coordinate system).

A machining program sets a workpiece coordinate system (selecting a
workpiece coordinate system).

A set workpiece coordinate system can be changed by shifting itsorigin
(changing aworkpiece coordinate system).

A workpiece coordinate system can be set using one of three methods:

(1) Method using G92 (G50 for G code system A)
A workpiece coordinate system is set by specifying avalue after G92
(G50) in the program.

(2)Method of using G54 to G59
Six workpiece coordinate systems are set in advance, using the MDI
panel, and the workpiece coordinate system to be used is selected
using program commands G54 to G59.

(3)Method of specifying the workpiece coor dinate system counter
If the WKINC parameter (bit 4 of parameter No. 3108) has been set,
pressing an axis address and the [INP.C.] soft key on the workpiece
coordinate system screen in succession causes the relative coordinate
value of the specified axis to be set as workpiece coordinate system
data at the cursor position.

The user can choose from set workpiece coordinate systems as described
below.

(1) Selecting a wor k piece coor dinate system set by G92 (G50)
Once aworkpiece coordinate system is selected, absolute commands
work with the workpiece coordinate system.

(2) Choosing from six workpiece coordinate systems set using the
MDI panel
By specifying a G code from G54 to G59, one of the workpiece
coordinate systems 1 to 6 can be selected.

G54 Workpiece coordinate system 1
G55 Workpiece coordinate system 2
G56 Workpiece coordinate system 3
G57 Workpiece coordinate system 4
G58 Workpiece coordinate system 5
G59 Workpiece coordinate system 6

Workpiece coordinate system 1 to 6 are established after reference
position return after the power isturned on. When the power isturned
on, G54 coordinate system is selected as default.



B—64113EN-1/01 1. AXIS CONTROL

Changing workpiece The six workpiece coordinate systems specified with G54 to G59 can be
coordinate system changed by changing an external workpiece zero point offset value or
workpiece zero point offset value.

Three methods are available to change an external workpiece zero point
offset value or workpiece zero point offset value.

(2) Inputting from the MDI panel

(2) Programming by G10 or G92 (G50)

(3) Using external datainput (refer to 15.2)

. A
Workpiece Workpiece Workpiece Workpiece

coordinate coordinate coordinate coordinate
system 1 (G54) system 2 (G55) | system 3 (G56) system 4 (G57)

y =3

\

ZoFst Workpiece
coordinate
system 5 (G58)

® ! _
Machine zero Workplece
coordinate

system 6 (G59)

Do

EXOFS : External workpiece zero point offset value
ZOFS1~ZOFS6 : Workpiece zero point offset value

Changing an external workpiece zero point offset value or workpiece zero point offset value

Workpiece coordinate When the coordinate system actually set by the G92 (G50) command
system shift (T series) deviates from the programmed workpiece coordinate, the set coordinate
system can be shifted.
Set the desired shift amount in the workpiece coordinate system shift
memory.

x

X-Z: Coordinate system in programming

x-z : Current set coordinate system with shift
amount O
(coordinate system to be modified by
shifting)

e

Shift Y~ |

Set the shift amount from O’ to O in the workpiece coordinate system shift memory.

Workpiece Coordinate System shift



1. AXIS CONTROL B—64113EN-1/01

Addition of workpiece Besides the six workpiece coordinate systems (standard workpiece
coordinate system pair coordinate systems) selectablewith G54 to G59, 48 additional workpiece
(M series) coordinate systems (additional workpiece coordinate systems) can be
used.
Parameter
#7 #6 #5 #4 #3 #2 # #0

[ 2201 | | | [ A | | | | |

[Datatype] Bit

AWK Action taken after the workpiece zero point offset value is changed

0: The absolute coordinate value is changed when the first automatic
operation is performed.

1: The absolute coordinate value is changed immediately.(If automatic
operation is not in the start—up sequence)

NOTE
In either case, the change becomes effective when the next
block is buffered.

#7 #6 #5 #4 #3 #2 #1 #0
| 1202 | G50 EWS EWD

[Datatype] Bit
EWD The shift direction of the workpiece coordinate systemis:

0: The direction specified by the external workpiece zero point offset
value

1: Inthe opposite direction to that specified by the external workpiece
zero point offset value

X X X X
A
EWD=0
Z Z (Shifted workpiece
coordinate system)
EXOFS
Z (Original workpiece

coordinate system)

EXOFS : External workpiece zero point offset value

EWS Shift value of the workpiece coordinate system and external workpiece
zero point offset value are
0: Stored in the separate memory areas.

1: Storedinthesamememory area, that is, the shift and the offset values
are the same.
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G50

When the CNC has commands G54 to G59 specifying workpiece

coordinate systems (optional function), if the G50 command for setting a

coordinate system (or the G92 commandin G command systemB or C) is

specified,

0: The G50 (or G92) command is executed without an alarm.

1: P/Sdarm No. 010 isissued and the G50 (or G92) command is not
executed.

| 1220 | |

External workpiece zero point offset value |

[Data type]

[Unit of data]

[Valid data range]

Two—word axis

Inputincrement IS-A IS-B IS-C Unit
Linear axis (input in mm) 0.01 0.001 0.0001 mm
Linear axis (input in inches) 0.001 0.0001 0.00001 inch
Rotation axis 0.01 0.001 0.0001 deg

—99999999 to 99999999

This is one of the parameters that give the position of workpiece
coordinate system (G54 to G59). It givesan offset of the workpiece zero
point common to al workpiece coordinate systems. Ingeneral, the offset
varies depending on the workpiece coordinate systems. The parameter
value can also be set from the PMC by using the externa data input
function.

| 1221 | | Workpiece zero point offset value in workpiece coordinate system1 (G54) |
| 1222 | | Workpiece zero point offset value in workpiece coordinate system?2 (G55) |
| 1223 | | Workpiece zero point offset value in workpiece coordinate system3 (G56) |
| 1224 | | Workpiece zero point offset value in workpiece coordinate system4 (G57) |
| 1225 | | Workpiece zero point offset value in workpiece coordinate system5 (G58) |
| 1226 | | Workpiece zero point offset value in workpiece coordinate systemé (G59) |

[Datatype] Two—word axis

[Unit of data]

Inputincrement IS-A IS-B IS-C Unit
Linear axis (input in mm) 0.01 0.001 0.0001 mm
Linear axis (input in inches) 0.001 0.0001 0.00001 inch
Rotation axis 0.01 0.001 0.0001 deg

[Valid data range] —99999999 to 99999999

Theworkpiecezero point offset valuesin workpiece coordinate systems 1
to 6 (G54 to G59) are set.

83 —
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Workpiece coordinate system 1 (G54)

Ny,
>

Workpiece coordinate system 2 (G55)

Workpiece zero point offset >
Origin of machine coordinate system
#7 #6 #5 #4 #3 #1 #0
[ 3108 ] | | | [ wer | | | | |

[Datatype] Bit

WCI On the workpiece coordinate system screen, a counter input is:

0 : Disabled.
1: Enabled.

Reference item

OPERATOR’S MANUAL

WORK PIECE COORDINATE

(T series) (B—64134EN)

(M series) (B—64124EN) 7.2 SYSTEM

Series 0i—-C
OPERATOR’'S MANUAL .72 WORK PIECE COORDINATE
(T series) (B—64114EN) - SYSTEM
OPERATOR’'S MANUAL .72 WORK PIECE COORDINATE
(M series) (B—64144EN) - SYSTEM

Series 0i Mate-C
OPERATOR’'S MANUAL 172 WORK PIECE COORDINATE

SYSTEM
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153
Rotary Axis Roll Over

General

The roll-over function prevents coordinates for the rotation axis from
overflowing. Theroll-over function is enabled by setting bit 0 (ROAX)
of parameter 1008 to 1.

For an incremental command, the tool moves the angle specified in the
command. For an absolute command, the coordinates after the tool has
moved are values rounded by the angle corresponding to one rotation set
in parameter No. 1260. Thetool movesin the directioninwhichthefinal
coordinates are closest when bit 1 (RABX) of parameter No. 1008 is set
to 0. Displayed values for relative coordinates are also rounded by the
angle corresponding to one rotation when bit 2 (RRLX) of parameter No.
1008 isset to 1.

Parameter

#7 #6 #5 #4 #3 #2 #1 #0

| 1006 | |

| | | | | | ROSx | ROTX |

NOTE
After setting this parameter, turn the power off then on again
so that the setting will take effect.

[Datatype] Bit axis
ROTx, ROSx Setting linear or rotation axis

ROSx | ROTx Description

0 0 Linear axis

(1) Inch/metric conversion is done.

(2) Allcoordinate values are linear axis type.
(Not rounded in 0 to 360°)

(3) Stored pitch error compensation is linear axis type (Refer to pa-
rameter No. 3624)

0 1 Rotation axis (A Type)

(1) Inch/metric conversion is not done.

(2) Machine coordinate values are rounded in 0 to 360°. Absolute
coordinate values and relative coordinate values are rounded or
not rounded by parameter No. 1008 #0 and #2.

(3) Storedpitcherrorcompensationisthe rotationtype. (Referto pa-
rameter No. 3624)

(4) Automaticreference position return (G28, G30) is done in the ref-
erence position return direction and the move amount does not
exceed one rotation.

1 0 Setting is invalid (unused)

1 1 Rotation axis (B type)

(1) Inch/metric conversion is not done.

(2) Machinecoordinate values, absolute coordinate values and rela-
tive coordinate values are linear axis type. (Is notroundedinOto
360°)

(3) Stored pitch error compensation is linear axis type (Refer to pa-
rameter No. 3624)

(4) Therotation axis roll over function and index table indexing func-
tion (M series) cannot be used.
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#7 #6 #5 #4 #3 #2 #1 #0
| 1008 | | | | | | | RRLx | RABX | ROAX |

NOTE
After setting this parameter, turn the power off then on again
so that the setting will take effect.

[Datatype] Bit axis
ROAX The roll-over function of arotation axisis

O0: Invaid
1: vaid

NOTE
ROAX specifies the function only for a rotation axis (for
which ROTXx, #0 of parameter No. 1006, is set to 1)

RABXx In the absolute commands, the axis rotates in the direction

0: Inwhich the distance to the target is shorter.
1: Specified by the sign of command value.

NOTE
RABXx is valid only when ROAXx is 1.

RRLx Relative coordinates are
0: Not rounded by the amount of the shift per one rotation
1: Rounded by the amount of the shift per one rotation

NOTE

1 RRLx s valid only when ROAXx is 1.

2 Assign the amount of the shift per one rotation in parameter
No. 1260.

| 1260 | | Move amount per rotation of rotary axis |

NOTE
When this parameter is changed, turn off the power before
continuing operation.

[Datatype] Two—word axis

[Unit of data] | Increment system IS-A IS-B IS-C Unit
Unit of data 0.01 0.001 0.0001 deg
Standard setting 36000 360000 3600000
value

[Valid datarange] 1000 to 99999999
Set move amount per rotation of rotation axis.
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Note

NOTE

This function cannot be used together with the indexing
function of the index table (M series).

Reference item

OPERATOR’S MANUAL

(M series) (B-64124EN) 11.20.2 ROTARY AXIS ROLL-OVER
Series 0i—-C

OPERATOR’'S MANUAL

(T series) (B—64114EN) 11.19.2 ROTARY AXIS ROLL-OVER
Series 0i Mate—-C OPERATOR'S MANUAL 11.18.1 ROTARY AXIS ROLL-OVER

(T series) (B—64134EN)
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1.6
TANDEM CONTROL

General If asingle motor cannot produce sufficient torque to move alarge table,
for example, thisfunction allowstwo motorsto beused. By meansof this
function, two motors can be used to perform movement along a single
axis.

Positioning is carried out only for the master axis. Theslaveaxisisused
only to produce atorque. By means of this function, double the amount
of torque can be obtained.

Table
: Master axis
NARNNY ALIARARAARARNARNNY
Ball screw - _— Slave axis

Sample application

The CNC generally processes the two axes of tandem control asasingle
axis. Inthe management of servo parametersand the monitoring of servo
alarms, however, the two axes are handled individually.
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PC: Pulse coder
Mgster Slave axis
axis
PC PC
Power Power
line line
Servo Servo
amplifier amplifier
A A
PWM PWM
Rotor Rotor
Current position Current position
loop DE— loop ~@
PRM. 2087 Speed FB ER’;A ZdOEI;\/?I Speed FB
Preload (L) —* reload (M) » N
+ bt +
\
Re- Re-
verse? verse?
PRM. 2022 PRM. 2022
Velocity PRM. 2008#2
loop
.—> Aver- (=
age?
PRM: Parameter
+ -
Scale
Built=inde- Separate
tector
Position ) ) detector
loop 7
) PRM.1815#1
+ -
Specified
pulse

Block Diagram of Tandem Control
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Explanations

® Axis configuration in
tandem control

To specify the axis configuration in tandem control, follow the procedure
below:

(1) Tandem control can be performed for up to two pairs of axes.

(2) Interms of controlled axes, the pair of axesishandled astwo separate
axes. Interms of CNC—controlled axes (command axes), the pair of
axesishandled as asingle axis (master axis). Specify the number of
CNC—controlled axes with parameter 1010, excluding the dlave axis
of tandem control. The dlave axis must be handled as if it were
controlled only by the PMC.

(3) Thepair of axesishandled astwo separate axesin the management of
servo parameters and the monitoring of servo alarms.

(4)Assign two consecutive numbers, that is one odd and one even
number, to the master and slave axes as their servo axis numbers
(parameter 1023). Assign the smaller number to the master axis.
(Example) If the servo axis number of the master axis (parameter
1023) is set to 1, specify servo axis number 2 for the corresponding
save axis. If the servo axis number of the master axis is set to 3,
specify servo axis number 4 for the corresponding slave axis.

(5) If tandem control is performed for two or more pairs of axes, assign
servo axis numbers to the master and slave axes in identical order.

(6) Specify a unique axis name for the slave axis.

(7) The dlave axis is handled as a controlled axis. Set the NDPx bit (bit
0 of parameter 3115) to 1 to suppress the position display.

The following sample axis configuration is for amachine with four axes
X,Y,Z,and A. The X—axisisthe master axis of tandem control.

Number of CNC controlled axes (parameter 1010): 3

Axis Axis Servo axis
number | name number
(PRM. 1023)
1 X 3 CNC axis (master axis of tandem control)
2 Y 1 CNC axis
3 4 2 CNC axis
4 A 4 Slave axis of tandem control (master axis:
X—axis)
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® Preload function

® \elocity feedback
average function

® Improved stability of a
closed—loop system

® Notes on stability of
tandem control

By adding an offset to the torque controlled by the position (velocity)
feedback device, thefunction can apply oppositetorquesto the master and
slave axes so that equal and opposite movements are performed for both
axes. Thisfunction can reduce the effect of backlash on the master and
slave axes caused by the tandem connection of the two motorsviaagear.
This function, however, cannot reduce backlash between the ball screw
and table or other backlash inherent to the machine.

If apreload of x is set for the master axis and —x for the slave axis, the
opposing preload torques are continuously applied to the two axes, even
at rest, as shown below:

Master axis Slave axis
<+ X -X -»
CAUTION

1 Specify as low a preload as possible. Avoid specifying a
preload higher than the rated torque. Too high a preload will
trigger an overload alarm because the specified torques
continue to be applied, even at rest. A preload that is only
slightly higher than the frictional force is recommended.
Thus, the recommended preload may be about one—third of
the rated torque.

2 If the motors rotate in opposite directions (different signs are
specified in parameter 2022), specify the preload values
with the same sign.

Asshown in the block diagram of tandem control, the motor of the slave
axisis not subject to velocity control. A machine with alarge amount of
backlash may become unstable if the motor of the slave axis vibrates as
a result of backlash in the gear. This can be overcome by applying
velocity control to the slave axis also. This velocity feedback average
function is enabled when bit 2 of parameter 2008 is set to 1.

The following two functions can increase the stability and position gain
of a closed- oop system having alinear scale:

- Dual position feedback function
- Machine velocity feedback function

For details of these functions, refer to FANUC AC SERVO MOTOR
ocisloci/Bisserieﬁ PARAMETER MANUAL (B—65270EN).

An important factor affecting stability in tandem control isthe capability
of back feed. Back feed isto cause movement along either the master or
slaveaxisfromtheother axis, viathetransmission mechanism connecting
the two axes. A machine without this capability may be inclined to
become unstable and require adjustments.
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® Connection of axis
signals

e Connecting motors

® Servo alarms

The DI/DO signals, generally connected to each axis, must be connected
only to the master axis of two axes of tandem control. The signals need
not be connected to the slave axis. Thefollowing signals, however, may
have to be connected depending on the application.

i) Controlled axis detach signal and servo off signal
Connect these signals so that the master and dave axis signals are
simultaneously inpuit.

ii) Overtravel limit signal
Connect the signal so that 1 is always output as the overtravel limit
signal for the dave axis.

If the dave axis stroke limit must also be detected, connect the signals so
that the signal detected on the slave axis is sent to the overtravel limit
signal of the master axis.

Connect the motors according to the servo axis numbers. Connect the
feedback cable of the slave axis.

(Sample connection for position feedback cable)

Axis control

Feedback cable for motor of master axis

JF1

JE2 Feedback cable for motor of slave axis

Adapter for separate
detector

Feedback cable for separate detector

JF21

Motor overload and other servo alarms are displayed separately for the
master and slave axes.

Parameter

Setting data
(parameters)

The parametersthat are generally set for each axis can, when set for axes
under tandem control, be classified into the following three groups:

i) Parametersin which identical values must be set for the master and
Slave axes

ii) Parameters that must be specified only for the master axis (The
corresponding parameter for the slave axisis not used.)

iii) Parameters for which different values may be set for the master and
dave axes



B—64113EN-1/01

1. AXIS CONTROL

Theclassifications of the parametersare described below. Any parameter
that is not listed in the tables for the three classifications should be
processed as a parameter of type i) and, specify identical values for the
master and slave axes.

WARNING
Note that, if different values are set for the master and slave

axes in a parameter of type i), the operations for the two
axes of tandem control will not be performed correctly.

— Care must be taken to specify the following two servo parameters,
according to the directions of rotation around the master and save
axes.

Parameter 2022: Direction of rotation of the motor
Parameter 2087: Preload value

In parameter 2022, specify 111 for forward rotation and —111 for the
reverse rotation.

In parameter 2087, specify values having identical signs when the
motors of the master and slave axes rotate in opposite directions.
Specify values having different signs when the motors of the master
and slave axes rotate in the same direction.

— |If aseparate pulse coder is used, use of the separate pulse coder must
be set for the master axis. For the slave axis, use of a built—in pulse
coder must be set. Therefore, pay particular attention to setting the
following parameters.

Bit 1 of parameter 1815: Separate pulse coder
Bits6 to 4 of parameter 1816: Detection multiplier (DMR)

Parameter 2024: Number of position detection feedback pulses
(PPLS)

Parameter 1821: Capacity of an optional reference counter
Parameter 2084: Numerator of flexible feed gear ratio
Parameter 2085: Denominator of flexible feed gear ratio

If, for example, amotor with serial pulse coder A isused with alinear
scale capable of detecting a position in 1-um units, and if a single
rotation of the motor produces a movement of 4 mm, specify the
parameters as shown below:

Master axis Slave axis
No. 1815#1 = 1 0
No. 1816 = 01110000 01110000
No. 2024 = 4000 12500
No. 1821 = 4000 4000
No. 2084 = 0 4
No. 2085 = 0 1000
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Parameters that should
be set only for the
master axis

Parameters that may be
set to different values for
the master and slave
axes

Parameter No.

Meaning of parameters

0012#0
0012#7
1004#7
1005#4
1005#5
1005#7
1022
1220
1221
1222
1223
1224
1225
1226
1423
1424
1425
1427
1430
1815#1
1815#5
2008#2

Mirror image

Servo control off

Input unit 10 times

External deceleration in plus direction
External deceleration in minus direction
Servo control off

Parallel axis specification

External workpiece coordinate shift
Workpiece zero point offset by G54
Workpiece zero point offset by G55
Workpiece zero point offset by G56
Workpiece zero point offset by G57
Workpiece zero point offset by G58
Workpiece zero point offset by G59

Jog feedrate

Manual rapid traverse

FL rate in manual reference position return
External deceleration rate at rapid traverse
Maximum feedrate

Separate type pulse coder

Absolute pulse coder

Velocity feedback average function

Parameter No.

Meaning of parameters

1020 Axis name

1023 Servo axis number

2022 Motor rotation direction

2087 Preload value

3115 Current position display

1310#0 Soft OT2

1310#1 Soft OT3

1320 1st stroke limit of plus side

1321 1st stroke limit of minus side

1322 2nd stroke limit of plus side

1323 2nd stroke limit of minus side

1815#1 Separate type pulse coder

1816#6 to #4 Detection multiplier (DMR)

1821 Arbitrary reference counter capacity
2024 Position detection feedback pulses (PPLS)
2084 Numerator of flexible feed gear ratio
2085 Denominator of flexible feed gear ratio

94
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Parameters that should
be set to the same
values for the master
and slave axes

Parameter No.

Meaning of parameters

1005#0 Movement before reference position return

1005#1 Dogless reference position setting

1006#0 Rotary axis

1006#1 Machine coordinate of rotary axis is rotary type

1006#3 Diameter/radius specification

1006#5 Direction of reference position return

1006#7 Least input increment (0.0001 mm)

1240 Reference position as viewed from machine zero

1241 Coordinate of 2nd reference position

1242 Coordinate of 3rd reference position

1243 Coordinate of 4th reference position

1260 Move distance per rotation of rotary axis

1420 Rapid traverse rate

1421 FO of rapid traverse override

1620 Time constant of rapid traverse linear acceleration/de-
celeration

1621 Time constant of rapid traverse bell shaped accelera-
tion/deceleration

1622 Time constant of feed exponential acceleration/decel-
eration

1623 FL of feed exponential acceleration/deceleration

1624 Time constant of manual continuous exponential ac-
celeration/deceleration

1625 FL of manual continuous exponential acceleration/de-
celeration

1626 Time constant of exponential acceleration/deceleration
during thread cutting cycle

1627 FL of exponential acceleration/deceleration during
thread cutting cycle

1820 Command multiplier (CMR)

18XX Digital servo parameters

20XX Digital servo parameters

#7 #6 #5 #4 #3 #2 #1 #0
[ 827 | | [ AN | | | | | |

[Datatype] Bit axis (set to each axis)

#7

#6

TAN Tandem control is
0: not performed
1: performed

#5

Set for both master and slave axes.

#4 #3 #2 #1 #0

| 2008 | |

| | VFBAVE| | |

[Datatype] Bit axis (set to each axis)

Set only for the master axes.

VFBAVE Velocity feedback average function

0:

invalid
1: valid
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| 2087 | |

Preload of each axis (Tcmd offset)

[Data type]
[Unit of data]
[Valid data range]

Word axis
(Preamplifier limit) /7282
—-1821to 1821

An offset is added to atorque command to reduce backlash.
Set a dlightly large value than that of the friction torque of the motor.
As areference set a value one-third the rated torque.

[Example] To set atorque of 3A in the opposing directions for the master and slave
amplifiers that have current limit of 40A:
3/(40/7282) = 546
Master side = 546
Slave side = -546
| 2021 | | Load inertia
[Datatype] Word axis
Set the same value to the master and slave axes.
it of All load inerti
[Unit of data]_( oa2d Inertia) /(Motor inertia) x 256

| 2022 | |

Direction of rotation of motor

[Datatype] Word axis

Set the direction of motor rotation.
If the rotation directions of master and slave axes are opposite, set them
by this parameter.

Alarm and message

Number Message Description
417 SERVO ALARM: lllegal values are set for parameter 1010,
n AXIS DGTL PARAM 1023, or 1817 when tandem control is per-
formed.
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1.7

SIMPLE
SYNCHRONOUS
CONTROL

General

e Simple synchronous
control for the M series
and T series

® Synchronization error
check based on
positional deviation (M
series)

® Synchronization error
check based on machine
coordinates (M series)

A movement along an axis can be executed simply by executing amove
command specified for that axis or by synchronizing the movement with
another axis. Either of thesetwo types can be selected by meansof asignal
sent from the machine.

In synchronous operation, that axis for which move commands can be
specified is called the master axis, while an axis along which the tool
moves in sync with the master axisis called a slave axis.

The M series and T series support different simple synchronization
control functions. One of the greatest differencesis that:

<T series> The function can synchronize only automatic operations. It
cannot synchronize manual operations. Only one master/slave axis pair
can be used.

<M series> The function can synchronize both automatic and manual
operations. A maximum of two pairs can be synchronized.

The following functions are provided only for the M series:

® Synchronization error check function
® Synchronization compensation function

Any difference between the servo positional deviation of the master axis
and that of the slave axisis monitored constantly. A P/Saarm condition
(No. 213) is detected if a limit set in parameter No. 8313 (if only one
master/slave axispair isin sync) or 8323 (if two master/dave axis pair is
in sync) is exceeded.

Thefunction monitorsthe differencebetween the machine coordinateson
the master and slave axes. If thefunction detectsadifferencegreater than
or equal to apreset value, it stopsthe machine. Thisfunction constantly
monitors the difference. Even if the synchronization control signa is
erroneously set to 0, thus disabling synchronization control, the function
can issue an alarm, stop the machine, and thus prevent damage.

If the detected difference is greater than or equal to the maximum error
set in parameter 8314, servo alarm 407 is output.
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® Synchronization
compensation function
(M series)

WARNING
1 Before using the synchronization error check function, set

identical values for the reference positions of the master
and slave axes.

2 To clear the alarm, first increase the maximum
synchronization error set in parameter 8314, then press the
reset key. Next, perform handle operations or other manual
operations so that the machine coordinates agree. Then,
restore the original value in parameter 8314.

3 If an alarm is detected during a synchronous operation, set
the signals indicating that a synchronous operation is in
progress (G138, G140) to off, then follow the procedure for
clearing an alarm.

NOTE
If the synchronization error check function is not used, set

parameter 8314 to 0.

If the synchronization between the positions of the master and slave axes
islost when the system power isturned off, the function compensatesfor
the difference between them. After performing afollow—up at power on,
the function sends compensation pulses to the slave axis to adjust its
position such that it agrees with that of the master axis. Thisfunctionis
enabled only when the slave axis of synchronization control supportsthe
absolute—position detection function.

This function, however, cannot be used for rotation axes.

WARNING
1 The synchronization compensation function is enabled

after reference position returns have been performed. The
function is not executed if the parameter is set before
reference position returns are performed.

2 The synchronization compensation function is not executed
when the servo alarm is eliminated.

CAUTION
The synchronization deviation is processed as a position

error on the slave axis while at rest. The position error is
displayed as diagnostic data 300, in the same units as used
to detect the error. If the error exceeds the value set in
parameter 8315 (if only one master/slave axis pair is in
sync) or 8325 (if two master/slave axis pair is in sync), servo
alarm 410 is triggered. The alarm can be cleared by
pressing the reset key. As the position error for the slave
axis remains even after the alarm is cleared, however, the
positions must be adjusted.
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e Automatic setting of grid
positioning (M series)

[Operating procedure]

NOTE

1 To use the synchronization compensation function, set the
SOF bit, bit 7 of parameter 8301 (if only one master/slave
axis pair is in sync) or SOFx bit, bit 7 of parameter 8303 (if
two master/slave axis pair is in sync), to 1.

2 The synchronization compensation function is also enabled
when emergency stop is canceled.

To use simple synchronous contral, it is necessary to perform reference
position return for the master and slave axes. This function causes the
CNC to automatically perform reference position return (grid position)
for both the master and slave axes in simple synchronization.

This procedure can be applied only when one master/slave axispair isin
sync, and when bit 0 (ATE) of parameter No. 8302 is set to 1. If two
master/slave axis pair isin sync, it is necessary to use parameters ATEX
(bit O of parameter No. 8303) and ATSx (bit 1 of parameter No. 8303).

1 Setbit 1 (ATS) of parameter No. 8302 to 1.
2 Power off/on.

3 Enter REF mode (or JOG modefor reference position setting without
dogs), and move along the axis toward the reference position.

4 Motion along the master and slave axes stops automatically, and the
grid deviation is set in parameter No. 8316. At the same time, bit 1
(ATS) of parameter No. 8302 becomes 0, and a power—off request
alarm (No. 000) occurs.

5 Switch the power off then back on.

6 Perform ordinary reference position return.

NOTE
Parameter setting

When parameter ATS (bit 1 of parameter No. 8302) or ATSx
(bit 1 of parameter No. 8303) is set, parameter APZ (bit 4 of
parameter No. 1815) for the master and slave axes and
parameter No. 8316 become 0. If the operator specifies
parameter No. 8316 (MDI, G10L50), parameter ATE (bit O
of parameter No. 8302) becomes 0.
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® Torque difference alarm
detection (M series)

If the master and dlave axes operate independently while simple
synchronous control isapplied, themachinemay bedamaged. To prevent
this, thetorque command difference between theaxesismonitored. If the
differenceis found to be abnormal, an alarm can be issued.

[System configuration]

Positiongain Master axis
+ torque command
Kp | Velocitycontrol
Master axis —
position
command Master axis position
\ feedback
+ Torquecommand | The absolute value is
difference compared with the
thresholdvalue. >
. . — Alarm
Positiongain detection
+
Kp ———= Velocity control
Slave axis Slave axis
position torquecommand
command

Slave axis position
feedback

[How to useg]
Determine the threshold parameter using the following procedure.

1 Set up the following parameters:
Parameter No. 2031 = 0 : Disabletorgque difference alarm detection.

Parameter Nos. 2115 and 2151: Display the absolute value of atorque
difference between axes in synchronization on the diagnosis screen.
Set the same value for the two axes in simplified synchronization.
Setting

Parameter No. 2115=0

Parameter No. 2151 = 178

2 Causethediagnosis screen to appear, using the <SY STEM> function
key — the [DGNOS] soft key.
The diagnosis screen No. 353 displays the absolute value of atorque
difference between the two axes in synchronization.

3 Read amaximum of the absolute values of torque differences during
anormal operation.
Set the threshold parameter with the maximum absolute value with
some margin allowed.
If itisdifficult to read the absol ute values of torque differencesonthe
diagnosis screen, observe the absolute values of torque differences
with an oscilloscope, using the following method:
4 Set parameter Nos. 2115 and 2151 with:
Setting
Parameter No. 2115 = 4
Parameter No. 2151 = 178

— 100 —
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5 Connect a check board to observe torque differences.
If an analog check board is used, set the rotary switch of the check
board to 1, and observe signals on CH?7.
If the oscilloscope is a combined analog/digital model, set the DATA
digit for CH1 to 5, and observe signals on CH1.

6 Convert the observed value, using the formula 1 V = 410 (specified
threshold value). Read the maximum value during ordinary operation,
and allow an appropriate margin.

[Timing chart]

SA<FO000#6>

Alarmdetection

1

Enabled
Disabled

<----- > Value in parameter No. 8317 (if only one master/slave axis
pair is in sync) or 8327 (if two master/slave axis pair is in
sync), or 512 ms (if neither parameter is set).

If the servo preparation completed signal SA <FO00#6> is O, torque
difference alarm detection is not performed.

Thesimplesynchronouscontrol functionsare described separately for the
T seriesand M seriesin the following explanations.

Signal

<T series and
M series>

Signals to select the
slave axis for simple
synchronous control

SYNC1to SYNC4

<G138#0—+#3>

[Classification]

[Function]

SYNC1

TN E

[Operation]

Input signal

synchronous control is performed for memory or MDI operation.
The signal is provided for each controlled axis. The number at the end
of the signal name represents the number of the controlled axis.

... Thefirst axis becomes the dlave axis for synchronous control.
... The second axis becomes the dave axis for synchronous control.
... The third axis becomes the dlave axis for synchronous control.

When the signal is set to 1, the control unit operates as described bel ow:

— During memory or MDI operation, the control unit suppliesthe move
command, specified for the master axis, to both the master and slave
axes of synchronous control.

The master axisis specified with a parameter.
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<M series>

Signals for selecting the
manual feed axis for
simple synchronous
control
SYNCJ1to SYNCJ4
<G140#0-#3>
[Classification] Input signal

[Function] synchronous control is performed in jog, handle, or incrementa feed
mode.
The signal is provided for each controlled axis. The number at the end
of the signal name represents the number of the controlled axis.
SYNCJ1

1. ... Thefirst axis becomes the dave axis for synchronous control.
2. ... The second axis becomes the dlave axis for synchronous control.
3. ... The third axis becomes the slave axis for synchronous control.

[Operation] Whenthe signal is set to 1, the control unit operates as described bel ow:

— Injog, handle, or incremental feed mode, the control unit suppliesthe
move command, specified for the master axis, to both the master and
slave axes of synchronous control.

The master axisis specified with a parameter.

Signal address

T series
#7 #6 #5 #4 #3 #2 #1 #0
| G138 | | | | | | SYNC4| SYNC3| SYNCZ| SYNCl|
M series
#7 #6 #5 #4 #3 #2 #1 #0
| G138 | | | | | | SYNC4| SYNC3| SYNCZ| SYNCl|
| G140 | | | | | |SYNCJ4|SYNCJ3|SYNCJ2|SYNCJ1|
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Parameter

T series

| 1010 | |

Number of CNC—controlled axes |

[Data type]
[Valid data range]

NOTE
When this parameter is set, the power must be turned off

before operation is continued.

Byte
1, 2, 3, ..., the number of controlled axes
Set the maximum number of axes that can be controlled by the CNC.

[Exampl€]

Suppose that the first axisis the X axis, and the second and subsequent
axesarethe, Z, and A axesin that order, and that they are controlled as
follows:

X and Y axes. Controlled by the CNC

Z axis. Controlled by the CNC and PMC
A axis. Controlled by the PMC

Then set this parameter to 3 (total 3: first to third axes)

NOTE
When using simplified synchronization control, specify

slave axes as well as the master axis.

#7 #6 #5 #4 #3 #2 #1 #0
[ 015 | | | | svs | | | | | |
[Datatype] Bit
SVS Whentheservoalonganaxisisturned off, simple synchronouscontrol is:
0: Released.
1: Not released.
| 8311 | | Axis number of master axis in synchronous control
[Datatype] Byte axis
[Valid datarange] Oto 3

Select a master axis for simple synchronous control. Set a master axis
number for the axis used asaslave axis. If the value of this parameter is
0, the first axis is the master axis. In this case, when the synchronous
control select signal G138 is set to 1, operation starts with the 1st axis
being the master axis.
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Units digit in the parameter for the first axis
— Set the axis number for the master axis when the first axisis used
asadave axis.
Tens digit in the parameter for the first axis
— Set theaxisnumber for the master axiswhen the second axisisused
asadave axis.
Units digit in the parameter for the second axis
— Set the axis number for the master axis when the third axisis used
asadave axis.
Tens digit in the parameter for the second axis
— Set theaxisnumber for the master axiswhen thefourth axisisused
asadave axis.

Number Tens digit Units digit

First Second axis First axis

Second Fourth axis Third axis
NOTE

The axis number settings are: 0 for the first axis, 1 for the
second axis, 2 for the third axis, and so on.

Example) To set the 3rd axisasthe master axisand the4th axistotheslave
axis, set asfollows:

No. 8311
1st axis 00
2nd axis 20
3rd axis 00
4th axis 00

| 8312 | | Enabling/disablingmirror image in synchronous control

[Datatype] Byte axis
[Valid data range] —127 to +128

This parameter sets the mirror image function. When 100 or a greater
value is set with this parameter, the mirror image function is applied to
synchronous control. Set this parameter to the slave axis.

Example: To establishreversed synchronizationwhenusingthethird axis
as the master axis and the fourth axis as the slave axis, set parameter No.
8312 asfollows:

Parameter No. 8312 (first axis) =0

Parameter No. 8312 (second axis) = 0

Parameter No. 8312 (third axis) =0

Parameter No. 8312 (fourth axis) = 100
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M series

| 1010 | |

Number of CNC—controlled axes |

NOTE
When this parameter is set, the power must be turned off

before operation is continued.

[Datatype] Byte
[Valid datarange] 1, 2, 3, ..., the number of controlled axes

Set the maximum number of axes that can be controlled by the CNC.

[Example]

Suppose that the first axisis the X axis, and the second and subsequent
axesarethe, Z, and A axesin that order, and that they are controlled as
follows:

X and Y axes. Controlled by the CNC

Z axis. Controlled by the CNC and PMC
A axis. Controlled by the PMC

Then set this parameter to 3 (total 3: first to third axes)

NOTE
When using simplified synchronization control, specify

slave axes as well as the master axis.

#6 #5 #4 #3 #2 #1 #0

(3105 | [ swe [ | | | | | | |

[Datatype] Bit
SMF During simple synchronous contorol, movement along a slave axisis:

0: Included in the actual speed display
1: Not included in the actual speed display

NOTE
This parameter is valid when simple syncronous contorol is

applied according to the setting of parameter No. 8311
(master and slave axes can be arbitrarily selected).

#6 #5 #4 #3 #2 #1 #0

(801 | [ soF [ | | | | | | |

[Datatype] Bit

SOF The synchronization compensation funciton under simple synchronous

control (one master/slave axis pair) is:

0 : Not used.
1: Used.
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#7

#6 #5 #4 #3 #2 #1 #0

| 8302 | |

| | | | | ats | aTE |

[Datatype]
ATE

ATS

#7

NOTE
The system power must be turned off then back on in order

for this parameter setting to become effective.

Bit

Specify whether to enable the automatic setting of grid positioning under
simple synchronous control (one master/slave axis pair)

0: Disabled

1: Enabled

Specify whether to start the automatic setting of grid positioning under
simple synchronous control (one master/slave axis pair)

0: Not started
1: Started

NOTE
1 Setting this parameter resets parameter APZx (bit 4 of

parameter No. 1815) for the master and slave axes and
parameter No. 8316 to O.

2 This parameter automatically becomes 0 upon the
completion of grid positioning.

#6 #5 #4 #3 #2 #1 #0

| 8303 | | SOFx | | | | | | ATSx | ATEX |

[Datatype]
ATEX

ASTX

SOFx

Bit axis

Specify whether to enable the automatic setting of grid positioning under
simple synchronous control (two master/dlave axis pair)

0: Disabled

1: Enabled

Specify whether to start the automatic setting of grid positioning under
simple synchronous control (two master/dave axis pair)

0 : Not started
1: Started

NOTE
To start the automatic setting of grid positioning, set ATSx
to 1. ATSx automatically becomes 0 upon the completion
of automatic setting.

Specify whether to enable synchronization compensation during simple
synchronous control (two master/slave axis pair)

0: Disabled

1: Enabled
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|8311 | |

Axis number of master axis in synchronous control

[Datatype] Byte axis
[Valid datarange] Oto 3

Select a master axis and slave axis for simple synchronous control. Set
amaster axisnumber for theslave axisside. A maximum of two pairscan
be synchronized.

Examplel: When using thefirst axis (X—axis) asthe master axis, and the
third axis (Z—axis) as the slave axis, set parameter No. 8311 as follows:

Parameter No. 8311 X (first axis) =0
Parameter No. 8311 Y (second axis) =0
Parameter No. 8311 Z (third axis) = 1
Parameter No. 8311 A (fourth axis) =0

Example2: If there are two master/dave axis pairs under simple
synchronous control:

To specify the:

master axis as the 1st axis, and the dave axis as the 4th axis
master axis as the 2nd axis, and the dave axis as the 3rd axis,
set the following:

Parameter No. 8311 X(1st axis) =0

Y (2nd axis) = 0
Z(3rd axis) =2
(4thaxis) = 1

Specifying the third axis (Z—axis) as the master axis, and the first axis
(X—axis) asthe slave axisis not alowed. The master axis number must
always be smaller than the dave axis number.

It isimpossible to specify more than one slave axis for a master axis.

NOTE
In Example 2 above, the Z axis, which is the master axis of

the M Series, is used as the slave axis of another axis. This
usage may prevent other functions from operating normally.
When exercising simple synchronous control with two pairs,
take care.

8313

Limit of the difference between the amount of positioning deviation of the master

and slave axes (one master/slave axis pair under synchronous control)

[Datatype] Word
[Unit of data] Detection unit
[Valid data range] Oto 32767

This parameter specifies a limit imposed on the positional deviation
difference between the master and slave axes. |If thelimit is exceeded, a
P/S alarm (No. 213) is issued.
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| 8314 | |

Allowable error in synchronization error check

[Datatype] Word axis

[Unit of data] | Increment system IS-A IS-B Is-C Unit
Metric machine 0.01 0.001 0.0001 mm

Inch machine 0.001 0.0001 0.00001 inch

Rotation axis 0.01 0.001 0.0001 deg

[Valid datarange] Oto 32767

This parameter sets, in the detection unit, the allowable error when a
synchronization error check ismade. The mechanical coordinates of the
master axis and slave axis are monitored. When a synchronization error
equal to or greater than the value set in this parameter is detected, servo
alarm No. 407 isissued, and the machine is stopped. Set this parameter
to the master axis. When 0 is set with this parameter, no synchronization
error check is performed.

| 8315 | | Maximumcompensation value for synchronization compensation |

[Datatype] Word
[Unit of data] Detection unit

[Valid data range] Oto 32767

This parameter sets the maximum compensation value for
synchronization. When a compensation value greater than the value set
in this parameter is used, servo alarm No. 410 is issued.

Reference counter difference between the master and slave axes
(one master/slave axis pair under synchronous control)

8316

NOTE
The system power must be turned off then back on in order

for this setting to become effective.

[Datatype] Two-word
[Unit of data] Detection unit

[Valid data range] —99999999 to 99999999

This parameter is set to the reference counter difference between the
master and slave axes.

NOTE
Upon the completion of grid positioning, the reference

counter difference is set automatically. At the same time,
parameter ATS (bit 1 of parameter 8302) is reset to 0.
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8317

Torque difference alarm detection timer (one master/slave axis pair under synchro-

nous control)

[Datatype] Word
[Unit of data] ms
[Valid data range] 0to 4000 (if O is specified, the system assumes 512 ms.)

This parameter specifies the time between the servo preparation
completed signal SA <FO00#6> becoming 1 and the torque difference
alarm detection function starting to check for a torque difference alarm
condition. The specified value is rounded up to the nearest multiple of
16 ms.

(Example) If 100 is specified, 112 msis assumed.

8323

Limitimposed on the positional deviation difference between the master and slave

axes (two master/slave axis pair under synchronous control)

[Datatype] Word axis
[Unit of data] Detection unit
[Valid data range] Oto 32767

This parameter specifies a limit imposed on the positional deviation
difference between the compensation and slave axes. If the limit is
exceeded, aP/Salarm (No. 213) isissued. Thisparameter must be set for
the master axis. If Ois specified, apositional deviation differencecheck
is not performed.

8325

Maximum compensation to be applied during synchronization matching (two mas-

ter/slave axis pair under synchronous control)

[Datatype] Word axis
[Unit of data] Detection unit
[Valid data range] Oto 32767

This parameter specifies the maximum compensation to be applied
during synchronous compensation. If the compensation exceeds the set
value, aservo darm (No. 410) isissued. This parameter must be set for
themaster axis. For thissetting to become effective, parameter SOFx (bit
7 of parameter No. 8303) must be set to 1.

8326

Reference counter difference between the master and slave axes (two master/

slave axis pair under synchronous control)

[Datatype] Two—word axis
[Unit of data] Detection unit

[Valid data range] —99999999 to 99999999

This parameter is automatically set to the reference counter difference
(grid deviation) between the master and slave axes, when automatic grid
position setting is performed. This parameter setting, together with an
ordinary grid shift, is transferred to the servo section, when the user
subsequently switches the power off then back on. This parameter must
be set for the master axis.
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| 8327 | |

Torque difference alarm detection timer (two pair under synchronous control)

[Datatype] Word axis

[Unit of data] ms

[Valid data range] 0 to 4000

This parameter specifies the time between the servo preparation
completed signal SA <FOO0#6> becoming 1 and the torque difference
alarm detection function starting to check for atorque difference alarm
condition during simple synchronous control. The specified value is
rounded up to the nearest multiple of 16 ms.

(Example) If 100 is specified, 112 msis assumed.

This parameter must be specified for the master axis. If the set valueis
0, then 512 msis assumed.

Alarm and message

T series

M series

Number

Message

Description

213

ILLEGAL COMMAND IN
SYNCHRO-MODE

A move command was specified for the
slave axis of synchronous control.

SYNCHRO-MODE

214 ILLEGAL COMMAND IN | A command for coordinate system set-
SYNCHRO-MODE ting or shift-type tool compensation
was executed during synchronous
control. Correct the program.
Number Message Description
213 ILLEGAL COMMAND IN | One of the following errors occurred

during simple synchronous control op-
eration:

(1) The program contains a move command
for the slave axis.

(2) A command for jog feed, manual handle
feed, or incremental feed was issued for
the slave axis.

(3) After power on, the command for auto-
matic reference position return was spe-
cified before a manual reference
position return had been performed.

(4) The difference in position error between
the master and slave axes exceeded
the value set in parameter 8313 or 8323.

Or, switching between synchronous mode
andasynchronous mode was performeddur-
ingautomatic operation (when the automatic
operationsignal (OP) is 1).
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Servo alarm

Diagnostic data

Number

Message

Description

407

SERVO ALARM:
EXCESS ERROR

The following error has occurred during
an operation under simplified synchro-
nization control:

The difference in machine coordinate
value between axes in synchronization
has exceeded a value specified in pa-
rameter No. 8314.

410

SERVO ALARM:
n AXIS EXCESS ERR

The most likely causes are:

1 For the n axis, the positional devi-
ation observed when the axis is
stopped has exceeded the value
set in parameter No. 1829.

2 In simple synchronous control, the
compensation used during syn-
chronous compensation has ex-
ceeded the value set in parameter
No. 8315 or 8325. This alarm oc-
curs only for the slave axis.

420

SERVO ALARM:
n AXIS SYNC TORQUE

Atorque command issued for the mas-
ter or slave axis is greater than the val-
ue specified in parameter No. 2031.
This alarm condition occurs only for the
master axis.

Number

Message

Description

540

SYNCHRO ERROR

The data represents the difference in
position error between the master and
slave axes during synchronous control.
(One master/slave axis pair under syn-
chronous control)

541

SYNCHRO ERROR

The positional difference between the
master and slave axes under synchro-
nous control is displayed. (Two master/
slave axis pair under synchronous con-
trol)
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Caution

CAUTION
1 Set the same detection unit for both the master and slave

axes.

2 When a manual reference position return is executed,
identical movements are performed along the master and
slave axes until deceleration commences. Subsequently,
grids are detected separately.

3 Pitch error compensation and backlash compensation are
executed separately for the master and slave axes.

4 If control of two master/slave axis pair is specified in
parameter No. 8311, parameters to perform setting for, and
display diagnostic information about, only one master/slave
axis pair are invalid, and if control of only one master/slave
axis pair is specified, parameters to perform setting for, and
display diagnostic information about, only one master/slave
axis pair are valid (except for common parameter Nos. 8311
and 8314).

Reference item

Series 0i—-C

OPERATOR’S MANUAL

(M series) (B—64124EN) 11.20.1 Simple synchronous control

OPERATOR’S MANUAL

(T series) (B—64114EN) 11.19.3 Simple synchronous control
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1.8
ANGULAR AXIS
CONTROL

1.8.1

Angular Axis
Control/Arbitrary
Angular Axis Control

General

Explanations

When the angular axis makes an angle other than 90° with the
perpendicular axis, the angular axis control function controlsthe distance
traveled along each axis according to the inclination angle. For the
ordinary angular axis control function, the X—axisis aways used as the
angular axis and the Z—axisis always used asthe perpendicular axis. For
angular axis control B, however, arbitrary axes can be specified as the
angular and perpendicular axes, by specifying parameters accordingly.
A program, when created, assumesthat the angular axisand perpendicul ar
axis intersect at right angles. However, the actual distance traveled is
controlled according to an inclination angle.

+X Program coordinate system
+X Coordinate system actually used

I
I o (angular axis)

| +Z (perpendicular axis)

0 : Inclination angle

When the angular axis is the X—axis and the perpendicular axis is the
Z—axis, theamount of travel along each axisiscontrolled accordingtothe
formulas shown below.
The distance to be traveled along the X—axis is determined by the
following formula:

Xp
cosf
The distance traveled along the Z—axis is corrected by the inclination of

the X—axis, and is determined by the following formula:
Za = Zp—Xptanf
The speed component along the X—axis of feed rate is determined by the
following formula:
Fp
cosf
Xa, Za, Fa:Actual distance and speed

Xp, Zp, Fp:Programmed distance and speed

Xa =

Fa =
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e Method of use

® Absolute and relative
position display

® Machine position display

e Path on an angular axis
and perpendicular axis

Theangular and perpendicular axesto which angular axis control isto be
applied must be specified beforehand, using parameters (No. 8211 and
8212).

Parameter AAC (No. 8200#0) enabl es or disablestheangular axiscontrol
function. If the function is enabled, the distance traveled along each axis
is controlled according to an inclination angle (No. 8210).

Parameter AZR (No. 8200#2) enables angular axis manual reference
point return only with a distance along the angular axis.

If perpendicular/angular axis control disable signal NOZAGC has been
set to 1, the angular axis control function is enabled only for the angular
axis. In that case, the move command for the angular axisis converted
toangular coordinates. The perpendicular axisisnot affected by themove
command for the angular axis.

An absolute and a relative position are indicated in the programmed
Cartesian coordinate system.

A machine position indication is provided in the machine coordinate
system where an actual movement is taking place according to an
inclination angle. However, when inch/metric conversion is performed,
apositionisindicated which incorporatesinch/metric conversion applied
to the results of the inclination angle operation.

When a manual rapid traverse operation or a reference position return
operation without dogs is performed on an angular axis during angular
axis control, the path on the angular axis can be linear.

Control isexercised so that the accel eration/decel eration timeisthe same
between the angular axis and perpendicular axis.

Suppose the following:

Rapid traverse rate on the angular axis (parameter No. 1420): f
Time constant for rapid traverse on the angular axis
(parameter No. 1620): t
Angle (parameter No. 8210): 6
Then, theactual rapidtraverserate onthe perpendicul ar axisand theactual
accel eration/decel eration time on the angular axis are as follows:

Actual rapid traverse rate on the perpendicular axis = f*tan6

Actual acceleration/decel eration time on the angular axis = t/cosd
At the time of rapid traverse on the perpendicular axis, acceleration/
deceleration is performed according to the acceleration rate found from
these two values.
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Feedrate F [mm/min]

A | Actual feedrate on
/ the angular axis

f/cos 6

Setfeedrate on
the angular axis

Actual feedrate on the
perpendicular axis

f*tan ©

Actual time constant

Set time constant °
/ for the angular axis

for the angular axis

»

t t/cos © Time T [msec]

Signal

Perpendicular/angular
axis control disable
signal NOZAGC

<G063#5> [Classification] Input signal
[Function] Disables angular axis control for the perpendicular axis.

[Operation] When thissignal is set to 1, the control unit behaves as follows:

Convertsan angular axis move command to angular coordinates. The
perpendicular axisis, however, not affected by an angular axis move

command.
Signal address
#7 #6 #5 #4 #3 #2 #1 #0
[ 062 | | | | Nozase | | | | | |
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 8200 | | | | | | | AR | | Aac |

[Datatype] Bit

AAC 0: Does not perform angular axis control.
1: Performsangular axis control.
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AZR 0: The machine tool is moved along the Cartesian axis during manual
reference position return along the angular axis under angular axis
control.

1: Themachinetool peforms manual reference position return alongthe
angular axis under angular axis control.

#7 #6 #5 #4 #3 #2 #1 #0
[0 | | | [ AN ] | | | |

[Datatype] Bit

ALN When manual rapid traverse or reference position return without dogsis
performed for an angular axis during angular axis control:

0: The acceleration/deceleration time for a Cartesian axis is not
controlled.

1: The acceleration/deceleration time for a Cartesian axisis controlled
so that it matches the accel eration/decel eration time for the angular
axis.

| 8210 | | Inclinationangle for angular axis control |

[Datatype] 2 words
[Unit of data] 0.001 degree
[Valid data range] 20000 to 60000

| 8211 | Axis number of a slanted axis subject to angular axis control

| 8212 | Axis number of a Cartesian axis subject to slanted axis control

[Datatype] Byte
[Unit of data] Axis number

[Valid data range] 1 to number of controlled axes

When angular axis control is to be applied to an arbitrary axis, these
parameters set the axis numbers of a slanted axis and Cartesian axis.
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Warning

WARNING

1

2

After angular axis control parameter setting, be sure to
perform manual reference point return operation.

If bit 2 (AZK) of parameter No. 8200 has been set to 0, such
that manual reference position return along the angular axis
also causes movement along the perpendicular axis, once
manual reference position return has been performed along
the angular axis, also perform manual reference position
return along the perpendicular axis.

Once the tool has been moved along the angular axis with
perpendicular/angular axis control disable signal NOZAGC
set to 1, manual reference position return must be
performed.

Before attempting to manually move the tool along both the
angular and perpendicular axes simultaneously, set
perpendicular/angular axis control disable signal NOZAGC
to 1.

Note

NOTE

1

2

If an inclination angle close to 0° or £90° is set, an error can
occur. A range from £20° to £60° should be used.

Before a perpendicular axis reference point return check
(G27) can be made, angular axis reference point return
operation must be completed.

Before a perpendicular axis reference point return check
(G27) can be made, angular axis reference point return
operation must be completed.

Notes

1 To make the path linear on the angular axis and perpendicular axis,

theremust be amatch in accel eration/decel eration type, time constant,
and gain.
To make the path linear in jog feed as well, use linear acceleration/

deceleration after interpolation. (Set bit O (CTL) and bit 4 (JGL) of
parameter No. 1610 to 1.)

To make the path linear in automatic operation as well:

Cutting feed: Use linear  acceleration/deceleration  after
interpolation.
(Set bit 0 (CTL) of parameter No. 1610to 1.)

Rapid traverse: Use linear position of constant time type.
(Set bit 1 (LRP) of parameter No. 1401 to 1, and set
bit 4 of parameter No. 1603 to 1.)
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Reference item

Series 0i—-C

OPERATOR’S MANUAL

(M series) (B—64124EN) 11.20.4 Angular axis control

OPERATOR’S MANUAL

(T series) (B—64114EN) 11.L19.5 Angular axis control

1.8.2

Stored Stroke Limits in
a Cartesian Coordinate
System

General Thisfunction isused to set stored stroke limits under angular axis control
not in an angular coordinate system but in a Cartesian coordinate system.
Y
Y«
Fig.1.8.2 (a) OT areain an angular coordinate system Fig. 1.8.2 (b) OT areain a Cartesian coordinate system
Explanation When the move command Yp is specified for the angular axis under

angular axis control, the actual travel distance Yais:

Ya= Yp/cosb

At thistime, the compensation value Xais output onto the perpendicul ar
axis. The compensation value Xais:

Xa=-Yp-tan6

The machine coordinatesinclude the value converted for the angular axis
and the compensation value for the perpendicular axis mentioned above.
So, the machine coordinate system becomes an inclined coordinate
system. Stored stroke limits are checked using a machine coordinate, so
that thelimit areaal so becomesaninclined area. Inthiscase, itisnot easy
to recognize the area intuitively. So, a stroke check is made not in an
actual angular machine coordinate system but in a virtual Cartesian
machine coordinate system.
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Diagnosis screen

| 306 | | Machine coordinate on the angular axis in a Cartesian coordinate system |
| 307 | | Machine coordinate on the perpendicular axis in a Cartesian coordinate system |
[Datatype] 2—word
[Unit of data] | Increment system IS-B Is-C Unit
Millimeter machine 0.001 0.0001 mm
Inch machine 0.0001 0.00001 inch
Rotation axis 0.001 0.0001 deg

[Valid data range]

—99999999 to 99999999

When angular axis control is used, machine coordinates in a Cartesian
coordinate system are indicated.

The order of display can be changed using bit 7 (ADG) of parameter No.
8201.

Parameter
#7 #6 #5 #4 #3 #2 #1 #0
|8201 || ADG | A53 | | | | AO3 | AO2 | AOT |
[Datatype] Bit
AOT Stored stroke limit 1 under angular axis control is:

AO2

AO3

AS53

ADG

0: Handled asavaluein an angular coordinate system

1: Handled as avauein a Cartesian coordinate system
Stored stroke limit 2 under angular axis contral is:

0: Handled asavaluein an angular coordinate system

1: Handled as avauein a Cartesian coordinate system
Stored stroke limit 3 under angular axis contral is:

0: Handled asavaluein an angular coordinate system

1: Handled as avauein a Cartesian coordinate system
When the machine coordinate system command (G53) specifies an
angular axis singly under angular axis control:

0: A movement is made on the perpendicular axis as well.
1: A movement is made on the angular axis only.

The diagnostic data of No. 306 and No. 307 is:

0: Not exchanged with each other. The dataisindicated in the order of
the angular axis then the perpendicular axis.

1: Exchanged with each other. The dataisindicated in the order of the
perpendicular axis then the angular axis.
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Functions operating in a
Cartesian machine
coordinate system

e Stored stroke limit 1 (both | and 1)

e Stored stroke limit 2 (G22/G23)

e Stored stroke limit 3

e Stroke check before movement(* 1)

e External setting of strokelimits(availablewiththeM seriesonly. OT1
only isvalid.)
These functions are usable also with the function for issuing an alarm
beforean OT areaisexceeded (bit 7 (BFA) of parameter No. 1300) and
the OT deceleration function during linear accel eration/deceleration
before cutting feed interpolation (parameter No. 1784).

OT1/OT3only isvalidwiththeformer,and OT1 only isvalid with the
|atter.

The functions other than the above operate in an angular machine
coordinate system.

NOTE
When the optional function for angular axis control is
selected, no stroke check before movement is made if this
function is not enabled.
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1.9
GENERAL PURPOSE
RETRACT

General

Timing chart

When the retract signal RTRCT is turned to "1” (the rising edge is
detected) in auto mode or manual mode, the axis set in bit 0 (RTR) of the
parameter No.7730 moves (retracts) by the amount set in the parameter
No.7741.
Upon the compl etion of retraction, theretract completionsigna RTRCTF
is output.

e Feedrateinretract is set to the parameter No.7740. Then the feedrate
override is not effective.

* During the movement in retract, feed hold is not effective.

e Incasethat retract signal isturnedto”1” in auto mode, the movement
of the auto mode is feed hold state and the retract movement is done.

e Theretract completion signal isturned to ”0” when any retract axisis
moved.

I Retractmovement

74

Machining direction : The movement of
N the auto mode is feed
hold state.

This function is used, for example, to prevent the damage of tool or
workpiecewhen unexpected disturbance occursduring machining, and so
on.

(1) ON/OFF timing of RTRCT and RTRCTF signalsRTRCT

RTRCT —m78M8M8m &//—
//

RTRCTF

Movin
Moving 4/ Retractmovement // g

command
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(2) The stopping of retract by the reset

RTRCT
RTRCTF
Moving Retractmovement
stopping
RST

Signal

Retract signal RTRCT

<G066#4>

[Classification] Input signal

[Operation] When thissignal turnsto ”1”, the control unit performs the following:

Detectstherising edge of thissignal, and performs retraction on the axis
specified with bit 0 (RTRx) of parameter No.7730. Theretract speed and
amount of retraction are specified with parameter Nos.7740 and 7741.

The retract signal is effective both in automatic operation mode and
manual operation mode. When the retract signal turns to 1" during
automatic operation, retractionis performed and the CNC entersfeed hold

[Function] Performsretraction for the axis specified with a parameter.

state.

Retract completion
signal RTRCTF
<FO065#4>

[Classification] Output signal

[Function] Posts notification of the completion of retraction.

[Operation] Thesignal becomes”1” when :

e Upon the completion of retraction.

In casethat there aretwo or moreretract axes, upon the compl etion of

retraction of al retract axes.
The signal becomes”0” when :

e Upon the completion of retraction, when one of the retract axis is

specified after that.

— 122 —



B—-64113EN-1/01 1. AXIS CONTROL

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| Goss | | | | | RTRCT | | | | |
#7 #6 #5 #4 #3 #2 #1 #0
| Foes | | | | | RTRCTF | | | | |
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 7730 | | | | | | | | | RTRx |

[Datatype] Bit axis
RTRx Theretract functionis:

0 : Disabled.
1: Enabled.

| 7740 | | Feedrate during retraction for each axis

[Datatype] 2 Words axis

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-B IS-C
Millimeter machine 1 mm/min 30 to 240000 30 to 100000
Inch machine 0.1 inch/min 30 to 96000 30 to 48000

This parameter sets the feedrate during retraction for each axis

| 7741 | | Retracted distance for each axis |

[Datatype] 2 Words axis

[Unit of data] Unit of data
Increment system
IS-B IS-C
Millimeter input 0.001 mm 0.0001 mm
Inch input 0.0001 inch 0.00001 inch

[Valid data range] —99999999 to 99999999
This parameter sets the retracted distance for each axis
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Notes

(1) Feedrate overrideis not supported for retracting.
(2) Interlock is supported for retracting.

(3) Machinelock is supported for retracting. Retract completion signal
is output when retract operation is completed in the machine lock
condition.

(4) Feed hold is not supported for retracting.

(5) Themirror image (thesignal or the setting) isinvalid. Therefore, the
direction of retract is the direction of the machine coordinate. (The
mirror image is valid for update of the absolute coordinate.)

(6) Whenretract isexecuted during automatic operation, the control unit
enters the feed hold state at the same time as the retract operation
starts.

(7) The acc./dec. of retract is the condition of the acc./dec. at retract
execution.

(8) Retract operation stops, when Reset or Emergency—stop is executed
during retract movement. At thistime, the retract completion signal
isnot turned to "1”.

(99 When the servo alarm or the OT alarm of the retract axis occurs
during retract movement, retract operation stops. At this time, the
retract completion signal is not turned to ”1”. However, when an
aarm except the OT alarm or the servo alarm occurs, retract
operation does not stop.

(10) Even if the retract signa RTRCT is turned to "0" after retract
operation starting, retract operation does not stop.

(11) The retract signal RTRCT is not accepted while the retract
completion signal RTRCTF issetto”1”.

(12) Even if thread cutting is executed, retract is effective. When the
retract signal isinput, the thread cutting operation is stopped at once
and retract operation is executed.

(13) Even if the retract is executed to the axis controlled by PMC, the
movement command for the PMC axisis not canceled. In this case,
the PM C axis must be canceled by the PM C axisreset signal ECLRg
a the same time as the retract signal RTRCT isturned to "1".

(14) During advanced preview control mode, Al advanced preview
control mode, or Al contour control mode, this function is not used.

— 124 —



B—-64113EN-1/01 2. PREPARATIONS FOR OPERATION

2 PREPARATIONS FOR OPERATION
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2.1
EMERGENCY STOP
General If you press Emergency Stop button on the machine operator’s panel, the
machine movement stops in a moment.
Red
EMERGENCY STOP
Fig.2.1(a) EMERGENCY STOP
This button is locked when it is pressed. Although it varies with the
machine tool builder, the button can usually be unlocked by twisting it.
Signal

Emergency stop
*ESP<X008#4,G008#4>

[Classification] Input signal
[Function] Activating an emergency stop signal stops the machine instantly.

[Operation] When the emergency stop signal *ESP turnsto “0”, the emergency stop
is applied to the machine and the CNC is reset. Thissignal is controlled
by the B contacts of apushbutton switch. Theemergency stop signal turns
the servo ready signal (SA) to“0".

Overtravel detection by this CNC is handled by the stored stroke check
function, and alimit switch for normal overtravel detectionisnot needed.
To prevent the machine from moving beyond the software limit through
servo feedback error, always install a stroke end limit switch (shown in
Fig. 2.1 (b) asfollows).
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Emergency stop limit switch
A Emergency stop

} Fax  =x Y =Y 4z =z 44 =4\ I
LIRARSR IR IS
=5

< Emergency stop temporary release

Relay power
supply

=1

Spark killer

A

Fig. 2.1 (b) Connection of emergency stop limit switch

The distance from the position where the dynamic brakeis applied to that
where the tool stops moving is given in the “AC Servo Motor o series
Descriptions.”

WARNING
Software limit setting point and operating point of limit switch
for emergency stop

The stop point by the software limit goes beyond the setting
point by as much as the following distance.
R

7,500
R: Rapid traverse rate (mm/min)

(mm)

The actual stopping point may exceed the position set by a
parameter (Nos.1320 and 1321) by as much as R/7500
(mm). Set the limit switch for emergency stop including the
allowance for the above value.

Software limit setting point

/ Stroke end direction

——— >

7

7,500 /
7
J
— s
The machine stops in this Set the limit switch for emergency stop in
range. thisrange.
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Signal address

#7 #6 #5 #4 #3 #2 #1 #0

[ X008 | | | "ESP | | | | |
#7 #6 #5 #4 #3 #2 #1 #0

[ G008 | | | ESP | | | | |

Reference item

FANUC AC SERVO MOTOR ais/oi series

DESCRIPTIONS B-65262EN
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2.2
CNC READY SIGNAL

General When the CNC is turned on and becomes ready for operation, the CNC
ready signal is set to 1.

Signal

CNC Ready Signal
MA<FOO01#7>
[Classification] Output signal
[Function] The CNC ready signa indicates that the CNC is ready.
[Output condition] When the CNC isturned on and becomes ready for operation, the signal
isset to 1. Normally, it takes several seconds to establish this state after
the power isturned on. If asystem alarmisissued, the signal isset to 0.

Thesignal remainsset to 1, however, when an emergency stop or asimilar
operation is performed.
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Servo Ready Signal
SA <FO00#6>

[Classification] Output signal

[Function] Signal SA turnsto“1” when the servo systemisready to operate. For an
axisthat isto bebraked, rel easethebrakewhenthissignal is“1” and apply
the brake when this signal is“0”.

Time chart of this signal is as follows:

Power off
Power on

k | Ready signal (MA) : |
|

60A100 msec
Servo ready
signal (SA)
Brake on —
Servo alarm Servoalarm
Overload
Reset | | | | | |
— — — | Reset Emergency stop

1to 2 seconds About 1 second

Fig. 2.2 Time chart for servo ready signal

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
[ Foco | | S | | | | | |
#7 #6 #5 #4 #3 #2 #1 #0
[Foor | [ A | | | | | | | |
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2.3
OVERTRAVEL
CHECK

2.3.1
Overtravel Signal

General When thetool triesto move beyond the stroke end set by the machinetool
limit switch, thetool decel erates and stopsasaresult of tripping the limit
switch, and an OVER TRAVEL isdisplayed. The signa can be output
with an alarm.

Signal

Overtravel signal

*+L1 to *+L4<G114>

*+L1 to *~L4<G116>

[Classification] Input signal
[Function] Indicates that the control axis has reached its stroke limit. There are

individual signalsfor each direction in every control axis. The +/—in the
signal name indicates the direction and the number corresponds to the
control

axis.
+ L1
1 No. 1 axis is at stroke limit.

2 No. 2 axis is at stroke limit.
3 No. 3 axis is at stroke limit.

+ Limitreached in + direction.
*{ — Limit reached in — direction.
[Operation] Whenitis“0" , the control unit operates as given below.

- Inautomatic operation, if even one axisovertravel signal turnsto“0”,
al axes are decelerated to stop, an alarm is given and operation is
halted.

In manual operation, only the axiswhose overtravel signal hasturned
to “0" is decelerated to a stop, and the axis can be moved in the
opposite direction.

Oncethe axis overtravel signal hasturnedto “0”, the axisdirectionis

registered. Evenif thesignal returnsto“1”, it isnot possible to move
that axisin that direction until the alarmis cleared.
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The following shows the deceleration distance at overtravel.
(i) Rapid traverse

Command pulse
A deceleration
\%
Servo system delay
VR .
=N\
*+Lo limit switch | ] TR

_ TR 1 .
L1=VR(t1+to+ 5 +Tg) 60000[mm or inch]

L 1:Deceleration distance

VR: Rapid traverse speed (mm/min or inch/min)

t1: Limit switch signal delay time (from limit switch operation to *+La.
signal turn off (ms))

to: Receiver delay time 30ms

Tr: Rapid traverse accel eration/decel eration time constant (ms)

T Servo system time constant (ms)

NOTE
Servo system time constant TS is 33 msec when the servo
unit is adjusted to the standard setting.

(i) Cutting feed

\% A Servo system delay

Ve

5] to

—

*+La limit switch

_ TR 1 .
Lo=V(tp+to+ > +Tg) 60000[mm or inch]

L »:Deceleration distance
Vc: Maximum feedrate (mm/min or inch/min)
t1, to, Ts: Sameas (i).
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® Releasing overtravel First, move the tool into a safe zone under manual operation. Then press
the reset button to reset the alarm.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
|(3114 | | | | | | *+L4 | *+1.3 | *+L2 | *+L1 |
| G116 | | | | | | Ly | *|3 | *2 | *L1 |

Parameter

#7 #6 #5 #4 #3 #2 #1 #0

[ 3004 | | | | omH | | | | | |

[Datatype] Bit
OTH Theovertravel signal is:

0: Checked
1: Not checked

WARNING
For safety, set to O at checking.

Alarm and message

Number Message Description
506 OVER TRAVEL : +n Tool has moved beyond overtravel
limit of the n—th axis in positive
direction.
507 OVER TRAVEL : —n Tool has moved beyond overtravel
limit of the n—th axis in negative
direction.

Reference item

OPERATOR’S MANUAL

(M series) (B—64124EN) 111.6.2 Overtravel

Series 0i—-C

OPERATOR’S MANUAL

(T series) (B-64114EN) 111.6.2 Overtravel

OPERATOR’S MANUAL

(M series) (B—64144EN) 111.6.2 Overtravel

Series 0i Mate-C

OPERATOR’S MANUAL

(T series) (B—64134EN) 111.6.2 Overtravel
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2.3.2

Stored Stroke Check 1

General

Automatic alarm

releasing

When thetool triesto moved beyond astored stroke check limit, analarm
is displayed and the tool is decelerated and stopped.

When the tool enters aforbidden zone and an alarm is generated, the tool
may only be moved in the direction from which the tool came.

Parameters (Nos. 1320, 1321 or Nos. 1326, 1327) define the boundary.

The forbidden zone lies outside the defined check limits. The machine

tool builder usually sets this zone to permit maximum stroke.

The parameters used for stroke check can be switched by asignal.

Parameters can be used to change the stroke check method asfollows (M

series only):

® For amanual operation, setting both the BFA (bit 7 of No. 1300) and
OTF (bit 5 of No. 1301) parametersto 1 causes an alarm to be issued
on the border of the forbidden area and the machine to stop
accordingly.

® Foramanual operation, settingthe NAL (bit 1 of No. 1300) to 1 causes
the stroke limit reached signals +OT1 to +OT4 and —-OT1 to —OT4
<F124 and F126> to be output without detecting an alarm condition.

Setting the OF1 (bit 4 of No. 1301) parameter to 1 causes an alarm to be
released when the axis enters a movable range without using a reset.

Signal

Stored stroke check
select signal EXLM

<GO007#6>

[Classification]
[Function]

[Operation]

Input signal
Selects stroke check 1 (parameter Nos. 1320 and 1321) or stroke check
11 (parameter Nos. 1326 and 1327).

When thissignal is set to 1, the control unit operates as follows:
— Checks stroke check 1 on the basis of parameter Nos. 1326 and 1327,
instead of parameter Nos. 1320 and 1321.

NOTE
If the bit 0 (DLM) of parameter No.1301 is set to 1, this signal

is disabled.
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Axis direction dependent
stored stroke limit

switch signal

+EXL1 to +EXL4<G104>
—EXL1 to -EXL4<G105>

[Classification]

[Function]

[Operation]

Input signal

Switches between stroke limit 1-1 (parameter No. 1320 and No. 1321)
and stroke limit 111 (parameter No. 1326 and No. 1327) for each axis
direction.

When thissignal goes 1 while DLM (bit O of parameter No. 1301) isheld
to 1, the control unit operates as described below.

(1) +EXL1 to +EXL4 <G104>
Strokelimit 1 (+ side) is checked using parameter No. 1326 instead of
No. 1320.

(2)—EXL1to -EXL4 <G105>
Stroke limit 1 (—side) ischecked using parameter No. 1327 instead of
No. 1321.

NOTE
If the bit 0 (DLM) of parameter N0.1301 is set to 1, the stored

stroke limit switch signal EXLM<GO0O07#6> is disabled.

Stroke check external
setting signals +LM1 to
+LM4 <G110> and -LM1
to -LM4 <G112> (M

series)

[Classification]

[Function]

[Operation]

Input signal
Changethevaluesof the parametersgoverning the stroke check (1320 and
1321).

When these signals are set to 1, the control unit operates as follows:
— Change the stored checks, set with parameter Nos. 1320 and 1321,
to the machine coordinates when the signals are input.

Stroke check release
signal RLSOT <GO07#7>

(M series)

[Classification]
[Function]

[Operation]

Input signal
Selects whether the stored stroke check 1 limits are checked or not.

When thissignal is set to 1, the control unit operates as follows:
— Does not check the stored stroke check 1 limits.
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Stroke limit reached

signals

+0OT1 to +OT4 <F124>
—OT1 to —OT4 <F126>

(M series)

[Classification] Output signal
[Function] Notify that the tool is about to enter the forbidden area of stored stroke

check 1. Each direction of each controlled axis has one stroke limit
reached signal. The algebraic sign +/—in the signal name correspondsto
the direction of each controlled axis, and the number at the end of the
signal name represents the related controlled—axis number.

[Operation] If thetool has gone beyond the border of stored stroke check 1, the signal

corresponding to the related axis direction becomes 1. Moving the tool
in the opposite direction to put it back within the border (movable range)
turnsthesignal to 0. When thetool iswithin the border (movablerange),
areset turns the signal to 0.

CAUTION
1 The stroke limit reached signal is output when the NAL (bit

1 of No. 1300) parameter is 1. It is not output when the
parameter is 0.

2 If the BFA (bit 7 of No. 1300) is 1, the tool does not go
beyond the border even if a movement command that
attempts to drive the tool beyond the border is issued.
Instead, the tool stops rather inside the border (or, if the OTF
(bit 5 of No. 1301) parameter is 1, on the border). Also in
this case, the stroke limit reached signal becomes 1.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| G007 | | RLSOT| EXLM | | | | | | |
| G104 | | | | | | +EXL4 | +EXL3 | +EXL2 | +EXL1 |
| G105 | | | | | | —EXL4 | —EXL3 | —EXL2 | —EXL1 |
| G110 | | | | | | +LM4 | +LM3 | +LM2 | +LM1 |
| G112 | | | | | | —LM4 | -LM3 | —LM2 | —LM1 |
| F124 | | | | | | +0T4 | +0T3 | +0T2 | +OT1 |
| F126 | | | | | | -OT4 | -OT3 | -OT2 | —-OT1 |
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Parameter

#7 #6 #5 #4 #3 #2 #1 #0
|1300 || BFA | LZR | | | | LMS | NAL | |

[Datatype] Bit
NAL Specifies whether to issue an alarm related to stored stroke check 1, as
follows:

0: Toissuean aarm.
1: Not toissuean alarm; the stroke limit reached signal F124 or F126is
output (for amanual operation).

LMS The EXLM signal for switching stored stroke check 1
0: Disabled
1. Enabled

LZR Checking of stored stroke check 1 during interval between power—on and
setting the manual position reference return

0: The stroke check 1 is checked.
1: The stroke check 1 is not checked

NOTE
When the absolute—position detector is being used, and the
reference position is already set at power—on, the stored
stroke check is checked immediately after the power is
turned on, regardless of the setting of this bit.

BFA When acommand isissued where the resulting motion would exceed the
value of stored stroke check 1 or 3

0: Analarm is generated after the stroke check 1, 3 is exceeded.
1. Anaarmisgenerated before the stroke check 1, 3 is exceeded.

#7 #6 #5 #4 #3 #2 #1 #0
|1301 || | | OTF | OF1 | | | | DLM |

[Datatype] Bit
DLM Axis direction dependent stored stroke limit switch signals +EXL1 to
+EXL4 and -EXL1 to —-EXL4 <G104 and G105> are
0: Disabled.
1. Enabled

NOTE
If the bit 0 (DLM) of parameter No. 1301 is set to 1, the stored
stroke limit switch signal EXLM <GO007#6> is disabled.

OF1 If thetool is moved into the range alowed on the axis after an darmis
generated by stored stroke check 1,
0: Theaarmisnot canceled before areset is made.
1. TheOT darmisimmediately canceled.
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CAUTION
In the cases below, the automatic release function is
disabled. To release an alarm, a reset operation is required.
1 When a setting is made to issue an alarm before a stored
stroke limit is exceeded (bit 7 (BFA) of parameter No.
1300)
2 When an another overtravel alarm (such as stored stroke
check 2, stored stroke check 3, and interference check) is
already issued

OTF Specifieswhether to change the specification of the stored stroke check,

asfollows:
0: Not to change.

1: To change as stated below.

e If the BFA (bit 7 of No. 1300) parameter is 1, stored stroke check
1 for amanual operation causes the axis to stop on the border and
an alarm to beissued.

e |f the BFA (bit 7 of No. 1300) parameter is 1, stored stroke check
2 causesan alarmto beissued just beforethe stroke check is passed

through.
| 1320 | | Coordinate value | of stored stroke check 1 in the positive direction on each axis |
| 1321 | | Coordinate value | of stored stroke check 1 in the negative direction each axis |

[Datatype] Two—word axis

[Unit of data]

Increment system IS-A 1IS-B IS-C Unit
Metric input 0.01 0.001 0.0001 mm
Inch input 0.001 0.0001 0.00001 inch
Rotation axis 0.01 0.001 0.0001 deg

[Valid data range] — 99999999 to 99999999

Definethe coordinate values of stored stroke checks 1 in the positive and
negative directions for each axis in the machine coordinate system. For
each axis, travel beyond the defined limits is prohibited.

WARNING

1 For axes with diameter specification, a diameter value must
be set.

2 When the parameters are set as follows, the stroke
becomes infinite:

parameter 1320 < parameter 1321

For movement along the axis for which infinite stroke is set,
only incremental commands are available. If an absolute
command is issued for this axis, the absolute register may
overflow, and normal movement will not result.
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| 1326 | | Coordinatevalue Il of stored stroke check 1 in the positive direction on each axis |

| 1327 | | Coordinate value Il of stored stroke check 1 in the negative direction each axis |

[Datatype] Two—word axis

[Unit of data] | Increment system IS-A IS-B Is-C Unit
Metric input 0.01 0.001 0.0001 mm

Inch input 0.001 0.0001 0.00001 inch

Rotation axis 0.01 0.001 0.0001 deg

[Valid datarange] — 99999999 to 99999999
Definethe coordinate values of stored stroke checks 1 in the positive and
negative directions for each axisin the machine coordinate system.

When stroke check switching signal EXLM is ON, stroke checks are
checked with parameters 1326 and 1327, not with parameters 1320 and
1321. For each axis, travel beyond the defined limits (parameter Nos.

1326 and 1327) is prhibited.

NOTE
The EXLM signal is enabled only when LMS, #2 of

parameter 1300, is set to 1.

Alarm and message

Number Message Description

500 OVER TRAVEL : +n Tool has moved beyond overtravel
limit of n—th axis (n: 1 to 4) in positive
direction stored stroke check 1

501 OVER TRAVEL : —n Tool has moved beyond overtravel
limit of n—th axis (n: 1 to 4) in negative
direction stored stroke check 1

Caution

CAUTION
By setting the same value for both check limits of a given

axis, the entire axis become restricted.
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Note

NOTE

1 Parameter LZR (bit 6 of No. 1300) selects whether each
check becomes effective after the power is turned on and
manual reference position return or automatic reference
position return by G28 has been performed or immediately
after the power is turned on.

2 Parameter BFA (bit 7 of No. 1300) selects whether an alarm
is displayed immediately before the tool enters the
forbidden area or immediately after the tool has entered the

forbidden area.

Reference item

OPERATOR’S MANUAL

(M series) (B—64124EN) 111.6.3 Stored stroke check
Series 0i—-C

OPERATOR’'S MANUAL

(T series) (B-64114EN) 111.6.3 Stored stroke check

OPERATOR’'S MANUAL

(M series) (B—64144EN) 111.6.3 Stored stroke check
Series 0i Mate-C

OPERATOR'S MANUAL 111.6.3 Stored stroke check

(T series) (B—64134EN)
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2.3.3

Stored Stroke
Check 2, 3

General

Three areas which the tool cannot enter can be specified with stored
stroke check 1, stored stroke check 2,and stored stroke check 3.

Stored stroke
check 3

Stored stroke
check 2

Stored stroke check 1

|:| : Forbidden area for the tool

Fig.2.3.3(a) Stroke check (T series)

p
(1,3, K) J’

XY, 2)

(1) Forbidden area is inside.

(XY, 2)

i
(1,3, K) J’

(2) Forbidden area is outside.

|:| : Forbidden area for the tool

Fig.2.3.3(b) Stroke check (M series)

When the tool triesto move beyond a stored stroke check limit, an alarm
is displayed and the tool is decelerated and stopped.

When the tool enters aforbidden areaand an alarm is generated, the tool
may only be moved in the direction from which the tool came.
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Stored stroke check 2

The stored stroke check 2 values are set either by parameters (Nos. 1322,
1323) or by command. The foribidden area may be defined as the area
external to the limits, or internal to the limits. Thisis determinal by the
valuein parameter OUT (No. 1300#0). A G22 command forbidsthe tool
to enter the forbidden area, and a G23 command permitsthetool to enter
theforbidden area. G22 and G23 should be commanded independently of
any other commands in a block.

Setting both the BFA (bit 7 of No. 1300) and OTF (bit 5 of No. 1301) pa-
rametersto 1 can issue an alarm just before the forbidden areais entered
(M series only).

The command below creates or changes the forbidden area:

G22X_Z_| K ;
S A(X.2)

B(1,K)

X>1,Z2>K
X—=I>¢
Z-K>{

{is the distance the tool travels in 8 ms. It is 2000 in least
command increments when the feedrate is 15 m/min.

Fig.2.3.3(c) Creating or changing the forbidden area using a program
(T series)

G22X Y Z 1 J K_; ) (X\Y.2)
(1,3,K) l

X>1,Y>J,2>K

X—I> ¢ (In least command increment)
Y-J> { (In least command increment)
Z—K>  ((In least command increment)

{is the distance the tool travels in 8 ms. It is 2000 in least
command increments when the feedrate is 15 m/min.

Fig.2.3.3(d) Creating or changing the forbidden area using a program
(M series)

A(X1,Z1)

B(X2,2,)

X1>X2,Zl>22
X1=X2>
2)-Z2>¢

{is the distance the tool travels in 8 ms. It is 2000 in least
command increments when the feedrate is 15 m/min.

Fig.2.3.3(e) Creating or changing the forbidden area using a parameters
(T series)
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® Stored stroke check 3

® Checkpoint for the
forbidden area

A(Xq1, Y1, Z1)

/

B(X2, Y2, Z2) l

X1>X2, Y1>Y2, 21>7;

X1—Xo> £ (In least command increment)
Y1-Y2> £ (In least command increment)
Z1-Z5> £ (n least command increment)

is the distance the tool travels in 8 ms. It is 2000 in least

command increments when the feedrate is 15 m/min.

Fig.2.3.3(f) Creating or changing the forbidden area using parameters
(M series)

When setting theforbidden areaX 1, Y1, Z1, X2, Y2 and Z, by parameters
(Nos. 1322 and 1323), specify the data as the distance from the reference
position in units of the least command increment (output increment).
When setting the forbidden area X, Y, Z, 1, J, K (X, Z, I, K, on T series)
by a G22 command, specify the data as the distance from the reference
position in units of the least input increment (input increment). The
programmed dataare then converted into the numerical valuesintheleast
command increment, and the values are set as the parameters.

Define the boundary with parameters Nos. 1324 and 1325. The area
inside the boundary becomes the forbidden area.

The parameter setting or programmed value (XZIK) depends on which
part of the tool or tool holder is checked for entering the forbidden area.
Confirmthe checking position (thetop of thetool or thetool chuck) before
programming the forbidden area.

If point C (Thetip of the tool) is checked in Fig. 2.3.3 (g), the distance
“c” should be set asthe datafor the stored stroke check function. If point
D (Thetool chuck) is checked, the distance “d” must be set.

: ]

D
Cc

< >

C The position of the

e tool after reference
Forbidden area boundary position return

Fig.2.3.3(g) Setting the forbidden area (T series)
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® Forbidden area over—
lapping

e Effective time for a
forbidden area

® Releasing the alarms

The position of the °
tool after reference
position return
b
(@)
A

Forbidden area boundary

A

Fig. 2.3.3 (h) Setting the forbidden area (M series)

Forbidden areas can be set to overlap.

/ //
7 7
% ////5///

7
7 I

7////////////////

Fig.2.3.3 (i) Setting the forbidden area overlapping (T series)

Unnecessary checks should be set beyond the machine stroke.

LSS
i 7

/

7 777
Z 7
7 ///////////////A

Setting the forbidden area overlapping

Fig.2.3.3(j) Setting the forbidden area overlapping (M series)

Parameter LZR (bit 6 of No. 1300) selects whether each check becomes
effectiveafter the power isturned on and manual reference positionreturn
or automatic reference position return by G28 has been performed or
immediately after the power isturned on.

After the power isturned on, if the reference position isin the forbidden
areaof each check, analarmisgeneratedimmediately (Onlyin G22 mode
for stored stroke check 2).

Whenthetool entersand forbidden areaand an alarmisgenerated, thetool
may only be moved in thedirection fromwhich thetool came. First move
the tool out of the forbidden area, then clear the alarm by reset. If
successfully cleared, the tool may be moved in both paths.
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e Change from G23 to When G23 is switched to G22 while the tool isin aforbidden area, the
G22 in a forbidden area following results.

(1) Whentheforbidden areaisinternal tothelimits, an alarmisgenerated
in the next move.

(2) Whentheforbidden areaisexternal tothelimits, anaarmisgenerated
immediately.

Signal

Stroke check 3 release
signal RLSOT3

<G007#4> [Classification] Input signal
[Function] Selectswhether stored stroke check 3 is checked.
[Use] When thissignal is set to 1, the control unit operates as follows:
- The control unit does not check stored stroke check 3.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| G007 | | | | | RLsOT3| | | | |
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 1300 | | BFA | LZR | RL3 | | | | | ouT |

[Datatype] Bit

OUT Theareainsideor outside of the stored stroke check 2 isset asarestricted
area.
0: Inside
1. Outside

RL3 Stroke check 3 release signal RLSOT3
0: Thesignal is disabled.
1. Thesignal is enabled.

LZR Checking of stored stroke check 1 during the time from power—on to the
manual position reference return

0: The stroke check 1 is checked.
1. The stroke check 1 is not checked

NOTE
When the absolute—position detector is being used, and the
reference position is already set at power—on, the stored
stroke check is checked immediately after the power is
turned on, regardless of the setting of this bit.
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BFA When acommand isissued where the resulting motion would exceed the
value of a stored stroke check 1, 3

0: Analarm is generated after the stroke check 1, 3 is exceeded.
1. Anaarmisgenerated before the stroke check 1, 3 is exceeded.

#7 #6 #5 #4 #3 #2 #1 #0
[ 301 || | [ o] | | | | |

[Datatype] Bit
OTF Defineswhether to change the specification of the stored stroke check, as
follows:
0: Not to change.
1: To change as stated below.
e If the BFA (bit 7 of No. 1300) parameter is 1, stored stroke check
1 for amanual operation causes the axis to stop on the border and
an alarm to be issued.
e |f the BFA (bit 7 of No. 1300) parameter is 1, stored stroke check
2 causesan alarmto beissued just beforethe stroke check is passed
through.

#7 #6 #5 #4 #3 #2 #1 #0
| 1310 | | | | | | | | OT3x | oT2x |

[Datatype] Bit axis
OT2x Defines whether stored stroke check 2 is checked for each axisis set.
0: Stored stroke check 2 is not checked.
1. Stored stroke check 2 is checked.
OT3x Defineswhether stored stroke check 3 is checked for each axisis set.

0: Stored stroke check 3 is not checked.
1: Stored stroke check 3 is checked.

| 1322 | | Coordinate value of stored stroke check 2 in the positive direction on each axis |

| 1323 | | Coordinate value of stored stroke check 2 in the negative direction on each axis |

[Datatype] Two—word axis

[Unit of data] | Increment system IS-A IS-B Is-C Unit
Metric input 0.01 0.001 0.0001 mm

Inch input 0.001 0.0001 0.00001 inch

Rotation axis 0.01 0.001 0.0001 deg

[Valid datarange] — 99999999 to 99999999

Definesthe coordinate val ues of stored stroke checks 2 inthepositiveand
negative directionsfor each axisin the machine coordinate system. OUT,
#0 of parameter 1300, sets either the area outside or the area inside
specified by two checks as the inhibition area.
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WARNING
For axes with diameter specification, a diameter value must
be set.

| 1324 Coordinate value of stored stored check 3 in the positive direction on each axis |

[Datatype] Two-word axis

| 1325 Coordinate value of stored stroke check 3 in the negatice direction on each axis |

[Unit of data] | Increment system IS-A IS-B Is-C Unit
Metric input 0.01 0.001 0.0001 mm

Inch input 0.001 0.0001 0.00001 inch

Rotation axis 0.01 0.001 0.0001 deg

[Valid data range] — 99999999 to 99999999

Definesthe coordinate val ues of stored stroke checks 3inthepositiveand
negative directions for each axis in the machine coordinate system. For
each axis, travel within the area defined by the check limitsis prohibited.

Alarm and message

Number Message Description

502 OVER TRAVEL : +n Tool has moved beyond overtravel
limit of n—th axis in positive direction
stored stroke check 2.

(Parameter N0.1322)

503 OVER TRAVEL : —n Tool has moved beyond overtravel
limit of n—th axis in negative direction
stored stroke check 2.

(Parameter N0.1323)

504 OVER TRAVEL : +n Tool has moved beyond overtravel
limit of n—th axis in positive direction
stored stroke check 3.

(Parameter N0.1324 )

505 OVER TRAVEL : —n Tool has moved beyond overtravel
limit of n—th axis in negative direction
stored stroke check 3.

(Parameter N0.1325)
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Warning
WARNING
1 Whenever the two check limits are set to the same value, the
following results are seen.

(1)In the case of stored stroke check 1, all areas are
prohibited.

(2)In the case of stored stroke check 2 or 3, no areas are
prohibited.

2 Whenever the value of the negative limit is greather than the value
of the positive limit, the following results are seen.

(1) In the case of stored stroke check 1, no areas are
prohibited.

(2) In the case of stored stroke check 2 or 3, the prohibited
area will consists of a quadrangle formed with the two
points acting vertexes.

Note

NOTE

Parameter BFA (bit 7 of No. 1300) selects whether an alarm
is displayed immediately before the tool enters the
forbidden area or immediately after the tool has entered the

forbidden area. (check 1, 3 only)

Reference item

OPERATOR’S MANUAL

(M series) (B—64124EN) 111.6.3 Stored stroke check
Series 0i—C

OPERATOR’'S MANUAL

(T series) (B-64114EN) 111.6.3 Stored stroke check

OPERATOR’'S MANUAL

(M series) (B—64144EN) 111.6.3 Stored stroke check
Series 0i Mate-C

OPERATOR'S MANUAL 111.6.3 Stored stroke check

(T series) (B—64134EN)
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2.3.4
Chuck/Tailstock Barrier
(T series)

General

The chuck/tailstock barrier function prevents damage to the machine by
checking whether thetool tip interfereswith either the chuck or tailstock.
Specify anareaintowhich thetool may not enter (entry—prohibition areq).
Thisis done using the special setting screen, according to the shapes of
the chuck and tailstock. If thetool tip should enter the set areaduring a
machining operation, this function stops the tool and outputs an alarm
message.

Thetool can be removed from the prohibited area only by retractingitin
the direction from which the tool entered the area.

Signal

Tailstock barrier select
signal *TSB <G060#7>

[Classification]
[Function]

[Operation]

Input signal
Enables or disables the tailstock barrier.

When thissignal is set to 1, the control unit operates as follows:

— Disables the tailstock barrier, even when the G22 command (stored
stroke check on) is specified in the program.

G code | *TSB Tailstock barrier Chuck barrier
0 Enabled Enabled
G22
1 Disabled Enabled
0 Disabled Disabled
G23
1 Disabled Disabled

When the G23 command (stored stroke check off) is specified, the
tailstock barrier isdisabled regardliess of the* TSB signal. Whenthe G22
command (stored stroke check on) is specified, the tailstock can be
disabled by setting the signal to 1.

Thissignal isused to select whether thetail stock areaisaprohibited area.
It is used whenever M commands are applied, resulting in the tailstock
being attached to the workpiece or detached from the wokpiece whilethe
workpiece is being machined.
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Signal address

#7 #6 #5 #4 #3 #2 #1 #0
[ coso | | T8 | | | | | | | |

Parameter

e Profile of a chuck

| 1330 | | Profile TY of a chuck

[Datatype] Byte
[Valid datarange] Oor 1

0: Chuck which holds aworkpiece on the inner surface
1: Chuck which holds aworkpiece on the outer surface

(*) See Fig. 2.3.4 (a) for the figures.

| 1331 | | Dimensions of the claw of a chuck (L) |
| 1332 | | Dimensions of the claw of a chuck (W) |
| 1333 | | Dimensions of the part of a claw at which a workpiece is held (L1) |
| 1334 | | Dimensions of the part of a claw at which a workpiece is held (W1) |

[Datatype] Two-word

[Unit of data] | Increment system IS-B Is-C Unit
Metric input 0.001 0.0001 mm
Inch input 0.0001 0.00001 inch

[Valid datarange] — 99999999 to 99999999
| 1335 | | X coordinate of a chuck (CX) |
| 1336 | | Z coordinate of a chuck (CZ) |
[Datatype] Two-word

[Unit of data] | Increment system IS-B Is-C Unit
Metric input 0.001 0.0001 mm
Inch input 0.0001 0.00001 inch

[Valid datarange] — 99999999 to 99999999

Specify the profile of a chuck.
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Chuck which holds a workpiece on Chuck which holds a workpiece on
the outer surface (TY=1) the inner surface (TY=0)
X X
-« L oA A - L A
®
T T AT
l«— L1 v
w w
W1 CX CX
+ le—— L1
J - Z A - Z
- CczZ — \ -z \
Zero point of Zero point of
the workpiece the workpiece
coordinate coordinate
system system
Fig. 2.3.4 (a)
Symbol Description
TY Profile of a chuck (0: Chuck which holds a workpiece on the inner
surface, 1: Chuck which holds a workpiece on the outer surface)
CX X coordinate of a chuck
cz Z coordinate of a chuck
L Dimensions of the claw of a chuck
W Dimensions of the claw of a chuck (radius input)
L1 Dimensions of the part of a claw at which a workpiece is held
w1 Dimensions of the part of a claw at which a workpiece is held
(radius input)

TY: Specifiesthe profile of achuck. When TY issetto 0, the chuck holding a
workpieceontheinner surfaceisspecified. WhenTY issetto1, thechuck
holding aworkpiece on the outer surfaceis specified. The profile of the
chuck is assumed to be symmetrical with respect to the z—axis.

CX,and CZ: Specify the position (point A) of a chuck with the coordinates of the

workpiece coordinate system. In this case, do not use the coordinates of
the machine coordinate system.

WARNING
Specifying the coordinates with a diameter or radius
depends on whether the corresponding axis conforms to
diameter or radius specification . When the axis conforms
to diameter specification, the coordinates are specified with
a diameter.

L,L1, W,and W1: Definethe profile of achuck.

WARNING
Always specify W and W1 with radii. L and L1 are also
specified with radii whenever the Z-axis conforms to a
radius specification.
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e Profile of a tailstock

| 1341 | | Length of a tailstock (L) |
| 1342 | | Diameter of a tailstock (D) |
| 1343 | | Length of a tailstock (L1) |
| 1344 | | Diameter of a tailstock (D1) |
| 1345 | | Length of a tailstock (L2) |
| 1346 | | Diameter of a tailstock (D2) |
| 1347 | | Diameter of the hole of a tailstock (D3) |

[Datatype] Two-word

Increment system 1IS-B IS-C Unit
Millimeter machine 0.001 0.0001 mm
Inch machine 0.0001 0.00001 inch

[Valid datarange] O to 99999999

| 1348 | Z coordinate of a tailstock (TZ)

[Datatype] Two-word

Increment system 1IS-B IS-C Unit
Millimeter machine 0.001 0.0001 mm
Inch machine 0.0001 0.00001 inch

[Valid data range] —99999999 to 99999999
Specify the profile of atailstock.

TZ - |‘_ Ly —»
: |
Workpiece /
D3 D2 D1 D >

] e B

Zero point of
the workpiece Y
coordinate
system

Fig. 2.3.4 (b)
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Symbol Description
TZ Z-axis coordinate of a tailstock
L Length of a tailstock
D Diameter of a tailstock (diameter input)
L1 Length of a tailstock (1)
D1 Diameter of a tailstock (1) (diameter input)
L2 Length of a tailstock (2)
D2 Diameter of a tailstock (2) (diameter input)
D3 Diameter of the hole of a tailstock (diameter input)

TZ: Specifiesthe position (point B) of atailstock with the Z—axis coordinate

of theworkpiece coordinatesystem. Inthiscase, do not usethecoordinate
of themachine coordinate system. Theprofile of atailstock isassumedto
be symmetrical with respect to the Z—axis.

WARNING
Specifying the position of a tailstock with a radius or
diameter depends on whether the Z-axis conforms to
radius or diameter specification.

L,L1,L2 D, D1, D2, and D3:

Define the profile of atailstock.

WARNING
D, D1, D2, and D3 are always specified with diameters. L,
L1, and L2 are also specified with radii whenever the Z—axis
conforms to radius specification.

Alarm and message

Number Message Description

502 OVER TRAVEL : +X The tool has entered the forbidden
area when moving in the positive
direction along the X-axis.

OVER TRAVEL : +Z The tool has entered the forbidden
area when moving in the positive
direction along the Z—axis.

503 OVER TRAVEL : -X The tool has entered the forbidden
area when moving in the negative
direction along the X-axis.

OVER TRAVEL : —Z The tool has entered the forbidden
area when moving in the negative
direction along the Z—axis.
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Warning

1

WARNING

Invalid settings will result in the absence of a prohibited

area, as follows:

1) In the setting of the chuck shape, if the jaw length
(parameter No. 1331) is less than the grasp length
(parameter No. 1333) or if the jaw width (parameter No.
1332) is less than the grasp width (parameter No. 1334).

2) In the setting of the tailstock shape, if the tailstock
diameter (parameter No. 1346) is less than the hole
diameter (parameter No. 1347).

3) If the position of a chuck overlaps the position of a
tailstock.

2 When the options for stored stroke check 2 or 3 and

chuck/tailstock barrier are used at the same time, the
chuck/tailstock barrier is valid but stored stroke check 2 or
3 is ignored.

Reference item

Series 0i—-C

OPERATOR’S MANUAL

(T series) (B-64114EN) 111.6.4 Chuck and Tailstock Barriers

Series 0i Mate-C

OPERATOR’S MANUAL

(T series) (B-64134EN) 111.6.4 Chuck and Tailstock Barriers
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2.3.5
Stroke Limit Check
Before Move

General

In automatic operation,

before executing the move command by a given

black, the position of the end point is determined. It is caculated from the
current position of the machine and from the specified amount of travd. It
is dso determined whether or not the tool will enter the prohibited area
defined by stored stroke check 1, 2 or 3. It it isdetermined that the tool will
enter the prohibited area defined by astored stroke check, thetool is stopped
immediately once this block starts execution, and an darm is displayed.

WARNING

Only the coordinates of the end point, reached as a result of
traversing the distance specified in each block, are checked
against the prohibited area. The coordinates along the path

are not checked.

area defined by stored stroke check 1, 2, or 3, an alarm is
issued at that point along the path. (See the examples below.)

Example 1)

Prohibited

stored stroke check 1 or 2

However, if the tool enters the prohibited

area defined by

Prohibited

stored stroke check 1 or 2

a
\
!

End point
Start point

The tool is stopped at the point (a) which
is defined by stored stroke check 1 or 2.

area defined by

_o® ~~. End point

N ‘Q

‘o Start point
Immediately upon movement commencing
from the start point, the tool is stopped,
since the end point is determined to be with-
in the prohibited zone.
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Explanations

Limitations

e Machine lock

e G23

® Program restart

® Manual intervention
following a feed hold
stop

® A block consisting of
multiple operations

Example 2)

End point
Prohibited area defined by
stored stroke check 2 or 3 .-

a \
The tool is stopped at point (a) stipulated
Start point by stored stroke check 2 or 3.

Prohibited area defined by

stored stroke check 2 or 3 End point

Start point

Immediately upon movement commencing
from the start point, the tool is stopped, since
the end point is determined to be within the
prohibited zone

When astrokelimit check beforemoveisperformed, NPC (parameter No.
1301#2) is used to determine whether to check the moves performed by
G31 (skip) or G37 (automatic tool length measurment).

If machine lock isapplied at the start of movement, no stroke limit check
made before movement is performed.

When stored stroke check 2 is disabled (G23 maode), no check is madeto
determine whether the tool enters the prohibited area defined by stored
stroke check 2.

When a program is restarted, an alarm isissued if the restart position is
within a prohibited area.

When the execution of a block is restarted after manual intervention
following afeed hold stop, no alarm isissued even though the end point
following a manual intervention is within a prohibited area.

If ablock consisting of multiple operations (such as a canned cycle) is
executed, an alarm isissued at the start point of any operation whose end
point falls within a prohibited area.
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e Cyrindrical interpolation
mode

® Polar coordinate
interpolation mode

® Angular axis control

® Simple synchronous
control

e Drawing

® PMC axis control

® Chuck/tailstock barrier

In cylindrical interpolation mode, no check is made.

In polar coordinate interpolation mode, no check is made.

When the angular axis control option is selected, no check is made.

In simple synchronous control, only the master axisis checked; no slave
axes are checked.

While drawing in dynamic graphic display mode (only drawing is

performed), no check is made.

No check is made for a movement based on PMC axis control.

The chuck/tailstock barrier areais not checked. (T series)

Parameter

#7

#6

#5 #4

#3 #2 #1 #0

|1301 | | PLC |

| wee | | |

[Datatype] Bit

NPC As part of the stroke limit check performed before movement, the
movement specified in G31 (skip) and G37 (automatic tool length
measurement (for M series) or automatictool compensation (for T series))

blocksis:

0: Checked
1: Not checked

PLC Stroke limit check before movement is:
0: Not performed

1. Performed
Alarm and message
Number Message Contents
The stroke limit check made prior to perform-
ing movement reveals that the end point of a
510 OVER TRAVEL : +n block is located within the stroke limit prohib-

ited area in the positive direction of the n—
axis. Correctthe program or redefine the pro-
hibited area.

511

OVER TRAVEL : —n

The stroke limit check made prior to perform-
ing movement reveals that the end point of a
block is located within the stroke limit prohib-
ited area in the negative direction of the n—
axis. Correctthe program or redefine the pro-
hibited area.
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Reference item

Series 0i—-C

OPERATOR’S MANUAL
(M series) (B—64124EN)

111.6.4

Stroke Limit Check Prior to
Performing Movement

OPERATOR’S MANUAL
(T series) (B-64114EN)

111.6.5

Stroke Limit Check Prior to
Performing Movement

Series 0i Mate-C

OPERATOR’S MANUAL
(M series) (B—64144EN)

111.6.4

Stroke Limit Check Prior to
Performing Movement

OPERATOR’S MANUAL
(T series) (B—64134EN)

111.6.5

Stroke Limit Check Prior to
Performing Movement
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2.4
ALARM SIGNAL

General When an alarm is triggered in the CNC, the alarm is displayed on the
screen, and the alarm signal is set to 1.
If thevoltagelevel of thememory backup battery fallsto bel ow aspecified
level while the CNC is turned off, the battery alarm signal is set to 1.

Signal

Alarm signal

AL<FO001#0>

[Classification]

[Function]

[Output condition]

Output signal
The alarm signal reports that the CNC isin an alarm state.

The following are the alarms that may be issued:

(@ THaam

(b) TV darm

(c) PISdam

(d) Overtravel darm
(e) Overheat alarm
(f) Servoaarm

The alarm signal is set to 1 when:

— The CNC is placed in the alarm state.

The alarm signal is set to 0 when:

— The aarm has been released by resetting the CNC.

Battery alarm signal
BAL<F001#2>

[Classification]

[Function]

[Output condition]

Output signal

The battery alarm signal indicates that the voltage of the battery for the
memory has fallen to below a specified level while the CNC is off. In
general, this signal is used to turn on an LED to notify the operator.

The signal is set to 1 when:

— The battery voltage has fallen to below the specified level.
The signal is set to 0 when:

— The battery voltage has risen to the specified level or higher.

Signal address

#7

| F001 | |
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Parameter
#7 #6 #5 #4 #3 #2 #1 #0
[ sut | [ nPa | | | | | | | |

[Datatype] Bit
NPA Action taken when an alarm is generated or when an operator messageis
entered

0: Thedisplay shiftsto the alarm or message screen.
1: Thedisplay does not shift to the alarm or message screen.
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2.5

START LOCK/

INTERLOCK

General These signal s disable machine movement along axes. When any of these
signalsis activated during movement, tool movement along the affected
axis (or axes) is decelerated, then stopped.

Signal

Start lock signal
STLK<GOO7#1>(T series)

[Classification]
[Function]

[Operation]

Input signal

This signal disables machine movement along al axes subject to
automatic operation (memory or MDI operation).

Whenthe STLK signal turnsto“1”, the axismovement isdecel erated and
stopped.

In automatic operation, blocks containing M, S, T, or B commandsor 2nd
auxiliary function are executed consecutively until ablock containing an
axis move command is encountered; the movement then stops and the
CNC is placed in automatic operation mode (STL is“1”, SPL is“0").
Whenthe STLK signal turnsto “0”, operation restarts. (Figs. 2.5 (a), (b)).

Commandread

T

Axis move

/ A

Fig.2.5(a) Block containing axis move commands only

Commandread |_| |_|

MF/SFITF/BF |_|
FIN ﬁ |¢_|

STLK 1

Fig. 2.5 (b) Block containing only auxiliary functions only
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All axes Interlock signal

*IT<GO08#0>

[Classification]
[Function]

[Operation]

Input signal

Thissignal isused to inhibit the machine from moving, and is effective
regardless of the selected mode.

Whenthe*IT signal is“ 0", theaxismovement isdecel erated and stopped.
In automatic operation, blocks containing M, S, T or B (2nd auxiliary)
mode commands are executed consecutively until ablock containing an
axis move command is encountered; the system then stops and is placed
into the automatic operation mode (cycle start lamp signal STL is“1”,
feed hold lamp signal SPL is “0"). When the *IT signal turns to “1”,
operation resumes (Figs. 2.5(c), (d)).

Commandread |_|

Fig.2.5(c) Block containing axis move commands only
(manual and automatic operation)

Command read |—|¥ H H
MF/SFITF
. MO
o — —

Fig.2.5(d) Block containing auxiliary functions only
(automatic operation)

NOTE
The overtravel distance of the motor after turning *IT to “0”
is represented by the following formula.
_ 1 Tc Ts A

Qmax =Fm =5 % ( 900 * 1000 * 1000 )
Where
Qmax - Overtravel quantity (mm or inch)
Fm . Feedrate (mm/min or inch/min)
T . Cutting time constant (ms)
Ts . Servo time constant (Ts = 33ms normally)
A . Processing time of CNC

A =50ms
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Interlock signal for each
axis
*IT1 to *IT4<G130>

[Classification] Input signal

[Function] These signals disable feed along axes on an axis—by—axis basis.
A separate interlock signal is provided for each controlled axis. The
number at the end of each signal name denotes the number of the
corresponding controlled axis.

*IT1
1..... Interlock for the first axis
2..... Interlock for the second axis
3..... Interlock for the third axis

[Operation] & Inmanua operation

The movement of an interlocked axisisinhibited, but the other axes
aremovable. If an axisisinterlocked during movement, it stops after
being decelerated, and it starts moving again when it isreleased from
interlock.

b) Inautomatic operation (MEM RMT or MDI mode)

If an axisisinterlocked whileits movement is being commanded (the
move amount is not O, inclusive of the tool offset), movement in all
axesis prevented.

If a moving axis is interlocked, all axes stop moving after being
decelerated, and they start moving again when interlock is rel eased.

This function is also effective during dry run.

Interlock signal for each
axis and direction

+MIT1, —-MIT1, +MIT2, —-MIT2,
+MIT3, —=MIT3, +MIT4, —-MIT4,
<G132#0 to #3, G134#0 to
#3> (M series)

+MIT1, —-MIT1, +MIT2, —MIT2
<X004#2~X004#5>(T series)

[Classification] Input signal
[Function] Thisfunction allows a directional interlock for each axis.

[Operation] When the axig/directional interlock signal becomes “1”, CNC applies
interlock only in the corresponding axial direction. However, during
automatic operation, all axes will stop.
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NOTE
In the T series, when bit 4 (DAU) of parameter No. 3003 is
0, a directional interlock for each axis is applied only during
manual operation. To allow a directional interlock for each
axis also during automatic operation, set bit 4 (DAU) of
parameter No. 3003 to 1.

Block start interlock signal
*BSL<G008#3>

[Classification]
[Function]

[Operation]

Input signal
Thissignal disablesthe start of the next block during automatic operation

While this signal is 0, the execution of the next block during automatic
operationisnot started. Thissignal doesnot affect ablock that hasalready
started, and that block is continuously executed until itsend. Thissignal
does not halt automatic operation. The command in the next block is
ready for execution as avalid command, so execution restarts as soon as
the signal isset to 1.

NOTE
When blocks for cycle operation are internally created by a

canned cycle and so on, only the first block is generally
interlocked by this signal. The intermediate blocks are
executed continuously even if this signal is set to O.

Cutting block start interlock
signal
*CSL<GO008#1>

[Classification]

[Function]

[Operation]

[Usage]

Input signal

This signal disablesthe start of blocks specifying move commands other
than positioning during automatic operation.

Whilethissignal is 0, the execution of blocks specifying movement other
than positioning during automatic operation is not started. This signal
does not affect a block that has already started, and that block is
continuously executed until itsend. This signal does not halt automatic
operation. The command in the next block is ready for execution as a
valid command, so execution restarts as soon as the signal is set to 1.

When the spindle has been specified, or when the spindle speed has been
changed, thissignal can be held O until atarget spindle speed isachieved.
Then, the next cutting block can be executed at the target spindle speed.
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NOTE
This signal is effective for any blocks including blocks for

cycle operation internally created by a canned cycle and so
on.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| Goo7 | | | | | | | | STLK | |
#7 #6 #5 #4 #3 #2 #1 #0
| G008 | | | | | | *BSL | | *CSL | T |
#7 #6 #5 #4 #3 #2 #1 #0
|(3130 | | | | | | *|T4 | *|T3 | *|T2 | *|T1 |
#7 #6 #5 #4 #3 #2 #1 #0
| G132 | | | | | | +MIT4| +MIT3| +MIT2| +MIT1|
#7 #6 #5 #4 #3 #2 #1 #0
| G134 | | | | | | —MIT4| —MIT3 | —MIT2 | —MIT1 |
#7 #6 #5 #4 #3 #2 #1 #0
| X004 | | | | —MIT2| +MIT2| —MIT1| +MIT1| | |
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 3003 | DAU DIT ITX ITL
DIT ITX ITL
[Datatype] Bit
ITL Interlock signal
0: Enabled
1: Disabled
ITX Interlock signalsfor each axis
0: Enabled
1: Disabled
DIT Interlock for each axis direction
0: Enabled
1: Disabled
DAU If bit3(DIT) of parameter No. 3003isset to 0, theinterlock signal of each

axial directioniis:

0: Enabled only in manua operation and disabled in automatic
operation.

1: Enabled in both manual operation and automatic operation.
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#7 #6 #5 #4 #3 #2 #1 #0
[ 3004 | | | | | | | [ osev | est |

[Datatype] Bit

BSL The block start interlock signal *BSL and cutting block start interlock
signal *CSL are:
0: Disabled.
1: Enabled.

BCY When morethan one operationis performed by one block command such
as a canned cycle, the block start interlock signal *BSL is:
0: Checked only at the beginning of the first cycle.
1: Checked at the beginning of every cycle.

Note

NOTE
The interlock signal for each axis and direction (T series) is
supported regardless of whether the direct input of tool
offset value measurement B is provided.
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2.6

MODE SELECTION

General

The mode select signal isacode signal consisting of the three bits M D1,
MD?2, and MDA4.

The following seven modes can be selected.

® Memory edit (EDIT)

Memory operation (MEM)

Manual datainput (MDI)

Manual handle/incremental feed (HANDLE/INC)
Manual continuous feed (JOG)

TEACH IN JOG

e TEACH IN HANDLE

And in addition, DNC operation mode can be selected by combining the
(MEM) mode setting and the DNCI signal. Manual reference position
return mode can be selected by combining the manual continuous feed
(JOG) mode setting and the ZRN signal.

The currently selected operation mode can be posted by outputting the
operation mode check signal.

Signal

Mode selection
MDI, MD2, MD4
<G043#0 to #2>
DNCI <G043#5>
ZRN <G043#7>

signal

[Classification]

[Operation]

Input signal

As shown in the following table, the mode select signal isagrey code (a
code in which only one bit is different from that of the adjacent mode).
To prevent faulty mode switching, use an overcrossing contact rotary
switch so that only one bit changes from that of the adjacent mode.

An example of ”Faulty mode switching” would be:

When the modeis switched to the EDIT mode during memory operation,
the CNC enters the single block state and the operation stops at the end
of the executing block.
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For this example mode switching, only MD2 should change from 0 to 1.
However if atransient signal status change wereto occur inasignal other
than MD2 during mode switching, another mode (manual continuous
feed mode, for example) would be set between automatic operation mode
and memory edit mode. When manual continuousfeed modeisset while
the CNC is in automatic status, the CNC immediately stops memory
operation. Asaresult, athough the operator intended to switch the mode
tothememory edit mode, thetransient signal caused the CNC to beplaced
in feed hold state instead

Signal status

Mode
MD4 | MD2 | MD1 | DNCI | ZRN
1 | Memory edit (EDIT) 0 1 1 0 0
2 | Memory operation (MEN) 0 0 1 0 0
3 | Manual datainput (MDI) 0 0 0 0 0
4 | Manualhandle/incrementalfeed 1 0 0 0 0

(HANDLE/INC)

5 | Manual continuous feed (JOG) 1 0 1 0 0

6 | TEACH IN HANDLE (THND) 1 1 1 0 0

7 | TEACH IN JOG (TJOG) 1 1 0 0 0

8 | DNC operation (RMT) 0 0 1 1 0

9 | Manual reference position return 1 0 1 0 1
(REF)
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Operation mode check
signal

MMDI, MMEM , MRMT,
MEDT, MH, MINC, MJ,
MREF, MTCHIN

<F003, FO04#6>

[Classification] Output signal
[Function] The currently selected operation mode is output.

[Operation] The following lists the relationship between the mode selection signals
and check signals:

Input signal
Mode MD4 [ MD2 [ MD1 | DNC | zRN | Outputsignal
|
Manual data input 0 0 0 0 0 MMDI<F003#3>
(MDI) (MDI operation)
Automaticoperation Memoryoperation 0 0 1 0 0 MMEM<FQ0O03#5>
(MEM)
DNCoperation(RMT) 0 0 1 1 0 MRMT<F003#4>
Memory edition (EDIT) 0 1 1 0 0 MEDT<F003#6>
Manual handle feed / 1 0 0 0 0 MH<F003#1>
MINC<F003#0>
Incrementalfeed
(HANDLE/INC)
Manualcontinuous 1 0 1 0 0 MJ<F003#2>
feed(JOG)
Manualoperation Manual reference posi- 1 0 1 0 1 MREF<F004#5>
tion return (REF)
TEACH IN JOG (TJOG) 1 1 0 0 0 MTCHIN<FO003#7>,
MJ<FO003#2>
TEACH IN HANDLE 1 1 1 0 0 MTCHIN<FO003#7>,
(THND) MH<FO003#1>
Signal address
#7 #6 #5 #4 #3 #2 #1 #0
|G043 | | ZRN | | DNCI | | | MD4 | MD2 | MD1 |
#7 #6 #5 #4 #3 #2 #1 #0
| F003 | |MTCHIN| MEDT | MMEM| MRMT| MMDI | MJ | MH | MINC |
| Foos | | | | MREF | | | | | |
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Note

Precautions on modes and mode switching

NOTE

1 In MDI mode, the STL signal turns to “0” and the CNC stops
as soon as the commands entered via the MDI have been
executed. Butthe SPL signal does notturnto “1". Therefore,
another command can be entered from the manual data
input unit under this condition.

2 Manual operation in jog feed mode

a) When bit 0 (JHD) of parameter No. 7100 is setto O
Only jog feed is possible.

b) When bit 0 (JHD) of parameter No. 7100 is set to 1
Both jog feed and manual handle feed are possible,
provided the manual handle feed is installed. Jog feed
and manual handle feed cannot, however, be performed
simultaneously. Manual handle feed can be performed
when the tool is not being moved by means of jog feed.

3 Manual operation in manual handle/incremental feed and

TEACH IN HANDLE mode.

a) Incremental feed is possible, provided the manual
handle feed is not installed.

b) Incremental feed is possible, provided the manual
handle feed is installed.

i) When bit 0 (JHD) of parameter No. 7100 is setto O
Only manual handle feed is possible.

i) When bit O (JHD) of parameter No. 7100 is set to 1
Manual handle feed and incremental feed is possible.
Manual handle feed and incremental feed cannot,
however, be performed simultaneously. Manual
handle feed can be performed when the tool is not
being moved by means of incremental feed.
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NOTE

4 Manual operation in TEACH IN JOG mode

a) When bit 1 (THD) of parameter No. 7100 is setto O
Only jog feed is possible.

b) When bit 1 (THD) of parameter No. 7100 is set to 1
Both jog feed and manual handle feed are possible,
provided the manual handle feed option is installed. Jog
feed and manual handle feed cannot, however, be
performed simultaneously. Manual handle feed can be
performed when the tool is not being moved by means

of jog feed.

5 When switching to manual data input mode is made during
operation in memory operation mode, the CNC enters the
automatic operation stop state after executing the
command in the current block. Signal STL is then set to 0.
In this case, signal SPL is not setto 1 ((a) in Fig. 2.6). When
switching to memory operation mode is made during
operation in manual data input mode, the CNC enters
memory operation mode after executing the currently
executed command ((b) in Fig. 2.6).

Mode select signal state

MEM mode

MDI mode

Operation \ }
Executingcommand i Manual datain-
put possible in
STL { thisrange
“—>
Fig. 2.6 (a)
) MDI mode
Mode select signal state {
MEM mode
: :
Operation |
N_ Memory opera-
Executing command tion possible in
in MDI mode this range
STL !
>
Fig. 2.6 (b)
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NOTE

6 When the HANDLE/INC or TEACH IN HANDLE mode is
selected while the CNC is operating in the MEM or MDI
mode, the automatic or MDI operation stops, the STL signal
turns to “0”, the SPL signal simultaneously turns to “1”, and
the CNC enters the HANDLE/INC or TEACH IN HANDLE
mode. Under these conditions, manual handle feed or
incremental feed by axis direction select signal is permitted.
Since the MEM mode or MDI mode commands are held,
operation can be restarted by the cycle start signal and by
selecting the MDI or MEM mode. However, if operation was
stopped by switching to the HANDLE/INC or TEACH IN
HANDLE mode during manual data input or during
automatic operation, it can be restarted only by reactivating
the mode in use before the operation was stopped (Fig. 2.6

(©)).

MEM/MDImode

|
Mode select signal state !
HANDLE/INC or
TEACH IN HAN-
DLE mode
Operation in the MEM i

mode or MDI mode  — | : 3

Manualhandle
/incremental
feedenabled

ST — J—
SPL ¢ T

A
ST —

Cycle start signal

Fig. 2.6 (c)
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NOTE

7 When the JOG or TEACH IN JOG mode is selected during

RMT, MEM or MDI mode operation, operation stops, the
STL signal turns to “0”, the SPL signal simultaneously turns
to “1”, and the CNC enters the JOG or TEACH IN JOG
mode. Under these conditions, manual feed by feed axis
direction select signal is permitted. Operation can be
restarted by returning to the original mode, as described for
HANDLE/STEP or TEACH IN HANDLE mode (Fig. 2.6 (d)).
When the mode is switched to the JOG or TEACH IN JOG
mode during manual handle feed or during step feed
operation, the CNC ignores the manual handle feed or step
feed command and manual jog feed becomes effective. If
a feed axis direction select signal turns to “1” before the JOG
or TEACH IN JOG mode is selected, that signal is ignored.
The feed axis select signal is selected by turning the
necessary feed axis direction signal to “1” after turning all
the feed axis direction select signals to “0” (Fig. 2.6 (e)).
Itis possible to perform handle feed in TEACH IN JOG mode
by activating parameter THD no.7100#1. For details, refer
to item (2), (4).

MEM/MDImode

Mode select signal state HANDLE/INC or
TEACH IN JOG
mode
Operation in the
MEM mode or MDI
mode Jog feed
enabled
Y
STL _| F
SPL ¢
ST Cycle start signal }—4
Fig. 2.6 (d)

MEM/MDI/HADLE/
Mode selectsignal state < |NCmode/TEACH

100ms or more

IN HANDLE mode

e

JogorTEACH |
IN JOG | i

L | L | |
Feed axis ' . '
direction select
signal

Jog feed Jog feed enable
disable

Fig. 2.6 (e)
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NOTE

8 The mode switching operation is summarized in the time
chart below (Fig. 2.6 (f)).

™

No A N ®

Disable because of

ﬁ feed hold state of
ST

automaticoperation

Memory read Memory

) Memory
operation

operation

ST

*SP

—>>
MDI operation
possible here-
after

bk

End of operation

MDIcommand
operation

) )
A 5‘ © /
Disable because of

feed hold state of
MDI operation

End of opera-

tion

Memory read
MDIcommand
operation

MEM mode selection

MDI mode selection

6 :
© © ® ©

JOG or TEACH IN JOG mode selection

HANDLE/INC or TEACH IN HANDLE mode selection

Fig. 2.6 (f) Mode signal time chart

Reference item

CONNECTION MANUAL
(This manual)

4.1

Manual Reference Position Return
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2.7
STATUS OUTPUT
SIGNAL
General The table below lists the status output signals. They indicate the state of
the CNC. See the sections listed in the table for details of each signal.
Signal name Symbol Reference section
Alarm signal AL 2.4
Battery alarm signal BAL 2.4
Reset signal RST 5.2
Rewinding signal RWD 5.2
Tapping signal TAP 11.6
Moving signal MV1 - MV4 1.25
Moving direction signals MVD1 - MVD4 1.25
In—position signals INP1 — INP4 7251
Rapid traversing signal RPDO 2.7 (the section you are
reading)
Cutting feed signal CuT 2.7 (the section you are
reading)
Thread cutting signal THRD 6.4.1
Constant surface speed CSS 9.4
signal
Inch input signal INCH 11.4
Signal

Rapid traversing signal

RPDO <F002#1>

[Classification] Output signal

[Function] This signal indicates that a move command is being executed at rapid
traverse.

[Output condition] “1” indicates an axis starts moving after rapid traverse has been sel ected;

“0” indicates that an axis starts moving after a feedrate other than rapid
traverse has been sel ected. Thisholdstruefor both automatic and manual
operation modes.
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NOTE

1 Rapid traverse in automatic operation includes all rapid
traverses in canned cycle positioning, automatic reference
point return, etc., as well as the move command G0O. Rapid
traverse in manual operation also includes rapid traverse in
reference position return.

2 Once rapid traverse has been selected, this signal remains
“1”, including during a stop, until another feedrate has been
selected and movement has been started.

Cutting feed signal CUT
<F002#6>

[Classification] Output signal
[Function] Signalsthat cutting feed is being performed by automatic operation.

[Output condition] Thissignal isset to 1 in the following case:

— When cutting feed is being performed by automatic operation (cutting
feed for linear interpolation, circular interpolation, helical
interpolation, thread cutting, skip cutting, or cutting in canned cycle)

CAUTION
This signal is not set to "1” in the feed hold state.

NOTE
This signal is set to "1” even when the feedrate override is
0%, and even during interlock.

Signal address
#7 #6 #5 #4 #3 #2 #1 #0
| F002 | | | cuT | | | | | RPDO| |
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2.8
VRDY OFF ALARM
IGNORE SIGNAL

General The German VDE safety standard requires that the motor be deactivated
when the safety guard isopened. By usingthe VRDY OFF Alarm Ignore
signal, however, the CNC can be restarted without resetting, even if the
safety guard has been opened.

Signal

All-Axis VRDY OFF
Alarm Ignore Signal
IGNVRY<G066#0>

[Classification] Input signal
[Function] Disablesthe detection of servo alarm No. 401, VRDY OFF, for all axes.

[Operation] When thissignal is set to logica 1, the control unit operates as follows:

- The control unit does not issue servo alarm No. 401, VRDY OFF, even
when the servo amplifier ready signal goes off. The control unit,
however, setsservo ready signal SA to 0. The SA signal canremain set
to 1, depending on the setting of SAK, bit 6 of parameter No. 1804.

Each—Axis VRDY OFF

Alarm Ignore Signal

IGVRY1 - IGVRY4

<G192#0-#3> [Classification] Input signal

[Function] Disables the detection of servo alarm No. 401, VRDY OFF, for the

corresponding axis. Thesesignalscorrespond to the controlled axes. The
suffixed number of each signal corresponds to the number of the
controlled axis.

[Operation] When thissignal is set to logica 1, the control unit operates as follows:

- The control unit does not issue servo alarm No. 401, VRDY OFF, even
when the servo amplifier ready signal for the corresponding axis goes
off. The servo ready signal SA, however, is set to 0. The SA signal,
however, can remain set to 1 depending on the setting of SAK, bit 6 of
parameter No. 1804.
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Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| Goss | | | | | | | | | IGNVRY|
| G192 | | | | | | IGVRY4| IGVRY3| IGVRY2| IGVRYll

Parameter

#7 #6 #5 #4 #3 #2 #1 #0

| 1804 | | | sak | | | | | | |

[Datatype] Bit
SAK WhentheVRDY OFF Alarm Ignoresignal IGNVRY is 1, or when any of
the VRDY OFF Alarm Ignore signas IGVRY1to IGVRY4 are 1.

0: Servoready signal SA issetto 0.
1: Servoready signal SA remains set to 1.

Alarm and Message

Number Message Description

401 SERVO ALARM: n—-TH The n-th axis (axis 1-4) servo amplifi-
AXIS VRDY OFF er READY signal (DRDY) went off.

Caution

CAUTION

1 When the control enters NOT READY status due to
emergency stop or a servo alarm and then the control is
reset, reset processing is not terminated until the VRDY
OFF alarm ignore signal is set to 0.

2 When the VRDY OFF alarm ignore signal is set to 1 and the
servo amplifier ready signal is set to off, the motor is freed
from the drive, but follow up is not performed. To perform
follow up, set the servo off signal to 1.

Note

NOTE
While the VRDY OFF alarm ignore signal is setto 1, and a
servo alarm other than alarm No. 401 occurs, the control
unit detects the alarm.
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2.9
ABNORMAL LOAD
DETECTION

General

Machine collision, defective, and damaged cutters cause a large load
torque on the servo and spindle motors, compared with normal rapid
traverse or cutting feed. This function detects the load torque on the
motors and sends this value as an estimated load torque to the PMC. [f
the detected load torque vaue is abnormally great compared with the
value specified in the parameter, the function stops the servo motor as
early as possible or reverses the motor by an appropriate value specified
inaparameter, in order to minimize possible damagetothemachine. (The
function to reverse motors is effective only for servo motors.)

The abnormal load detection function is further divided as follows:
(2) Estimated load torque output function

TheCNC isawayscalculating the estimated | oad torquefor the motor
(excluding acceleration/deceleration torque). The estimated load
torque output function enables the PMC to read the calculated torque
using the window function.

(2) Abnormal load detection alarm function

This function stops motors or reverses them by an amount specified
inaparameter, causing the CNC to output an alarm, whenever theload
torque obtained by the estimated | oad torque output function isgreater
than the value specified in a parameter. (The function to reverse
motors is effective only for servo motors.)

Abnormal load detection can also be disabled only for specific axes by
using bit 5 (ABDSW) of parameter No. 2215 for the abnormal load
detection function and abnormal |oad detection ignore signals lUDD1 to
IUDD4 <G0125>. (Thisfunction is effective only for servo motors.)
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® Parameter setting The following flowcharts explain how to specify parameters for the
abnormal load detection function.

(1) Servo axis

Abnormal load detection
function is available.

v

Abnormal load detection | 3. No.2016#0=0
function to be used?

No
i Yes

No. 2016#0 = 1, No.2104 = 0

v

Abnormal load detection >| Only the estimated load
alarm function to be used? No torque output function is
\L Yes enabled.

Set parameter bit 5 of No. 2015 to 1 to observe the load torque.

<Adjustment>

Set parameter Nos. 1880, 2050, 2051, 2103, and 2104.

v

Reset parameter bit 5 of parameter No. 2015 to 0.

v

The estimated load torque
output and abnormal load
detection functions are en-
abled.

(2) Spindle

Abnormal load detection
function is a\/ailable.

v

Specify parameter Nos. 4247, 4248, 4249, and 4250, and reset parameter No.

4341t0 0.
Abnormal load detection Only the estimated load
alarm function to be used? No torque output function is
Yes enabled.

Specify parameter No. 4341.

v

The estimated load torque
output and abnormal load
detection functions are en-
abled.
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Signal

Servo axis abnormal
load detected signal
ABTQSV <F090#0>

[Classification]
[Function]
[Output condition]

Output signal

Informs the PMC that an abnormal load was detected on a servo axis.

This signal becomes*“1” if:

e An abnorma load is detected for a servo axis, Cs axis, spindle
positioning axis, or spindle axis during rigid tapping.

First—spindle abnormal
load detected signal
ABTSP1 <F090#1>

[Classification]
[Function]

[Output condition]

Output signal

Informsthe PMC that an abnormal load was detected on thefirst spindle
axis.

Thissignal becomes*“1” if:

e Anabnormal load isdetected for thefirst spindle under speed control.

Second-spindle
abnormal load detected
signal ABTSP2 <F090#2>

[Classification]
[Function]

[Output condition]

Output signal

Informs the PMC that an abnormal load was detected on the second

spindle axis.

Thissignal becomes*“1” if:

e An abnormal load is detected for the second spindle under speed
control.

The following list summarizes the alarms and signals output by each
function.

Signal output Alarm
ABTQSV | ABTSP1/ 409 754/764
ABTSP2

Servo axis O — O —
Cs contour control O — O —
Spindle positioning axis O — O

Rigid tapping O — — O
Spindle axis for speed control — @) — O
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Abnormal load detection
ignore signal

IUDD1 to IUDD4
<G0125#0—#3>

[Classification] Input signal

[Function] These signals disable the abnormal load detection function for
corresponding axes. Thesesignalscorrespond tothecontrolled axes. The
suffixed number of each signal correspondsto the number of acontrolled
axis.

[Output condition] Whenthesignal isset to 1, abnormal load detection is not performed for
the corresponding axis.
When the signal is used, bit 5 (ABDSW) of parameter No. 2215 for the
abnormal load detection function must be set to 1.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| F0090 | | | | | | |ABTSP2| ABTSP1| ABTQSVl

#7 #6 #5 #4 #3 #2 #1 #0
|(30125 | | | | | | IUDD4 | IUDD3 | IUDD2 | IUDD1 |

Parameter

(1) Parameter common to servo axes and spindles

| 1880 | | Timer for abnormal load detection alarm

[Datatype] Word
[Unit of data] msec

[Valid data range] Oto 32767
(If Oisset, 200 msis assumed.)

This parameter specifies the interval between the detection of an
abnormal load and theissuance of aservoaarm. Whenthe set valueisnot
amultiple of eight, it is rounded up to the nearest multiple of eight.

[Example] When 30 is set, the system assumes 32 ms.

(2) Servo axis parameters

#7 #6 #5 #4 #3 #2 #1 #0
[ 205 | | | | ToouT ] | | | | |

[Datatype] Bit axis

TDOUT Select output to the check board (for each axis)

0 : Output the torque command to the check board.
1: Output the estimated load torque to the check board.
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#7 #6 #5 #4 #3 #2 #1 #0
[ 2016 | | | | | | | | | nenTor |
[Datatype] Bit axis
ABNTDT Output of the estimated load torque (for each axis)
0: Disabled
1: Enabled
This parameter must be specified when using the estimated |oad torque
output function or the abnormal load detection alarm function.
| 2050 | | Velocity control observer |
[Datatype] Word axis

[Valid data range]
[Setting value]

0to 32767
3559

When using the vel ocity loop observer (by setting bit 2 of parameter No.
2003 to 1), set 956 in this parameter.

| 2051 | |

Velocity control observer |

[Datatype]
[Valid data range]
[Setting value]

Word axis
0to 32767
3329

When using the vel ocity loop observer (by setting bit 2 of parameter No.
2003 to 1), set 510 in this parameter.

| 2103 | |

Retractiondistance upon the detection of an abnormal load |

[Datatype]
[Unit of data]
[Valid data range]

Word axis
Detection unit
0to 32767

This parameter specifiesthe distance by which the tool isto beretracted,
by reversing themotor, if anabnormal loadisdetected. Whenthemotoris
rotating at low speed, however, the tool may be retracted too far. To
prevent this, the motor is stopped, instead of being reversed, while the
specified feedrate is less than the value listed in the table below.

When this parameter is set to value A, the detection of an abnormal 1oad
causes the tool to be retracted in the reverse direction by the distance A,
then stopped, if the specified feedrateis equal to or greater than the value
listed below.

Detection unit Feedrate
1w A /8 mm/ min
0.1u A /80 mm/ min

When this parameter is set to 0, the motor stops immediately upon the
detection of abnormal load.
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| 2104 | | Threshold for abnormal load detection alarm |

[Datatype] Word axis

[Unit of data] Torque command unit (Refer to the digital servo operator’s manual for
details)

[Valid datarange] Oto 7282
(The maximum motor torque is 7282, regardless of the motor type.)

This parameter specifies the threshold load torque at which an abnormal
load detection alarm is issued.

Monitor the load torque by setting bit 5 of parameter No. 2015 to 1 then,
for this parameter (No. 2104), set a vaue larger than the maximum
monitored torque. Anoutput of 4.4V isequivalent to 7282 in the units of

this parameter.
#7 #6 #5 #4 #3 #2 #1 #0
[ 2215 || | | ABDSW| | | | | |

[Datatype] Bit axis
ABDSW The abnormal load detection function for a specified axis:

0 : Cannot be disabled.
1: Can bedisabled.

(3) Spindle parameters

#7 #6 #5 #4 #3 #2 #1 #0
[ 205 | | | | | | | | seuovT| |

[Datatype] Bit axis
SPLDMT Spindle load torque monitor function

0: The spindle load torque monitor function is disabled.
1: The spindle load torque monitor function is enabled.

| 4247 | | Magnetic flux compensation time constant for spindle load torque monitor |

[Datatype] Word axis
[Unit of data] 1 msec
[Valid data range] 0to 8192
[Standard setting] Depends of the motor model.

This parameter is used to compensate the delay in the generation of
magnetic flux in the spindle motor rel ative to the specified value. When 0
is set, it is assumed that the generation of magnetic flux is not delayed.
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| 4248 | | Spindleload torque monitor constant

[Datatype] Word axis
[Valid data range] Oto 32767
[Standard setting] Depends of the motor model.

This constant is determined by the maximum output torque and inertia of
the motor. It isused for observer processing.

| 4249 | | Observer gain 1 for spindle load torque monitor |

[Datatype] Word axis
[Valid data range] Oto 32767
[Standard setting] 500

| 4250 | | Observer gain 2 for spindle load torque monitor

[Datatype] Word axis
[Valid data range] Oto 32767
[Standard setting] 500

| 4341 | | Threshold for abnormal load detection alarm

[Datatype] Word axis
[Unit of data] 0.01 %

[Valid data range] 0 to 10000

This parameter specifies the threshold load torque at which an abnormal
load detection alarmisissued for the spindle. Set apercentage (in unitsof
0.01 %) for the maximum output torque of the motor. When 0 is set, no
abnormal load detection alarm isissued for the spindle.

Alarm and message (1) Servo axis

Number Message Description

409 Servo alarm: Abnormal load An abnormal load was detected on a servo
detected on axis n motor, or on a spindle motor during Cs
mode. To release the alarm, use RESET.

(2) Spindle
Number Message Description
754 Abnormal load detected on An abnormal load was detected on the first
the first spindle spindlemotor. To release the alarm, use
RESET.
764 Abnormal load detected on An abnormal load was detected on the se-
the second spindle cond spindle motor. To release the alarm,
use RESET.
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PMC window function

® Reading the load torque The load torque data can be read at the PM C using its window function.
data (1) Servo axis
[Input data structure]
Top address +0 (Function code)
211
2 .
(Completion code)
(Not to be set)
4
(Data length)
(Not to be set)
6 (Data number)
0
8 (M = 1 to n: Specifies separately
(Data attribute) for each axis whether
M data for the axis is to
be read; n is an axis
(M=1tonor-1) number.
10 M = —1: Specifies that data for
(Data area) all axes are to be
read.
(Not to be set)
/\/ /\/
42

[Completion code]

0: The load torque data was read normally.

4: Invalid data was specified as a data attribute, that is a value other
than —1 or 1 to n (number of axes) was specified. Alternatively, a
value greater than the number of controllable axes was specified.
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[Output data structure]

Top address + 0O

(Function code)

211
2 .
(Completion code)
2
(Refer to the above description
about the completion code.)
4 (Data length)
L
(L =2*n, where n is the num-
ber of specified axes)
6 (Data number)
0
8 (Data attribute)
M
(M: Data at input) Description of value
10 | Load torque for the specified Signed binary format (negative val-
axis (2 bytes) ue in two’s complement)
Or if there are four controllable axes
Description of value
10 | Load torque for the firstaxis | signed binary format (negative val-
(2 bytes) ue in two’s complement)
12 Load torque for the second
axis (2 bytes)
Load torque for the third axis
14 (2 bytes)
16 Load torque for the fourth axis

(2 bytes)
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(2) Spindle
[Input data structure]
Top address +0 (Function code)
211
2 .
(Completion code)
(Not to be set)
4
(Data length)
(Not to be set)
6 (Data number)
1
8 (M = 1to n: Specifies separately
(Data attribute) for each axis whether
M data for the axis is to
_ 1 be read; n is an axis
(M=1tonor-1) number.
10 M = —1: Specifies that data for
(Data area) all axes are to be
read.
(Not to be set)
/\/ /\/
42

[Completion code]

0: The load torque data was read normally.

4: Invalid data was specified as a data attribute, that is a value other
than —1 or 1 to n (number of axes) was specified. Alternatively, a
value greater than controllable axes was specified.
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[Output data structure]

Top address + 0

(Function code)

211
2 .
(Completion code)
?
(Refer to the above description
about the completion code.)
4 (Data length)
L
(L =2*n, where n is the num-
ber of specified axes)
6 (Data number)
1
8 (Data attribute)
M
(M: Data atinput) Description of value
10 | Load torque for the specified Signed binary format (negative val-
axis (2 bytes) ue in two’s complement)
Or if there are two controllable axes
Description of value
10 Load torque for the first axis Signed binary format (negative val-
(2 bytes) ue in two’s complement)
12

Load torque for the second
axis (2 bytes)
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2.10
SERVO SPEED
CHECK

General

While the servo speed check enable signal (G0349) isset to 1, the CNC
checks the servo speed and compares the servo speed with the value set
in parameter No. 12291. If the servo speed islower than the value set in
the parameter, the servo under—speed alarm signal (FO349) is output on
an axis-by—axisbasis. At thistime, the servo alarm (616) isissued if bit
1 (SSA) of parameter No. 12290 is set to 1.

Notes

® Thisfunction is usable with a servo axis.

e |f thisfunction is used during simple synchronous control, the speed
of the master axisis compared with the speed set for the master axis,
and the speed of the slave axisis compared with the speed set for the
saveaxis. So, when thisfunction isused during simple synchronous
control, thespeed (No. 12291) and the servo speed check enablesignal
(G0349) need to be set in the same way.

® While the servo speed check enable signal (G0349) is input, this
function makes a speed check at all times. So, even if the speed
decreases below the allowable level dueto deceleration, for example,
at the end of a block, the servo under—speed alarm signal (FO349) is
output (together with aservo alarm, depending on parameter setting).
To prevent this, measuresfor disabling servo speed checking at ajoint
of blocks need to be taken.

Signal

Servo speed check
enable signal

SVSCK1 to SVSCKS8
<G0349> [Classification]

[Function]

Input signal (G)
Enables the servo speed check function for each axis.

When thissignal is set to 1, the servo speed is monitored.
When this signal is set to 0, the servo speed is not monitored.

Servo under—speed
alarm signal

TSAlto TSA8 [Classification]

<F0349>

[Function]

Output signal (F)

Thissignal is set to 1 when the servo speed islower than thevalue setin
parameter No. 12291 and the servo speed check enable signal (G0349) is
setto 1.

Thissignal is set to 0 when the servo speed is higher thanthevalue setin
parameter No. 12291 or when the servo speed is lower than the set value
but the servo speed check enable signal is not set to 1.
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Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| G0349 | | SVSCK8| SVSCK7| SVSCK6| SVSCK5| SVSCK4| SVSCK3| SVSCK2| SVSCK1|
#7 #6 #5 #4 #3 #2 #1 #0
|F0349 | | TSA8 | TSA7 | TSA6 | TSAS | TSA4 | TSA3 | TSA2 | TSA1 |
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
|12290 | | | | | | | | SSA | sSscC |
[Data type]
SSC  Servo speed checkingis:
0: Disabled.
1: Enabled.
SSA  When the actual servo speed islower than the speed set in parameter No.
12061:

0: Noaarm isissued.
1: Anaarmisissued.

| 12291 | | Reference speed for servo speed checking

[Datatype] Word axis
[Unit of data] rpm
[Valid data range] 0 to 8000

NOTE
This parameter is valid when bit 0 (SSC) of parameter No.
12290 is set to 1.

Alarm and Message

Number Message Description
SV616 | SERVO SPEED TOO A servo speed check finds that the
SMALL actual speed has not reached the val-

ue set in parameter No. 12291.
(This alarm is issued only when bit 1
of parameter No. 12290 is setto 1.)
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3 MANUAL OPERATION
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3.1
JOG FEED/
INCREMENTAL FEED

General

® Jog feed

® Incremental feed

In jog mode, setting a feed axis and direction selection bit to “1” on the
machine operator’s panel moves the tool along the selected axisin the
selected direction.

Manual operation is allowed one axis at atime. 3 axes can be

selected at atime by setting parameter JAX (N0.1002#0).

In incremental feed mode, setting afeed axis and direction selection bit
to“1” onthe machine operator’s panel movesthetool one step along the
selected axisin the selected direction. The minimum distancethetool is
moved, is the least input increment. The step can be 10, 100, or 1000
times the least input increment.

The jog feedrate is specified in parameter (N0.1423)

The jog feedrate can be adjusted with the jog feedrate override dial.
With rapid traverse selected, the tool can be moved at the rapid traverse
rate regardless of the jog feedrate override signal.
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Signal Thefollowing signalsdeterminethat way thejog feed or incremental feed
is executed.
Selection Jog feed Incremental feed
Mode selection MD1, MD2, MD4, MJ MD1, MD2, MD4, MINC

Selection of the axis to
move

+J1, -J1, +J2,-J2, +J3, -J3, ...
Selection of the direc-
tion to move the axis

Selection of the move MP1, MP2
amount

Selection of feedrate *JV0 - *JV15, RT, ROV1, ROV2

The only difference between jog feed and incremental feed isthe method
of selecting the feed distance. In jog feed, the tool continues to be fed
while the following signals selecting the feed axis and direction are“1”:
+J1, -J1, +J2, =32, +J3, —J3, etc. Inincremental feed, the tool isfed by
one step.

The distance of the step is selected by the manua handle feed move
distance select signas MP1 and MP2.

For the signals selecting the mode, see Section 2.6, “Mode Selection
Signals.” For the manual handle feed selection signals, MP1 and MP2
select themove amount, see 3.2“Manual handlefeed.” For rapidtraverse
override signas ROV1 and ROV2, see Section 7.1.6.1, (Feedrate
Override Signals).

Other signals are described below.

Feed Axis and Direction
Selection Signal

+J1 — +J4<G100#0—#3>
-J1 — -J4<G102#0—#3>

[Classification] Input signal

[Function] Selectsadesired feed axisand direction in jog feed or incremental feed.
The sign (+ or -) in the signal name indicates the feed direction. The
number following J indicates the number of the control
axis.

+J1

First axis is fed
Second axis is fed
Third axis is fed
Fourth axis is fed

+ Feed in positive direction
— Feed in negative direction
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[Operation] When thejog bitis“1”, the control unit operates as described below.

® \When jog feed or incremental feed is allowed, the control unit moves
the specified axis in the specified direction.

® [njog feed, the control unit continues to feed the axis while the bit is
113 111 .

Jog mode
(or Teach in jog mode)

\ Y
1st axis move

® |nincremental feed, the control unit feeds the requested axis by the
step distance which is specified by the manual handle feed move
distance selection signas MP1, MP2, then the axis stops. Evenif the
signal isset to “0” whilethe axisisbeing fed, the control unit does not
stop moving.
To feed the axis again, set the signal to “0”, thento “1” again.

Incrementalfeed mode
(TEACH IN HANDLE
mode)

+J1 \\\ \\\t__________
1st axis move _—

NOTE

1 If both the positive direction and negative direction signals
of the same axis are simultaneously set to “1”, neither the
positive direction nor the negative direction is selected. The
control unit assumes that both these signals are set to “0”".

2 If the feed axis and direction selection signals are set to “1”
before the jog feed mode or incremental feed mode is
selected, these signals are invalidated. After the jog feed
mode or incremental feed mode is selected, set these signal
to “0”, then set them to “1” again.

Jog mode
orincremental feed mode

+J1 \
1st axis move

+J1lisinef-

fective dur- Axis is fed again after signals
< ingthis > have turned to “0” once.

period.

3 If the control unit is reset while the feed axis and direction
selection signals are set to “1” or if a feed axis and direction
signal turns to “1” while the control unit is in the reset state,
the signal will be ignored even after releasing reset. After
the reset state is released, set these signals to “0”, then set
them to “1” again.
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Incrementalfeed mode
(TEACH IN HANDLE mode)

Reset
+J1

1st axis move

\
N

Move is stopped by >
resetting

N

+J1is inef- <
< fective dur- Axis is fed again
ing this after signals have
period. turned to “0” once.

Manual Feedrate
Override Signal
*JVO - *JV15
<G010, G011>

[Classification] Input signal

[Function] Selects afeedrate in jog feed or incremental feed. These signalsarein

sixteen bit binary code, which corresponds to the override values as
follows:

15
Overridevalue (%) =0.01% X > |2' x Vi |

i=0

where
Vi = 0 when the *JVi signal is“1”
Vi = 1 when the * JVi signal is“0”

The override value is assumed to be zero when al of the signals, (*JVO
to*Jv15) areset to “1” or “0”. When this occurs, the feed is stopped.
Theoverrideval ue can be specifiedintherange of 0%to 655.34% in units
of 0.01%. Some examples are listed below.

*JV0 - *JV15 Override value

12 8 4 0 (%)
1111 1111 1111 1111 0
1111 1111 1111 1110 0.01
1111 1111 1111 0101 0.10
1111 1111 1001 1011 1.00
1111 1100 0001 0111 10.00
1101 1000 1110 1111 100.00
0110 0011 1011 1111 400.00
0000 0000 0O0O0O 00O 1 655.34
0000 0000 0O0O0O 0O0O0O 0

[Operation] If rapidtraverseselection signal RT is“0” during jog feed or incremental

feed, themanual feedrate specified by parameter (No. 1423) isoverridden
by the value specified by the JVi signal.

NOTE
The JVi signals also serve as the override signals during dry
run in automatic operation mode.
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Manual rapid traverse
selection signal
RT<GO19#7>

[Classification] Input signal

[Function] Selectsarapid traverse rate for jog feed or incremental feed.

[Operation] Whenthesignal turnsto“1”, thecontrol unit operatesasdescribed bel ow:
® The control unit executes the jog feed or incremental feed at arapid

traverse rate. The rapid traverse overrideis validated.

® \When the signal is switched from“1” to “0” or vice versaduring jog

feed or incremental feed, the feedrate is decelerated until it reaches
zero, then increased to the specified value. During acceleration and
deceleration, the feed axis and direction selection signal can be kept
“1".

Jog feed mode

or incremental feed mode
+J1

RT

1st axis move

l«— Rapidtraverse _)
rate

Feedrate selected by manual
feedrate override signal

WARNING

After the power is turned on, the stroke limit function does
not work until the reference position return is completed.
During this period, the control unit ignores the RT signal, if
it is set to “1”, and keeps moving the tool at a feedrate
selected by the manual feedrate override signal. The
parameter RPD (No. 1401#0) can be set so the rapid
traverse is validated before the reference position return is
completed.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
|<3010 | | *IV7 | *JV6 | *JV5 | *IV4 | *JV3 | *JV/2 | *JV1 | *JV0 |
| G011 | *JV15 | *Jvi4 | *Jvi3z | xvi2 | =avi1 | *Jvio | *IV9 | *JV8 |
[cow | | RT | | | | | | | |
| G100 | | | | | | +J4 | +J3 | +J2 | +J1 |
| G102 | | | | | | -4 | -J3 | -J2 | T |
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Parameter
#7 #6 #5 #4 #3 #2 #1 #0
[ 002 | | | | | | | | [ x|
[Datatype] Bit
JAX Number of axes controlled simultaneously in jog feed, manua rapid
traverse and manual reference position return
0: laxis
1: 3axes
#7 #6 #5 #4 #3 #2 #1 #0
[0t | | | | | | | | | Reo |
[Datatype] Bit
RPD Manua rapid traverse during the period from power—on time to the
completion of the reference position return.
0: Disabled (Jog feed is performed.)
1: Enabled
#7 #6 #5 #4 #3 #2 #1 #0
| 1402 | JRV
[Datatype] Bit
JRV Manual continuous feed (jog feed)
0: Jog feed is performed at feed per minute.
1: Jogfeedis performed at feed per rotation.
NOTE
Specify a feedrate in parameter No. 1423.
| 1423 | | Feedratein manual continuous feed (jog feed) for each axis |
[Datatype] Word axis

[Unit of data]
[Valid data range]

[Unit of data]
[Valid data range]

(2)In M series, or in T series when JRV, bit 4 of parameter No. 1402, is
set to O (feed per minute), specify ajog feedrateat feed per minutewith
an override of 100%.

Increment system Unit of data Valid data range
Millimeter machine 1 mm/min
Inch machine 0.1 inch/min 6 — 32767
Rotation axis 1 deg/min

(2) When JRV, bit 4 of parameter No. 1402, isset to 1 (feed per revolution)
in T series, specify a jog feedrate (feed per revolution) under an
override of 100%.

Increment system Unit of data Valid data range
Millimeter machine 0.01 mm/rev
Inch machine 0.001 inch/rev 0-32767
Rotation axis 0.01 deg/rev
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| 1424 | |

Manualrapid traverse rate for each axis

[Datatype] Two—word axis

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, I1IS-B IS-C
Millimeter machine 1 mm/min 30 — 240000 30 — 100000
Inch machine 0.1 inch/min 30 — 96000 30 — 48000
Rotation axis 1 deg/min 30 — 240000 30 — 100000

Set the rate of manual rapid traverse when the rapid traverse overrideis
100% for each axis.

NOTE
If O is set, the rate set in parameter 1420 is assumed.

#7 #6 #5 #4 #3 #2 #1 #0
[0 ] | | | | o | | | | |

[Datatype] Bit axis
JGLx Acceleration/deceleration in manual continuous feed (jog feed)

0: Exponential acceleration/deceleration is applied.
1. Linear acceleration/deceleration after interpolation is applied
(depending on which is used in cutting feed).

Time constant of exponential acceleration/deceleration or linear acceleration/
deceleration after interpolation, in jog feed for each axis.

1624

[Datatype] Word axis
[Unit of data] 1 msec

[Valid data range] 0 to 4000 (for exponential acceleration/deceleration)
0 to 512 (for linear acceleration/deceleration after interporation or
bell—shaped accel eration/decel eration)

Set the time constant used for exponential accel eration/deceleration or
linear acceleration/deceleration after interpolation in jog feed for each
axis.

| 1625 | | FL rate of exponential acceleration/deceleration in jog feed for each axis |

[Datatype] Word axis

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, I1IS-B IS-C
Millimeter machine 1 mm/min 6 — 15000 6 — 12000
Inch machine 0.1 inch/min 6 — 6000 6 — 4800
Rotation axis 1 deg/min 6 — 15000 6 — 12000

Set the lower limit (FL rate) of exponential acceleration/deceleration in

jog feed for each axis.
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#7

#6 #5 #4 #3 #2 #1 #0

| 1901 | |

| | [re ] | ] |

[Data type]
RFD

Bit
In jog feed mode, the fine acceleration/deceleration function and
feed—forward function are:

O0: Disabled.
1: Enabled.

NOTE
1 The axis operating under PMC axis control are not affected

by this parameter. For such an axis, the settings for PMC
axis control are followed. To enable the fine
acceleration/deceleration  function and feed—forward
function in PMC axis control, advanced preview control for
the PMC-controlled axis must be enabled. (See the
descriptions of bit 3 (G8C) of parameter No. 8004 and bit 4
(G8R) of parameter No. 8004.)

2 Note that when the abnormal load detection function for
cutting and rapid traverse is used, setting this parameter
changes the threshold value
(O: Threshold value for rapid traverse,

1: Threshold value for cutting feed).

Warning
WARNING
For incremental feeding along an axis under diameter
programming, the tool moves in units of the diameter.
Note

NOTE

1 Time constant and method of automatic acceleration/
deceleration for manual rapid traverse are the same as GO0
in programmed command.

2 If a manual pulse generator is provided, the manual handle
feed mode is enabled instead of incremental feed mode.
However, using parameter JHD (bit O of parameter No.
7100) enables both manual handle and incremental feed in
the manual handle feed mode.
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Reference item

OPERATOR'S MANUAL | 32 | JOGFEED

(M series) (B-64124EN) | 33 | INCREMENTAL FEED
Series 0i—-C

OPERATOR'S MANUAL | 32 | JOGFEED

(T series) (B-64114EN) | 33 | INCREMENTAL FEED

OPERATOR'S MANUAL | 32 | JOGFEED

(M series) (B-64144EN) | 33 | INCREMENTAL FEED
Series 0i Mate-C

OPERATOR'S MANUAL | 32 | JOGFEED

(T series) (B-64134EN) | 33 | INCREMENTAL FEED

— 201 —




3. MANUAL OPERATION

B-64113EN-1/01

3.2
MANUAL HANDLE
FEED

General

e Availability of manual
handle feed in Jog mode

e Availability of manual
handle feed in TEACH IN
JOG mode

e A command to the MPG
exceeding rapid traverse
rate

e Movement direction of
an axis to the rotation of
MPG

e Setting of
magnifications for
each axis

In manua handle feed mode, the tool can be incrementally moved by
rotating the manual pulse generator. Select the axis along which the tool
is to be moved with the handle feed axis selection signal.

The minimum distance the tool is moved when the manua pulse
generator isrotated by onegraduationisequal totheleast input increment.
Or the distance the tool is moved when the manual pulse generator is
rotated by one graduation can be magnified by 10 times or by one of the
two magnifications specified by parameters (No. 7113 and 7114).
Arbitrary magnifications can be set for each axis by using the parameters
(No. 12350 and No. 12351).

The handle magnifications can be selected by the manual handle feed
move distance selection signal.

The number of manual pulse generatorsis as follows.

(M series)
— Up to three generators

(T series)
— Up to two generators

Parameter JHD (bit 0 of No. 7100) enablesor disablesthemanua handle
feed in the JOG mode.

When the parameter JHD( bit O of No. 7100) is set 1,both manual handle
feed and incremental feed are enabled.

Parameter THD (bit 1 of No. 7100) enablesor disablesthe manual handle
feed generator in the TEACH IN JOG mode.

Parameter (No. 7117) specifies as follows:

SETVALUEO: Thefeedrate is clamped at the rapid traverse rate
and generated pulses exceeding the rapid traverse rate are
ignored.(The distance the tool is moved may
not match the graduations on the manual pulse generator.)
otherthan0:  The feedrate is clamped at the rapid traverse rate and
generated pulses exceeding the rapid traverse rate are not
ignored but accumulated in the CNC.
(No longer rotating the handle does not immediately stop
thetool. Thetool ismoved by the pulsesaccumulatedinthe
CNC before it stops.)

Parameter HNGx (No. 7102#0) switches the direction in which the tool
moves along an axis, corresponding to the direction in which the handle
of the manual pulse generator is rotated.

Magnifications m and n for manual handle feed can be set for each axis
by setting an arbitrary magnificationin parameter Nos. 12350 and 12351.
If no value is set in parameter No. 12350, parameter No. 7113 is used.
If no valueis set in parameter No. 12351, parameter No. 7114 is used.
For manual handle interrupts as well, the parameters above are valid.
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Signal

Manual Handle Feed
Axis Selection Signals
[Classification] Input signal

e (M [ : :
(Hsiin—esH)SlD [Function] Selectsthe axisof manual handlefeed. A set of four codesignas, A, B,
<GO18#0 — #3> C, and D is provided for each manual pulse generator. (Up to three
HS2A — HS2D generators can be used.) The number in the signal name indicates the
<GO18#4 — #7> number of the manual pulse generator to be used.

HS3A — HS3D HS 1A

<G019#0 — #3>

L [

First manual pulse generator

(T series) 2 Second manual pulse generator

HS1A — HS1D 3 Third manual pulse generator (M series)
<G018#0 — #3> Code signas A, B, C, and D correspond to the feed axes aslisted in the
HS2A — HS2D

following table:
<G018#4 — #7>

Manual handle feed axis selection )
Feed axis
HSND HSnC HSnB HSnA
0 0 0 0 No selection (None of axis is fed)
0 0 0 1 1st axis
0 0 1 0 2nd axis
0 0 1 1 3rd axis
0 1 0 0 4th axis
Manual Handle Feed
Amount Selection Signal
MP1, MP2<G019#4, 5>
(Incremental Feed
Signal) [Classification] Input signal

[Function] Thissignal selectsthe distance traveled per pulse from the manual pulse
generator during the manual handle feed or manual handle interrupt. It
also selects the distance traveled per incremental feed step.

The table below lists the signal—to—distance correspondence.

Travel distance
| ignal for .
select signal fo Distance traveled
manual handle
feed
Manual handle | Manual handle
MP2 MP1 anual hand . Incremental feed
feed interrupt
0 0 Leastinput Least command Leastinput
incrementx 1 incrementx 1 incrementx 1
0 1 Leastinput Least command Leastinput
incrementx 10 incrementx 10 incrementx 10
1 0 Leastinput Least command Leastinput
incrementx m*1 incrementx m*1 incrementx 100
1 1 Leastinput Least command Leastinput
incrementx n*1 incrementx n*1 incrementx 1000

*1 Scale factors m and n are specified using parameter Nos. 7113,
7114, 12350, and 12351.
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WARNING

1 Because the least input increment is used as the units for
manual handle and incremental feed, the same value
represents a different distance depending on whether the
metric or inch input system is used.

2 For an axis under diameter programming, the tool moves by
the diameter value.

3 For the function indicated below, magnifications for manual
handle feed cannot be set on an axis—by—axis basis.
The magnifications, m and n, common to all axes set in
parameter Nos. 7113 and 7114 are applied.
e Handle pulse output function

NOTE
See Section 3.3, “Manual Handle Interrupt” for manual
handle interrupts, and Section 3.1, “Jog Feed/Incremental
Feed” for incremental feed.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| G018 | | HS2D | HS2C | HS2B | HS2A | HS1D | HS1C | HS1B | HS1A |
| G019 || | | MP2 | MP1 | HS3D | HS3C | HS3B | HS3A |

Parameter

#7 #6 #5 #4 #3 #2 #1 #0

| 7100 || | | | HPF | | | THD | JHD |

[Datatype] Bit
JHD Manua handle feed in JOG mode or incremental feed in the manual
handle feed

0: Invadid

1. vdid

THD Manual pulse generator in TEACH IN JOG mode
0: Invadid
1. vdid
HPF  When amanual handle feed exceeding the rapid traverse rate is issued,

0: Therateisclamped at the rapid traverse rate, and the handle pulses
corresponding to the excess are ignored. (The graduations of the
manual pulse generator may not agree with the distance the machine
has traveled.)

1. Therateisclamped at the rapid traverse rate, and the handle pulses
corresponding to the excessare not ignored, but storedinthe CNC. (If
the rotation of the manual pulse generator is stopped, the machine
moves by the distance corresponding to the pulses preserved in the
CNC, then stops.)
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#7 #6 #5 #4 #3 #2 #1 #0
12 | | | | | | | | | Hvex |

[Datatype] Bit axis
HNGx Axismovement direction for rotation direction of manual pulsegenerator

0: Samein direction
1: Reverseindirection

| 7110 | | Number of manual pulse generators used

[Datatype] Byte
[Valid datarange] 1,2,0r 3

This parameter sets the number of manual pulse generators.
Varid datarange is below:

1, 2 (T series)

1, 2,3 (M series)

| 7113 | | Manualhandle feed magnification m

[Datatype] Word
[Unit of data] Onetime
[Valid datarange] 1to 127

This parameter sets the magnification when manual handle feed
movement selection signal MP2 is on.

| 7114 | | Manual handle feed magnification n

[Datatype] Word
[Unit of data] Onetime
[Valid data range] 1 to 1000

This parameter sets the magnification when manual handle feed
movement selection signals MP1 and MP2 are “1”".

| 7117 | | Allowable number of pulses that can be accumulated during manual handle feed

[Datatype] 2—word
[Unit of data] Pulses
[Valid data range] 0 to 99999999

If manual handle feed is specified such that the rapid traverse rate will be
momentarily exceeded, those pulses received from the manual pulse
generator that exceed the rapid traverse rate are accumul ated rather than
canceled. Thisparameter setsthe maximum number of pulseswhich can
be accumulated in such a case.
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| 12350 | | Manualhandle feed magnification m (in each axis)

[Datatype] Word axis
[Unit of data] 1
[Valid datarange] 1to 127

This parameter sets the magnification to be used for each axis when
manual handle feed movement amount select signal MP1 <G019#4> is
set to 0, and MP2 <G019#5> is set to 1.

If this parameter is set to O for atarget axis for movement, the setting of
parameter No. 7113 applies.

| 12351 | | Manualhandle feed magnification n (in each axis) |

[Datatype] Word axis
[Unit of data] 1
[Valid data range] 1 to 1000

This parameter sets the magnification to be used for each axis when
manual handle feed movement amount select signal MP1 <G019#4> is
set to 1, and MP2 <G019#5> is set to 1.

If this parameter is set to O for atarget axis for movement, the setting of
parameter No. 7114 applies.

Movement amount select signal
Movement amount (manual handle
MP2 MP1 feed or manual handle interrupt)
0 0 Least input increment x 1
0 1 Least input increment x 10
1 0 Least input increment X m (*1)
1 1 Least input increment x n (*2)

*1 When 0 is set in parameter No. 12350 for setting a movement target
axis magnification, parameter No. 7113 is used.

*2 When 0 is set in parameter No. 12351 for setting a movement target
axis magnification, parameter No. 7114 is used.

Warning

WARNING
Rotating the handle quickly with a large magnification such
as x100 moves the tool too fast or the tool may not stop
immediately after the handle is no longer rotated or the
distance the tool moves may not match the graduations on
the manual pulse generator. The feedrate is clamped at the
rapid traverse rate.
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Caution

CAUTION
Rotate the manual pulse generator at a rate of five rotations
per second or lower.

Reference item

Series 0i—-C

OPERATOR’S MANUAL

(M series) (B—64124EN) 1.3.4 MANUAL HANDLE FEED

OPERATOR’S MANUAL

(T series) (B—64114EN) 1.3.4 MANUAL HANDLE FEED

Series 0i Mate-C

OPERATOR’S MANUAL

(M series) (B—64144EN) 1.3.4 MANUAL HANDLE FEED

OPERATOR’S MANUAL

(T series) (B-64134EN) 1.3.4 MANUAL HANDLE FEED
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3.3
MANUAL HANDLE
INTERRUPTION

General

Rotating the manual pulse generator during automatic operation can
increase the distance traveled by the amount corresponding to the handle
feed. The axisto which the handle interrupt is applied is selected using
the manua handle interrupt axis select signal.

The minimum travel distance per graduation is the least command
increment. The minimum travel distance can be increased by tenfold or
by two scale factors (parameter Nos. 7113 and 7114). Arbitrary
magnifications can be set for each axis by using the parameters (No.
12350 and No. 12351). Each scalefactor can be sel ected using themanual
handletravel distanceselect signal (Section 3.2, ”Manual Handle Feed”).

Signal

Manual Handle Interrupt
Axis Selection Signal

® (M series) [Classification]

HS1IA — HS1ID [Function]
<G041#0 — #3>
HS2IA — HS2ID
<G041#4 — #7>
HS3IA — HS3ID
<G042#0 — #3>

® (T series)
HS1IA — HS1ID
<G041#0 — #3>
HS2IA — HS2ID
<G041#4 — #7>

Input signal

These signals select an axis to which the manual handle interrupt is
applied. There arethree sets of signals, each corresponding to amanual
pulse generator (up to three). Each set consistsof four codesignalsA, B,
C, and D. The number in each signal name corresponds to the number
(position) of the manual pulse generator.

HS 1 1A

1 Selects the axis for which manual pulse generator
No. 1is used

2 Selects the axis for which manual pulse generator
No. 2 is used

3 Selects the axis for which manual pulse generator
No. 3 is used (M series)

The correspondence between the code signals and the selected feed axis
is similar to the correspondence of the manual handle feed axis select
signals. See Section 3.2, “Manua Handle Feed.”

Signal address

#7

#6 #5 #4 #3 #2 #1 #0

| G041 | | HSZID| Hsz|c| HS2IB | HSZIA| HSlID| HSlIC| HSlIB| HSlIAl

|G042 | |

| | | | HS3ID | HS3IC | HS3IB | HS3IA |
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Warning

WARNING

The distance travelled by handle interruption is determined
according to the amount by which the manual pulse
generator is turned and the handle feed magnification (x1,

x10, xM, xN).

Since the movement is not accelerated or decelerated, it is
very dangerous to use a large magnification value for

handle interruption.

Note

NOTE

1 No handle interrupt can be used in manual handle feed

mode.

2 Handle interruption is disabled when the machine is locked

or interlocked.

Reference item

OPERATOR’S MANUAL

MANUAL HANDLE

(M series) (B—64124EN) 4.7 INTERRUPTION
Series 0i—C

OPERATOR’'S MANUAL .47 MANUAL HANDLE

(T series) (B—64114EN) o INTERRUPTION

OPERATOR’'S MANUAL .47 MANUAL HANDLE

(M series) (B—64144EN) o INTERRUPTION
Series 0i Mate-C

OPERATOR’'S MANUAL .47 MANUAL HANDLE

(T series) (B—64134EN)

INTERRUPTION
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4.1

MANUAL
REFERENCE
POSITION RETURN

General

Basic Procedure for
Manual Reference
Position Return

The tool is moved in the direction specified by parameter ZMI (bit 5 of
No. 1006) setting the feed axis and direction select signal to “1” during
manual reference positionreturn mode. Movement will continueuntil the
reference position is obtained.

Manual reference position return is performed by using a grid method.
The reference position is based on an electrical grid, using on one—ota-
tion signals received from the position detector.

The following signals relate with the manual reference position return:

Manual Reference Position Return

Mode selection MD1, MD2, MD4

Selection of reference position return ZRN, MREF

Selection of axis to be moved
+J1, -J1, +J2,-J2, +J3, -J3, ...

Selection of direction to be moved

Selection of speed to be moved ROV1, ROV2

Deceleration signal for reference
position return

*DEC1, *DEC2, *DECS, ...

Completion signal for reference
position return

ZP1,ZP2, ZP3, ...

Reference position establishment
signal

ZRF1, ZRF2, ZRF3, ...

(1) Select JOG mode or TEACH IN JOG mode, and themanual reference
position return selection signal ZRN to “1”.

(2) Feed a target axis toward the reference position by setting an
appropriate feed axis and direction selection signal (+J1, =J1, +J2,
-32,...)"“1".

(3) Whilethefeed axisand direction selection signal is“1”, rapid traverse
takes place along that axis. Although the rapid traverse override
signals (ROV1, ROV2) are valid, the override is generally set to
100%.

(4) When the reference position is approached, alimit switch installed on
the machine is activated, making the deceleration signal (*DEC1,
*DEC2, *DECS3,...) for reference position “0”. Consequently, the
feedrateisdecelerated to O, then thetool isfed at a constant low speed
(reference position return FL feedrate specified by parameter (No.
1425) setting).

(5) Whenthedeceleration signal returnsto“1” again after thelimit switch
is passed, the tool is continues to feed, until the tool stops at the first
grid point (electric grid point).
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Installation conditions
for deceleration limit
switch

(6) Upon confirmation that the current position is at the in—position area,
the reference position return end signal (ZP1, ZP2, ZP3,...) and the

reference position establishment signal (ZRF1, ZRF2, ZRF3,...) turn
to“1".

These steps are repeated for each axis. The number of simultaneously
controlled axesis usually one, but it becomes three by setting parameter
JAX (No. 1002#0).

If the feed axis direction selection signal (+J1, =J1, +J2, =J2,...) turnsto
“0" between step (2) and (4) , the tool is stopped at once, and reference
position return is canceled. If the signal turn to “1” again, operation
resumes from step (3) (rapid traverse).

The timing charts for the basic procedures are given below.

JOG or TEACH IN
JOG mode

ZRN

+J1

*DEC1

Grid
ZP1

ir
ZRF1

Feedrate

Rapid traverse rate FL rate

When installing the deceleration limit switch for manua reference
position return, ensure that following conditions are satisfied:

Decelerationlimit  Decelerationlimit
operationposition releaseposition Referenceposition
¥ ¥
Low Lpa
*DEC1
Grid
Feedrate
\
Rapid traverse rate (VR) FL rate (V)
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Servo position error and
one-rotation signal

Grid shift

® | pyw: Deceleration dog width (mm or inch)

Ve(B+ 30 + To + 4V, x Ts
Low > 60 x 1000
VR: Rapid traverse (mm/min or inch/min)
Tr: Rapid traverse time constant (ms)
Ts  Servo time constant (ms)
Vi : FL speed for reference position return (mm/min or inch /min)
® [ pa: Distance between deceleration limit switch released position
and reference position

Lpa: Move amount of 1/2 revolution of motor

Since the above conditions do not include the limit switch operation
variations, this point must also be considered at installation.

To perform the first manual reference position return after power on, the
tool must befedinmanual referenceposition return mode, inthereference
position return direction at aspeed so that the servo position error exceeds
thevalue set in parameter No. 1836. At that time, the tool must crossthe
grid line corresponding to a one—rotation signal from the position
detector.

The servo position error is calculated from the following formula:

Servo position error amount=Fx 1000 , 1, 1

60 G U
F: Feedrate
G: Servo loop gain [s7]]
U: Detection unit [um]

(Example)

Whenthetool isfed at afeedrate F of 6000 mm/minwithaservoloopgain
G of 30 s and a detection unit U of 1 um, the servo position error is
calculated as follows:

Servo position error = 8000 X 1000 , 1 %

60 30
=3,333

By reversing the formulaabove, the following formulagivesthefeedrate
F needed to obtain aservo position error of 128, when the servoloop gain
G is 30 s and the detection unit U is1 um:

128 x 60
F=""T000 * 0

=230 [mm/min]

Therefore, when the servo loop gain is 30 s 1, the detection unitis1 um,
and parameter No. 1836 is set to 128, thetool must befed in thereference
position return direction at a speed of at least 230 mm/min before
completing manual reference position return.

The electronic grid can be shifted by the distance set in parameter 1850,
thus shifting the reference position. The grid shift to be set in the
parameter must not exceed the reference counter capacity (parameter No.
1821) (grid interval).
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Signal

Manual reference
position return selection
signal ZRN <G043#7>

[Classification] Input signal

[Function] This signa selects manual reference position return. Manual reference

position returnisakind of jog feed. Therefor, to select manual reference
position return, it is required that the jog mode be selected and that the
manual reference position return selection signal be set to “1”.

[Operation] When the manual reference position return selection signal issetto “1”,

the control unit performs as described below.

e |f jog feed mode is not selected, the control unit ignores the manual
reference position return selection signal.

e |f jog modeis selected, manual reference position return is enabled.
In this case, the manual reference position return selection check
signal MREF turnsto “1”.

NOTE
If the ZRN status changes state during jog feed, the
feedrate is decelerated to 0. Then, to restart reference
position return or jog feed, turn feed axis and direction
selection signal to “0” then set it to “1".

Manual reference
position return selection
check signal MREF
<F004#5>

[Classification] Output signal

[Function] This signa indicates that manual reference position return has been

selected.

[Output condition] Thissignal turnsto “1” when:

- Manual reference position return has been selected.
The signal turnsto “0” when:
- The selection of manual reference position return has terminated.
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Feed Axis and Direction For details about this signal, see 3.1, “Feed Axisand Direction Selection
Selection Signal Signal”. Only notes on use of reference position return are given, here.
NOTE

The direction of reference position return is set for each axis
by parameter ZMI (No. 1006#5). If the tool is fed opposite
to the preset direction in manual reference position return,
while the deceleration signal is “0”, the tool feeds until the
signal returns to “1”. The reference position return is then
performed automatically in the predetermined direction.

JOG mode or TEACH IN
JOG mode

ZRN

-J1

*DEC1

eid | Y
ZP1
ZRF1

Feedrate

Y

v //_ \[" FLrate

Rapid
traverse
Rapid traverse rate \ rate

NOTE
When reference position return is selected, an axis who has
already completed referencing movement along that axis is
disabled while the reference position return selection signal
(ZRN) is “1". To perform movement again, ZRN must be set
“0”, and the feed axis and direction selection signal must be
reset to “0” and then returned to “1” again.
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Reference position
return deceleration
signals *DEC1 to *DEC4
<X009#0 to #3>

[Classification] Input signal

[Function] Thesesignalsdecelerate thefeedrate for manual reference position return
to alow feedrate (FL).
Deceleration signals are provided for each axis. The number appended
to adeceleration signal represents a controlled axis number.

*DEC 1
1: Reference position return deceleration signal for thefirst axis
2 : Reference position return decel eration signal for the second axis
3: Reference position return decel eration signal for thethird axis

[Operation] For adescription of the control unit response to the deceleration signal,
see the basic procedure for manual reference position return.

Reference position
return end signals ZP1 to
ZP4 <F094#0 to #3>

[Classification] Output signal

[Function] Thesesignalsreport that thetool isat therefernce position on acontrolled
axis.
These siganls are provided for each axis.
The number appended to asignal represents a controlled axis number.

ZP 1

1: Reference position return end signal for thefirst axis
2 : Reference position return end signal for the second axis
3: Reference position return end signal for the third axis

[Output condition] These signalsare set to “1” when:

® Manual reference position returnsis completed, and the axis position
isin the in—position area.

® Automatic reference position return (G28) is completed, and the axis
position isin the in—position area.

® Reference position return check (G27) is completed, and the axis
position isin the in—position area.

These signals turn to “0”when:

® Thetool has moved from the reference position.
® Anemergency stop is applied.
® A servoadarmisraised.
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Reference position
establishment signal
ZRF1 to ZRF4

<F120#0 to #3> [Classification] Output signal

[Function] Notify the system that the reference position has been established.
A reference position establishment signal is provided for each axis. The

number appended to each signal indicates the number of the controlled
axis.

ZRF 1
1: 1st—axisreference position establishment signal

2: 2nd—axisreference position establishment signal
3: 3rd—axisreference position establishment signal

[Output condition] The signals are set to 1 in the following case:

- When the reference position is established after manual reference
position return

- When the reference position is established using the absolute—position
detector at initial power—on

The signals are set to 0 in the following case:

- When the reference position is lost

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| X009 | | | | | *DEC4 | *DEC3 | *DEC2 *DEC1|
#7 #6 #5 #4 #3 #2 #1 #0
[ G043 | | ZRN | | | | | | | |
#7 #6 #5 #4 #3 #2 #1 #0
| Foos | | | | MREF | | | | | |
| F094 | | | | | | ZP4 | ZP3 | zZP2 | ZP1 |
| F120 | | | | | | ZRF4 | ZRF3 | ZRF2 | ZRF1 |
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 002 | | | | | | | | | x|

[Datatype] Bit

JAX Number of axes controlled simultaneoudly in JOG feed, manual rapid
traverse and manual reference position return
0: laxis
1: 3axes
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#7 #6 #5 #4 #3 #2 #1 #0
[ 2005 | | | | | | | | | zRne |

[Datatype] Bit axis
ZRNx When acommand specifying the movement (except for G28) isissued in
automatic operation (MEM, RMT, or MDI) before referencing is
completed (after power on)

0: Analarmisgenerated. (P/S alarm 224).
1: Noaarmisgenerated.

#7 #6 #5 #4 #3 #2 #1 #0
[ 2006 | | | | 2w | | | | | |

NOTE
When this parameter is changed, you must power down the

control before continuing.

[Datatype] Bit axis
ZMIx Thedirection of reference position return
0: Positive direction
1: Negative direction

#7 #6 #5 #4 #3 #2 #1 #0
[ 2201 ] | | | | | |z | | |

[Datatype] Bit
ZCL Loca coordinate system when the manual reference position return is
performed

0: Theloca coordinate system is not canceled.
1: Theloca coordinate system is canceled.

1240 Coordinate value of the reference position on each axis in the machine
coordinate system

NOTE
After setting this parameter, turn the power off, then on
again so that the setting will take effect.

[Datatype] Two-word axis
[Unit of data]

Increment system IS-A 1IS-B IS-C Unit
Millimeter machine 0.01 0.001 0.0001 mm
Inch input 0.001 0.0001 0.00001 inch
Rotation axis 0.01 0.001 0.0001 deg
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[Valid data range] —99999999 to 99999999

Set the coordinate values of the reference positions in the machine
coordinate system.

#7 #6 #5 #4 #3 #2 #1 #0
[ 1300 | | | R | | | | | | |
[Datatype] Bit
LZR Checking of stored stroke limit 1 during the time from power—on to the
manual reference position return
0: Thestroke limit 1 is checked.
1: Thestroke limit 1 isnot checked
#7 #6 #5 #4 #3 #2 #1 #0
| 1401 | JZR
[Datatype] Bit
JZR The manual reference position return at JOG feedrate
0: Not performed
1: Performed
| 1425 | | FL rate of the reference position return for each axis

[Datatype] Word axis

[Unit of data]

[Valid data range]

#7

Valid data range
Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 — 15000 6 — 12000
Inch machine 0.1inch/min 6 — 6000 6 — 4800
Rotaion axis 1 deg/min 6 — 15000 6 — 12000

Set feedrate (FL rate) after decel erationwhenthereferencepositionreturn
is performed for each axis.

#6 #5 #4 #3 #2 #1 #0

| 1800 | |

| | [ I Jomr] | |

[Datatype]

Bit

OZR When manua reference position return is attempted in the halt state

during automatic operation (feed hold stop state) under any of the
conditions listed below:

0: Manual referencepositionreturnisnot performed, with P/Salarm No.
091.

1: Manua reference position return is performed without an alarm
occurring.

< Conditions >

® \When thereis aremaining distance to travel.

® When an auxiliary function (miscellaneous function, spindle-speed
function, tool function) is being executed.

® \When adwell or cycle such as a canned cycle is being executed.
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| 1821 | |

Reference counter size for each axis

[Datatype]
[Valid data range]

Two—word axis
0 to 99999999
Set the size of the reference counter.

To set the size of the reference counter, specify the grid interval for the
reference position return in the grid method.

Size of the reference counter = __ 9ridinterval

detection unit

Grid interval = the amount of travel per rotation of the pulse coder

NOTE
When this parameter has been set, the power must be
turned off before operation is continued.

| 1836 | |

Servo error amount where reference position return is possible

[Datatype]
[Unit of data]
[Valid data range]

Byte axis
Detection unit
Oto 127

Thisparameter setsthe servo error used to enabl ereferencepositionreturn
in manual reference position return.

In general, set this parameter to 0. (When O isset, 128 is assumed asthe
default.)

WARNING
When bit O of parameter No. 2000 is set to 1, a value ten
times greater than the value set in this parameter is used to
make the check.

Example:  When the value 10 is set in this parameter, and bit O of
parameter No. 2000 is set to 1, reference position return
operationisenabledwhenaservo error of 100 or moreoccurs.

| 1850 | |

Grid shift for each axis |

[Datatype]
[Unit of data]
[Valid data range]

Two—word axis

Detection unit

—99999999 to 99999999

A grid shift is set for each axis.

To shift thereference position, the grid can be shifted by theamount setin
this parameter. Up to the maximum value counted by the reference
counter can be specified as the grid shift.
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NOTE
When this parameter has been set, the power must be
turned off before operation is continued.

#7 #6 #5 #4 #3 #2 #1 #0
[ 3003 | | | | oec | | | | | |

[Datatype] Bit
DEC Decderation signa (*DEC1 to *DEC4) for manua reference position
return

0: Deceleration is applied when the signal is 0.
1: Deceleration is applied when the signa is 1.

Alarm and message

Number Message Description

090 REFERENCE RETURN 1. The reference position return can-
INCOMPLETE not be performed normally be-
cause the reference position re-
turn start point is too close to the
reference position or the speed is
too slow. Separate the start point
far enough from the reference
position, or specify a sufficiently
fast speed for reference position
return.

2. During reference position return
with the absolute—position detec-
tor, if this alarm occurs even
though condition 1 is satisfied, do
the following:

After turning the servo motor for
the axis at least one turn, turn the
power off and then on again.
Then perform reference position

return.
091 REFERENCE RETURN Manual reference position return can-
INCOMPLETE not be performed in the feed hold state.

Perform a manual reference position
return in the automatic operation stop
state or reset state.

224 RETURN TO Not returned to reference point before
REFERENCE POINT cycle start. (Only when parameter
ZRNx (No. 1005#0).

Do reference position return.
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Reference item

Series 0i—-C

OPERATOR’S MANUAL
(M series) (B—64124EN)

1.3.1

MANUAL REFERENCE
POSITION RETURN

OPERATOR’S MANUAL
(T series) (B-64114EN)

1.3.1

MANUAL REFERENCE
POSITION RETURN

Series 0i Mate-C

OPERATOR’S MANUAL
(M series) (B—64144EN)

1.3.1

MANUAL REFERENCE
POSITION RETURN

OPERATOR’S MANUAL
(T series) (B—64134EN)

1.3.1

MANUAL REFERENCE
POSITION RETURN
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4.2

SETTING THE
REFERENCE
POSITION WITHOUT
DOGS

General

Basic Procedure for Setting
the Reference Position
Without Dogs

This function moves each axisin the manual continuous feed mode near
thereference position. It then setsthe reference position in the reference
position return mode without the deceleration signal for reference
position return. Thisisdone by setting the feed axis and direction select
signal to “1”. With this function, the machine reference position can be
set at a given position without installing the limit switches for reference
position return.

If the absolute-position detector is provided, the set reference position is
retained after the power is turned off. In this case, when the power is
turned on again, there is no need for setting the reference position again.

(1) Feed the tool, along the axis for which the reference position isto be
set, by manua continuous feed in the reference position return
direction. Stop thetool near the reference position, but do not exceed
the reference position.

(2) Enter manual reference position return mode, then set 1 for the feed
axis direction selection signal (for the positive or negative direction)
for the axis.

(3) The CNC positions the tool to the nearest grid line (based on
one—rotation signals from the position detector) in the reference
position return direction specified with bit 5 (ZM1x) of parameter No.
1006. The point at which thetool ispositioned becomesthereference
position.

(4) The CNC checks that the tool is positioned to within the in—position
area, then sets the completion signal for reference position return and
the reference position establishment signal to 1.

The timing chart for the basic elements constituting steps (2) to (4) is
shown below.
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Servo position error and

one—rotation signal

Grid shift

Reference position
return

Manualreference
positionreturn
mode

+J1or-J1

Grid

ZP1

ZRF1

Feedrate

FL rate

Thefollowing figure showsthe positional relation between the reference
position and the point to which the tool is positioned by manua
continuous feed.

—direction +direction
° o ° °

Grlid A} Position

after jog feed
@ - - - Reference position for reference position return in the negative direction
__ _ Reference position for reference position return in the positive direction

To set the reference position without dogs, when the reference position
has not yet been established. Thetool must be fed, in manual continuous
feed mode, in the reference position return direction at such a speed that
the servo position error exceedsthe value set in parameter No. 1836. The
tool must crossthe grid line corresponding to a one—rotation signal from
the position detector.

Section 4.1 explains how to calculate the servo position error.

To shift the reference position, the grid can be shifted by the distance set
in parameter No. 1850. The grid shift to be set in the parameter must not
exceed the reference counter capacity (parameter No. 1821).

When the feed axis and direction selection signal is set to 1 in manual
reference position return mode after the reference position has been
established, the tool is positioned to the reference position regardl ess of
the direction specified by thefeed axisand direction selection signal. The
completion signal for reference position return is then set to 1.
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Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 002 | | | | | | | | oz | aax |

[Datatype] Bit

JAX Number of axes controlled simultaneously in manual continuous feed,
manual rapid traverse and manual reference position return
0: laxis
1: 3axes

DLZ Function for setting the reference position without dog (all axes)
0: Disabled
1: Enabled

NOTE
Bit 1 of parameter N0.1002 (DLZ) is used to make common
settings for all axes.
This function can be specified for each axis by DLZx, bit 1
of parameter No. 1005.

#7 #6 #5 #4 #3 #2 #1 #0
| 1005 | | | | | | | | DLZx | ZRNXx |

[Datatype] Bit axis
ZRNx When acommand specifying the movement (except for G28) isissued in
automatic operation (MEM, RMT, or MDI) and when a return to the
referenceposition hasnot been performed sincethe power hasbeenturned
on
0: Anaam isgenerated (P/S darm 224).
1: Anaarmisnot generated.

DLZx Function for setting the reference position without dogs (each axis)
0: Disabled
1: Enabled

NOTE
Bit 1 of parameter No.1005 (DLZx) is used to make settings
for each axis.
When DLZ of parameter No. 1002#1 is 0, DLZx is enabled.
When DLZ of parameter No. 1002#1 is 1, DLZx is disabled,
and the function for setting the reference position without
dogs is enabled for all axes.

#7 #6 #5 #4 #3 #2 #1 #0
[ 2006 | | | | 2w | | | | | |

NOTE
When this parameter is changed, turn off the power before
continuing operation.
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[Datatype]
ZMIx

Bit axis

The direction of reference position return and the direction of initial
backlash at power—on

0: Positive direction

1: Negative direction

#7 #6 #5 #4 #3 #2 #1 #0
[ 2o | | | | | | [z | | |
[Datatype] Bit
ZCL Loca coordinate system when the manual reference position return is

performed

0: Theloca coordinate system is not canceled.
1: Theloca coordinate system is canceled.

1240

Coordinate value of the reference position on each axis
in the machine coordinate system

[Data type]
[Unit of data]

[Valid data range]

NOTE
After setting this parameter, turn the power off then on again
so that the setting will take effect.

Two—word axis

Increment system IS-A 1IS-B IS-C Unit
Millimeter machine 0.01 0.001 0.0001 mm
Inch input 0.001 0.0001 0.00001 inch
Rotation axis 0.01 0.001 0.0001 deg
—99999999 to 99999999

Set the coordinate values of the reference positions in the machine
coordinate system.

#7 #6 #5 #4 #3 #2 #1 #0
[ 1300 | | | =R | | | | | | |
[Datatype] Bit
LZR Checking of stored stroke limit 1 during the time from power—on to the

manual position reference return
0: The stroke limit 1 is checked.
1. Thestroke limit 1 isnot checked
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| 1425 | |

FL rate of the reference position return for each axis

[Datatype] Word axis

[Unit of data]
[Valid data range]

Valid data range
Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 — 15000 6 — 12000
Inch machine 0.1 inch/min 6 — 6000 6 — 4800
Rotaion axis 1 deg/min 6 — 15000 6 — 12000

Set feedrate (FL rate) after decelerationwhenthereferencepositionreturn
is performed for each axis.

#6 #5 #4 #3 #2 #1 #0

| 1800 | |

| | [ I Jomr] | |

[Data type]

Bit

OZR When manual reference position return is attempted in feed hold during

automatic operation under any of the conditions listed below:

0: Manual referencepositionreturnisnot performed, with P/Salarm No.
091.

1. Manua reference position return is performed without an alarm
occurring.

< Conditions >
® \When thereis aremaining distance to travel.

® When a auxiliary function (miscellaneous function, spindle-speed
function, tool function, B function) is being executed.

® \When adwell or cycle such as a canned cycle is being executed.

| 1821 | |

Reference counter size for each axis |

[Datatype]
[Valid data range]

Two—word axis
0 to 99999999
Set the size of the reference counter.

To set the size of the reference counter, specify the grid interval for the
reference position return in the grid method.

grid interval
detection unit

Size of thereference counter =

Grid interval = the amount of travel per rotation of the pulse coder

NOTE
When this parameter has been set, the power must be
turned off before operation is continued.
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| 1836 | |

Servo error amount where reference position return is possible

[Data type]
[Unit of data]
[Valid data range]

Byte axis
Detection unit
0to 127

Thisparameter setsthe servo error used to enabl ereferencepositionreturn
in manual reference position return.

In general, set this parameter to 0. (When O isset, 128 is assumed asthe
default.)

WARNING
When bit O of parameter No. 2000 is set to 1, a value ten
times greater than the value set in this parameter is used to
make the check.

Example:  When the value 10 is set in this parameter, and bit O of
parameter No. 2000 is set to 1, reference position return
operationisenabledwhenaservo error of 100 or moreoccurs.

| 1850 | |

Grid shift for each axis |

[Datatype]
[Unit of data]
[Valid data range]

Two—word axis

Detection unit

—99999999 to 99999999

A grid shift is set for each axis.

To shift thereference position, the grid can be shifted by theamount setin
this parameter. Up to the maximum value counted by the reference
counter can be specified as the grid shift.

NOTE
When this parameter has been set, the power must be
turned off before operation is continued.
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Alarm and message

Number

Message

Description

090

REFERENCE RETURN
INCOMPLETE

1. The reference position return can-
not be performed normally because
the reference position return start
point is too close to the reference
position or the speed is too slow.
Separate the start point far enough
from the reference position, or
specify a sufficiently fast speed for
reference position return.

2. During reference position return

with the absolute—position detector,
if this alarm occurs even though
condition 1 is satisfied, do the fol-
lowing:
After turning the servo motor for the
axis atleastoneturn, turn the power
off and then on again. Then per-
form reference position return.

091

REFERENCE RETURN
INCOMPLETE

Manual reference position return can-
not be performed in the feed hold state.
Perform a manual reference position
return in the automatic operation stop
state or reset state.

224

RETURN TO
REFERENCE POINT

Not returned to reference position before
cycle start. (Only when parameter ZRNx
(No. 1005#0) =0).

Do reference position return.

Note

NOTE

P/S alarm No. 090 is issued when G28 is specified and the
reference position has not yet be established.
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4.3
REFERENCE
POSITION SHIFT

General

When reference position return is performed using the grid method, the
reference position can be shifted by a parameter—set distance without
having to move the deceleration dog.

Thisfunctionis enabled by setting bit 2 of parameter No. 1002 (SFD) to
1. When distance L get, (shown below,) is set in parameter No. 1850, the
reference position can be shifted.

Distance Lpgec, (shown below,) for the axis which reference position
returnwaslast performedisindicated onthediagnostic screen (No. 0302).

Direction of reference
position return

ﬁ
Lbec LsFr |
Deceleration dog 1
I —
) T _ Reference
Grid point position

® How to adjust the
reference position

Lser: Reference position shift amount
Lpec: Distance from the position where the deceleration dog is turned
off to the first grid point (grid point when the shift amount is O)

(1) Set the SFD bit (bit 2 of parameter No. 1002) to 1, and set thereference
position shift amount to 0. Then, perform reference position return.

Direction of reference position return

ﬁ
Lpec Lser |
Deceleration dog >
@
I I T
T T Reference position
Grid point Stop position

After the deceleration dog is turned off, the tool stops when the first
grid point is reached. Distance Lpgc is indicated on the diagnostic
screen (No. 0302).

(2) Determine the distance Lgrr (reference position shift amount) from
the stop position to the reference position, and set it in parameter No.
1850.

This compl etes the adjustment of the reference position.
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(3) Perform reference position return again. The tool stops when it
reaches the reference position.

Direction of reference position return
Deceleration dog
&
| |
T T
Grid point Reference position
(stop position)
Parameter
#7 #6 #5 #4 #3 #2 #1 #0

[ 002 | | | | | | | sFo | | |

[Datatype] Bit
SFD The function for shifting the reference position is

0: Not used
1: Used

| 1850 | | Reference position shift for each axis

[Datatype] Two—word axis
[Unit of data] Detection unit
[Valid data range] —99999999 to 99999999
A reference position shift is set for each axis.

CAUTION
When bit 2 of parameter No. 1002, SFD, is set to 0, this
parameter is used for reference position shift.

NOTE
When this parameter has been set, the power must be
turned off before operation is continued.
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Alarm and message

® Diagnostic display

0302 Distance from the position where the deceleration dog
is turned off to the first grid point

[Datatype] Two-word axis
[Unit of data] 0.001 mm (metric output), 0.0001 inch (inch output)
[Valid data range] —99999999 to 99999999

Note

NOTE

1 The reference position can be shifted only in the direction
of reference position return.

2 When the SFD bit (bit 2 of parameter No. 1002) is 0, only the
distance from the position where the deceleration dog is
turned off to the first grid point (the grid point after grid shift)
is indicated.
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4.4
REFERENCE
POSITION RETURN

General The G28 command positions the tool to the reference position, via the
specified intermediate point, then setsthe completion signal for reference
position return (see Section 4.1) to 1.
The reference position must be set in parameter No. 1240 (with the
coordinates specified in the machine coordinate system,) before issuing
the G28 command.
Thetool movesto theintermediate point or reference position at therapid
traverserate.
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
[ 005 | | | [ 2w | | | | | |
NOTE
After setting this parameter, turn the power off then on again
so that the setting will take effect.
[Datatype] Bit axis
ZMIx The direction of reference position return and the direction of initia
backlash at power—on
0: Positive direction
1: Negative direction
1240 Coordinate value of the reference position on each axis in the machine
coordinate system
NOTE
After setting this parameter, turn the power off then on again
so that the setting will take effect.
[Datatype] Two—word axis

[Unit of data]

Increment system IS-A 1IS-B IS-C Unit
Millimeter machine 0.01 0.001 0.0001 mm
Inch machine 0.001 0.0001 0.00001 inch
Rotation axis 0.01 0.001 0.0001 deg

[Valid data range] —99999999 to 99999999

Set the coordinate values of the reference positions in the machine
coordinate system.
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Alarm and message

Number Message Description
405 SERVO ALARM: Position control system fault. Due to
(WRONG ZRN) an CNC or servo system fault in the

reference position return, there is a
possibility that reference position re-
turn could not be executed correctly.
Try the manual reference position re-
turn again.

Caution

CAUTION

1 The toolis moved from the intermediate point in a sequence
similar to manual reference position return, if the G28
command is issued in the following cases:

When the reference position has not yet been
established
When the input increment (millimeter/inch) is changed at
a position other than the reference position
In these cases, the tool leaves the intermediate point in the
reference position return direction specified with bit 5 (ZMIx)
of parameter No. 1006. The intermediate point must be
specified at a position from which reference position return
is possible.

2 If the G28 command is issued in the machine lock status,
the completion signal for reference position return is not set
to 1.

3 If millimeter input is selected for an inch—system machine,
the completion signal for reference position return may be
set to 1, even when the programmed tool position deviates
from the reference position by the least input increment.
This is because the least input increment is smaller than the
least command increment for the machine.

Reference item

OPERATOR'’'S MANUAL

(M series) (B-64124EN) 1.6 REFERENCE POSITION
Series 0i—C

OPERATOR'’'S MANUAL

(T series) (B—64114EN) 1.6 REFERENCE POSITION

OPERATOR'’'S MANUAL

(M series) (B-64144EN) 1.6 REFERENCE POSITION
Series 0i Mate-C

OPERATOR'’'S MANUAL

(T series) (B—64134EN) 1.6 REFERENCE POSITION
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4.5

2ND REFERENCE
POSITION
RETURN/3RD, 4TH
REFERENCE
POSITION RETURN

General

The G30 command positions the tool to the 2nd, 3rd, or 4th reference
position, viathe specified intermediate point. It then setsthe completion
signal for 2nd, 3rd, or 4th reference position return to 1.

Beforeissuing the G30 command, The 2nd, 3rd, or 4th reference position
must be set in parameter No. 1241, 1242, or 1243 with coordinatesin the
machine coordinate system.

The tool moves to the intermediate point or 2nd, 3rd, or 4th reference
position at the rapid traverse rate.

Return to the 2nd, 3rd, or 4th reference position can be performed only
after the reference position has been established.

Signal

Second reference
position return end
signals ZP21 to ZP24
<F096#0 to #3>

Third reference position
return end signals ZP31
to ZP34 <F098#0 to #3>
Fourth reference
position return end
signals ZP41 to ZP44
<F100#0 to #3>

[Classification] Output signal

[Function] Thesecond, third, and fourth reference position end signal sreport thetool

isat the second, third, and fourth reference positions on acontrolled axis.
These signals are provided for axes in a one-to —one correspondence. A
numeric character appended to the end of asignal representsacontrolled
axis number, and a numeric character immediately following ZP
represents a reference position number.
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ZP21

— 1 :Return end signal for the first axis

2 : Return end signal for the second axis
3 : Return end signal for the third axis

N

: Second reference position return
: Third reference position return
4 : Fourth reference position return

w

[Output condition] These signalsturnto “1” when:

® The second, third, or fourth reference position return (G30) is
completed, and the current position is in the in—position area.

These signals turnto “0” when:

® Thetool moved from the reference position.

® Anemergency stop is applied.

® A servoadarmisraised.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| Foos | | | | | | zp2a | zP23 | zP22 | zP21 |
| Foos | | | | | | zp3a | zP33 | zP32 | zP31 |
| F100 | | | | | | ZP44 | ZP43 | ZP42 | ZP41 |

Parameter
|i| Coordinatevalue of the second reference position on each axis

in the machine coordinate system

1242 Coordinate value of the third reference position on each axis
in the machine coordinate system

1243 Coordinate value of the fourth reference position on each axis
in the machine coordinate system

[Datatype] Two—word axis

[Unit of data] | Increment system IS-A IS-B Is-C Unit
Millimeter machine 0.01 0.001 0.0001 mm

Inch input 0.001 0.0001 0.00001 inch

Rotation axis 0.01 0.001 0.0001 deg

[Valid data range] —99999999 to 99999999

Set the coordinate values of the second—fourth reference positionsin the
machine coordinate system.
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Alarm and message

Number Message Description

046 ILLEGAL REFERENCE RE- Other than P2, P3 and P4 are commanded
TURN COMMAND for 2nd, 3rd and 4th reference position re-
turncommand.

Correctprogram.

Caution

CAUTION

1 If the G30 command is issued in machine lock status, the
completion signal for 2nd, 3rd, or 4th reference position
return is not set to 1.

2 If millimeter input is selected for an inch—system machine,
the completion signal for 2nd, 3rd, or 4th reference position
return may be set to 1, even when the programmed tool
position deviates from the 2nd, 3rd, or 4th reference position
by the least input increment. This is because the least input
increment is smaller than the least command increment for
the machine.

Reference item

OPERATOR'’'S MANUAL

(M series) (B—64124EN) 1.6 REFERENCE POSITION
Series 0i—-C

OPERATOR'’'S MANUAL

(T series) (B—64114EN) 1.6 REFERENCE POSITION

OPERATOR'’'S MANUAL

(M series) (B—64144EN) 1.6 REFERENCE POSITION
Series 0i Mate-C

OPERATOR'’'S MANUAL

(T series) (B-64134EN) 1.6 REFERENCE POSITION
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4.6

BUTT-TYPE
REFERENCE
POSITION SETTING

General

This function automates the procedure of butting the tool against a
mechanical stopper on an axisto set areference position. The purpose of
thisfunctionisto eliminatethevariationsin reference position setting that
arise depending on the operator, and to minimize work required to make
fine adjustments after reference position setting.

Select the axis for which the reference position is to be set, then perform
cyclestart. Then, the following operations are performed automatically:

1. Thetorque (force) of the selected axisis reduced to make the butting
feedrateconstant, and thetool isbutted agai nst themechanical stopper.
Then, the tool is withdrawn a parameter—set distance from the
mechanical stopper.

2. Again, the torque (force) of the selected axis is reduced, and the tool
is butted against the mechanical stopper. Then, thetool iswithdrawn
a parameter—set distance from the mechanical stopper.

3. Thewithdrawal point on the axisis set as the reference position.

Basic procedure for
butt-type reference
position setting

(1) First, set the parameters required for butt-type reference position
Setting.

ZMIx, bit 5 of parameter (No. 1006):  Direction of reference
position setting

Parameter No. 7181: Withdrawal distance

Parameter No. 7182: Reference position setting
distance

Parameter No. 7183: Butting feedrate 1

Parameter No. 7184: Butting feedrate 2

Parameter No. 7185: Withdrawal feedrate in
reference position setting

Parameter No. 7186: Torque limit

(2) Select manual reference position return mode.

(3) By using a manual handle feed axis select signal, select the axis on
which the reference position is to be set.

(4) Perform cycle start.
This starts the cycle operation for reference position setting.

(5) During the cycle operation, the automatic operation start signal OPis
1.
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Cycle operation

When no reference position has been set (APZX, bit 4 of parameter No.
1815, is0), operations (A) to (E), below, are performed automatically to
set areference position.

Mechanical ? ~~~~~~~~T ~
stopper /

Current position

(A)Thetool ismoved along aspecified axiswith alimited torque until
it butts against the mechanical stopper.

The tool is moved in the direction specified with ZMIx (bit 5 of
parameter No. 1006), at the feedrate specified with parameter No.
7183, at the torque specified with parameter No. 7186 (until the
tool strikes the mechanical stopper).

/

Mechanical /
stopper

The direction, feedrate, and torque
are specified with parameters.

(B)After thetool strikesthe mechanical stopper, thetool iswithdrawn
in the direction opposite to the butting direction, along the axisfor
a parameter—set distance.

The tool is moved in the direction opposite to that specified with
ZMIx (bit 5 of parameter No. 1006), at the feedrate specified with
parameter No. 7185, for the distance specified with parameter No.
7181.

/

Mechanical ? lil
stopper / ~~~~~~~~~ ~

The direction, feedrate, distance,
and torque are all specified with pa-
rameters.

(C)Operations (D) and (E) are performed from the withdrawal point,
such that the tool is butted against the mechanical stopper at a
constant feedrate in reference position setting.

(D)Thetool moves along the specified axis at a specified torque until
it butts against the mechanical stopper.

The tool moves in the direction specified with ZMIx (bit 5 of
parameter No. 1006), at the feedrate specified with parameter No.
7184, at the torque specified with parameter No. 7186 (until the
tool strikes the mechanical stopper).
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/

Mechanical /

stopper /
% <

The direction, feedrate, and torque
are all specified with parameters.

(E)After the tool strikes the mechanical stopper end on the axis, the

tool iswithdrawn in the direction opposite to the butting direction,
along the axis for a parameter—set distance.
The tool is moved in the direction opposite to that specified with
ZMIx (bit 5 of parameter No. 1006), at the feedrate specified with
parameter No. 7185, for the distance specified with parameter No.
7182.

/ Reference position

Mechanical ?
stopper / ~~~~~~~~~ ~

The direction, feedrate, distance,
and torque are all specified with pa-
rameters.

For parameter Nos. 7183 and 7184, set the feedrates at which the
tool ismoved toward the mechanical stopper with alimited torque,
considering the machine accuracy.

After the tool strikes the mechanical stopper, and the tool is
withdrawn the distance specified with parameter No. 7182, the
withdrawal point is set as the reference position on the specified
axis. Then, the reference position return end signal and reference
position establishment signal are set to 1.

After reference position return has been completed, alarm PS000
is issued. Turn the power off then back on before continuing
operation.
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After the reference
position is set

When the reference position has aready been set (when APZx, bit 4 of
parameter No. 1815, is 1), performing butt—typereferenceposition setting
causes the tool to be positioned to the reference position at the rapid
traverse rate without the cycle operation.

positioning, the reference position return end signal is set to 1.

The timing chart for the cycle operation is shown below.

Manual reference position
return mode

N

Manual handle feed axis select
signals HS1A to HS1D

|

Automatic operation start
signal ST

Cycle operation

Automatic operation signal

OoP

Reference position return end
signals ZP1 to ZP4

Torque limit 100%

|
|
|
|
|
v N%

| 100%

Axis feedrate

Torque limit reach signals for

Withdrawal
direction

|
|
IrI

butt-type reference position set-
ting CLRCH1 to CLRCH4

N%: Torque limit (%) specified with parameter No. 7186 (%)
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Signal

Torque limit reach
signals for butt-type
reference position
setting CLRCHL1 to
CLRCH4 <F180#0 to #3>
[Classification] Output signal

[Function] Thesesignalsare used to post notification of the torque limit having been

reached for each corresponding axis during cycle operation for butt-type
reference position setting.

[Operation] Each signal is set to 1 when:

- The torque limit is reached for the corresponding axis during cycle
operation for butt—type reference position setting.

Each signal is set to 0 when:

- Thetorque limit is not reached for the corresponding axis during cycle
operation for butt-type reference position setting.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| F180 | | | | | | CLRCH4| CLRCH3| CLRCH2| CLRCHll
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 006 | | | |z | | | | | |
NOTE

When this parameter is changed, turn off the power before
continuing operation.

[Datatype] Bit axis
ZMIx The direction of reference position return and the direction of initia
backlash at power—on.
0: Positive direction
1: Negative direction

| 7181 | | Firstwithdrawal distance in butt—type reference position setting

[Datatype] 2-word axis

[Unit of data] Increment system IS-A IS-B IS-C Unit
Millimeter machine 0.01 0.001 0.0001 mm
Inch machine 0.001 0.0001 | 0.00001 inch
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[Valid data range] —99999999 to 99999999

When the butt—type reference position setting function is used, this
parameter setsadistanceon an axis, along whichwithdrawal isperformed
after the mechanical stopper is hit (distance from the mechanical stopper
to the withdrawal point).

NOTE
Set the same direction as the direction set for ZMIXx, bit 5 of
parameter No. 1006. If the opposite direction is set, the
cycle operation will not start.

| 7182 | |

Secondwithdrawal distance in butt—type reference position setting

[Datatype]
[Unit of data]

[Valid data range]

2-word axis
Increment system IS-A 1IS-B IS-C Unit
Millimeter machine 0.01 0.001 0.0001 mm
Inch machine 0.001 0.0001 | 0.00001 inch
—99999999 to 99999999

When the butt—type reference position setting function is used, this
parameter setsadistanceon an axis, along whichwithdrawal isperformed
after the mechanical stopper is hit (distance from the mechanical stopper
to the withdrawal point).

NOTE
Set the same direction as the direction set for ZMIXx, bit 5 of
parameter No. 1006. If the opposite direction is set, the
cycle operation will not start.

| 7183 | |

First butting feedrate in butt—type reference position setting

[Datatype]

[Unit of data]
[Valid data range]

Word axis
. Valid data range
Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 30-15000 30-12000
Inch machine 0.1inch/min | 30-6000 30-4800

When the butt—type reference position setting function is used, this
parameter sets the feedrate first used to hit the stopper on an axis.

| 7184 | |

Second butting feedrate in butt—type reference position setting |

[Datatype]

[Unit of data]
[Valid data range]

Word axis
. Valid data range
Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 30-15000 30-12000
Inch machine 0.1 inch/min | 30-6000 30-4800
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When the butt—type reference position setting function is used, this
parameter setsthe feedrate used to hit the stopper on an axisfor a second
time.

7185 Withdrawal feedrate (common to the first and second butting operations)
in butt—type reference position setting)

[Datatype] Word axis

[Unit of data] . Valid data range
i Increment system Unit of data
[Valid data range] IS-A, IS-B IS-C
Millimeter machine 1 mm/min 30-15000 30-12000
Inch machine 0.1 inch/min | 30-6000 30-4800

When the butt—type reference position setting function is used, this
parameter sets the feedrate used for withdrawa along an axis after the
mechanical stopper has been hit.

| 7186 | | Torque limit value in butt—type reference position setting |

[Datatype] Byte axes
[Unit of data] %
[Valid data range] Oto 100

This parameter sets a torque limit value in butt—type reference position
Setting.

NOTE
When 0 is set in this parameter, 100% is assumed.

Alarm and message

Number Message Contents
000 PLEASE TURN OFF POWER | A parameter which requires the
power off was input, turn off
power.
Note
NOTE

This function is supported only when an absolute—position
detector is installed.
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4.7

LINEAR SCALE I/F
WITH ABSOLUTE
ADDRESS
REFERENCED MARK
(A/B PHASE)/LINEAR
SCALE WITH
DISTANCE-CODED
REFERENCE MARKS
(SERIAL)

Outline

Linear scale I/F with
absolute address
referenced mark (A/B
phase)

By using optional function "Linear scale I/F with absolute address
referenced mark”, we can use "Linear scale I/F with absolute address
referenced mark (A/B phase)”, and "Linear scale with distance—coded
reference marks (serial)”

The interval of each reference marks of linear scale I/F with absolute
address referenced mark (A/B phase) are variable. Accordingly, if the
interval isdetermined, the absol ute position can be determined. The CNC
measurestheinterval of referencemarks by axis moving of short distance
and determines the absolute position. Consequently the reference
position can be established without moving to reference position.

Reference Reference
mark 1 mark 2 Mark 1 Mark 2 Mark 1
1002 _, 10.04
« V.l « Vel
P 20.02
Y 7
P 20.00 P 20.00
Y ’l‘

Fig. 4.7(a) Example of linear scale I/F with absolute address referenced
mark (A/B phase)
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Linear scale with The basic structure of Linear scale with distance—coded reference marks
distance—-coded (serial) is same as A/B—phase scale (Linear scale with absolute address
reference marks (serial) referenced mark). But this scale differs from A/B—phase in point of

circuit. High—resolution seria output circuit is used.
This serial output signal enables high—speed high—precision detection.

Both linear motor system and full closed system are available.

[Connection image]

Pole sensor .
Linear motor

CNC Servo Linear Motor 4_[
il Amp “—| Pposition Detection

Circuit CC D — |

f max. 30m

Linear scale with distance—

coded reference marks
(serial type)

\
CNC | | servo [
AP Table
Separate
' Detector |«— High Resolution 4%—1 |
Interface Serial Output
Unit Circuit C
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Specifications (linear
scale I/F with absolute
address referenced mark
(A/B phase))

Procedure for reference
position establishment

(1) Select the JOG mode, and set the manual reference position return
selection signal ZRN to "1”.

(2) Set a direction selection signal (+J1,-J1,+J2,—12,...) for atarget axis.

(3) The axisisfed at a constant low speed (reference position return FL
feedrate specified by parameter (N0.1425) setting).

(4) When areference mark is detected, the axis stops, then the axisisfed
at a constant low speed again.

(5) Above (4) is executed repeatedly until two or three or four reference
marks are detected. And absolute position isdetermined and reference
position establishment signal (ZRF1,ZRF2,ZRF3,+ _...)turnsto”1".
The number of reference marksto be detected isdefined by parameter
No0.1802.

The axis does not stop and reference position establishment is proceeded

evenif thefeed axisdirection selection signal (+J1,-J1,+J2,—12,...) turns

to " 0" between step (2) and (5).

The timing chart for this proceduresis given below.

JOG

ZRN

+J1

Reference mark

ZRF1

Feedrate

FL rate FL rate FL rate

Fig. 4.7(b) Timing chart for reference position establishment
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Simple synchronous

axis

The function is available for only FS16i/18i/21i-MB,18i—-M B5.
When the function is applied for simple synchronous axis, the following
condition should be kept.

(1) Linear scale I/F with absolute address referenced mark (A/B phase)
with the same reference marks at intervals should be applied for the
master axis and the slave axis.

(2) The master axis scale and the dlave axis scale should be installed in
paralel direction. (The zero positions should be faced the same
direction.)

(3) To the parameters, which relates to this function (except No.1883,
No0.1884), the same value must be set for the master axis and for the
slave axis.

(4) During operating the establishment of reference position, the state of
selecting the manual feed axisfor simple synchronous control signals
(SYNCJIn<G0140>) should be kept.

Procedure for Reference Position Establishment by synchronous axis is

as follows.

— When either reference mark of the master axis or the save axis is
detected, the both axes stop. And the both axes are fed again at a
Reference Position Return FL Feedrate.

— Theabove mentioned operationsare repeated until the master axisand
the slave axis detect enough (3 or 4) reference marks.

— Absolute position of both axes are calculated and Reference Position
Establishment Signal (ZRF1,ZRF2,...) turnsto "1".

(Example of 3 points measurement system)

Master axis

Slave axis

Scale end Reference mark

Start point End point

N Lt el |

@ (b (©)

In the above example, the following sequence is executed.

a. Whenthereferencemark (1) of themaster axisisdetected, both master
axis and slave axis stop.

b. Both the axes begin to move again at a Reference Position Return FL
feedrate.

c. When the reference mark (a) of the slave axis is detected, both axes
stop again.

d. Both the axes begin to move again at FL feedrate.

e. Both axesrepeat the operation until all point ((2) — (b) — (3) — (c))
are detected.

f. Whenthe dave axisdetectsthethird reference mark (c), both the axes
end the Reference Position Establishment.
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Reference position
return

[Synchronization]

By setting bit 7 (for one simple synchronization pair) of parameter No.
8301 for synchronization or bit 7 (for multiple simple synchronization
pairs) of parameter No. 8303 to 1, compensation pulses are output to the
dlave axis at reference position establishment time to match the machine
position with the master axis. Thus, an error between the master axisand
slave axis can be corrected automatically.

NOTE
1 When a synchronization error is greater than the value of

parameter No. 8315 (for one simple synchronization pair) or
the value of parameter No. 8325 (for multiple simple
synchronization pairs), servo alarm 407 is issued. Servo
alarm 407 can be reset by using the reset key. In this case,
however, the slave position remains to be shifted. So,
perform slave positioning.

2 When a slave alarm is reset, synchronization is not
performed.

3 In the case of multiple simple synchronization pairs, set bit
7 (axis—by—axis parameter) of parameter No. 8303 for the
master axis.

(1) When the reference position is not established and the axis moved by
turning the feed axis direction signal (+J1,-J1,+J2,-J2,...) to "1” in
REF mode, the reference position establishment procedure is
executed.

(2) When the reference position is aready established and the axis is
moved by turning the feed axis direction signal (+J1,-J1,+J2,-12,...)
to”1” in REF mode, the axisis moved to the reference point without
executing the reference position establishment procedure.

(3) When the reference position is not established and the reference
position return command (G28) is executed, the reference position
establishment procedure is executed. The next movement the axis
depends on the setting of PRM No0.1818#0(RFS).

(4) When the reference position is already established and the reference
position command (G28) is executed, the movement of the axis
depends on the setting of PRM No0.1818#1(RF2).

— 249 —



4. REFERENCE POSITION ESTABLISHMENT B-64113EN-1/01

Note (1) In the following case, P/S090 alarm occurs.

(a) The actual interval of reference marksis different from parameter
setting value.

(2) In this procedure, the axis does not stop until three or four reference
marks are detected. If thisprocedureis started at the position near the
scale end, CNC can not detect three or four reference marks and the
axis does not stop until over travel alarm occurs. Please care to start
at the position that has enough distance from scale end.

Scale end
l P Reference mark
<_.._.._._ _._... 4.......................@
Start point (Bad) Start point (Good)

(3) In the following cases, this function does not perform.

() Parameter N0.1821(mark1 interval) or No.1882(mark2 interval) is
"0".

(b) The setting value of parameter N0.1821 and N0.1882 arethe same.

(c) Parameter N0.1821 value = N0.1882 vaue*2
or N0.1882 value = No0.1821 value*2

(4) Rotary encoder with absolute address referenced mark (A/B phase)

(a) When the rotary encoder with absolute address referenced mark

(A/B phase) is used, please set a parameter No.1815#3 (DCR) to
"1,
In case of rotary encoder with absolute address referenced mark
(A/B phase), the marker interval may be different from parameter
setting value. (a—b section of the following figure) When the
referencepoint return is executed through thissection, it isnot able
to establishthereference point. Therefore, in case of rotary encoder
with absoluteaddressreferenced mark (A/B phase), if thereference
point return is started for B point from A point of below figure, the
referencepointisnot established yet at B point. Thereference point
return is re-started for C point. The reference point return
procedureis finished at C point.
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(b) When the reference point return procedure is executed, the
coordinatevalueareroundedin 0to 360 degree, evenif aparameter
No. 1006#1(ROS) is set to "1” (Machine coordinate values are
linear axis type).

(c) In case of rotary encoder with absolute address referenced mark
(A/B phase), only the measurement by three points or four points
is possible. (parameter 1802#2(DC2) is disregarded)

(5) A difference of parameter N0.1821 and N0.1882 must be more than 4.

Example)

When the scale, which isthat markl interval is 20.000mm and mark2
interval is 20.004mm, is used on |S-B machine :

When the detection unit of 0.001mm is selected, parameter N0.1821
and N0.1882 must be set "20000” and "20004", and the difference of
themis”4”.

To use such a scale, please adjust the detection unit by modification
of parameter N0.1820(CMR) and N0.2084/2085(flexiblefeed gear) to
make the difference of N0.1821 and 1882 more than 4 as following
examples.

(a) Set the detection unit=0.0001mm, and set N0.1821=200000,
No0.1882=200040

(b) Set the detection unit=0.0005mm, and set N0.1821=40000,
No0.1882=40008

NOTE
When the detection unit is changed, all of parameters which

are concerned with the detection unit (e.g. in—position
width, positioning deviation limit, etc.) must be changed.

(6) There are the following limitations when the angular axis control is
used.

(@) It is necessary to use the linear scale I/F with absolute address
referenced mark (A/B phase) for both the perpendicular axis and
the angular axis.

(b) When the reference point of the perpendicular axis is established,
it is necessary to establish the reference point of the angular axis
previously. When the reference point of the angular axis is not
previoudy established, the P/S090 alarm is generated.

(c) During the reference point establishment operation of the angular
axis, the command in the perpendicular axis is invalid in the
manual reference point return.

(7) Measurement of two point (parameter No.1802#2(DC2)=1)

(8) Please set the direction of the scale zero point in the parameter
(N0.1817#4 (SCP)) correctly at two point measurement. Because
an incorrect coordinate system will be established when a wrong
value is set in parameter SCP. It is very dangerous. In this case,
please execute reference point return again after setting the correct
value in parameter SCP.
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(b) Because an incorrect value is set in parameter N0.1883 and 1884
when setting parameter SCP is incorrect when the automatic
setting of parameter N0.1883 and 1884 was executed. It is very
dangerous. In this case, please execute automatic setting of
parameter N0.1883 and 1884 again after setting the correct value
in parameter SCP.

Specifications (linear
scale with distance—
coded reference marks
(serial))

Procedure for reference
position establishment

(1) Select the JOG mode, and set the manual reference position return
selection signal ZRN to " 1”.

(2) Set a direction selection signal (+J1,-J1,+J2,—12,...) for atarget axis.
(3) The axisisfed at a constant low speed (reference position return FL
feedrate specified by parameter (N0.1425) setting).

(4 When the absolute position of linear scale with distance—coded
reference marks (serid) is detected, the axis stops. Then the absolute
position of CNC is calculated and reference position establishment
signa (ZRF1,ZRF2,ZRF3,+ _...) turnsto"1".

The axis does not stop and reference position establishment is proceeded
evenif thefeed axisdirection selection signal (+J1,-J1,+J2,—12,...) turns
to "0" between step (2) and (4).

The timing chart for this proceduresis given below.

JOG

ZRN

+J1

Reference mark

ZRF1

Feedrate

FL rate

\j

Fig. 4.7(c) Timing chart for reference position establishment
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Simple synchronous
axis

The function is available for only FS16i/18i/21i-MB,18i—MB5.
When the function is applied for simple synchronous axis, the following
condition should be kept.

(1) Linear scale with distance—coded reference marks (serial) with the
samereferencemarksat interval s should be applied for the master axis
andtheslaveaxis. Themixtureof linear—motor system and full—closed
system is unavailable between the master axis and the dave axis.

If either of the master axis or the slave axisisnot thelinear scalewith
distance—coded reference marks, P/S 5327 occurs when reference
position establishment istried with the signal of selecting the manual
feed axisfor simple synchronized control (SYNCJIn<G0140>)to’1'.

(2) The master axis scale and the slave axis scale should be installed in
paralel direction. (The zero positions should be faced the same
direction.)

(3) To the parameters, which relate to this function (except No.1883,
N0.1884), the same value must be set for the master axis and for the
slave axis.

(4) During operating the establishment of reference position, the state of
selecting the manua feed axis for simple synchronized control
signal (SY NCJIn<G0140>) should be kept.

Procedure for Reference Position Establishment by synchronous axis is
as follows.

— Both of axes (master axis and slave axis) are fed on the reference
position return FL feedrate until distance coded scales of both axes
detect the absolute position.

— Then absolute position of both axes are calculated and Reference
Position Establishment Signals (ZRF1,ZRF2,...) turnto "1”.

[Synchronization]

By setting bit 7 (for one simple synchronization pair) of parameter No.
8301 for synchronization or bit 7 (for multiple simple synchronization
pairs) of parameter No. 8303 to 1, compensation pulses are output to the
dave axis at reference position establishment time to match the machine
position with the master axis. Thus, an error between the master axisand
slave axis can be corrected automatically.

NOTE
1 When a synchronization error is greater than the value of

parameter No. 8315 (for one simple synchronization pair) or
the value of parameter No. 8325 (for multiple simple
synchronization pairs), servo alarm 407 is issued. Servo
alarm 407 can be reset by using the reset key. In this case,
however, the slave position remains to be shifted. So,
perform slave positioning.

2 When a slave alarm is reset, synchronization is not
performed.

3 In the case of multiple simple synchronization pairs, set bit
7 (axis—by—axis parameter) of parameter No. 8303 for the
master axis.
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Reference position
return

Note

(1) When the reference position is not established and the axis moved by

turning the feed axis direction signal (+J1,-J1,+J2,-J2,...) t0 "1” in
REF mode, thereference position establishment procedureisexecuted.

(2) When the reference position is aready established and the axis is
moved by turning the feed axis direction signal (+J1,-J1,+J2,-J2,...)
to”1” in REF mode, the axisis moved to the reference point without
executing the reference position establishment procedure.

(3) When the reference position is not established and the reference
position return command (G28) is executed, the reference position
establishment procedure is executed. The next movement the axis
depends on the setting of PRM No0.1818#0(RFS).

(4) When the reference position is already established and the reference
position command (G28) is executed, the movement of the axis
depends on the setting of PRM No0.1818#1(RF2).

(1) When the Linear scale with distance—coded reference marks(serial) is
used, please don't forget to set parameter N0.1818#3(NSD) to 1. And
distance coded rotary encoder (seria type) is unavailable.

(2) On the Linear scale with distance—coded reference marks (serial), the

axis does not stop until three reference marks are detected. If this
procedure is started at the position near the scale end, CNC can not
detect threereference marks and the axisdoes not stop until over travel
alarm occurs. Please care to start at the position that has enough
distance from scale end.
And if establishment of reference position isfailed, the establishment
isretried. Then axisdoesnot stop until still morethreereference marks
aredetected. So please set the maximum move amount (detection unit:
Prm. N0.14010) not to reach the scale end.

Scale end
Reference mark
l /
<_.._.._ i _.._. 4. e _@
Start point (Bad) Start point (Good)

(3) There are the following limitations when the angular axis control is
used.

(@It is necessary to use the Linear scale with distance—coded
reference marks (serial) for both the perpendicular axis and the
angular axis. If not, P/S 5328 occurs when reference position
establishment is tried.

(b)When the reference point establishment of angular and
perpendicular axesaretried, please set parameter 8200#2(AZR) to
'0" and input signal GO63#5(NOZAGC) to'0'. If not, P/S 5328
occurs when reference position establishment is commanded.

(c) When the reference point of the perpendicular axis is established,
it is necessary to establish the reference point of the angular axis
previously. When the reference point of the angular axis is not
previously established, the P/S090 alarm is generated.
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(d) During the reference point establishment operation of the angular
axis, the command in the perpendicular axis is invalid in the
manual reference point return.

(e) On angular axis control, if you use automatic setting of parameter
N0.1883,1884 on reference point establishment (Prm. No.1819#2
(DATx)=1), please establish reference point of perpendicular axis
after reference point establishment and return of angular axis.

Parameter

#7 #6 #5 #4 #3 #2 #1 #0
| 1815 | | | | | | DCRX | DCLx | OPTx | |

[Datatype] Bit axis
OPTx Position detector
0: A separate pulse coder is not used.
1: A separate pulse coder is used.

DCLx As a separate position detector, the linear scale with reference absolute
addressing mark (A/B phase)/the Linear scale with distance—coded
reference marks (seria) is:

0 : Not used.
1: Used

CAUTION

When using the linear scale with reference absolute
addressing marks (A/B phase) or the linear scale with
distance—coded reference marks (serial, full closed
system), also set the OPTx parameter (bit 1 of parameters
No0.1815) to '1’. But when using the linear scale with
distance—coded reference marks (serial, linear motor
system), please set the OPTx parameter (bit 1 of
parameters No.1815) to '0’.

DCRx Asascale with absolute addressing referenced marks:

0: Thelinear scaleis used.
1: Therotary encoder is used.

CAUTION

1 Please set parameter DCLx to '1’, too.

2 The rotary encoder with distance—coded reference marks
(serial) is unavailable.
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#7 #6 #5 #4 #3 #2 #1 #0
[ 1892 | | | | | | | oc2 | bes | |

[Datatype] Bit

DC4 When the reference position is established on the linear scale with
reference marks:
0: An absolute position is established by detecting three reference
marks.
1: Anabsolute position isestablished by detecting four referencemarks.

CAUTION
This parameter is unavailable on the linear scale with

distance—coded reference marks (serial).

DC2 The reference position on the linear scale with absolute addressing
referenced mark is established:

0: 7Asdetermined by bit 1(DC4) of parameter N0.1802.
1: By establishing the absolute position through detection of two
reference marks.

CAUTION
1 When this parameter is set to 1, set the direction of scale

zero in the parameter (N0.1817#4 (SCPx)) correctly.

2 Even if DC2 is "1", the rotary axis (parameter 1815#3
(DCRx)=1) follows DCA4.

3 This parameter is unavailable on the Linear scale with
distance—coded reference marks (serial).

#7 #6 #5 #4 #3 #2 #1 #0
| 1818 | | | | | | SDCx | | RF2x | RFSx |

[Datatype] Bit axis

RFSx If an automatic reference position return (G28) is made before the
referencepositionisestablished, thereference position isestablished first
then,

0: A movement to reference position is made.
1: A movement to reference position is not made.

RF2x If anautomatic reference position return (G28) ismade after thereference
position is established,

0: A movement to the reference position is made.
1: A movementtothereference positionisnot made, but theoperationis
completed.

SDCx Linear scale with distance—coded reference marks (serial) is

0: Unavailable.
1: Available.
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WARNING
If you set parameter 1818#3 (SDCXx), please don't forget to

turned off before operation is continued. This parameter
doesn’t generate P/S alarm O (Power—off alarm).

#7 #6 #5 #4 #3 #2 #1 #0
[ 180 | | | | | | | oA | | |

[Datatype] Bit axis
DATx When manual reference point return is executed, the automatic setting of
paramete 1883,1884 is:

0: Not executed.

1: Executed.

The procedure of the automatic setting are following :
(1) Set a correct value to parameter N0.1815,1821,1882.

* On the linear scale with distance—coded reference marks (serial),
parameter N0.1882 is unnecessary to set.

(2) Positioning the axisto reference position by mechanical measurement
by manual operation.
(3) Execute manual reference point return.

When the manual reference point return is finished, parameter
N0.1883,1884 are set and N0.1819#2 isturnto '0’.

| 1821 | | Reference counter size for each axis |

[Datatype] 2-word axis
[Unit of data] Detection unit

[Valid data range] 0 to 99999999

Setstheintervals of mark 1 of thelinear scale with abssolute addressing
referenced marks.

CAUTION
On the linear scale with distance—coded reference marks

(A/B phase), this parameter is used on the usual purpose.
(Setting reference counter size foreach axis)

1882 Space between mark-2 indications on the linear scale with absolute
addressing reference marks

[Datatype] 2-word axis
[Unit of data] Detection unit

[Valid data range] 0 to 99999999

Setstheintervals of mark 1 of thelinear scale with abssol ute addressing
referenced marks.
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CAUTION
This parameter is unavailable on linear scale with

distance—coded reference marks (serial).

1883

Distance from the zero point of the linear scale with absolute addressing refer-
ence marks (A/B phase) / the linear scale I/F with absolute address referenced

mark (serial) to the reference position

[Datatype] 2-word axis
[Unit of data] Detection unit
[Valid data range] —99999999 to 99999999

1884

Distance—2 from the zero point of the linear scale with absolute addressing refer-
ence marks (A/B phase) / the linear scale I/F with absolute address referenced

mark (serial) to the reference position

[Datatype] Word axis
[Unit of data] Detection unit
[Valid data range] —20to 20

When the distance between scale zero and reference position is over the
setting range of parameter 1883, please set this parameter.

CAUTION
On using the linear scale with distance—coded reference

marks (serial), when the value of this parameter is out of
range, P/S alarm 5325 may occur on trying to establish the
reference point.

Set the distance between scale zero and reference position by parameter
N0.1883, 1884. Theactual distanceisdetermined by following formula:

Actual distance = Parameter 1884 * 100,000,000 + Parameter 1883

The scal e zero means a point where reference mark 1 and reference mark
2areequal. Generaly, thisisavirtua point that exists on the out of scale
stroke.( Refer to following figure)

When areference point islocated in plus side of a scale zero, set aplus
valueto thisparameter. And areference point islocated in minusside, set
aminus value.
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Reference point
Scale zero Scale end e

+ +Mark1 Mark2 Markl Mark2
Mark1=Mark2 TR N N Y

8.0 42.0 8.2 41.8

PRM.1821

PRM.1882

PRM.1884 x 100,000,000 + PRM.1883

[Example of parameter setting]
When |S-B and millimeter machine and using a scale figured below:

Scale zero Plus direction —=— Reference point —®= Minus direction
* A B
Markl=Mark2 Markl Mark2 Markl | Mark2 Markl Mark2 Markl
Markl Mark2 Markl gllllllllllll IIIIIIIIIIIIIIIII
\
| Il |
g |
20.000 ‘ 19.980 ‘ L9.940 Lo.oeo 9.960 | 10.040_| 9.980 | 10.020
| [~
5.000 20.000mm
—[9960/(20020-20000)*20000+5000]=—9965000 20.020mm
Parameter

N0.1821 (Markl interval) = "20000”
N0.1882 (Mark2 interval) = ”20020"
N0.1883 (Reference position) = Position of point A + 5.000
= (Distance of A to B) / ( Mark2 interval — Mark1 interval)
* Markl interval + 5.000
= 9960 / (20020-20000) * 20000 + 5000
= 9965000
"—9965000” (Reference point is located in minus side)

[The setting method of parameter No.1883]

(Linear scal ewith absolute addressing reference mark (A/B phase))
When the measurement of a parameter N0.1883 (Distance between scale
zero and reference position) is difficult, you can determine the setting
value by the following procedure.

(1) Set "1” to parameter N0.1815#2 #1 to make this function available.
Set a correct value to parameter N0.1821, N0.1882.
Set ”0” to parameter No.1240.
Set "0” to parameter N0.1883,1884.
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(2) Establish a reference point by the procedure described in "1.2.1
Procedure for Reference Position Establishment”. (As a result, the
machine coordinate becomes the distance between scale zero and
actual position.)

(3) Positioning the axisto reference position by mechani cal measurement
in"HND” or "JOG" mode.

(4) Set an actual machine coordinate value (DGN.301) to the parameter
N0.1883 after conversion of least command increment to detection
unit. (Multiply DGN.301 and CMR)

(5) Set a parameter N0.1240 if necessary.

NOTE
When the setting value is greater than 99,999,999, this

method can’'t be used.

[The setting method of parameter No.1883]
(Linear scale with distance—coded reference marks (serial))
You can determine the setting value by the following procedure.

(1) Set "1” to parameter N0.1815#2 to make this function available.

Set ”0” to parameter N0.1240.
Set "0” to parameter N0.1883,1884.

(2) Establish a reference point by the procedure described in "1.3.1
Procedure for Reference Position Establishment”. (As a result, the
machine coordinate becomes the distance between scale zero and
actual position.)

(3) Positioning the axisto reference position by mechani cal measurement
in"HND” or "JOG" mode.

(4) Set an actual machine coordinate value (DGN.301) to the parameter
N0.1883 after conversion of least command increment to detection
unit. (Multiply DGN.301 and CMR)

(5) Set a parameter N0.1240 if necessary.

NOTE
When the setting value is greater than 99,999,999, this

method can not be used.

#7 #6 #5 #4 #3 #2 #1 #0
L1877 | | | | | scpx | | | | |
[Datatype] Bit axis
SCPx If DC2x (Paramete N0.1802#2) is set to ' 1, the scale-zero point of the

linear scale with absolute addressing referenced mark is:

0: Onthenegativedirection side. (Viewed from the scale zero point, the
reference position is on the positive direction side.)

1: Onthe positive direction side. (Viewed from the scale zero point, the
reference position is on the negative direction side.)
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CAUTION
1 An incorrect coordinate system will be established when a

wrong value is set in this parameter. In such a case, please
execute reference point return again after setting the
correct value in this parameter.

2 This parameter is unavailable on linear scale with
distance—coded reference marks (serial)

[Example]
When the parameter SCPisset to "0”,

Mark1=Mark2 M M2 M1 M1 M2 M1 M2 M1 M 2 M1

S L) E—————

/

| |

I

‘ ‘ 0.020 ‘ ‘ 0.040 ‘ 9.940 ‘ 9.960 9.980
(- 7 f 1

Scale zero Machine coordinate system |
_ - -
Reference point
When the parameter SCPisset to "1”,
Mark1=Mark2 ML M2 M1 M1 M2 ML M2 M1 M2 M
frrrrrnrrrrnrnrnnnnnnnnnrnnnntni
\ | | | |
\ ] I
/
‘ ‘ 0.020 ‘ ‘ 0.040 \/9940 ‘ 9.960 9.980
T (I I 1
le zer . .
Scale zero Machine coordinate system
+ - —

Reference point

#7 #6 #5 #4 #3 #2 #1 #0
(801 | [ soF [ | | | | | | |

[Datatype] Bit

SOF  Thesynchronization functionin simplesynchronouscontrol (onepair) is:

0 : Not used.
1: Used.
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#7 #6 #5 #4 #3 #2 #1 #0
[ 8303 | [ o~ [ | | | | | | |

SOFx In simple synchronous control, the synchronization function is:

0 : Not used.
1: Used.

B-64113EN-1/01

NOTE
Set this parameter on the master axis side.

14010

Allowable move amount of FL feedrate on establishment of reference point
(linear scale with distance—coded reference marks (serial))

[Datatype] 2-word axis
[Unit of data] Detection unit
[Valid data range] 0 to 99999999

Onthelinear scale with distance—coded reference marks (serial type), the
amount of movement on FL—speed during establishment of reference
point is set. If the reference point is not established despite the amount
of FL—speed movement exceeds this parameter, P/S alarm 5326 occurs.
When this parameter is set to ' 0', the setting of allowable move amount
of FL feedrate on establishment of reference point (linear scale with
distance—coded reference marks (seria)) isineffective.

CAUTION
1 When areference position is established on the M series by

using the simple synchronous manual feed axis select
signal <G140>, and this parameter is set for one of the
master axis and slave axis, the setting is automatically
applied to the other axis as well.

2 On angular axis control, this parameter setting of
perpendicular axis is ignored during the reference position
establishment of the angular axis.
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Alarm and message

Number

Message

Description

090

REFERENCE RETURN
INCOMPLETE

In case of Linear scale I/F with absolute
address referenced mark (A/B phase),
the actual interval of reference marks is
different from parameter (No.1821,
1882) setting value.

5220

REFERENCE POINT
ADJUSTMENT MODE

In case of Linear scale I/F with absolute
address referenced mark (A/B phase)
or Linear scale with distance—coded
reference marks (serial), the reference
point auto  setting parameter
(N0.1819#2) is setto "1". Move the ma-
chine to reference position by manual
operation and execute manual refer-
ence return.

5325

SERIAL DCL:
FOLLOW-UP ERROR

1. The amount of follow—up is more
than 2147483648 or less than
—2147483649 on detection unit.
To reduce the follow—up amount,
please adjust the point that we be-
gin follow—up.

2. The value of parameter No.1884
is out of range.

5326

SERIAL DCL:REF-POS
ESTABLISH ERR

The amount of movement for establish
reference position was exceeded the
amount of parameter 14010. Please try
again or change parameter 14010 larg-
er.

5327

SERIAL DCL:MISMATCH
(SSYNC CTRL)

Master/slave axes of simple synchro-
nized control, one of them is the linear
scale with distance—coded reference
marks (serial), and the other of them is
not the linear scale with distance—
coded reference marks (serial). Please
establish reference position with the in-
put signal SYNCJIn<g140> setting to
zero.

5328

SERIAL DCL:MISMATCH
(ANGL-AXIS)

On angular axis control, one of the an-
gular/perpendicular axes is the scale
with ref—pos, and the other of them is
not the scale with ref-pos. Such system
is not admired.

(*) PISalarm 5325-5328 isgenerated only on Linear scalewith distance—
coded reference marks (serial)
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4.8

EXTENDED
FUNCTION OF THE
LINEAR SCALE WITH
ABSOLUTE
ADDRESSING
REFERENCE MARKS

Reference position
established by the GOO
command

® Activation conditions

The linear scale with absolute addressing reference marks has reference
marks at intervals that change at a constant rate. By determining the
reference mark interval, the corresponding absolute position can be
deduced. When a GOO command or a move command in jog feed is
specified for an axis for which the linear scale with absolute addressing
reference marks is used, this function establishes the reference position
by measuring thereference mark intervalsautomatically. Therefore, after
CNC power—up, the reference position can be established without
performing reference position return operation.

Reference Reference Reference Reference Reference
mark 1 mark 2 mark 1 mark 2 mark 1
, 10.02 , 10.04 10.06
« V.l « Vel (%
P 20.02
Y 7
P 20.00 P 20.00
Y ’l‘

Fig. 4.8 (a) Sample linear scale with absolute addressing reference marks

To usethisfunction, the interface option of the linear scale with absolute
addressing reference marksis also required.

When the following conditions are satisfied, reference position
establishment operation is performed automatically:

<1> A GO0 command is specified to cause amovement along an axisfor
which no reference position has been established.

<2> The movement direction in <1> above matches the reference
position return direction set by bit 5 (ZMI) of parameter No. 1006.

<3> The specified axisis not in the following modes:

Coordinate system rotation

Mirror image (mirror image by signal or setting)

Programmable mirror image (M series)

Scaling (M series)

Mirror image of facing tool posts (T series)

NOTE
If all the above conditions are not satisfied, the reference

position establishment operation is not performed, and
normal GOO command operation is performed.
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® Operation

The reference position establishment procedure is explained below.

<1> Thetool isfed aong aspecified axis at the reference position return
FL feedrate (parameter No. 1425).

<2> Upon detection of areference mark on the scale, the tool is stopped
briefly then fed at the reference position return FL feedrate.

<3> Step <2> above is repeated until three or four reference marks are
detected on the scale. Then, the reference position is established,
and the reference position established signa (ZRF1, ZRF2, ZRF3,
etc.) issetto 1.

<4> Thetool isfed to a specified end point at arapid traverse rate.

A time chart for the above procedure is shown below.

G00 command

Reference mark

ZRFn

Feedrate

Rapid traverse rate

FL feedrate

A

P Time

® Tool path

Fig. 4.8 (b) Time chart for reference position establishment (G00)

The specifications for the steps of detecting reference marks and
establishing the reference position (steps <1> to <3> above) arethe same
as for the conventional linear scale with absolute addressing reference
marks. The restrictions are also the same.

For details, see Section 4.7, "Linear Scale I/F with Absolute Address
Referenced Mark (A/B Phase)/Linear Scale with Distance-Coded
Reference Marks (Serial)”.

The tool path in the GOO command is explained below.

(1) When no axis requires the reference position establishment operation

When the reference position has aready been established for al
specified axes, the reference position establishment operation is not
performed.
For example, supposethat thereference positionisalready established
for the X—, Y—, and Z—axes, and that GO0 Xxx Yyy ZZz; is specified.
Then, normal rapid traverse operation takes place. The tool path
follows the setting in bit 1 (LRP) of parameter No. 1401.
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(2) When all axes reguire the reference position establishment operation

Suppose that the reference position is not established for the X—, Y—,
and Z—axes and that GO0 Xxx Yyy Zzz; is specified. The operation
in this case is shown in the figure below.

Operation 1inthefigureestablishesthereference position. During the
establishment operation, the tool path is aways of the non-inear
interpolation type regardless of the setting in bit 1 (LRP) of parameter
No. 1401.

Operation 2 performs positioning to aspecified end point. Duringthis
operation, thetool path followsthe setting in bit 1 (L RP) of parameter
No. 1401.

After operation 1 is completed for all axes, operation 2 starts.

Rapid traverse A

« Operation 1 —

« Operation 2 -

rate
X—axis

FL feedrate

Y—axis

Z—axis

P Time

Fig. 4.8 (c) When the reference position is established for all axes

3

When some axes require the reference position establishment
operation and others do not require the establishment operation

For example, supposethat thereference positionisalready established
for the X—axisand that the reference positionis not yet established for
theY—and Z—axes. Also supposethat GOO Xxx Yyy Zzz; isspecified.
The operation in this case is shown in the figure below.

In operation 1 in the figure, movement to aspecified position is made
along the X—axis for which the reference position is aready
established. For the Y— and Z—axes for which no reference position
is established, the reference position is established. During the
establishment operation, the tool path is aways of the non-inear
interpolation type regardless of the setting in bit 1 (LRP) of parameter
No. 1401.

In operation 2, positioning to aspecified end point is performed along
the Y— and Z—axes. The tool path along the Y— and Z—axes then
follows the setting in bit 1 (LRP) of parameter No. 1401. Because
positioning to the specified position isa ready made al ong the X—axis,
no movement is made along the X—axis.

After operation 1 is completed for all axes, operation 2 starts.
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A « Operation 1 — « Operation 2 —

X—axis No movement

Rapid traverse rate

Y—axis
FL feedrate [ | |

Z-axis [ [

P Time

Fig. 4.8 (d) When an axis does not require the reference position establishment operation and others require the
establishment operation

® Absolute command and As explained in step <4>, after the reference position has been
incremental command established, positioning to a specified end point is performed. This
operation is explained below.

(1) When an absolute command is specified

Movement to the end point in the new coordinate system that has been
established in step <3> is made. For example, when G90 GOO
Xxx.Yyy.; (for the M series) or GOO Xxx.Zyy.; (for the T series) is
specified, the tool moves as indicated with the bold linein the figure
below. Note that, however, the figure shows the positional
relationship among points and that the intermediate tool path is not
always of the linear interpolation type.

Actual end point ((xx,yy) in the coordinate system after the
reference position is established)

(New) workpiece coordinate system (accurate coordinate
system) after the reference position is established

Workpiece origin offset / (New) machine coordinate system (accurate coordinate system)
* after the reference position is es-
Difference between the machine gdordinate system at power—on and the tablished

machine coordinate system
Position at which the refer-
ence position is estab-
lished

r the reference position is established (a,f3)

> Specified end point (xx,yy)

Workpiece coordinate system before the reference position is established
(inaccurate coordinate systemL

Start point
/ Workpiece origin offset

Machine coordinate system before the reference position is established
(inaccurate coordinate system)

Fig. 4.8 (e) Operation when an absolute command is specified

— 267 —



4. REFERENCE POSITION ESTABLISHMENT B-64113EN-1/01

(2) When an incremental command is specified

Movement is made along each axis by a specified distance. (The
movement isindicated withtheboldlineinthefigurebelow. Notethat
the intermediate tool path is not always of the linear interpolation
type.) Thecoordinatesat the end point arethosein anewly established
coordinate system. When there is a difference (a, ) between the
newly established coordinate system and the old coordinate system,
the coordinates at the end point are shifted by (a, ). For example,
when G91 GO0 X100.Y 30.; (M series) or GO0 W100.U30.; (T series)
is specified from the position of which absolute coordinates are (0,0),
the distance of movement along each axis is (100,30), and the
coordinates of the end point are (100—, 30-3).

(100,30) in the new coordinate system

T
New workpiece coordinate system
(accurate coordinate system)

Workpiece origin offset New machine coordinate system
(accurate coordinate system)

Difference between the machine coordinate system at power—on and the

A machine coordinate system after the reference position is established (o, f3)
Position at which the Specified end point (100,30) =| Actual end point (100—a, 30—f3})
reference position is ) _ .
established Workpiece coordinate system before the reference position is
Start point established (inaccurate coordinate system)
Workpiece origin offset >

Machine coordinate system before the reference position is
established (inaccurate coordinate system)

Fig. 4.8 (f) Operation when an incremental command is specified

® \When a short distance is When a short distance is specified, the end point can be reached before
specified three or four reference marks are passed. Even in such a case, the CNC
makesamovement at the FL feedrate whiledetecting referencemarks, but
the CNC doesnot establish thereference position even when the end point
is reached.
If thereference position is not established, the next GOO command causes
the reference position establishment operation again. The CNC does not
use data on the reference marks detected through the previous movement
and detectsthree or four reference marks again to establish the reference
position.

® Interruption by feed hold When a feed hold has been applied during reference position
establishment operation, the reference position establishment operation
isnot performed after executionisrestarted. After therestart, non-inear
type positioning is performed. In thisblock, the reference position is not
established, so reference position establishment operation is performed
again when the next GOO command is specified.

® Interruption by reset or When a reset or emergency stop is applied during reference position
emergency stop establishment operation, the reference position establishment operation
isinterrupted. Since the reference position is not established, reference
position establishment operation is performed again when the next GOO

command is specified.
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® When an illegal
reference mark interval
is detected

Reference position
establishment by jog
feed

e Activation condition

® Operation

If acorrect referencemark interval cannot be detected for acause, thetool
is positioned to the end point without establishing the reference position.
Therefore, the machine position, absolute coordinates, and machine
coordinatesof theend point are set asif aG00 command without reference
position establishment operation were executed. However, the
intermediate tool path is different from the tool path obtained by
executing the GO0 command.

Since the reference position is not established, reference position
establishment operation is performed again when the next GOO command
is specified.

Even when the CNC detectsanillegal reference mark interval, it does not
issue the P/S090 alarm.

If the following conditions are satisfied, reference position establishment
operation is performed automatically:
<1> For an axis for which no reference position has been established,
feed axisdirection selection signal +Jn or —Jn (G100, G102) isinput
in jog mode.
<2> The move direction in <1> above matches the reference position
return direction set by bit 5 (ZMl) of parameter No. 1006.
<3> The specified axisis not in the following modes:
¢ Coordinate system rotation
e Mirror image (mirror image by signal or setting)
* Programmable mirror image (M series)
e Scaling (M series)
e Mirror image of facing tool posts (T series)

NOTE
If all the above conditions are not satisfied, reference

position establishment operation is not performed, and the
same operation as normal jog feed is performed.

The reference position establishment procedure is explained below.

<1> Whenthefeed axisdirection selectionsignal issetto 1, thetool starts
moving at the reference position return FL feedrate (parameter No.
1425).

<2> Upon detection of areference mark on the scale, thetool is stopped
briefly then fed at the reference position return FL feedrate.

<3> Step <2> above is repeated until three or four reference marks are
detected on the scale. Then, the reference position is established,
and the reference position established signal (ZRF1, ZRF2, ZRF3,
etc.) issetto 1.

<4> Thetool is fed in the direction selected by the feed axis direction
selection signal at the jog feedrate.

When the feed axis direction selection signal is set to O during steps <2>

to<4>, feed operation stops. Whenthefeed axisdirection selection signal

isset to 1 again, the reference position is established.
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A time chart for the above procedure is shown below.

JOG

+JnJ-JInK

Reference mark o

ZRFn

Feedrate A

Jogfeedrate

FL feedrate \1

| ] P Time

Fig. 4.8 (g) Time chart for reference position establishment (jog feed)

® Interruption by a feed
axis direction selection
signal

® Interruption by reset or
emergency stop

® When an illegal
reference mark interval
is detected

If feed axisdirection selection signal +Jn (—Jn) isset to 0 during reference
position establishment, the reference position establishment operationis
interrupted. Inthiscase, dataon thereference marksdetected through the
previous movement is not used for the next reference establishment
operation. When the feed axis direction selection signal +Jn (=Jn) is set
to 1 again, the reference position establishment operation isresumed, and
thereference position isestablished after threeor four referencemarksare
detected.

When a reset or emergency stop is applied during reference position
establishment operation, axis movement stops, and thereference position
establishment operation isinterrupted. Inthiscase, dataon thereference
marks detected through the previous movement is not used for the next
referenceestablishment operation. When thefeed axisdirection selection
signal +Jn (—Jn) isset to 1 again, thereference position isestablished after
three or four reference marks are detected.

If a correct reference mark interval cannot be detected for a cause,
reference position establishment operation is repeated until thereference
position is established. Even when the CNC detects an illegal reference
mark interval, it does not issue the P/S090 alarm.
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Caution

CAUTION

1 PMC axis control
In rapid traverse (axis control command O00h) and
continuous feed (axis control command 06h) under PMC
axis control, the reference position is not established.

2 Rapid traverse by other than GO0
In rapid traverse operation generated automatically by a
command such as a canned cycle command, the reference
position is not established.

3 Reference position establishment operation
The specifications for detecting reference marks and
establishing the reference position are the same as those
of the conventional linear scale with absolute addressing
reference marks. The parameter setting method and
restrictions are also the same as those of the conventional
linear scale with absolute addressing reference marks.
For details, see Section 4.7, "Linear Scale I/F with Absolute
Address Referenced Mark (A/B Phase)/Linear Scale with
Distance—Coded Reference Marks (Serial)”.

Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 1818 | | | | | | | pbeo | | |

[Datatype] Bit axis
DGO Reference position establishment by the GOO command and jog feed is:

0 : Disabled.
1: Enabled.
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5.1
CYCLE START/
FEED HOLD

General

e Start of automatic
operation (cycle start)

When automatic operation start signal ST isset to 1 thenOwhilethe CNC
isinmemory (MEM) mode, DNC operation mode (RMT), or manual data
input (M DI) mode, the CNC enterstheautomatic operation start statethen
starts operating.

Signal ST, however, isignored in the following cases:
When the mode is other than MEM, RMT, or MDI
When the feed hold signal (*SP) issetto 0

When the emergency stop signal (*ESP) issetto 0
When the external reset signal (ERS) issetto 1
When the reset and rewind signal (RRW) issetto 1
When MDI RESET key is pressed

When the CNC isin the alarm state

When the CNC isin the NOT READY dtate

. When automatic operation is executing

10.When the program restart signal (SRN) is1
11.When the CNC is searching for a sequence number.

© 0N~ ODNPRE

The CNC enters the feed hold state and stops operation in the following
cases during automatic operation:

1. When the feed hold signal (*SP) issetto O

2. When the mode is changed to manual operation mode (JOG, INC,
HND, REF, TJOG, or THND).

The CNC enters the automatic operation stop state and stops operating in
the following cases during automatic operation:

1. When a single command block is completed during a single block
operation

2. When operationinmanual datainput (M DI) mode hasbeen completed

When an alarm occursin the CNC

4. Whenasinglecommand block iscompleted after the modeischanged
to other automatic operation mode or memory edit (EDIT)

w

The CNC entersthe reset state and stops operating in the following cases
during automatic operation:

1. When the emergency stop signal (*ESP) issetto 0
2. When the external reset signal (ERS) issetto 1

3. When the reset and rewind signal (RRW) issetto 1
4. When MDI RESET key is pressed

The state of the CNC (automatic operation start, feed hold , automatic
operation stop, or reset) is posted to the PMC with status output signals
OP, SPL, and STL. Seethetablein the “Signal” section for details.
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e Halt of automatic When the feed hold signal * SPis set to O during automatic operation, the
operation (feed hold) CNC enters the feed hold state and stops operation. At the same time,
cycle start lamp signal STL is set to 0 and feed hold lamp signal SPL is
set to 1. Re-setting signal *SP to 1 in itself will not restart automatic
operation. To restart automatic operation, first set signal *SP to 1, then

set signal ST to 1 and then to O.

ST ST / ST This signal is ignored when the
—_— feed hold signal is set to 0.

x STL y st
*SP / *SP

Fig.5.1 Time chart for automatic operation

When signal *SP is set to 0 during the execution of a block containing
only theM, S, T, or B function, signal STL isimmediately setto 0, signal
SPL isset to 1, and the CNC entersthe feed hold state. If the FIN signal
issubseguently sent from the PM C, the CNC executes processing up until
the end of the block that has been halted. Upon the completion of that
block, signal SPL isset to O (signal STL remains set to 0) and the CNC
enters the automatic operation stop state.
(& During threading
When signal * SPis set to 0 during threading, the CNC entersthefeed
hold state after executing a non-threading block after the threading
blocks.
When signal * SPis set to 0 during threading with the G92 command
(threading cycle), signal SPL isimmediately set to 1 but operation
continuesup until theend of theretraction block following threading.
When signal * SPis set to 0 during threading with the G32 (M series:
G33) command, signal SPL isimmediately set to 1 but operation
continues until the end of a non-threading block following the
threading blocks. (Stopping feeding during threading is dangerous
because the amount of cutting will increase.)

(b) During tapping in a canned cycle (G84)
When signal *SP is set to 0 during tapping in a canned cycle (G84),
signal SPL isimmediately set to 1 but operation continues until the
tool returnsto theinitial level or R point level after the completion

of tapping.
(c) When amacro instruction is being executed

Operation stops after the currently executing macro instruction has
been completed.
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Signal

Cycle start signal
ST <GO007#2>  [Classification]

[Function]
[Operation]

Input signal
Starts automatic operation.

When signal ST is set to 1 then 0 in memory (MEM) mode, DNC
operation mode (RMT) or manual datainput (MDI) mode, the CNC enters
the cycle start state and starts operation.

MEM, RMT, or MDI mode
Signal ST “1”
0"

+ 32 msec |
' ormore | start

Automatic operation |

Feed hold signal
*SP <G008#5> [Classification]

[Function]
[Operation]

Input signal
Halts automatic operation.

When signal *SPis set to 0 during automatic operation, the CNC enters
the feed hold state and stops operation. Automatic operation cannot be
started when signal *SP is set to 0.

MEM, RMT, or MDI mode

Signal ST “1”

[ ] L ]

0

Ignored

Signal *SP  “1”
aQ”

Automatic operation

]

Start Start

Feed hold

Automatic operation
signal

[Classification]
OP <FO00#7>

[Function]
[Output condition]

Output signal
Notifies the PMC that automatic operation isin progress.

Thissignal isset to 1 or 0, according to the state of the CNC, aslisted in
Table 5.1.

Cycle start lamp signal
STL <FO00#5> [Classification]

[Function]
[Output condition]

Output signal
Notifies the PMC that automatic operation start is entered.

Thissignal isset to 1 or 0, according to the state of the CNC, aslisted in
Table 5.1.
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Feed hold lamp signal

SPL <FO00#4>

[Classification] Output signal

[Function] Notifiesthe PMC that feed hold state is entered.
[Output condition] Thissignal issetto 1 or 0, according to the state of the CNC, aslisted in

Table 5.1.
Signals OP, STL, and SPL arethe signalstoinform PMC of the operation
condition of CNC.

Table 5.1 Status of operation

Signal name | Cycle start Feed hold Automatic
State of lamp lamp opleration
the operation STL SPL amp

OP

Cycle start state 1 0 1
Feed hold state 0 1 1
Automatic operation stop 0 0 1
state
Reset state 0 0 0

- Cycle start state
The CNC is executing memory operation or manua data input
operation commands.

- Feed hold state
The CNC isnot executing memory operation nor manual datainput op-
eration commands while the commands to be executed remain.

- Automatic operation stop state
Memory operation or manual datainput operation has been completed
and stopped.

- Reset state
The automatic operation has been forcibly terminated.

NOTE
If the sequence number search is performed through MDI
panel during Memory mode (MEM), the signal OP turns to

“1".
e Signal address
#7 #6 #5 #4 #3 #2 #1 #0
[ coo7 | | | | | | [ st | | |
[ cooe | | | [ ssp | | | | | |
#7 #6 #5 #4 #3 #2 #1 #0
| Fooo | | op | | st | spL | | | | |
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Alarm and message

® Self-diagnosis
information

During automatic operation, the machine may sometimes show no
movement while no alarm is detected. In that case, the CNC may be
performing processing or waiting for theoccurrenceof anevent. Thestate
of the CNC can be obtained using the CNC self—diagnosis function
(diagnosis numbers 000 to 015).

Detailed information on the automatic operation stop or feed hold state
can also be displayed (diagnosis numbers 020 to 025).

Reference item

Series 0i—-C

11.4.1 MEMORY OPERATION

11.4.2 MDI OPERATION
OPERATOR’S MANUAL

(M series) (B—64124EN) 11.4.3 DNC OPERATION
1.7.3 CHECKING BY SELF-DIAG-
o NOSTIC SCREEN

11.4.1 MEMORY OPERATION

11.4.2 MDI OPERATION
OPERATOR’S MANUAL

(T series) (B—64114EN) 11.4.3 DNC OPERATION
1.7.3 CHECKING BY SELF-DIAG-
o NOSTIC SCREEN

Series 0i Mate-C

11.4.1 MEMORY OPERATION

11.4.2 MDI OPERATION
OPERATOR’S MANUAL

(M series) (B—64144EN) 11.4.3 DNC OPERATION
1.7.3 CHECKING BY SELF-DIAG-
o NOSTIC SCREEN

11.4.1 MEMORY OPERATION

11.4.2 MDI OPERATION

OPERATOR’S MANUAL

(T series) (B—64134EN) 111.4.3 DNC OPERATION
1.7.3 CHECKING BY SELF-DIAG-
o NOSTIC SCREEN
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5.2
RESET AND REWIND

General

The CNC isreset and enters the reset state in the following cases:
1. When the emergency stop signal (*ESP) issetto 0

2. When the external reset signal (ERS) issetto 1

3. When the reset and rewind signal (RRW) isset to 1

4. When MDI RESET key is pressed

When the CNC is reset, the resetting signal (RST) is output to the PMC.
The resetting signa (RST) is set to 0 when the resetting signal output
time, set with parameter No. 3017, has el apsed after the above conditions
have been released.

RST signal output time = Treset (ReSet processing time) + (parameter
setting value) X 16 msec.

Reset ON
Reset Pro-
cessing
RST signal —
Treset ' (Parameter
setting value)
X 16 msec
CAUTION
Treset equires at least 16 msec. This time will be longer on
optional configurations.

When the CNC is reset during automatic operation, automatic operation
isstopped and tool movement along the controlled axisis decel erated and
stopped(*1). When the CNC isreset during the execution of theM, S, T,
or B function, signa MF, SF, TF, or BF is set to O within 100 ms.

Tool movement along the controlled axis is also decelerated and
stopped(*1) in manual operation (jog feed, manua handle feed,
incremental feed, or etc).

CAUTION
*1 When the emergency stop signal (*ESP) is set to 0, the tool
is stopped by an emergency stop.

Bit 6 (CLR) of parameter No. 3402 is used to select whether the CNC
internal data (such as moda G codes) is cleared or reset when the CNC
isreset. Refer to the Appendix E, ” Status when turning on power, when
cleared, and when reset” in the Operator’s manual for the state of the
internal data when cleared or reset.
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® Reset & Rewind

Thefollowing parametersareal so used to select how to handle processing
for CNC data when the CNC is reset.

e Bit 7 (MCL) of parameter No. 3203
Whether programs created in MDI mode are erased or stored
e Bit 6 (CCV) of parameter No. 6001
Whether custom macro variables#100to #149 arecleared or stored
e Bit 7 (CLV) of parameter No. 6001
Whether custom macro local variables #1 to #33 are cleared or
stored

When thereset & rewind signal (RRW) issetto 1, reset is performed and
the following rewinding operation is also performed.

1

When the DNC operation mode, and a portable tape reader is
connected as the current input/output device, the tape reader is
rewound.

While the tape reader is being rewound, the rewinding—n—progress
signal (RWD) isoutput. Thissigna goes 0 when the tape reader has
been rewound.

In cases other than case 1, the head of the selected main program is
searched for. Setting RWM, bit 2 of parameter no. 3001, determines
whether the rewinding—n—progress signa is output.

When RWM is set to 1.

The rewinding—in—progress signal is output. It isset to 1, then set to
O after about 100 ms. Since searching for themain programin memory
takeslittle time, when the rewinding—in—progress signal (RWD) isset
to 0, the main program has already been searched for.

Signal

External reset signal

ERS<G008#7>

[Classification]
[Function]

[Operation]

Input signal
Reset the CNC.

Turning the signal ERS to 1 resets the CNC and enters the reset state.
While the CNC is reset, the resetting signal RST turnsto 1.

Reset & rewind signal

RRW<GO008#6>

[Classification]
[Function]

[Operation]

Input signal

CNC isreset and a program under an automatic operation is rewound.
As described in the item, “Reset & Rewind”.
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Resetting signal RST
<F001#1>

[Classification] Output signal

[Function] Notifiesthe PMC that the CNCisbeingreset. Thissignal isusedfor reset
processing on the PMC.

[Output condition] Thissignal issetto 1 in the following cases:
1. When the emergency stop signal (*ESP) issetto 0
2. When the external reset signal (ERS) issetto 1
3. When the reset & rewind signal (RRW) issetto 1
4. When MDI RESET key is pressed

Thissignal is set to 0 in the following case:
When the resetting signal output time, set with parameter No. 3017, has
€elapsed after the above conditionshave been rel eased and the CNCisreset

Rewinding signal RWD
<FO00#0>

[Classification] Output signal
[Function] Notifiesthe PMC that the CNC is being rewound.
[Output condition] As described in the item, “Reset and Rewind”.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| coos | | ERs | RRW | | | | | | |
#7 #6 #5 #4 #3 #2 #1 #0
| Fooo | | | | | | | | | RwD |
| Foor | | | | | | | | RsT | |
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 3001 | | | | | | | RwM | | |

[Datatype] Bit
RWM RWD signal indicating that rewinding isin progress
0: Output only when the tape reader is being rewound by the reset and
rewind signal RRW

1: Output when the tape reader is being rewound or a program in
memory is being rewound by the reset and rewind signal RRW
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| 3017 | | Outputtime of reset signal RST

[Datatype] Byte
[Unit of data] 16 ms
[Valid data range] 0to 255

To extend the output time of reset signal RST, the time to be added is
specified in this parameter.

RST signal output time = time required for reset + parameter value X
16 ms

#7 #6 #5 #4 #3 #2 #1 #0
[ 3203 | | me | | | | | | | |

[Datatype] Bit
MCL Whether a program prepared in the MDI mode is cleared by reset

0: Not deleted
1. deleted
#7 #6 #5 #4 #3 #2 #1 #0
[ 32 | | | o= | | | | | | |

[Datatype] Bit
CLR Resetkey ontheMDI panel, external reset signal, reset and rewind signal,
and emergency stop signal
0: Cause reset state.
1. Cause clear state.

#7 #6 #5 #4 #3 #2 #1 #0
[ooo | | cv | cev | | | | | | |

[Datatype] Bit
CCV Custom macro’'s common variables Nos. 100 through 149

0: Cleared to “vacant” by reset
1: Not cleared by reset

CLV Custom macro’s local variables Nos. 1 through 33

0: Cleared to “vacant” by reset
1: Not cleared by reset
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Reference item

OPERATOR’S MANUAL

STATUS WHEN TURNING
POWER ON, WHEN

(M series) (B—64124EN) APPENDIXE | | FAR AND WHEN
RESET
Series 0i—C
STATUS WHEN TURNING
OPERATOR’'S MANUAL POWER ON, WHEN
(T series) (B—64114EN) APPENDIX E CLEAR AND WHEN
RESET
STATUS WHEN TURNING
OPERATOR’'S MANUAL POWER ON, WHEN
(M series) (B—64144EN) APPENDIXE | | FAR AND WHEN
RESET
Series 0i Mate-C
STATUS WHEN TURNING
OPERATOR’'S MANUAL POWER ON, WHEN
(T series) (B—64134EN) APPENDIX E CLEAR AND WHEN
RESET
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5.3
TESTING A
PROGRAM

Before machining is started, the automatic running check can be
executed. It checkswhether the created program can operate the machine
as desired. This check can be accomplished by running the machine or
viewing the position display change without running the machine.

53.1
Machine Lock

General

The change of the position display can be monitored without moving the
machine.

When all-axis machine lock signal MLK, or each—axis machine lock
signals MLK1to MLK4 are set to 1, output pulses (move commands) to
the servo motors are stopped in manual or automatic operation. The
commands are distributed, however, updating the absolute and relative
coordinates. The operator can therefore check if the commands are
correct by monitoring the position display.

Signal

All-axis machine lock
signal
MLK <G044#1>

[Classification]
[Function]
[Operation]

Input signal
Places all controlled axes in the machine lock state.

When this signal is set to 1, pulses (move commands) are not output to
the servo motors for all axes in manual or automatic operation.

Each—axis machine lock
signals

MLK1 to MLK4
<G108#0 to #3>

[Classification]
[Function]

[Operation]

Input signal

Place the corresponding controlled axes in the machine lock state.
These signals are provided for each controlled axis. The signal number
corresponds to the number of the controlled axis.

MLK 1
1. Machinelock for the 1st axis
2. Machinelock for the 2nd axis
3. Machinelock for the 3rd axis
When these signals are set to 1, pulses (move commands) are not output

to the servo motors for the corresponding axes (1st to 4th) in manual or
automatic operation.
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All—axis machine lock
check signal
MMLK <F0O04#1>

[Classification] Output signal
[Function] Notifiesthe PMC of the state of the all-axis machine lock signal.

[Output condition] Thissignal isset to 1 in the following case:
— When all-axis machine lock signal MLK issetto 1

Thissignal is set to 0 in the following case:
— When al—axis machine lock signal MLK isset to 0

Signal address

#7 #_#5 # B w # #0

[ coa4 | | | | | | | [ M| |
| cios | | | | | [ Mika [ miks [ mik2 | mika |
[ Foos | | | | | | | | ML | |
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Note

1

NOTE

Automatic operation in the machine lock state (M, S, T,
and B commands)

Machine lock applies only to move commands along
controlled axes. Updating modal G codes or setting a
coordinate system is performed normally. M, S, T, and B
(2nd auxilialy function) commands are also performed
normally.

Reference position return in the machine lock state
(G27, G28, and G30)

When the reference position return command (G28), or 2nd
to 4th reference position return command (G30), is
executed for an axis in the machine lock state, distribution
and position updating are performed. The tool, however, is
not returned to the reference position. The reference
position return completion signals (ZP1 to ZP4) are not
output.

The reference position return check command (G27) is
ignored in the machine lock state.

Turning on/off the machine lock signal during
movement along an axis

When the machine lock signal for an axis is set to 1 during
movement along the axis that is not in the machine lock
state, the axis is immediately placed in the machine lock
state and output pulses (move commands) to the servo
motor are stopped. The tool is decelerated and stopped
with the automatic acceleration/deceleration function.

On the other hand, when the machine lock signal for an axis
is set to 0 during distribution of the move command along
the axis in the machine lock state, pulse (move command)
output for the axis is immediately restarted. The tool is
accelerated with the automatic acceleration/deceleration
function.

Reference item

OPERATOR'’'S MANUAL .51 MACHINE LOCK AND

(M series) (B—64124EN) - AUXILIARY FUNCTION LOCK
Series 0i—C

OPERATOR'’'S MANUAL .51 MACHINE LOCK AND

(T series) (B—64114EN) - AUXILIARY FUNCTION LOCK

OPERATOR'’'S MANUAL .51 MACHINE LOCK AND

(M series) (B—64144EN) - AUXILIARY FUNCTION LOCK
Series 0i Mate-C

OPERATOR'’'S MANUAL 5.1 MACHINE LOCK AND

(T series) (B—64134EN) " AUXILIARY FUNCTION LOCK
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5.3.2
Dry Run
General Dry runisvalid only for automatic operation.
The tool is moved at a constant feedrate(* 1) regardless of the feedrate
specified in the program. Thisfunctionisused, for example, to check the
movement of the tool without a workpiece.
CAUTION
This feedrate depends on the specified parameters, the
manual rapid traverse switching signal (RT), manual
feedrate override signals (*JVO to *JV15), and whether the
command block specifies rapid traverse or cutting feed, as
listed in the table below.
Manual rapid Program command
traverse
switching Rapid traverse Feed
signal (RT)
1 Rapid traverse rate Dry run feedrate X JVpax *2
0 Dry run speed x JV,or rapid Dry run feedrate x JV *2
traverse rate *1
Max. cutting feedrate . . Setting by parameter No.1422
Rapid traverserate . ... Setting by parameter N0.1420
Dry runfeedrate . . .. .. Setting by parameter No.1410
N oo Manual feedrate override
B Y Maximum value of manual feedrate override
*1:Dry run feedrate X JV when parameter RDR (bit 6 of No. 1401) is 1.
Rapid traverse rate when parameter RDR is 0.
*2 Clamped by max. cutting feedrate.
Signal

Dry run signal
DRN <G046#7>

[Classification]
[Function]
[Operation]

Input signal
Enables dry run.

Whenthissignal isset to 1, thetool ismoved at the feedrate specified for
dry run.
When thissignal is set to O, the tool is moved normally.

CAUTION
When the dry run signal is changed from 0 to 1 or1t0 O
during the movement of the tool, the feedrate of the tool is
first decelerated to O before being accelerated to the
specified feedrate.
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Dry run check signal
MDRN <F002#7>

[Classification] Output signal
[Function] Notifiesthe PMC of the state of the dry run signal.

[Output condition] Thissignal isset to 1 in the following case:
— When dry run signal DRN issetto 1

Thissignal is set to 0 in the following case:
— When dry run signal DRN issetto O

Signal address
#7 #6 #5 #4 #3 #2 #1 #0
[ coss | | oRN | | | | | | | |

[_Foo2 | | woRN | | | | | | | |

Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 1401 | | | ROR | TOR | | | | | |

[Datatype] Bit

TDR Dry run during threading or tapping (tapping cycle G74 or G84; rigid
tapping)
0: Enabled
1: Disabled

RDR Dry run for rapid traverse command
0: Disabled
1: Enabled

| 1410 | | Dry run rate

[Datatype] Word

[Unit of data] Valid data range
_ Increment system Unit of data
[Valid data range] IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6— 15000 6— 12000
Inch machine 0.1 inch/min 6—6000 6—4800

Set the dry run rate when the manual feedrate is overridden by 100%.
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| 1420 | |

Rapid traverse rate for each axis

[Unit of data]
[Valid data range]

[Datatype] Two-word axis

Valid data range
Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 30 — 240000 6 — 100000
Inch machine 0.1 inch/min 30 — 96000 6 — 48000
Rotation axis 1 deg/min 30 — 240000 30 — 100000

Set the rapid traverse rate when the rapid traverse override is 100% for
each axis.

| 1422 | |

Maximum cutting feedrate for all axes

[Unit of data]
[Valid data range]

[Datatype] Two-word

Valid data range
Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 — 240000 6 — 100000
Inch machine 0.1 inch/min 6 — 96000 6 — 48000

Specify the maximum cutting feedrate.

A feedrate in the tangential directionis clamped in cutting feed so that it
does not exceed the feedrate specified in this parameter.

NOTE
To specify the maximum cutting feedrate for each axis, use
parameter No. 1430 instead. (M series)

Reference item

OPERATOR’S MANUAL

(T series) (B—64134EN)

(M series) (B-64124EN) | >4 | Dryrun
Series 0i—C

OPERATOR'S MANUAL

(T series) (B—64114EN) | >4 | Dryrun

OPERATOR'S MANUAL

(M series) (B—64144EN) | 54 | Dryrun
Series 0i Mate—C

OPERATOR'SMANUAL ||\ o0 |
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5.3.3
Single Block

General

Single block operation is valid only for automatic operation.
Whenthesingleblock signal (SBK) isset to 1 during automatic operation,
the CNC enters the automatic operation stop state after executing the
current block. In subsequent automatic operation, the CNC enters the
automatic operation stop state after executing each block in the program.
When the single block signal (SBK) is set to 0, normal automatic
operation is restored.

Single block operation during the execution of custom macro statements
depends on the setting of bit 5 (SBM) of parameter No. 6000, asfollows:

SBM =0, SBV =0: Operation does not stop in the custom macro
statements but stops once the next NC command
has been executed.

SBM =1: Operation stops after each block in the custom macro
statements.

SBV =1: Single block operation in custom macro statements is
suppressed using macro system variable #3003. Execution
of custom macro statements is stopped after block
execution.

Whenthe CNCisintheautomatic operation stop stateduring single block
operation, the mode can be changed to manual datainput (MDI), manual
handlefeed (HNDL), incremental feed (INC), or jog feed (JOG), by using
the mode select signals (MD1, MD2, and MD4).

Signal

Single block signal
SBK <G046#1>
[Classification]

[Function]
[Operation]

Input signal
Enables single block operation.

When thissignal is set to 1, single block operation is performed. When
thissignal is set to 0, normal operation is performed.

Single block check signal
MSBK <F004#3>
[Classification]

[Function]
[Output condition]

Output signal
Notifies the PMC of the state of the single block signal.

Thissignal isset to 1 in the following case:
— When single block signal SBK isset to 1

Thissignal is set to 0 in the following case:
— When single block signal SBK is set to O
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Signal address

#7 #6 #5 #4 #3 #2 #1 #0
[ G046 | | | | | | | | sex_| |
[ Foos | | | | | | msex | | | |
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
[ 6000 | | sBv | | sav | | | | | |
[Datatype] Bit
SBM  Custom macro statement
0: Not stop the single block
1. Stops the single block
If you want to disablethe single blocksin custom macro statementsusing
system variable #3003, set thisparameter to 0. If thisparameterissettol,
the single blocks in custom macro statements cannot be disabled using
system variable #3003. To control single blocks in custom macro
statements using system variable #3003, usebit 7 (SBV) of parameter No.
6000.
NOTE
This bit is invalid when bit 0 (NOP) of parameter No. 6000
is setto 1. (M series)
SBV Custom macro statement
0: Not stop the single block
1: Stopsthe single block
To control single blocks in custom macro statements using system
variable #3003, use this parameter to enable or disable single blocksin
custom macro statements.
This bit is valid when bit 5 (SBM) of parameter No. 6000 is set to O.
Caution

CAUTION

1 Operation in thread cutting
When the SBK signal turns to “1” during thread cutting,
operation stops after execution of the first non-thread
cutting block after the thread cutting command.

2 Operation in canned cycle
When the SBK signal turns to “1” during canned cycle
operation, the operation stops at each positioning,
approach, drilling and retreat instead of the end of the block.
The SPL signal turns to “1” while the STL signal turns to “0”,
showing that the end of the block has not been reached.
When the execution of one block is completed, the STL and
SPL signals turn to “0” and the operation is stopped.
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Reference item

OPERATOR’S MANUAL

(M series) (B_64124EN) 111.5.5 Single block
Series 0i—-C

OPERATOR’'S MANUAL ;

(T series) (B_64114EN) 111.5.5 Single block

OPERATOR'’'S MANUAL ;

(M series) (B_64144EN) 111.5.5 Single block
Series 0i Mate-C

OPERATOR'S MANUAL | o o | i e piock

(T series) (B-64134EN)
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5.4

MANUAL ABSOLUTE

ON/OFF

General This function selects whether the movement of the tool with manual
operation (such as jog feed and manua handle feed) is counted for

calculating the current position in the workpiece coordinate system. A

check signal is also output to indicate whether the manual absolute

function in the CNC is turned on or off.
When manual absolute When manual operation interrupts during automatic operation:
turns on (m anual i) At the end of the block where manual operation interrupts, the tool
absolute signal *ABSM position movesin parallel by the manual move amount, regardless of
=0) the absolute or incremental command.

ii) In subsequent blocks, the parallel-moved tool position remains
unchanged until an absolute command block appears. Therefore, if all
blocks are programmed by incremental commands, the tool keepsthe
parallel-moved position until machining ends.

In case of incremental commands
Manual
intervention

Programmed tool path

The tool returns to the programmed
tool path when an absolute command
block is encountered.

Fig.5.4 (a) Manual absolute ON

CAUTION
If the machining end position has shifted by the manual
move amount because all blocks are programmed by
incremental commands only, the present position is
displayed shifted by the manual move amount.
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When manual absolute The manua move amount is not counted to the present position on the
turns off (manual workpiece coordinate system. The present position display on the CRT
absolute signal includesthe manual move amount. Thedisplay isreset totheinitial value
*ABSM=1) (before manual operation) when the control isreset, or when operationin

the automatic operation mode MEM, RMT, or MDI is started after the
manual operation.

During automatic operation, if manual intervention of ablock interrupts,
the tool position moves in parale by the manual move amount,
regardlessof the absolute or incremental command at the end point of that
block, aswell as at the end point of subsequent blocks.

Actual tool path

(The tool moves along this path, regardless of

. The actual end point
absolute command or incremental command)

always moves in parallel

- i

Manual in- >Q
tervention —— N
_ A N _»9
= -~ 7 N ///’ \
T End
Programmed tool path point
Fig.5.4 (b) Manual absolute OFF
The present position display at the finish of the operation shows an end
point value on the program as if manua intervention had not been
executed. However, the tool position movesin paralel.
Signal

Manual absolute signal
*ABSM <GO006#2>
[Classification] Input signal

[Function] Turnsthe manua absolute function on or off.

[Operation] When thissignal is set to 1, the control unit operates as follows:
— Turns off the manual absolute function.

When this signa is set to 0, the control unit operates as follows:
— Turns on the manual absolute function.
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Manual absolute check
signal

MABSM [Classification] Output signal
<F004#2> _ . ;
[Function] Notifiesthe PMC of the state of the manual absolute signal.

[Output condition] Thissignal isset to 1 in the following case:
— When the manua absolute signal *ABSM isset to 0

Thissignal is set to 0 in the following case:
— When manual absolute signal *ABSM issetto 1

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
[ G006 | | | | | | *ABSM | | |
| Fooa | | | | | | | MABSM | | |
Reference item
(OMPSESQZ)O(ITgi;TlAzl\LEQI)_ 111.3.5 Manual absolute ON/OFF
Series 0i—-C

OPERATOR’S MANUAL

(T series) (B-64114EN) 111.3.5 Manual absolute ON/OFF

OPERATOR’S MANUAL

(M series) (B—64144EN) 111.3.5 Manual absolute ON/OFF

Series 0i Mate-C

OPERATOR’S MANUAL

(T series) (B—64134EN) 111.3.5 Manual absolute ON/OFF
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5.5

OPTIONAL BLOCK
SKIP/ADDITION OF
OPTIONAL BLOCK
SKIP

General

When a slash followed by anumber (/n, wheren = 1t0 9) is specified at
the head of a block, and optiona block skip signals BDT1 to BDT9 are
set to 1 during automati c operation, theinformation contained inthebl ock
for which /n, corresponding to signal BDTn, isspecifiedisignored (from
/n to the end of the block).

(Example) /2 N123 X100. Y200. ;

Input signal Code specified at the head of a block
BDT1 /or/1 (Note 1)
BDT2 2
BDT3 13
BDT4 14
BDT5 /5
BDT6 16
BDT7 17
BDT8 /8
BDT9 /9

NOTE

1 Number 1 for/1 can be omitted. However, when two or more
optional block skip switches are used in one block, number
1 for /1 cannot be omitted.

(Example)

//3 N123 X100. Y200. ; — Invalid
/1 /3 N123 X100. Y200. ;— Vadlid

The following figures show the relationship between the timing, when
optional block skip signals(BDT1to BDT9) are setto 1, and theignored
information:

1. When BDTn is set to 1 before the CNC starts reading a block
containing /n, the block is ignored.

BDTn "1”
n "o

Reading by CNC — ..../IN'N123 X100. Y200. ; N234

kk—— Ignored ——
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2. When BDTnis set to 1 while the CNC is reading a block containing
/n, the block is not ignored.
BDTn"1” |
-

Reading by CNC — ...; /N N123 X100. Y200. ; N234 ....
= S

Not ignored

3. When BDTn, currently set to 1, is set to O while the CNC is reading
ablock containing /n, the block isignored.

BDTn "1” |
"o
Reading by CNC —

..../IN'N123 X100. Y200. ; N234 ....

k—— Ignored —j

4. Whentwo or moreoptional block skip switchesarespecifiedinablock
and BDTn, corresponding to one of them, is set to 1, the block is
ignored.

BDT3 "1”
o

Reading by CNC — ..-/1/3 /5 N123 X100. Y200. ; N234

k——— Ignored ———

Signal

Optional block skip
signals

BDT1 <G044#0>

BDT2 to BDT9 <G045>

[Classification]
[Function]
[Operation]

Input signal
Select whether a block containing /n is to be executed or ignored.

During automatic operation, a block containing /n in the program is
ignored when the corresponding optional block skip signal issetto 1. It
is executed normally when the signal is set to O.
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Optional block skip

check signals

MBDT1 <F004#0>
MBDT2 to MBDT9

<F005>

[Classification] Output signal

[Function] Notify the PMC of the states of the optional block skip signalsBDT1 to
BDT9. Nine signas are provided, corresponding to the nine optional
block skip signals. Signal MBDTn corresponds to signal BDTn.

[Output condition] Signal MBDTnisset to 1 in the following case:

— When the corresponding optional block skip signal (BDTn) issetto 1

Signal MBDTn is set to 0 in the following case:
— When the corresponding optional block skip signal (BDTn) issetto 0

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| Goas | | | | | | | | | BOTL |
| G045 | | BDT9 | BDT8 | BDT7 | BDT6 | BDTS | BDT4 | BDT3 | BDT2 |
| Foos | | | | | | | | | mBDTL |
| FOO05 | | MBDT9| MBDT8| MBDT7 | MBDT6 |MBDT5 |MBDT4 |MBDT3 |MBDT2 |

Note

NOTE

1 This function is ignored when programs are loaded into
memory. Blocks containing /n are also stored in memory,
regardless of how the optional block skip signal is set.
Programs stored in memory can be output, regardless of
how the optional block skip signals are set.

Optional block skip is effective even during sequence
number search operation.

2 Position of a slash
A slash (/) must be specified at the head of a block. If a slash
is placed elsewhere, the information from the slash to
immediately before the EOB code is ignored.

3 TV and TH check
When an optional block skip signal is “1”. TH and TV checks
are made for the skipped portions in the same way as when
the optional block skip switch is “0".
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Reference item

Series 0i—-C

OPERATOR’S MANUAL

Series 0i Mate-C

(M series) (B—64124EN) 11.112.2 Program section configuration
?rpsiiggo(g_%zﬂﬁzlgﬁ‘;‘ 11.112.2 Program section configuration
?MPSESQZ)C);_S%A ﬂ%ﬁl)‘ 11.112.2 Program section configuration
OPERATOR'S MANUAL 11.112.2 Program section configuration

(T series) (B-64134EN)
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5.6

SEQUENCE NUMBER
COMPARISON AND
STOP

General

During program execution, this function causes a single block stop right
after ablock with a specified sequence number is executed.

To use this function, first specify the program number (1 to 9999) of a
program that containsasequence number where operationisto be stopped
and the sequence number on the setting data screen:

With this setting, a single block stop occurs after the execution of the
block with the specified sequence number during automatic operation.

Parameter

Setting data

— SEQUENCE STOP (PROGRAM NO.)
Specify the program number (1 to 9999) of a program to which a
seguence to be stopped belongs.

— SEQUENCE STOP (SEQUENCE NO.)
Specify the sequence number (1t0 99999) of asequenceto be stopped.

Note

NOTE
After the specified sequence number is found during the
execution of the program, the sequence number set for
sequence number compensation and stop is decremented
by one. When the power is turned on, the setting of the
sequence number is 0.

Reference item

OPERATOR’'S MANUAL 11.11.4.4 Sequence Number Comparison
(M series) (B—64124EN) 77 | and Stop

Series 0i—C
OPERATOR’'S MANUAL 11.11.4.8 Sequence Number Comparison
(T series) (B—64114EN) 77 | and Stop
OPERATOR’'S MANUAL 11.11.4.4 Sequence Number Comparison
(M series) (B—64144EN) 77 | and Stop

Series 0i Mate—C
OPERATOR’'S MANUAL 11147 Sequence Number Comparison
(T series) (B—64134EN) 7 | and Stop
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5.7
PROGRAM RESTART

General

A program may berestarted at ablock by specifying the sequence number
of theblock, after automatic operation is stopped because of abrokentool
or for holidays. Thisfunction can also be used as a high—speed program
check function.

There are two types of restart methods.

Ptype: Restart after atool is broken down
Qtype: Restart after holidays

Signal

Program restart signal
SRN<GO006#0>

[Classification]
[Function]

[Operation]

Input signal
Selects program restart.

When the program restart signal is set to “1” to search for the sequence
number of the block to be restarted, the CRT screen changes to the
program restart screen. When the program restart signal issetto“0”, and
automatic operation is activated, the tool is moved back to the machining
restart point at dry run speed along the axes one by one in the sequence
specified in parameter No. 7310. When thetool is set to the restart point,
machining restarts.

Program restart under
way signal
SRNMV<F002#4>

[Classification]
[Function]

[Output condition]

Output signal
Indicates the program is being restarted.

The program restart under way signal becomes“1” when:

— The program restart signal is set to “0” after the CRT screen changes
to the program restart screen.

The signal is set to “0” when:

— The program restart sequence ends (the tool has been moved to the
restart point on all controlled axes).
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Signal address

#7 #6 #5 #4 #3 #2 #1 #0
[ Goos | | | | | | | | EXN
[ _Fooz | | | | | sRNmY | | | | |
Parameter
| 7310 | | Movementsequence to program restart position
This parameter can be set at the “ Setting Screen.”
[Datatype] Byte axis

[Valid data range]

1 to no. of controlled axes

This parameter sets the axis sequence when the machine moves to the
restart point by dry run after a program is restarted.

[Exampl€]

The machine moves to the restart point in the order of the fourth, first,
second, and third axes one at atime when the first axis = 2, the second
axis = 3, the third axis = 4, and the fourth axis=1 are set.

Alarm and message

Number Message

Description

094 P TYPE NOT ALLOWED

(COORD CHG)

P type cannot be specified when the pro-
gramis restarted. (After the automatic op-
eration was interrupted, the coordinate
system setting operation was per-
formed.) Perform the correct operation
according to the operator's manual.

095 P TYPE NOT ALLOWED

(EXT OFS CHG)

P type cannot be specified when the
program is restarted. (After the auto-
matic operation was interrupted, the
external workpiece offset amount
changed.)

096 P TYPE NOT ALLOWED

(WRK OFS CHG)

P type cannot be specified when the
program is restarted. (After the auto-
matic operation was interrupted, the
workpiece offset amount changed.)

097 P TYPE NOT ALLOWED

(AUTO EXEC)

P type cannot be specified when the
program is restarted. (After power ON,
after emergency stop or P/ S alarm 94
to 97 were reset, no automatic opera-
tion was performed.) Perform automat-
ic operation.

098 G28 FOUND |IN SE-

QUENCE RETURN

A command of the program restart was
specified without the reference position
return operation after power ON or
emergency stop, and G28 was found
during search.

Perform the reference position return.

099 MDI EXEC NOT AL-

LOWED AFT. SEARCH

After completion of search in program
restart, a move command is given with
MDI.

— 301 —




5. AUTOMATIC OPERATION

B-64113EN-1/01

Warning

WARNING
As a rule, the tool cannot be returned to a correct position
under the following conditions.
Special care must be taken in the following cases since
none of them cause an alarm:

Manual operation is performed when the manual
absolute mode is OFF.

Manual operation is performed when the machine is
locked.

When the mirror image is used.

When manual operation is performed in the course of
axis movement for returning operation.

When the program restart is commanded for a block
between the block for skip cutting and subsequent
absolute command block.

When program restart specified for an intermediate block
for a multiple repetitive canned cycle

Reference item

OPERATOR’'S MANUAL

(M series) (B—64124EN) 111.4.4 PROGRAM RESTART
Series 0i—C

OPERATOR’'S MANUAL

(T series) (B—64114EN) 111.4.4 PROGRAM RESTART

OPERATOR’'S MANUAL

(M series) (B—64144EN) 111.4.4 PROGRAM RESTART
Series 0i Mate-C

OPERATOR’'S MANUAL

(T series) (B-64134EN) 111.4.4 PROGRAM RESTART
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5.8

EXACT STOP/
EXACT STOP MODE/
TAPPING MODE/
CUTTING MODE

(M SERIES)

General

® Exact stop (G09)

® Exact Stop Mode (G61)

e Tapping Mode (G63)

e Cutting Mode (G64)

NC commandscan be usedto control afeedratein continuouscutting feed
blocks as described below.

The tool is decelerated in a block specifying G09, and an in—position
check (*1) is performed. When the feed motor fallsin—position, the tool
ismoved by the next block. Thisfunction may be used to produce asharp
edge at the corner of aworkpiece.

When G61 is commanded, deceleration of cutting feed command at the
end point and inposition check is performed per block thereafter. This
G61 isvalid until G62 (automatic corner override), G63 (tapping mode),
or G64 (cutting mode), is commanded.

When G63iscommanded, feed rate overrideisignored (always regarded
as 100%), and feed hold aso becomes invalid. Cutting feed does not
decelerate at the end of block to transfer to the next block. This G63 is
valid until G61 (exact stop mode), G62 (automatic corner override), or
G64 (cutting mode) is commanded.

When G64 is commanded, deceleration at the end point of each block
thereafter is not performed and cutting goes on to the next block. This
command is valid until G61 (exact stop mode), G62 (automatic corner
override), or G63 (tapping mode) is commanded.

However, in G64 mode, feed rate is decelerated to zero and in—position
check is performed in the following case;

1) Positioning mode (GO0, G60)

2) Block with exact stop check (G09)

3) Next block is a block without movement command

*1 Theterm in—position indicates that the servo motor reachesin arange
of positions specified by aparameter. See Section 7.2.5.1and 7.2.5.2
for details.

(Example) Tool paths from block (1) to block (2)

YA N
@) L In—position check
Qi U Tool path in the exact stop mode
(1
~—— Tool path in the cutting mode or
tapping mode
0 > X
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Reference item

OPERATOR’S MANUAL

Exact Stop (G09, G61)

Series 0i—C X N 1.5.4.1 | Cutting Mode (G64)
(M series) (B—64124EN) Tapping Mode (G63)

, Exact Stop (G09, G61)
Series 0i Mate—C OPERATOR'S MANUAL 1.5.4.1 | Cutting Mode (G64)

(M series) (B—64144EN)

Tapping Mode (G63)
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5.9
DNC OPERATION

General

By starting automatic operation during the DNC operation mode (RMT),
it is possible to perform machining (DNC operation) while aprogram is
being read from the reader/puncher interface or memory card.

It ispossible to select files (programs) saved in an external input/output
unit of afloppy format (Handy File, Floppy Cassettes, or FA card) and
specify (schedul ) the sequence and frequency of execution for automatic
operation.

To use the DNC operation function, it is necessary to set the parameters
related to the reader/puncher interface in advance.

Signal

DNC operation select
signal
DNCI<G043#5>

[Classification]
[Function]

[Operation]

Input signal

Selects the DNC operation mode (RMT).

To select the DNC operation mode (RMT), it is necessary to select the

memory operation mode (MEM) and set the DNC operation select signa

to“1".

When the DNC operation select signal becomes “1”, the control unit

operates as follows:

— If the memory mode (MEM) has not been selected, the signal is
ignored, and nothing happens.

— If the memory operation mode (MEM) has been selected, the DNC
operation mode (RMT) is selected, and DNC operation becomes
possible. In this case, the DNC operation selection confirm signal
MRMT becomes“1”.

DNC operation selection
confirm signal
MRMT<FOO03#4>

[Classification]
[Function]
[Output condition]

Output signal
Indicates that the DNC operation mode (RMT) has been selected.

The DNC operation selection confirm signal becomes “1” when:
— The DNC operation mode (RMT) is selected.

The DNC operation selection confirm signal becomes “0” when:
— The DNC operation mode (RMT) is hot selected.
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Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| co43 | | | | onr | | | | | |
#7 #6 #5 #4 #3 #2 #1 #0
| Foos | | | | | MRMT | | | | |
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| o100 | | | R | | | | |

This parameter can be set at the “ Setting Screen.”
[Datatype] Bit

ND3 In DNC operation, a program is:

0: Read block by block. (A “DC3" codeis output for each block.)
1: Read continuously until the buffer becomesfull. (A “DC3” codeis
output when the buffer becomes full.)

NOTE
In general, reading is performed more efficiently when
ND3=1. This specification reduces the number of buffering
interruptions caused by reading of a series of blocks
specifying short movements. This reduces the cycle time.

#7 #6 #5 #4 #3 #2 #1 #0
(o8 | [ ow [ | | | | | | |

[Datatype] Bit
DNM DNC operation with a memory card is:

0: Disabled.
1: Enabled. (A PCMCIA card attachment is required separately.)

NOTE
1 It is necessary to secure the memory card by using a

PCMCIA card attachment suitable for the memory card
CNC.

2 While DNC operation using a memory card is being
performed, display of a directory in the memory card and
other operations that access to the memory card cannot be
performed.

3 A set DNC operation file name is erased at power—off.

4 During DNC operation using a memory card, do not remove
or insert the memory card.

5 A program executed in DNC operation cannot call a
program stored on the memory card.
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Alarm and message

Number

Message

Description

086

DR SIGNAL OFF

When entering data in the memory by
using Reader / Puncher interface, the
ready signal (DR) of reader / puncher
was off.

Power supply of I/O unit is off or cable
is not connected or a P.C.B. is defec-
tive.

123 CAN NOT USE MACRO [ Macro control command is used during
COMMAND IN DNC DNC operation.
Modify the program.
210 CAN NOT COMAND [M198 and M99 are executed in the
M198/M99 schedule operation. Or M198 is

executed in the DNC operation.

Reference item

Series 0i—-C

OPERATOR’S MANUAL
(M series) (B—64124EN)

111.4.5 SCHEDULING FUNCTION

OPERATOR’S MANUAL
(T series) (B-64114EN)

111.4.5 SCHEDULING FUNCTION

Series 0i Mate-C

OPERATOR’S MANUAL
(M series) (B—64144EN)

111.4.5 SCHEDULING FUNCTION

OPERATOR’S MANUAL
(T series) (B—64134EN)

111.4.5 SCHEDULING FUNCTION

CONNECTION MANUAL (This manual)

13.1

READER/PUNCHER INTER-
FACE

15.6

DIRECT OPERATION BY PMC
OPEN CNC
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5.10
MANUAL
INTERVENTION AND
RETURN
General If the tool movement along the axes is stopped by a feed hold during
automatic operation, then restarted after manual intervention such astool
exchange, the tool moves back to the point of intervention before
automatic operation is resumed.
This function is easy to operate because unlike the program restart
function or the tool retract and restore function, it is unnecessary to
operate switches on the operator’s panel or MDI keys.
Parameter
#7 #6 #5 #4 #3 #1 #0
Lo | | | | | | | | [ v
[Datatype] Bit
MIN The manua intervention and return function is:
0: Disabled.
1: Enabled.
Warning
WARNING

If you do not make manual intervention correctly according
to the direction of machining and the shape of the
workpiece, the machine and tool may be broken down. Use

sufficient care.

Reference item

OPERATOR’S MANUAL

MANUAL INTERVENTION AND

(T series) (B—64134EN)

(M series) (B—64124EN) 1h.4.9 RETURN

Series 0i—C
OPERATOR'’'S MANUAL 11.4.9 MANUAL INTERVENTION AND
(T series) (B—64114EN) o RETURN
OPERATOR'’'S MANUAL 11.4.9 MANUAL INTERVENTION AND
(M series) (B—64144EN) o RETURN

Series 0i Mate-C
OPERATOR'’'S MANUAL .48 MANUAL INTERVENTION AND

RETURN
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5.11

RETRACTION FOR
RIGID TAPPING

(M SERIES)

General When rigid tapping is stopped, either as aresult of an emergency stop or
areset, the tap may cut into the workpiece. The tap can subsequently be
drawn out by using a PMC signal. This function automatically stores
information relating to the tapping executed most recently. When atap
retraction signal isinput, the tap is removed from the hole, based on the
stored information. Thetap ispulled toward the R point. When aretract
value o is set in parameter No. 5382, the retraction distance can be
increased by o.

Initial point 2nd return
— O completion

o Point

Retract —Ox X 1st return
completion A completion
Y Rpoint point o point

_O_

Center of
A
tapping X— — X

Y Z point (0=0) (when o is set)

Basic procedure (1) Start

Reset the CNC, then select MDI mode. Settingrigidtapping retraction
start signal RTNT to “1” startsrigid tapping retraction.

(2) Completion
Upon the completion of rigid tapping retraction, rigid tapping
retraction completion signal RTPT isset to“1”, with which the CNC
automatically entersthe reset state. Setting rigid tapping retract start
signal RTNT to “0" sets rigid tapping retraction completion signal
RTPT to “0”.

(3) Stop
During rigid tapping retraction, setting rigid tapping retraction start
signal RTNT to“0” stopsrigid tapping retraction, placing the CNCin
the reset state. To resume rigid tapping retraction, set rigid tapping
retraction start signal RTNT to “1”. Rigid tapping retraction can also
be stopped by means of areset or feed hold.
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Start and completion
time chart

(4) Resume
Oncerigid tapping retraction has been stopped, it can be resumed by
performing the same operation as that used for starting rigid tapping
retraction. If rigid tapping retraction has been completed, however,
the start operation does not restart rigid tapping retraction. If retract
value o is set in parameter No. 5382, however, the start operation
performs rigid tapping retraction using o. only.

Rigid tapping retraction J
start signal RTNT

M29 command E—

Spindle enable signal ENB ——

Rigid tapping signal RGTAP

M29 completion signal FIN

Spindle excitation

Retract movement

Rigid tapping retraction

completion signal RTPT

Fig.5.11 Start and completion time chart

Inthereset state, setting rigid tapping retraction start signal RTNT to“1”
in MDI mode causestherigid tapping M command to be output. For rigid
tapping retraction, specify neither gear switching nor orientation. Spindle
function strobe signal SF is aso output if ho S command has been
specified after power—on.

Upon the completion of rigid tapping retraction, spindle enable signa
ENBissetto“0", inthe sameway asat the end of ordinary rigid tapping.
Therefore, perform the sequence for canceling rigid tapping. Oncerigid
tapping retraction has been completed, rigid tapping retraction
completion signal RTPT isset to “1” and the CNC enters the reset state.
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Time chart for stopping
tapping retraction

Rigid tapping retraction
by G30 command

® Specification method

® Time chart

® Limitations

Tapping retraction start signal RTNT —

Spindle enable signal ENB ——I

Rigid tapping signal RGTAP

Spindle excitation E—

Retractmovement —

When tapping retraction is stopped, spindleenable signal issetto 0, inthe
sameway asfor ordinary rigid tapping. Therefore, perform the sequence
for canceling rigid tapping. The CNC also automatically enters the reset
state when tapping retraction is stopped.

Parameter setting allows aprogrammed G30 command to be used also to
draw out the tool. When the power is disconnected during rigid tapping
because of an accident such as ablackout, thisfunction can draw out the
tapping tool from the workpiece if an absolute position detector is
provided for the servo axis.

When rigid tapping has been stopped as aresult of an emergency stop or
areset, or when the power has been disconnected during rigid tapping,
execute the command in the format shown below in MEM operation or
MDI operation. Then, based on therigid tapping command information
in the machining program, the tool moves along the tapping axis to the
initial point or R point in synchronization with the spindle.

The rigid tapping retraction command is a one-shot command.

G30 P99 M29 S min—! ;

Thetime chart for activation isthe same asthat of ordinary rigid tapping.

Since the G30 rigid tapping retraction command isaone-shot command,
the G80 command for canceling rigid tapping is not provided.

Therefore, the processing of canceling the rigid tapping signal RGTAP
<G061#0> in response to the tapping retraction completion signal RTPT
<F066#1> must be added to the time chart for terminating ordinary rigid

tapping.
When the G30 command is used to perform rigid tapping (bit 1 (RG3) of
parameter No. 5201 is set to 1), there are limitations as follows:

1. Rigid tapping retraction using input signal RTNT <G62#6> is not
allowed.

2. Besureto set bit 0 (G84) of parameter No. 5200 to 0.
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3. The override value (parameter No. 5381) for rigid tapping retraction
isignored.

Example:
® Machining program

M29 S1000 ;

G84 X20. Y20. R-10. Z-30. F500 ;
X50. Y50. ;

X100. Y 100. ;

G80

® Retraction program

G30 P99 M29 S1000;
G00 Z-10. ;

(Supplementary)  If avalue other than O isset in parameter No. 5210
or 5212, the M code with the parameter—set value
is specified instead of M 29 in the above program.

Signal

Rigid tapping retraction
start signal RTNT

<G062#6> [Classification] Input signal
[Function] Startsrigid tapping retraction.

[Operation] When thissignal isset to “1”, the control unit operates as follows:
e Startsrigid tapping retraction.

Rigid tapping retraction
completion signal RTPT

<FO66#1> [Classification] Output signal
[Function] Notifies the completion of rigid tapping retraction.

[Output condition] Thissignal issetto“1” inthe following case:
* Rigid tapping retraction has been completed.

Thissignal isset to “0” in the following case:
* Rigid tapping retraction start signal has been set to “0".

Signal address

#7 #6 #5 #4 #3 #2 #1 #0

[ coez | | | RTNT | | | | | | |
#7 #6 #5 #4 #3 #2 #1 #0

[ Foss | | | | | | | | RreT | |
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Parameter
#7 #6 #5 #4 #3 #2 #1 #0

[ s200 | | | | | pov | | | | |

[Datatype] Bit
DOV For tool extraction during rigid tapping, overrideis:

0: Disabled.
1: Enabled. (The override value is set in parameter No0.5211 or
No.5381.)
#7 #6 #5 #4 #3 #2 #1 #0
[ 5202 | | | | | | | [ Res | |

[Datatype] Bit
RG3 Rigid tapping retraction is performed using:
0: Input signal RTNT <G62#6>
1: One-shot G code G30 command

NOTE
1 When this parameter has been set, the power must be

turned off before operation is continued.
2 When this parameter is to be set to 1, be sure to set bit 0
(G84) of parameter No. 5200 to 0.

| 5381 | | Override for rigid tapping retraction

[Datatype] Byte
[Unit of data] %
[Valid data range] 0to 200

Sets an override value to be applied to rigid tapping retraction. No
overrideis applied if O is set.

NOTE

1 This parameter is valid when bit 4 (DOV) of parameter No.
5200 is set to 1.

2 If bit 3 (OVU) of parameter N0.5201 is set to 1, 10% is set
as the units of data. Thus, an override of up to 2000% can
be applied during extraction.

| 5382 | | Retract value o for rigid tapping return

[Datatype] 2—word
[Unit of data] Input increments
[Valid data range] 0 to 99999999

Sets an extraretract value for rigid tapping retraction. The tool will be
pulled beyond the R point by o.. If rigid tapping retraction has already
been completed, the tool is pulled by o only.
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Caution

CAUTION

1 If rigid tapping is stopped as a result of an emergency stop,
the position on the tapping axis (Z—axis) is maintained but
the spindle position is lost. In such a case, therefore, the
positional relationship between the spindle and tapping axis
is not guaranteed when operation is resumed.

2 Rigid tapping retraction is performed based on the tapping
axis (Z—axis) commands accumulated for tapping. If rigid
tapping is stopped as a result of an emergency stop,
therefore, rigid tapping retraction may fail to draw the
tapping tool completely out of the workpiece. In such a
case, set retract value o (parameter No. 5382).

3 During rigid tapping retraction, switching the mode to
manual mode stops rigid tapping retraction.

4 For rigid tapping retraction, the CNC internally activates a
return program. Rigid tapping retraction may, therefore,
cause some G codes or M/F/S codes to be overwritten
(G80/G84/G74, G94/G95, G30).

Note

NOTE

1 Setting rigid tapping retraction start signal RTNT to “1” starts
rigid tapping retraction only when the CNC is placed in both
the reset state and MDI mode.

2 The machining data for rigid tapping retraction is maintained
until a rigid tapping command is subsequently specified,
even while the power is turned off. Rigid tapping retraction
can, therefore, be specified even if the power has been
turned off after rigid tapping.

3 Rigid tapping retraction is not performed if the input
increments (inches or mm) selected when tapping return is
specified differ from those selected when the machining
data for tapping retraction was stored.

4 An override can be applied to rigid tapping retraction, if it is
enabled with the corresponding parameter.

— 314 —




B—64113EN-1/01

5. AUTOMATIC OPERATION

Reference item

OPERATOR’S MANUAL

Series 0i—C (M series) (B-64124EN) 11.13.2 Rigid tapping
. . OPERATOR’S MANUAL - .
Series 0i Mate—C (M series) (B-64144EN) 11.13.2 Rigid tapping
CONNECTION MANUAL (This manual) 9.10 Rigid tapping
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6.1
POSITIONING

General

The GO0 command moves atool to the position in the workpiece system
specified with an absolute or an incremental command at arapid traverse
rate.

In the absolute command, coordinate value of the end point is
programmed.

Intheincremental command the distance the tool movesis programmed.

The tool path is determined by selecting one of the following with

parameter LRP (No. 1401#1):

® Linear interpolation type positioning
The toal is positioned using a straight path and a speed that is not
higher than therapid traverse of each axis but that assures the shortest
positioning time. By changing the acceleration/deceleration type
from the constant acceleration/deceleration (inclination) type to the
constant time (time constant) type with bit 4 (PRT) of parameter No.
1603, the tool can be moved along a specified path.

e Nor-inear interpolation type positioning
Positioning is performed with each axis independently at the rapid
traverserate. Generaly, thetool path is not a straight line.

The rapid traverse rate in the GOO command is set to the parameter
N0.1420 for each axisindependently by the machine tool builder. In the
positioning mode actuated by GO0, the tool is accelerated to a
predetermined speed at the start of a block and is decelerated at the end
of ablock. Execution proceeds to the next block after confirming the
in—position.

Parameter

#7

#6 #5 #4 #3 #2 #1 #0

| 1401 | |

| I I | P ] |

[Datatype] Bit
LRP Positioning (GOO)

0: Positioning is performed with non-inear type positioning so that the
tool moves along each axis independently at rapid traverse.

1: Positioning is performed with linear interpolation so that the tool
moves in a straight line.
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| 1420 | | Rapid traverse rate for each axis

[Datatype] Two-word axis

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, IS-B IS-C
Millimeter machine 1 mm/min 30 — 240000 30 — 100000
Inch machine 0.1 inch/min 30 — 96000 30 — 48000
Rotaion axis 1 deg/min 30 — 240000 | 30 - 100000
Set the rapid traverse rate when the rapid traverse override is 100% for
each axis.
#7 #6 #5 #4 #3 #2 #1 #0

[ 2603 | | | | PRT ] | | | |

[Datatype] Bit

PRT The acceleration/deceleration of interpolation—type rapid traverse is
performed:
0: With a constant inclination.
1: With a constant time.

NOTE
This parameter is invalid if the function of bell-shaped
acceleration/deceleration after rapid—traverse interpolation
is provided. The acceleration/deceleration time constant
and override for rapid traverse are used.

Note

NOTE
The rapid traverse rate cannot be specified in the address
F.

Reference item

OPERATOR’S MANUAL

(M series) (B_64124EN) | 41 POSITIONING (G00)

Series 0i—C

OPERATOR’S MANUAL

(T series) (B_64114EN) |41 POSITIONING (G00)

OPERATOR’S MANUAL

(M series) (B_64144EN) | 41 POSITIONING (G00)

Series 0i Mate-C
OPERATOR'’'S MANUAL

(T series) (B_64134EN) | 41 POSITIONING (G00)
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6.2
LINEAR
INTERPOLATION

General

Tools can move along aline

A tools move along a line to the specified position at the feedrate
specified in F.

The feedrate specified in F is effective until anew value is specified. It
need not be specified for each block.

The feedrate commanded by the F code is measured along the tool path.
If the F code is not commanded, the feedrate is regarded as zero.

The feedrate of each axis direction is as follows.

GOLloePBris Ff ;

Feed rate of o axis direction:  Fa = % x f
Feed rate of B axis direction:  Fg = g x f
Feed rate of yaxis direction:  Fy = % x f
Feed rate of { axis direction: Fp = % x f

L=Ja?+p2+y?+8

Thefeedrate of therotary axisiscommanded in theunit of deg/min (if the
feedrateis 12 deg/min, F12.0 is commanded).

When the straight line axis o(such as X, Y, or Z) and the rotating axisp
(suchasA, B, or C) arelinearly interpolated, thefeed rateisthat in which
the tangential feed rate in the ccandP cartesian coordinate system is
commanded by F(mm/min).

B—axis feedrate is obtained ; at first, thetimerequired for distributionis
calculated by using the above fromula, then the B —axis feedrate unit is
changed to deg/min.

A calculation exampleis as follows.

(Example)

G91 G01 X20.0C40.0 F300.0 ;
This changes the unit of the C axis from 40.0 deg to 40mm with metric
input. The time required for distribution is calculated as follows:

V20 40 . 414907 (min)
300
The feed rate for the C axis is
40 deg - :
m 268.3 deg/mln

In simultaneous 3 axes control, the feed rate is calculated the same way
asin 2 axes control.
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Parameter

| 1411 |
Cutting feedrate when the power is turned on
This parameter can be set in “ Setting screen”.
[Datatype] Word

[Unit of data] Valid data range

Increment system Unit of data
[Valid data range] IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 — 32767 6 — 32767
Inch machine 0.01 inch/min 6 — 32767 6 — 32767

When the machine requires little change in cutting feedrate during
cutting, a cutting feedrate can be specified in the parameter. This
eliminatestheneed to specify acutting feedrateinthe NC command data.

The feedrate set in this parameter is effective between the CNC being
cleared, upon a power—on or areset, and afeedrate being specified with a
program command (F command). Onceafeedrate hasbeen specifiedwith
an F command, that feedrate becomes effective.

| 1422 | | Maximium cutting feedrate for all axes |
[Datatype] Two—word axis
[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, I1IS-B IS-C
Millimeter machine 1 mm/min 6 — 240000 6 — 100000
Inch machine 0.1 inch/min 6 — 96000 6 — 48000

Specify the maximum cutting feedrate.
A feedrate in the tangential directionis clamped in cutting feed so that it
does not exceed the feedrate specified in this parameter.

NOTE
To specify the maximum cutting feedrate for each axis, use
parameter No. 1430 instead. (M series)

| 1430 |
Maximum cutting feedrate for each axis
[Datatype] Two—word axis
[Unit of data] Valid data range
Increment system Unit of data
[Valid data range] IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 — 240000 6 — 100000
Inch machine 0.1 inch/min 6 — 96000 6 — 48000
Rotaion axis 1 deg/min 6 — 240000 6 — 100000

Specify the maximum cutting feedrate for each axis.
A feedrate for each axis is clamped in cutting feed so that it does not
exceed the maximum feedrate specified for each axis.
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NOTE

1 This parameter is effective only in linear and circular
interpolation. In polar coordinate and cylindrical, the
maximum feedrate for all axes specified in parameter No.
1422 is effective.

2 If the setting for each axis is 0, the maximum feedrate
specified in parameter No. 1422 is applied to all axes and
the feedrate is clamped at the maximum feedrate.

#7 #6 #5 #4 #3 #2 #1 #0
[ 32 | | | | | | | | | oo |

[Datatype] Bit
GO01 Mode entered when the power isturned on or when the control iscleared

0: GO0 mode (positioning)
1: GO01 mode (linear interpolation)

Alarm and message

No. Message Description
011 NO FEEDRATE COMMAN- Cutting feedrate was not commanded or
DED the feedrate was inadequate. Modify the
program.
Reference item
OPERATOR’'S MANUAL 114.3 LINEAR INTERPOLATION
(M series) (B—64124EN) o (G01)
Series 0i—C
OPERATOR’'S MANUAL 4.2 LINEAR INTERPOLATION
(T series) (B—64114EN) o (G01)
OPERATOR’'S MANUAL 114.3 LINEAR INTERPOLATION
(M series) (B—64144EN) o (G01)
Series 0i Mate—C
OPERATOR’'S MANUAL 1.4.2 LINEAR INTERPOLATION
(T series) (B-64134EN) o (G01)
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6.3
CIRCULAR
INTERPOLATION

General

The command below can move atool along a circular arc in the defined
plane.

“Clockwise” (G02) and “counterclockwise”(G03) on the XY, plane
(ZpXp plane or YpZ,, plane) are defined when the XY, plane is viewed
in the positive-to—negative direction of the Z,, axis (Yp axis or X, axis,
respectively) in the Cartesian coordinate system. See the figure below.

Yp Xp Zp
GO03 GO03 GO03
G@ « G(:)\ G‘(Q Yo
p Zp
G17 G18 G19

The end point of an arc is specified by address Xp, Yp or Zp, and is
expressed as an absolute or incremental value according to G90 or G91.
For the incremental value, the distance of the end point which isviewed
from the start point of the arc is specified with asign.

Thearc center isspecified by addresses|, J, and K for the Xp, Yp, and Zp
axes, respectively. The numerical valuefollowing 1, J, or K, however, is
avector component in which the arc center is seen from the start point,
and is always specified as an incremental value, as shown below.

I, J, and K must be signed according to the direction.

G02; Command for acircle

End point (X,y) End point (z,x) End point (y,z)

Center Center Center

10,J0, and KO can be omitted. When X, Yy, and Z, are omitted (the end
point is the same as the start point) and the center is specified with I, J,
and K, a360° arc (circle) is specified.

G02 li; Command for acircle

If the difference between the radius at the start point and that at the

end point exceedsthe valuein aparameter (N0.3410), an alarm (N0.020)
occurs.
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Thedistance between an arc and the center of acirclethat containsthearc
can be specified using the radius, R, of the circleinstead of |, J, and K.
Inthiscase, onearcislessthan 180°, and the other ismore than 180° are
considered.

For T series, an arc with a sector angle of 180° or wider cannot be
specified (P/S darm No. 023).

For M series, specify an arc more than 180° with anegative radius value
commanded.

If Xp, Yp, and Zp are al omitted, if the end point is located at the same
position asthe start point and when Risused, an arc of 0°is programmed.
GO2R _; (The tool does not move.)

(Example) (T series)

Forarc (1) (less than 180°)
G02 W60.0 U10.0.R50.0 F300.0 ;

Forarc (2) (greaterthan 180°)
An arc with a sector angle of 180°
or wider cannot be specified
within a single block.

@
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(Example) (M series)
Forarc (1) (less than 180°)

G91 G02 X60.0 Y20.0.R50.0 F300.0;
Forarc (2) (greaterthan 180°)

G91 G02 X60.0 Y20.0.R-50.0 F300.0 ;

@

End point

‘\/

/

Startpoint —

2 Tool nose radius compensation

NOTE
1 Specifying an arc center with addresses I, K, and J
When the distance from the arc start point to the arc center

is specified with addresses I, K, and J, a P/S alarm (No.
5059) is issued if:

Maximum value which can be specified < /|2 + K2

Example:
When IS-B and metric input are selected, issuing the
following command (radius specification) will result in the
issue of a P/S alarm (No. 5059):

G50 X0 Z0;

G18 G02 X11.250 Z10. 1-800000.000 K900000.000 F5.0;

/12 + K2 = /(-800000.000)2 + 900000.0002

= 1204159.458
> 999999.999

In tool nose radius compensation mode, a P/S alarm (No.
5059) is issued if the distance from the tool nose radius

center to the arc center exceeds the maximum value which
can be specified.
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Thefeedratein circular interpolation is equal to the feedrate specified by
the F code, and the feedrate along the arc (the tangential feedrate of the
arc) is controlled to be the specified feedrate.

The error between the specified feedrate and the actua tool feedrate is
+2% or less. However, this feedrate is measured along the arc after the
cutter compensation (M series) or tool nose radius compensation (T
series) is applied.

Parameter

| 1022 | | Setting of each axis in the basic coordinate system |
NOTE
When this parameter is set, power must be turned off before
operation is continued.
[Datatype] Byte axis

To determine the following planes used for circular interpolation, cutter
compensation C (for the M series), tool nose radius compensation (for the
T series), etc., each control axisis set to one of the basic three axes X, Y,
and Z, or an axis parald to the X, Y, or Z axis.

G17: Plane Xp-Yp
G18: Plane Zp—Xp
G19: Plane Yp—Zp

Only one axis can be set for each of the three basic axes X, Y, and Z, but
two or more parallel axes can be set.

Set value Meaning

0 Neither the basic three axes nor a parallel axis
1 X axis of the basic three axes

2 Y axis of the basic three axes

3 Z axis of the basic three axes

5 Axis parallel to the X axis

6 Axis parallel to the Y axis

7 Axis parallel to the Z axis
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#7 #6 #5 #4 #3 #2 #1 #0

| 3402 |

G19 G18

[Datatype] Bit
G18 and G19 Plane selected when power is turned on or when the control is cleared

G19 G18 G17, G18 or G19 mode
0 0 G17 mode (plane XY)
0 1 G18 mode (plane ZX)
1 0 G19 mode (plane YZ)
| 3410 | | Tolerance of arc radius

[Datatype] Two-word

[Unit of data] | Increment system IS-A IS-B Is-C Unit
Metric input 0.01 0.001 0.0001 mm
Inch input 0.001 0.0001 0.00001 inch

[Valid datarange] 1 to 99999999

When a circular interpolation command (G02, GO3) is executed, the
tolerancefor the radius between the start point and the end point isset. If
thedifferenceof radii betweenthestart point and the end point exceedsthe
tolerance set here, a P/S alarm No. 20 isinformed.

NOTE
When the set value is 0, the difference of radii is not
checked.
Alarm and message
Number Message Description
011 NO FEEDRATE Cutting feedrate was not commanded
COMMANDED or the feedrate was inadequate.
Modify the program.
020 OVER TOLERANCE OF In circular interpolation (G02 or G03),
RADIUS difference of the distance between the
start point and the center of an arc
and that between the end point and
the center of the arc exceeded the
value specified in parameter No.
3410.
021 ILLEGAL PLANE AXIS An axis not included in the selected
COMMANDED plane (by using G17, G18, G19) was
commanded in circular interpolation.
Modify the program.
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Number Message Description
023 ILLEGAL RADIUS In circular interpolation by radius des-
COMMAND ignation, negative value was com-
(T series) | manded for address R. Modify the
program.
025 CANNOT COMMAND FO | FO (rapid traverse) was instructed by
IN G02/G03 F1 —digit command in circular inter-
(M series) | polation. Modify the program.
028 ILLEGAL PLANE In the plane selection command, two
SELECT or more axes in the same direction
are commanded.
Modify the program.
5059 | RADIUS IS OUT OF For circular interpolation, the radius
RANGE specified with addresses | and K ex-
ceeds the allowable range.
Note
NOTE

1 For T series, the U, V and W axes (parallel with the basic
axis) can be used with G—code system B and C.

If I, J, K, and R addresses are specified simultaneously, the
arc specified by address R takes precedence and the other

2

are ignored.

If an axis not comprising the specified plane is commanded,

an alarm is displayed.

For example, when G code system B or C is used, if U axis
with X axis is specified as a parallel axis to X axis when
plane XY is specified, an P/S alarm (No.028)is displayed.

Reference item

OPERATOR’S MANUAL

CIRCULAR INTERPOLATION

(M series) (B—64124EN) Il.4.4 (G02,G03)

Series 0i—-C
OPERATOR’'S MANUAL 143 CIRCULAR INTERPOLATION
(T series) (B—64114EN) o (G02,G03)
OPERATOR’'S MANUAL .44 CIRCULAR INTERPOLATION
(M series) (B—64144EN) o (G02,G03)

Series 0i Mate-C
OPERATOR’'S MANUAL 143 CIRCULAR INTERPOLATION

(T series) (B—64134EN)

(G02,G03)
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6.4

THREAD CUTTING

6.4.1

Thread Cutting

General Tool movement can be synchronized with spindle rotation when cutting
threads.

The spindle speed is continuously read through the position coder
attached to the spindle. Then, it is converted to a cutting feedrate (feed
per minute) to feed the tool.

L: Lead L

Straight Thread Tapered Screw Scroll Thread

In general, thread cutting is repeated along the same tool path in rough
cutting through finish cutting for ascrew. Sincethread cutting startswhen
the position coder mounted on the spindle outputs a 1-turn signal,
threading is started at afixed point and the tool path on the workpieceis
unchanged for repeated thread cutting. Note that the spindle speed must
remain constant from rough cutting through finish cutting. If not,
incorrect thread lead will occur.
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Signal

Thread cutting signal
THRD<FO002#3>

[Function] Thissignal indicates that thread cutting is in progress.

[Output condition] Thissignal turnsto “1” in the following cases:
» Thread cutting mode in progress
* Thread cutting cycle for turning

Thissignal turnsto “0” in the following case.
* Neither thread cutting mode nor thread cutting cycle are in progress.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
[ Foo2 | | | | | | THRD | | | |
Parameter
Enabling/disabling dry
run operation during
threading #7 #6 #5 #4 #3 #2 #1 #0

[ a1 | | | | TR | | | | | |

[Datatype] Bit
TDR Dry run during threading or tapping (tapping cycle G74 or G84, rigid
tapping)
0: Enabled
1: Disabled
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Checking the spindle
speed arrival signal
before starting threading

#7 #6 #5 #4 #3 #2 #1 #0
| 3708 | SAT SAR
SAR

[Datatype] Bit

SAR: The spindle speed arrival signd is:
0: Not checked
1: Checked

SAT: Check of the spindle speed arrival signal at the start of executing the
thread cutting block

0: Thesigna ischecked only when SAR, #0 of parameter 3708, is set.
1: Thesignal isalways checked irrespective of whether SAR is set.

CAUTION
When thread cutting blocks are consecutive, the spindle
speed arrival signal is not checked for the second and
subsequent thread cutting blocks.

Setting the time constant
for the threading cycle

1626 Time constant of exponetial acceleration/deceleration in the thread
cutting cycle for each axis

[Datatype] Word axis
[Unit of data] ms
[Valid data range] 0 to 4000

Set thetime constant used for exponential accel eration/decelerationinthe
thread cutting cycle (G76, G78 (G92 in G code system A)) for each axis.
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Setting the FL feedrate
for the thread cutting
cycle

1627

cycle for each axis

FL rate of exponential acceleration /deceleration in the thread cutting

[Datatype] Word axis

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, I1IS-B IS-C
Millimeter machine 1 mm/min 6 — 15000 6 — 12000
Inch machine 0.1 inch/min 6 — 6000 6 — 4800
Rotaion axis 1 deg/min 6 — 15000 6 — 12000

Set the lower limit (FL rate) of exponential acceleration/deceleration in
the thread cutting cycle (G76, G78 (G92 in G code system A)) for each
axis.

Setting the chamfering
distance for the thread
cutting cycle

| 5130 | Chamferingdistance in the thread cutting cycles G76 and G92

[Datatype] Byte
[Unit of data] 0.1 pitch
[Valid datarange] 0to 127

This parameter sets the chamfering in the thread cutting cycles G76 and
G92.

Setting the minimum
depth of cut for the
multiple repetitive
canned cycle G76

| 5140 | Minimiumdepth of cut in the multiple repetitive canned cycle G76

[Datatype] Two-word

[Unit of data] | Increment system IS-A IS-B Is-C Unit
Metric input 0.01 0.001 0.0001 mm
Inch input 0.001 0.0001 0.00001 inch

[Valid datarange] 0 to 99999999

This parameter sets the minimum depth of cut in the multiple repetitive
canned cycle G76.
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Setting the finishing
allowance for the
multiple repetitive
canned cycle G76

| 5141 | Finishing allowance in the multiple repetitive canned cycle G76

[Datatype] Two-word

[Unit of data] | Increment system IS-A IS-B Is-C Unit
Metric input 0.01 0.001 0.0001 mm
Inch input 0.001 0.0001 0.00001 inch

[Valid datarange] 1 to 99999999

This parameter sets the finishing allowance in the multiple repetitive

canned cycle G76.
Setting the repetition
count of finishing for the
multiple repetitive
canned cycle G76
| 5142 | Repetition count of final finishing in the multiple repetitive canned cycle G76

[Datatype] Two-word
[Unit of data] Cycle
[Valid data range] 1 to 99999999

This parameter sets the repetition count in the multiple repetitive canned

cycle G76.
Setting the tool angle for
the multiple repetitive
canned cycle G76
| 5143 | Tool nose angle in the multiple repetitive canned cycle G76

[Datatype] Two-word
[Unit of data] Degree

[Valid datarange] 0to 120 (When FS10/11 TAPE FORMAT is used)
0, 29, 30, 55, 60, 80 (When FS10/11 TAPE FORMAT is not used)

This parameter sets the tool nose angle in the multiple repetitive canned
cycle G76.
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Warning

WARNING

During threading, stopping feed without stopping the
spindle is dangerous because the cutting depth will abruptly
increase. Feed hold is, therefore, disabled during
threading. If attempted during threading, feed stops in the
same way as single block stop upon the completion of the
first non—threading block after the termination of threading
mode. The feed hold lamp (SPL lamp), however, lights
immediately after the feed hold button (on the machine
operator’s panel) is pressed. The lamp goes off when feed
stops (the CNC enters the single block stop state).

Caution

CAUTION

1 Feedrate override is ignored during thread cutting, 100%
being assumed.

2 During threading, spindle override is ignored, 100% being
assumed.

3 When the first non-threading block is executed after

threading mode has been finished, and the feed hold button
is pressed again (or the feed hold button has been held
down), the execution of the non—threading block is stopped
immediately.

When thread cutting is executed in the single block status,
the tool stops after execution of the first block not specifying
thread cutting.

When the previous block was a thread cutting block, cutting
will start immediately without waiting for detection of the
1-turn signal even if the present block is a thread cutting
block.

When a dry run operation is performed the dry run rate
becomes the longitudinal axis feedrate.

For T series, the thread cutting retract function is supported
only for the threading cycle.

— 338 —




6. INTERPOLATION FUNCTION

B-64113EN-1/01

Reference item

OPERATOR’S MANUAL

(M series) (B_64124EN) 1.4.7 THREAD CUTTING
4.7 CONSTANT LEAD THREAD
- CUTTING
Series 0i—C 1L4.8 VARIABLE LEAD THREAD
OPERATOR’S MANUAL - CUTTING
(T series) (B—64114EN)
1L4.9 CONTINUOUS THREAD CUT-
- TING
1410 | MULTIPLE THREAD CUTTING
OPERATOR’S MANUAL
(M series) (B_64144EN) 1.4.6 THREAD CUTTING
IL4.6 CONSTANT LEAD THREAD
Series 0i Mate—C CUTTING
OPERATOR’S MANUAL
(T series) (B—64134EN) | 11.4.7 CONTINUOUS THREAD CUT-
TING
1.4.8 MULTIPLE THREAD CUTTING
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6.4.2
Thread Cutting Cycle
Retract (T series)

General When the automatic operation stop signal *SP <G008#5> is set to 0
during threading in athreading cycle, the tool immediately retractswhile
performing chamfering, then returnsto the start point of the current cycle,
first along the X—axis, then along the Z—axis.

Stop point

e

Ordinary cycle

Rapid traverse | @ ------ Motion when the signal *SP is
set to 0.
The signal *SP is set to 0 here.

Parameter
® Setting to enable the

override function during

thread cutting cycle

retraction

#7 #6 #5 #4 #3 #2 #1 #0

[2403 | | RV | | | | | | | |

[Datatype] Bit
RTV Override while the tool is retracting in threading
0: Overrideiseffective.
1: Overrideis not effective.

® Setting a chamfering
distance in thread
cutting cycle retraction

| 5130 | | Chamferingdistance in thread cutting cycles G76 and G92

[Datatype] Byte
[Unit of data] 0.1 pitch
[Valid datarange] 0to 127
This parameter setsthe chamferinginthread cutting cycles G76 and G92.
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Caution
CAUTION
While the tool is retracting, automatic operation stop signal
*SP <GO008#5> is ignored.
Note

NOTE
The chamfering distance for retraction is determined by the
setting of parameter No. 5130.

Reference item

, 11.13.1.2 | Thread Cutting Cycle
Series 0i—C OPERATOR’'S MANUAL

(T series) (B-64114EN) ||| 13 5 7 | Multiple Thread Cutting Cycle

, 11.13.1.2 | Thread Cutting Cycle
Series 0i Mate—C OPERATOR’'S MANUAL

(T series) (B-64134EN) ||| 13 5 7 | Multiple Thread Cutting Cycle
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6.5
SINGLE DIRECTION
POSITIONING
General For accurate positioning without play of the machine (lost motion),
positioning is performed in one direction finaly.
Overrun distance i
P
Start point i
| I
i
|
< | .
! Start point
|
i Temporary stop
End point —_—
Example where positioning is performed in the minus direction
Format
G60 IP_;
IP_: Coordinates of an end point for tool movement when an
absolute command is specified
Explanation Parameter No. 5440 is used to set an overrun distance and positioning
direction. Thetool stops once before a specified end point also when a
specified positioning direction matches the positioning direction set in
the parameter.
By setting bit 0 (MDL) of parameter No. 5431 to 1, the one-shot G code
G60 can be used asamodal G codeof group 01. Thiseliminatesthe need
to specify G60 for each block, and enables one-shot G code to be
specified in the single direction positioning mode. The other
specifications are the same as for the one-shot G code G60.
(Example)
When the one—shot G code G60 is used When the modal G code G60 is used
G90; G90 G60 ; Starts the single direction positioning mode.
G60 X0 YO ; X0 YO ;
G60 X100 ; }Single direction positioning X100 ; } Single direction positioning
G60 Y100 ; Y100 ;
G04 X10 ; G04 X10 ;
GO0 X0 YO ; GO0 X0 YO ; Cancels the single direction positioning mode.
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® Overview of operation

x

”‘i’& ____________________ T
7/ \\
7 > Overrun distance in the Z—axis direction
7 Overrun distance in the ' '
P X-axis direction
’ < | |
7 ~ | |
’ N
,/ N 1 |
. _4_ V. 4----

Programmed end point

p Z

Programmed start point

In the case of positioning of non-inear interpolation type (bit 1 (LRP) of
parameter No. 1401 = 0)

Asshown above, singledirection positioningisperformed independently
along each axis.

X
Overrun distance in the Z—axis direction
I S
- - |
7/

Overrun distance in the
X—axis direction

Programmed end point

> 7

Programmed start point

In the case of positioning of linear interpolation type (bit 1 (LRP) of
parameter No. 1401 = 1)

Positioning of interpolation type is performed until the tool once stops
before or after a specified end point. Then, the tool is positioned
independently along each axis until the end point is reached.
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Parameter
#7 #6 #5 #4 #3 #2 #1 #0
[ 54 | | | | | | | | Por [ wed |
[Datatype] Bit
MDL Specifies whether the G code for single direction positioning (G60) is
included in one-shot G codes (00 group) or modal G codes (01 group)
0: One-shot G codes (00 group)
1. Modal G codes (01 group)
(The setting is valid until a G code in group 01 other than G60 is
specified.)
PDI  When the tool is stopped before or after a specified end point with the
single direction positioning function:
0: Noin—positioncheckisperformed. (Thetool waitsonly for theend of
acceleration/decel eration.)
1: Anin—position check is performed.
| 5440 | | Positioning direction and overrun distance in single direction positioning for each axis
[Datatype] Word axis
[Unit of data] | Increment system IS-A IS-B IS-C Unit
Metric input 0.01 0.001 0.0001 mm
Inch input 0.001 0.0001 0.00001 inch
Rotation axis 0.01 0.001 0.0001 deg
[Valid data range] —16383 to +16383
This parameter sets the positioning direction and overrun distance in
single directional positioning (G60) for each axis. The positioning
direction is specified using a setting data sign, and the overrun distance
using avalue set here.
Approach > 0: The positioning direction is positive (+).
Approach < 0: The positioning direction is negative (—).
Approach = 0: Uni—directional positioning is not performed.
P/S alarm
Number Message Description
0146 | IMPROPER G CODE In the polar coordinate interpolation

mode, a G code that must not be spe-
cified was specified. Correct the pro-
gram.

0176 | IMPROPER G CODE IN In the cylindrical interpolation mode, a
G107 G code that must not be specified
was specified. Correct the program.
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Notes 1. Singledirection positioning is not performed along an axis for which
no overrun distance is set in parameter No. 5440.

2. Single direction positioning is not performed along an axis for which
travel distance O is specified.

3. Themirror image function isnot applied in a parameter—set direction.
Even in the mirror image mode, the direction of single direction
positioning remains unchanged.

4. Single direction positioning cannot be used for ahole machining axis
in a hole machining canned cycle. However, single direction
positioning can be used for positioning operation.

5. In the cylindrical interpolation mode (GO07.1), single direction
positioning cannot be used.

6. In the polar coordinate interpolation mode (G12.1), single direction
positioning cannot be used.

7. Single direction positioning is not performed for an axis along which
amovement is made by a shift amount in a G76 or G87 canned cycle.
(M series)

8. The G code for single direction positioning is G60, regardless of
whether the G code systemis A, B, or C. (T series)

9. In a multiple repetitive turning canned cycle (G70 to G76), single
direction positioning cannot be used. (T series)

10.In a grind canned cycle (G71 to G74), single direction positioning
cannot be used. (T series)

11.Inacanned cycle (G90, G92, G94), singledirection positioning cannot
be used. (T series)

® Notes on using single If amovecommand isspecified on an angular axisinangular axiscontrol,
direction positioning and a compensation command is output for the orthogonal axis. Let Ypbea
angular axis control move command for an angular axis, and let ( be the inclination angle of
simultaneously theangular axis. Then, thecompensation command Xafor the orthogonal
axisis
Xa=-Ypetan 6

+X (orthogonal axis)
Movementin the plus direction

-~
e
-
7
-

Compensation in the minus direction: Xa Move command in the plus direction: Yp|

+Y (angular axis) \ P s
<

rd

Actual move coordinate system P

6 (inclinationangle) . <
-

-
7

L/

Program coordinate system
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® \When the inclination
angle of an angular axis
(parameter No. 8210) is
1°to 89° or 181° to 269°

The direction of the compensation command Xa is determined by the
inclination angle 6 of the angular axis and the direction of the move
command Yp for the orthogonal axis. When tan 6 is plus, the direction
of the move command for the angular axis is opposite to that of the
compensation command for the orthogonal axis. (For example, if amove
command in the plus direction is specified for an angular axis when the
inclination angle is +30°, a compensation command in the minus
direction is output for the orthogonal axis.)

So, when single direction positioning is performed during angular axis
control, positioning may be performed by a compensation command
along the orthogonal axisin the direction opposite to the direction set in
parameter No. 5440. To prevent this situation from occurring, set the
parameter as described below so that the direction of the compensation
command matches the positioning direction for the orthogonal axis.

Set thedirectionsof singledirection positioning (parameter No. 5440) for
the angular axis and orthogonal axis so that the directionsfor the angular
axis and for the orthogonal axis are opposite (plus/minus) to each other.
When the positioning direction for the X—axis (orthogonal axis) isminus,
and the positioning direction for the Y—axis (angular axis) is plus, the
operation shown below is performed.

+X (orthogonal axis)

Y—axis: Positioning in the plus direction

Temporary

X—axis: Compensation in the minus direction

l/ stop
P 7
\ _
”
7

N f
Actual move coordinate system P
6 (inclination angle) P
\’ -,
7
e

Move command in the plus direction |

e
e
e
”

+Y (angular axis)

7
Program coordinate system

Move command in the plus direction
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+X (orthogonal axis)

X—axis: Compensation in the plus direction

Move command in the minus direction

=

) \ Y—axis: Positioning in the
+Y (angular axis) minus direction

<

Actual move coordinate system T P

6 (inclination angle) / s

”
e /\’
‘-/

Program coordinate system

Move command in the minus direction

® \When the inclination Set thedirections of singledirection positioning (parameter No. 5440) for
angle of an angular axis the angular axis and orthogonal axis so that the directionsfor the angular
(parameter No. 8210) is axisand for the orthogonal axis are the same (plus and plus, or minusand
91°to 179° or 271°to minus).
359° When both of the positioning directions for the X—axis (orthogonal axis)
and for the Y—axis (angular axis) are plus, the operation shown below is
performed.

Program coordinate system

+X (orthogonal axis
< (orthog )
~
~
~
~

Move command in the plus direction
S o \ <« | P

X—axis: Compensation in the plus direction

Y-axis: Positioning in the plus direction <

~ 6 (inclination angle)

+Y (angular axis)
<€ <

Actual move coordinate system

Move command in the plus direction
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w Program coordinate system +X (orthogonal axis)

Y—axis: Positioning in the minus direction

X—axis: Compensation in the minus direction

Move command in the minus direction ~

~ 6 (inclination angle)
+Y (angular axis) ~

Actual move coordinate system ~

Move command in the minus direction

Reference item

. . OPERATOR’S MANUAL . S N
Series 0i—C (M series) (B-64124EN) 11.4.2 Single direction positioning

. . OPERATOR’S MANUAL . L N
Series 0i Mate—C (M series) (B-64144EN) 11.4.2 Single direction positioning
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6.6
HELICAL

INTERPOLATION

General

Helical interpolation is enabled by specifying up to two other axeswhich
move synchronously with the circular interpolation by circular
commands.

The command method isto simply add one or two move command axes
which are not circular interpolation axes. An F command specifies a
feedrateaong acircular arc. Therefore, the feedrate of the linear axisis
asfollows:

Length of linear axis
Fx

Lengthof circular arc

Determinethefeedrate so that thelinear axisfeedrate does not exceed any
of the various limit values.

Tool path

The feedrate along the circumference of two cir-
cular interpolated axes is the specified feedrate.

Parameter

#7

#6 #5 #4 #3 #2 #1 #0

| 1404 | |

| I I | [ we ]

HFC Thefeedrate for helical interpolation is:

0: Clamped so that the feedrates along an arc and linear axis do not
exceed the maximum cutting feedrate specified by parameter.

1: Clamped so that the composite feedrate along an arc and linear axis
does not exceed the maximum cutting feedrate specified by
parameter.

When HFC is 1, and two linear axes exist, the combined feedrate for
the four axes (two axes (arc) + two axes (straight line)) is clamped so
that it does not exceed the maximum cutting feedrate.

_344_
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Example:

<Parameters used for clamping>
When HFC is0
No. 1430: Maximum cutting feedrate for each axis

Sincethecutting feedratefor thearcisclamped to the above
parameter value, thefeedrate along thelinear axisisclamped
to the smaller parameter value.

No. 1430 X 1000
Y 1200
Z 1400
G17 G03 X0. Y 100. R100. Z1000. F5000;

The feedrate along the linear axisis clamped to 1000.
No. 1422: Maximum cutting feedrate (common to all axes)

If parameter No. 1430 is set to 0, the feedrate is clamped to
the value set in this parameter.

When HFC is 1
No. 1422: Maximum cutting feedrate (common to all axes)

The cutting feedrate is clamped to the value set in this
parameter. The value set with parameter No. 1430 is
ignored.

Alarm and message

If morethan two axes are specified together with thetwo axesfor circular
interpolation in a block specifying a helical interpolation operation, P/S
alarm No. 232 is issued.

No. Message Description
0232 | TOO MANY HELICAL Three or more axes are specified as
AXIS COMMANDS helical axes.

Reference item

OPERATOR’'S MANUAL . .
(M series) (B-64124EN) 1.4.5 Helical Interpolation
Series 0i—C
OPERATOR’'S MANUAL . .
(T series) (B-64114EN) 11.4.4 Helical Interpolation
. . OPERATOR’'S MANUAL . .
Series 0i Mate—C (M series) (B-64144EN) 11.4.5 Helical Interpolation
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6.7
POLAR COORDINATE
INTERPOLATION

General

Explanations

® Polar coordinate
interpolation plane

Polar coordinateinterpolation isafunction that exercises contour control
in converting acommand programmed in a Cartesian coordinate system
to the movement of alinear axis (movement of atool) and the movement
of arotary axis (rotation of a workpiece). This function is useful for
grinding a cam shaft.

G12.1 starts the polar coordinate interpolation mode and selects a polar
coordinate interpolation plane (Fig. 6.7). Polar coordinate
interpolation is performed on this plane.

Rotary axis (virtual axis)
(unit:mm or inch)

Linear axis
(unit:mm or inch)

Origin of the local coordinate system (G52 command)
(Or origin of the workpiece coordinate system when a G52
command is not specified)

Fig. 6.7 Polar coordinate interpolation plane

When the power is turned on or the system is reset, polar coordinate
interpolation is canceled (G13.1).

Thelinear and rotation axesfor polar coordinate interpol ation must be set
in parameters (No. 5460 and 5461) beforehand.
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Parameter

| 1422 | | Maximum cutting feedrate for all axes

[Datatype] Two-word

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 — 240000 6 — 100000
Inch machine 0.1 inch/min 6 — 96000 6 — 48000

Specify the maximum cutting feedrate.

A feedrate in the tangential direction is clamped in cutting feed so that it
does not exceed the feedrate specified in this parameter.

NOTE
In M series, to specify the maximum cutting feedrate for
each axis, use parameter No. 1430 instead.

| 5460 | | Axis (linear axis) specification for polar coordinate interpolation |

| 5461 | | Axis (rotary axis) specification for polar coordinate interpolarion |

[Datatype] Byte
[Valid datarange] 1, 2, 3, ... control axes count

These parameters set control axis numbers of linear and rotary axes to
execute polar interpolation.

| 5462 | | Maximumcutting feedrate during polar coordinate interpolation |

[Datatype] Two-word

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, IS-B IS-C
Millimeter machine 1 mm/min 0, 6 — 240000 | 0O, 6 — 100000
Inch machine 0.1 inch/min 0, 6 — 96000 0, 6 — 48000
Rotation axis 1 deg/min 0, 6 — 240000 | 0, 6 —100000

This parameter setsthe upper limit of the cutting feedrate that is effective
during polar coordinate interpolation. If a feedrate greater than the
maximum feedrate is specified during polar coordinate interpolation, it
is clamped to the feedrate specified by the parameter. When the setting is
0, the feedrate during polar coordinate interpolation is clamped to the
maximum cutting feedrate usually specified with parameter 1422.
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Alarm and message

No.

Message

Description

145

INTERPOLATION

ILLEGAL CONDITIONS
IN POLAR COORDINATE

The conditions are incorrect when the polar
coordinate interpolation starts or it is can-
celed.

1) In modes other than G40, G12.1/G13.1
was specified.

2) An error is found in the plane selection.
Parameters No. 5460 and No. 5461 are
incorrectly specified.

Modify the value of program or parameter.

Reference item

Series 0i—-C

OPERATOR’S MANUAL
(T series) (B-64114EN)

11.4.5

Polar Coordinate Interpolation

Series 0i Mate-C

OPERATOR’S MANUAL
(T series) (B—64134EN)

11.4.4

Polar Coordinate Interpolation
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6.8
CYLINDRICAL
INTERPOLATION

General The amount of travel of arotary axis specified by an angle isinternally
convertedto adistance of alinear axisal ong theouter surface sothat linear
interpolation or circular interpol ation can be performed with another axis.
After interpolation, such a distance is converted back to the amount of
travel of the rotary axis.

The cylindrical interpolation function allows the side of a cylinder to be
developed for programming. So programs such as a program for
cylindrical cam grooving can be created very easily.

Use parameter No. 1022 to specify whether therotation axisisthe X—, Y—,
or Z—axis, or an axis parallel to one of these axes.
Only one rotation axis can be set for cylindrical interpolation.

Parameter
#7 #6 #5 #4 #3 #2 #1 #0

| 1006 | | | | | | | | ROSx | ROTX |

NOTE
When this parameter is changed, turn off the power before
continuing operation.

[Datatype] Bit axis
ROTx, ROSx Setting linear or rotation axis

ROSx ROTx Description

0 0 Linear axis

- Inch/metric conversion is done.

- All coordinate values are linear axis type.
(Not rounded in 0 to 360°)

- Storedpitch error compensation is linear axis type (Refer to pa-
rameter No. 3624)

0 1 Rotation axis (A type)

- Inch/metric conversion is not done.

- Machine coordinate values are rounded in 0 to 360° Absolute
coordinatevalues andrelative coordinate values are rounded or
notrounded by parameter No. 1008#0 and #2.

- Stored pitch error compensation is the rotation type (Refer to
parameter No. 3624)

- Automatic reference position return (G28, G30) is done in the
reference position return direction and the move amount does
not exceed one rotation.

1 0 Setting is invalid (unused)

1 1 Rotation axis (B type)

- Inch/metric conversion is not done.

- Machine coordinate values is linear axis type (Is not rounded
in 0to 360°). Absolute coordinate values and relative coordi-
nate values are rounded or not rounded by parameter No.
1008#0and #2.

- Storedpitch error compensation is linear axis type (Refer to pa-
rameter No. 3624).

- Cannotbe used with the rotation axis roll over function and the
index table indexing function (M series).
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| 1022 | | Setting of each axis in the basic coordinate system |

[Datatype] Byte axis

To determine the following planes used for circular interpolation, cutter
compensation C (for the M series), tool nose radius compensation (for the
T series), etc., each control axisis set to one of the basic three axes X, Y,
and Z, or an axis parald to the X, Y, or Z axis.

G17: Plane Xp-Yp
G18: Plane Zp—Xp
G19: Plane Yp-Zp

Only one axis can be set for each of the three basic axes X, Y, and Z, but
two or more parallel axes can be set.

Set value Meaning

0 Neither the basic three axes nor a parallel axis
1 X axis of the basic three axes

2 Y axis of the basic three axes

3 Z axis of the basic three axes

5 Axis parallel to the X axis

6 Axis parallel to the Y axis

7 Axis parallel to the Z axis

Alarm and message
Number Message Description

175 ILLEGAL G107 COMMAND Conditions when performing cylindrical in-
terpolation start or cancel not correct. To
change the mode to the cylindrical inter-
polation mode, specify the command in a
format of “G07.1 rotation—axis name radius

of cylinder.”
176 IMPROPER G—CODE IN Any of the following G codes which cannot
G107 be specified in the cylindrical interpolation
mode was specified.

1) G codes for positioning, such as G28,
G76, G81 — G389, including the codes
specifying the rapid traverse cycle

2) G codes for setting a coordinate system:
G50, G52

3) G code for selecting coordinate system:
G53G54-G59

Modify the program.
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Reference item

OPERATOR’S MANUAL

(M series) (B-64124EN) 1.4.6 Cylindrical Interpolation
Series 0i—-C

OPERATOR’S MANUAL N .

(T series) (B—64114EN) 1.4.6 Cylindrical Interpolation
Series 0i Mate—-C OPERATOR'S MANUAL 11.4.5 Cylindrical Interpolation

(T series) (B—64134EN)
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6.9 Polygonal turning means machining a polygonal figure by rotating the
POLYGONAL workpiece and tool at a certain ratio.

TURNING

(T SERIES)

| A
Workpiece ™
G - - Workpiece

|

Fig. 6.9 (a) Polygonal turning

By changing conditionswhich arerotation ratio of workpieceand tool and
number of cutters,the machining figure can be changed to a square or
hexagon. The machining time can bereduced ascompared with polygonal
figure machining using C and X axes of the polar coordinate. The
machined figurehowever, isnot exactly polygonal. Generally, polygonal
turning is used for the heads of square and/or hexagon bolts or hexagon
nuts.

Fig. 6.9 (b) Hexagon bolt

This function controls the workpiece (spindle) and tool (rotation tool
axis) so that the relationship between the spindle speed and tool speedis
maintained at a constant ratio specified in acommand given to the CNC.

(For the principle of polygonal turning, refer to Section 18.1, Part |1 of the
“Operator’'s Manual (For Lathe).”)

Following axis can be selected as the tool rotation axis:

- CNC controlled axis (servo axis)

In the following descriptions, the term polygonal turning refers to a
turning operation in which a servo axis is used as the tool rotation axis
(See Section 6.9.1.).
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6.9.1
Polygonal Turning

General

® Spindle connection

® Tool rotation axis
(servo axis) connection

® Examples of parameter
setting

One of the axes (servo axes) controlled by the CNC is assigned as atool
rotation axis. Either serial spindle or analog spindle can be used as a
workpiece axis (spindle).

Polygonal turning using aservo axisis detailed in the operator’s manual
(for lathe).

This section focuses on supplementary information and examplesfor the
connection.

A position coder must be mounted on the spindle. However, polygonal
turning requires no additional changes to the spindle connection (See
Section 9.3.).

Polygonal turning uses the position coder feedback signal to control the
positional relationship (cutting position) between the spindle and tool
rotation axis, and the ratio of speed.

Parameter No. 7610 specifies the controlled axis (servo axis) to be used
as the tool rotation axis.

The same parameter setting asfor ordinary servo axesappliesto theservo
axis connection for polygonal turning except for some parameters.

When the machine is not in the polygonal turning mode, the servo axis
specified as the rotation tool axis functions as afeed axis. So, the servo
axis can be:

- Used as a subspindle under PMC axis control
- Positioned by a move command from a machining program.

However, be careful about the angleto rotate through and feedrate. Read
the operator’s manual (for lathe) and the following examples.

- The following descriptions exemplify typical parameter setting for
polygonal turning using a serial pulse coder (with a million pulse
capability).

— The parameter setting described here is not a must for polygonal

turning.

— Specify typical values for parameters unless otherwise stated.

® Tool rotation axis setting

Thisexample usesthe CNC’sfourth axis (connected asthe Y —axis) as
arotation tool axis for polygonal turning.

Parameter No. 7610 =4
(controlled axis number for the tool rotation axis)

The following description assumes that the axis type parameter is set
to the fourth axis.

® Servo parameter setting
Set the servo parameters as listed below:
CMR=1
DMR = 36/1000
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(With the above setting, the reference counter capacity is 36000.)

Parameter No. 1820 = 2 (CMR)

Parameter No. 1821 = 36000 (reference counter capacity)
Parameter No. 2084 = 36 (DMR numerator)

Parameter No. 2085 = 1000 (DMR denominator)

For the other servo parameters, specify typical values.
Parameter setting for polygonal turning

The least command increment, detection unit, the angle to rotate
through per rotation for the polygon axis are as follows:

. _ L XCMR
Least command increment = —Q <DMR
Detection unit = least command increment _ L
DMR Q XDMR
Angle to rotate through per tool axis rotation
360

" least command increment

where
L: Tool axis rotation angle per motor rotation (degrees),
(360 X speed increment ratio)
When the servo motor is connected directly to therotation tool, for
example, L = 360. When the tool speed is doubled, L = 720.
Q: Number of pulses per pulse coder rotation
(For aseria pulse coder, Q = 1000000.)
Theleast command increment specified hereisspecificto the polygon
axis. Itisdetermined regardliess of what is specified in parameter No.
1004 (1SA/1SC). However, both 1SA and | SC must besettoOfor IS-B
Setting.
If the servo motor is connected directly to the rotation tool:

L east di t 360 x 1 0.01 (d )
command increment = = 0. rees
1000000 X 188 5 g

Detection unit = 0.01 (degrees)

Angle to rotate through per tool axis rotation = % = 36000

(degrees)
The upper limit to the tool rotation axis speed is:
Maximum servo motor speed X speed increment ratio

Therefore, if the maximum servo motor speed is 2000 min—L, and the
servo motor is directly connected to the servo motor:

Upper limit to thetool rotation axisspeed =2000 X 1=2000 (min-L)
This means the parameters must be set as follows:

No. 7620 = 36000 (angle to rotate through per tool axis rotation)
No. 7621 = 2000 (upper limit to tool rotation axis speed)

Feedrate parameter setting

Because the least command increment is 0.01 degrees, the input unit
for the feedrate is 10 degrees/min.

To obtain arapid traverse speed of 2000 min~L, for example, specify
asfollows:
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No. 1420 = 72000 (= 2000 X 3600 )

Also specify other feedrates in 10 degrees/min units.

Commands from the NC program

When themachineisnot performing polygonal turning, themachining
program can issue move commands to the polygon axis.

Such commands can be issued in the same way as for ordinary axes.
However, be careful about the angle to rotate through and feedrate.
Assuming the polygon axis is the Y—axis, the polygon axis rotates
through 0.03 degrees by the following command:

V3,

Likewise, the polygon axis rotates through 10.00 degrees by the
following command:

V1.0,

The feedrate unit is also increased by tenfold.

The current position of the polygon in the machine coordinate system
isnormalized according to the val ue specified by parameter No. 7620.
Typical values range from 0.000 to 35.999.

Signal

Polygon synchronization
under way signal

PSYN
<FOG3#7>

[Classification] Output signal

[Function] Informsthe PMC that the machine isin the polygon turning mode.

[Output condition] The polygon synchronization signal is set to logical “1” by the polygon
turning mode command (G51.2) and stays at “1” during the polygonal
turning mode.

The signal is reset to logical “0” by the polygon turning mode reset
command (G50.2) or areset. It staysat logical “0” when the machineis
not in the polygonal turning mode.

- Other signals (related to the tool rotation axis)

— Some signals related to the CNC controlled axis used as the tool
rotation axis may be made ineffective depending on whether the
machine is in the polygonal turning mode.

For these signals, read the note in operator’s manual (for lathe).

Signal address

#7

#6 #5 #4 #3 #2 #1 #0

| F063 | | PSYN |
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Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 7600 | PLZ

[Datatype] Bit
PLZ Synchronous axis using G28 command

0: Returnsto the reference position in the same sequence as the manual
reference position return.

1. Returnsto the reference position by positioning at arapid traverse.
The synchronous axis returns to the reference position in the same
sequence as the manual reference position return when no
return-to—reference position is performed after the power is turned
on.

| 7610 | Control axis number of tool rotation axis for polygon turning

[Datatype] Byte
[Valid datarange] 1, 2, 3, ... number of control axes

Thisparameter setsthe control axisnumber of arotation tool axisused for
polygon turning.

| 7620 | Movementof tool rotation axis per revolution

[Datatype] Two-word

[Unit of data] | Increment system IS-A IS-B IS-C Unit
Rotation axis 0.01 0.001 0.0001 deg

[Valid datarange] 1 to 9999999
This parameter sets the movement of atool rotation axis per revolution.

| 7621 | Maximum allowable speed for the tool rotation axis (polygon synchronization axis)

[Datatype] Word
[Unit of data] min—t

[Valid data range] For polygonal turning using servo motors:
1.2 x 108

0t
© set value of the parameter No. 7620

This parameter sets the upper—imit rotation speed of atool rotation axis.
Therotation speed of thetool rotation axisis clamped by the upper—imit
rotation speed during polygon turning. The spindle and tool rotation axis
go out of synchronization when the rotation speed is clamped (P/Salarm
No. 5018).
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Alarm and message

Number Message

Description

217 | DUPLICATE G251 (COM-
MANDS)

G51.2 (or G251) is further comman-
ded in the polygonal turning mode.
Modify the program.

218 NOT FOUND P/Q COM-
MAND IN G251

P or Q is not commanded in the
G51.2 (or the G251) block, or the
command value is out of the range.
Modify the program.

219 COMMAND G250/G251
INDEPENDENTLY

G51.2 (or G251) and G50.2 (or G250)
are not independent blocks.

220 ILLEGAL COMMAND IN
SYNCHR-MODE

In the synchronous operation, move-
ment is commanded by the NC pro-
gram or PMC axis control interface for
the synchronous axis.

221 ILLEGAL COMMAND IN
SYNCHR-MODE

Polygon machining synchronous op-
eration and Cs contouring control or
balance cutting are executed at a
time. Modify the program.

Caution

CAUTION

1 Before issuing a G51.2, rotate the spindle. Ifitis notrotating
when the G51.2 is issued, the program stops to wait for a
one-—rotation signal from the position coder on the spindle.
This does not apply to a dry run.

N

A reset releases the polygonal turning mode.

3 Machine a workpiece at the same spindle speed until finish
machining for the workpiece.

Reference item

Series 0i—-C

OPERATOR’S MANUAL
(T series) (B-64114EN)

11.19.1

POLYGONAL TURNING
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6.10

NORMAL DIRECTION
CONTROL

(M SERIES)

General

When atool with arotation axis (C—axis) ismovedinthe XY planeduring
cutting, the normal direction control function can control the tool so that
the C—axis is always perpendicular to the tool path (Fig. 6.10).

C-axis

Tool

Programmed tool path

C—aii \

(N

N

Tool N

N

N

)

A

p Normal direction (in _

which the tool moves)

Fig. 6.10 Sample Movement of the tool

Movement of thetool inserted at the beginning of each block is executed
at the feedrate set in parameter 5481. If dry run modeis on at that time,
thedry run feedrateisapplied. If thetool isto be moved along the X—and
Y—axesin rapid traverse (GO0) mode, the rapid traverse rate is applied.

If the federate of the C axis exceeds the maximum cutting feedrate of the
C axis specified to parameter No. 1422, the federate of each of the other
axes is clamped to keep the federate of the C axis below the maximum
cutting feedrate of the C axis.

Parameter
#7

#6 #5 #4 #3 #2 #1 #0

| 1006 | |

| | | | | | ROSX| ROTxl

NOTE
When this parameter is changed, turn off the power before
continuing operation.
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[Datatype] Bit axis
[Valid data range] ROTx, ROSx Setting linear or rotation axis
ROSx ROTx Description

0 0 Linear axis
- Inch/metric conversion is done.

- All coordinate values are linear axis type.
(Not rounded in 0 to 360°)

- Storedpitch error compensation is linear axis type (Refer to pa-
rameter No. 3624)

0 1 Rotation axis (A type)
- Inch/metric conversion is not done.

- Machine coordinate values are rounded in O to 360°
Roundingof absolute coordinate values andrelative coordinate
values is decided by parameter No. 1008#0 and #2.

- Stored pitch error compensation is of the rotation type. (Refer
to parameter No. 3624)

- Automatic reference position return (G28, G30) is done in the
reference position return direction and the move amount does
not exceed one rotation.

1 0 Setting is invalid (unused)

1 1 Rotation axis (B type)
- Inch/metric conversion is not done.

- Machinecoordinate valuesis oflinear axis type (i.e. notrounded
in 0 to 360°).

- Roundingof absolute coordinate values and relative coordinate
values is decided by parameter No. 1008#0 and #2.

- Stored pitch error compensation is of linear axis type (Refer to
parameter No. 3624).

- Cannotbe used with the rotation axes roll over function and the
index table indexing function (M series).

NOTE
The rotation axis must be set to the normal direction control
axis.

| 5480 | | Number of the axis for controlling the normal direction

[Datatype] Byte
[Valid data range] 1 to the maximum control axis humber

Thisparameter setsthe control axis number of the axiswhich controlsthe
normal direction.

| 5481 | | Rotationfeedrate of normal direction control axis |

[Datatype] Word
[Unit of data] 1 deg/min
[Valid data range] 1 to 15000

This parameter sets the feedrate of anormal direction control axisthat is
inserted at the start point of a block during normal direction control.
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| 5482 | | Limitvalue that ignores the rotation insertion of normal direction control axis

[Datatype] Two-word

[Unit of data] | Increment system IS-A IS-B IS-C Unit
Rotation axis 0.01 0.001 0.0001 deg

[Valid datarange] 1 to 99999999

Therotation block of anormal direction control axisis not inserted when
the rotation insertion angle calculated during normal direction control
does not exceed this setting value. Theignored rotation angleisadded to
the next rotation insertion angle. The block insertion is then judged.

NOTE

1 No rotation block is inserted when 360 or more degrees are
set.

2 1If 180 or more degrees are set, a rotation block is inserted
only when the circular interpolation is 180 or more degrees.

5483 Limit value of movement that is executed at the normal direction angle of
a preceding block

[Datatype] Two-word

[Unit of data] | Increment system IS-A IS-B Is-C Unit
Metric input 0.01 0.001 0.0001 mm
Inch input 0.001 0.0001 0.00001 inch

[Valid datarange] 1 to 99999999

This parameter sets the limit value of movement at the normal direction
angle of a preceding block.

N2
Tool center path AT T For straight line
\ / \ Block N2 is machined with the tool being normal
'/ N\ N3 to block N1 when the movement of N2 in the
N4 AN figure on the left does not exceed the set value.
/ \
Movement

Programmed path

For arc

Arc N2 is machined with the tool being normal
to block N1 when the arc diameter of N2 in the
figure on the left does not exceed the setting
value. A normal direction axis is not controlled
to move in the normal direction according to
the arc movement.

Diameter
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#1

#6 #5 #4 #3 #2 #1 #0

| 5484 | |

| | | | | cm | sec |

[Data type]
SDC

CTI

Bit

In normal direction control:

0: A C—axismovement isautomatically inserted between blocks so that
the C—axisisdirected at right anglesto the direction of motion at the
start point of each block. (After movement on the C—axis, movement
(along the X—axis and Y —axis) specified by the block is performed.)

1: If the amount of C—axis movement is smaller than the value set in
parameter N0.5485, a C—axis movement is not inserted before a
block. Instead, it is performed together with movement along the
X—axisand Y—axis.

If such an arc that the vector from the center of the arc to a start point
rotates in the reverse direction after cutter compensation is specified
during normal direction control in the cutter compensation C mode:

0: P/IS041 darm isissued.

1: The command is executed.

If thisparameter is set to 1, and such an arc that the vector from the center
of the arc to a start point rotates in the reverse direction after cutter
compensation is specified during normal direction control in the cutter
compensation C mode (see the tool path from (4) to (5) in the figure
below), thetool is controlled so that the tool facesin the direction at right
angles to the move direction (programmed path) before cutter
compensation (see the tool path from (2) to (3) in the figure below).
Thus, as shown by the programmed path from (4) to (5) in the figure
below, the inside of an arc where the radius of the workpiece is smaller
than the compensation value of the tool can be cut.

Path after cutter compensation

®) / @
o SR S RN (R -
Yo \—©® Tool
@ MEAX N

Programmed path

¥ Workpiece

(6)
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NOTE
When this parameter is set to 1, no interference check is
made in cutter compensation C.

5485 Limitimposed on the insertion of a single block for rotation about the normal
direction control axis

[Datatype] 2-word

[Unit of data]

Increment system IS-A 1IS-B IS-C Units
Rotation axis 0.01 0.001 0.0001 deg

[Valid datarange] 1 to 99999999

When normal direction control is applied, the amount of movement
(rotation angle) on the normal direction control axis (C—axis), calculated
so that the C—axisis directed at right angles to the direction of motion at
the start point of ablock, may be smaller than the value specified in this
parameter. Insuch acase, the C—axismovement isnot inserted beforethe
movement (along the X—axisand Y —axis) specified by theblock. Instead,
the C—axismovement is performed together with the movement specified
by theblock. If theamount of movement (rotation angle) on the C-axisis
greater than or equal to the val ue specified with this parameter, the C—axis
movement is inserted, and the movement specified by the block is made
after the completion of the C—axis movement.

NOTE
This parameter is enabled when the SDC parameter (bit O
of parameter No0.5484) is set to 1. If a value equal to or
greater than 180 degrees is specified, a C—axis movement
is inserted only when circular interpolation involving a C—axis
rotation of 180 degrees or more is performed.

| 1422 | |

Maximum cutting feedrate for all axes

[Datatype]
[Unit of data]
[Valid data range]

Two-word
Valid data range
Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 — 240000 6 — 100000
Inch machine 0.1inch/min 6 — 96000 6 — 48000

Specify the maximum cutting feedrate.

A feedrate in the tangential directionis clamped in cutting feed so that it
does not exceed the feedrate specified in this parameter.

— 362 —



B—64113EN-1/01

6. INTERPOLATION FUNCTION

NOTE

To specify the maximum cutting feedrate for each axis, use
parameter No. 1430 instead.

Reference item

Series 0i—-C

OPERATOR’S MANUAL
(M series) (B—64124EN)

11.14.9

Normal Direction Control
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6.11
LINEAR

INTERPOLATION
(G28, G30, G53)

General

When positioning operation of linear interpolation type is specified (bit
1 (LRP) of parameter No. 1401 = 1), the following operations can a so be
Set as operations of linear interpolation type by setting bit 4 (ZLN) of
parameter No. 1015 to 1:

® Movement from an intermediate point to a reference position in
automatic reference position return operation (G28)

® Movement from an intermediate point to a reference position in
second, third, or fourth reference position return operation (G30)

® Positioning by machine coordinate system selection (G53)

When any of the operations above is set as an operation of linear

interpolation type, accel eration/decel eration control followsthe setting of
bit 4 (RCT) of parameter No. 1603.

Parameter

#7 #6 #5 #4 #3 #2 #1 #0
[ 1015 | | | | [ 2N ] | | | |
[Datatype] Bit
ZLN When positioning of linear interpolation typeis specified (bit 1 (LRP) of
parameter No. 1401 = 1), automatic reference position return operation
(G28), second to fourth reference position return operation, and machine
coordinate system selection are set as.
0: Positioning of non-inear interpolation type.
1: Positioning of linear interpolation type.
This parameter is valid when bit 1 (LRP) of parameter No. 1401 = 1.
#7 #6 #5 #4 #3 #2 #1 #0
[ 1608 | | | | | Re | | | | |
[Datatype] Bit

RCT

When positioning of linear interpolation typeis specified (bit 1 (LRP) of
parameter No. 1401 = 1), acceleration/deceleration control is based on:

0 : Constant accel eration/decel eration method.
1: Constant time (time constant) method.
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Note

1 Manua intervention

Positioning of non-inear interpolation type is performed if the
automatic operation stop state is set by feed hold or mode switching
during movement then the subsequent operation of the program is
performed after the machine is moved by manual operation.

Referenceposition

Stop

Operation after manual
intervention

Fig. 6.11 Operation after manual intervention

If the machine position remains unchanged before and after manual
intervention (if the machine is not moved in the automatic operation
stop state or the machine is returned to the position before manual
intervention), positioning of linear interpolation typeis performed in
the subsequent operation of the program.

Automatic reference position return operation of low—speed type
(G28)

If reference position return operation is not performed for a specified
axis even once after the power is turned on in automatic reference
position return operation (G28), areference position return operation
of low—speed type is performed for the axis.

At thistime, positioning of non-inear interpol ationtypeisperformed.

For example, if G28X0Y 0Z0; is specified when reference position
return operation is completed for the X—axis and Y—axis, and is not
completed for the Z—axis, positioning of non-linear interpolation type
is performed.
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FEEDRATE CONTROL/ACCELERATION AND
DECELERATION CONTROL
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AND DECELERATION CONTROL

7.1 Thefeed functionscontrol thefeedrate of thetool. Thefollowingtwofeed
FEEDRATE functions are available:
CONTROL 1. Rapid traverse
When the positioning command (G00) is specified, the tool moves at
arapid traverse rate set in the CNC (parameter No. 1420).
2. Cutting feed
The tool moves at a programmed cutting feedrate.
Override can be applied to arapid traverse rate or cutting feedrate using
the override signal.
7.1.1

Rapid Traverse Rate

General

The positioning command (G0O) positions the tool by rapid traverse.

GO0 IP_:

GO0 : G code (group 01) for positioning (rapid traverse)
IP_; Dimension word for the end point

In rapid traverse, the next block is executed after the specified rate
becomes 0 and the servo motor reaches a certain range set by the
parameter (N0.1826) (in—position check).

A rapidtraverserateisset for each axisby parameter No. 1420, sonorapid
traverse rate need be programmed.

The following overrides can be applied to a rapid traverse rate with the
rapid traverse override signal:F0, 25, 50, 100%

FO: Allowsafixed feedrateto be set for each axisby parameter No. 1421.
In addition, the use of the 1% rapid traverse override selection signal
allows arapid traverse override of between 0% and 100% to be applied
in 1% steps.

Signal

Rapid traversing signal
RPDO <F002#1>

[Function]
[Output condition]

Thissignal indicates that a move command is executed at rapid traverse.

“1" indicates that an axis starts moving after rapid traverse has been
selected.

“0” indicates that an axis starts moving after a feedrate other than rapid
traverse has been sel ected. Thisholdstruefor both automatic and manual
operation modes.
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NOTE

1 The rapid traverse in automatic operation includes all rapid
traverses in canned cycle positioning, automatic reference
point return, etc., as well as the move command G00. The
manual rapid traverse also includes the rapid traverse in
reference position return.

2 Once rapid traverse has been selected, this signal remains
“1”, including during a stop, until another feedrate has been
selected and movement is started.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
[ Foo2 | | | | | | | | RPoO | |
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
|1401|| | RDR| | RFO| | | LRP| |
[Datatype] Bit
LRP Positioning (G0OO)
0: Positioning is performed with non-inear type positioning so that the
tool moves along each axis independently at rapid traverse.
1: Positioning is performed with linear interpolation so that the tool
moves in a straight line.
RFO When cutting feedrate override is 0% during rapid traverse
0: The machine tool does not stop moving.
1: The machine tool stops moving.
RDR Dry run for rapid traverse command
0: Disabled
1: Enabled
| 1420 | | Rapid traverse rate for each axis
[Datatype] Two—word axis

[Unit of data]
[Valid data range]

Valid data range
Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 30 — 240000 30 — 100000
Inch machine 0.1 inch/min 30 — 96000 30 — 48000
Rotation axis 1 deg/min 30 — 240000 30 — 100000

Set the rapid traverse rate when the rapid traverse override is 100% for

each axis.
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| 1424 | | Manual rapid traverse rate for each axis

[Datatype] Two—word axis

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, I1IS-B IS-C
Millimeter machine 1 mm/min 30 — 240000 30 — 100000
Inch machine 0.1 inch/min 30 — 96000 30 — 48000
Rotation axis 1 deg/min 30 — 240000 30 — 100000

Set therate of manual rapid traversefor each axiswhen therapid traverse
override is 100% for each axis.

NOTE
If O is set, the rate set in parameter 1420 is assumed.

Reference item

OPERATOR’S MANUAL

(M series) (B—64124EN) 11.5.2 Rapid traverse

Series 0i—-C

OPERATOR’S MANUAL

(T series) (B—64114EN) 11.5.2 Rapid traverse

OPERATOR’S MANUAL

(M series) (B—64144EN) 11.5.2 Rapid traverse

Series 0i Mate-C
OPERATOR’'S MANUAL

(T series) (B-64134EN) 11.5.2 Rapid traverse
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7.1.2
Cutting Feedrate
Clamp
General A common upper limit can be set on the cutting feedrate along each axis

with parameter No. 1422. If an actual cutting feedrate (with an override
applied) exceeds a specified upper limit, it is clamped to the upper limit.
For M series, the upper limit can be set on the cutting feedrate for each
axis with parameter No. 1430.

Parameter

| 1422 | |

Maximum cutting feedrate for all axes

[Datatype]
[Unit of data]
[Valid data range]

Two-word
Valid data range
Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 — 240000 6 — 100000
Inch machine 0.1 inch/min 6 — 96000 6 — 48000

Specify the maximum cutting feedrate.

A feedrate in the tangential directionis clamped in cutting feed so that it
does not exceed the feedrate specified in this parameter.

NOTE
To specify the maximum cutting feedrate for each axis, use
parameter No. 1430 instead. (M series)
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| 1430 |

Maximum cutting feedrate for each axis

[Datatype] Two—word axis

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 — 240000 6 — 100000
Inch machine 0.1 inch/min 6 — 96000 6 — 48000
Rotation axis 1 deg/min 6 — 240000 6 — 100000

Specify the maximum cutting feedrate for each axis.

A feedrate for each axis is clamped in cutting feed so that it does not
exceed the maximum feedrate specified for each axis.

NOTE

1 This parameter is effective only in linear and circular
interpolation. In  polar coordinate and cylindrical
interpolation, the maximum feedrate for all axes specified in
parameter No. 1422 is effective.

2 If the setting for each axis is 0, the maximum feedrate
specified in parameter No. 1422 is applied to all axes and
the feedrate is clamped at the maximum feedrate.

Warning

WARNING
CNC calculation may involve a feedrate error of +2% with
respect to a specified value. However, this is not true for
acceleration/deceleration. To be more specific, this error is
calculated with respect to a measurement on the time the
tool takes to move 500 mm or more during the steady state:

Reference item

OPERATOR’S MANUAL

(M series) (B—64124EN) | 53 | Cutting Feed

Series 0i—-C

OPERATOR’S MANUAL

(T series) (B—64114EN) | >3 Cutting Feed

OPERATOR’S MANUAL

(M series) (B—64144EN) | 53 | Cutting Feed

Series 0i Mate-C

OPERATOR’S MANUAL

(T series) (B—64134EN) | 53 | Cutting Feed
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7.1.3
Feed Per Minute

General

® Feed per minute (G94)

Format

After specifying G94 (G98for T series) (inthefeed per minutemode), the
amount of feed of thetool per minuteisspecified by settinganumber after
F. G94 (G98for T series) isamodal code. OnceaG94 (G98for T series)
is specified, itisvalid until G95 (G99 for T series) (feed per revolution)
isspecified. At power—on, thefeed per minute mode (feed per revolution
mode for T series) is set.

An override from 0% to 254% (in 1% steps) can be applied to feed per
minute with the feedrate override signal.

Feed amount per minute
(mm/min orinch/min)

N

Table ‘

For M series

Tool

Workpiece

Fig. 7.1.3 Feed per minute

CAUTION
No override can be used for any commands such as for
threading.

For M series
G94; G code for feed per minute (Group 05)
F; Feed rate (mm/min or inch/min)

For T series
G98; G code for feed per minute (Group 05)
F; Feed rate (mm/min or inch/min)
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Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 1403 | MIE

[Datatype] Bit

MIF Cutting feedrates at feed per minute is specified by F commands

0 : Inunitsof 1 mm/min for millimeter machinesor 0.01 inches/min for
inch machines.

1: In unit of 0.001 mm/min for millimeter machines or 0.00001
inches/min for inch machines.

NOTE
M series does not use this parameter. Cutting feedrates are
specified by F commands in units of 0.001 mm/min for
millimeter machines or 0.00001 inches/min for inch
machines.

#7 #6 #5 #4 #3 #2 #1 #0
| 3401 | FCD

[Datatype] Bit

FCD WhenanFcommandand aG command (G98, G99) for feed per minute or
feed per rotation are specified in the same block, and the G command
(G98, G99) is specified after the F command, the F command is:
0: Assumed to be specified in the mode (G98 or G99) when the F
command is specified
1: Assumed to be specified inthe mode of the G command (G98 or G99)
of the same block

NOTE
1 When FCD = 1:
If the block containing a G command (G98, G99) does not
include an F command, the last F command specified is
assumed to be specified in the G command mode of the
block.
Example 1: N1 G99 ;
N2 Faaaa G98 ;
- Faaaa is assumed to be specified in the G98 mode.
N3 Fbbbb ;
- Fbbbb is assumed to be specified in the G98 mode.
N4 G99 ;
- Fbbbb is assumed to be specified in the G99 mode.
2 In G code system B or C, G98 and G99 function are
specified in G94 and G95.
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#7 #6 #5 #4 #3 #2 #1 #0
| 3402 | FPM
[Datatype] Bit
FPM  When the power is turned on:
0: Feed per revolution mode is entered.
1: Feed per minute mode is entered.
Alarm and message
Number Message Description
011 NO FEEDRATE COM- Feedrate was not commanded to a
MANDED cutting feed or the feedrate was inad-
equate. Modify the program.

Reference item

OPERATOR’S MANUAL .

(M series) (B—64124EN) | -3 | Cutting feed
Series 0i—C

OPERATOR’S MANUAL .

(T series) (B—64114EN) 11.5.3 Cutting feed

OPERATOR’S MANUAL .

(M series) (B—64144EN) | 3-8 | Cutting feed
Series 0i Mate-C

OPERATOR’S MANUAL )

(T series) (B—64134EN) 11.5.3 Cutting feed
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7.1.4
Feed Per Revolution/
Manual Feed Per

Revolution
General
® Feed per revolution After specifying G95 (G99 for T series) (inthefeed per revolution mode),
the amount of feed of the tool per spindle revolution is to be directly
specified by setting a number after F. G95 (G99 for T series) isamodal
code. OnceaG95isspecified, itisvaliduntil G94 (G98for T series) (feed
per minute) is specified.
Anoverrideof between 0and 254% (in stepsof 1%) can beappliedtofeed
per rotation, using the feedrate override signals (*FVO0 to *FV7). (See
Subsection 7.1.6.2.)
[T series] F Feed amount per spindle revolution
(mm/rev or inch/rev)
Fig. 7.1.4 Feed per revolution
® Manual feed per Jog feedrate can be specified by feed per revolution.
revolution
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 1402 | JRV NPC
NPC

[Datatype] Bit
JRV Jog feed

0: Jog feed is performed at feed per minute.
1: Jog feedis performed at feed per rotation.

NOTE
Specify a feedrate in parameter No. 1423.

NPC Feed per revolution command
0: Thefeed per revolution command isignored when the position coder
is not installed.
1: Thefeed per revolution command isaccepted even when the position
coder isnot instaled. (The CNC automatically convertsthefeed per
revolution command to a feed—per—minute operation.)
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| 1423 | |

Feedratein jog feed for each axis

[Datatype] Word axis

[Unit of data]
[Valid data range]

When JRV, bit 4 of parameter No. 1402, isset to 1 (feed per revolution) in
T series, specify a feedrate in jog feed (feed per revolution) with an

override of 100% applied to the jog feedrate.

Increment system

Unit of data

Valid data range

Millimeter machine

0.01 mm/rev

Inch machine

0.001 inch/rev

Rotation axis

0.01 deg/rev

0to 32767

Caution

CAUTION
When the speed of the spindle is low, feedrate fluctuation
may occur. The slower the spindle rotates, the more

frequently feedrate fluctuation occurs.

Reference item

OPERATOR’S MANUAL

(T series) (B—64134EN)

(M series) (B_64124EN) 11.5.3 Cutting feed
Series 0i—-C

OPERATOR’'S MANUAL ;

(T series) (B_64114EN) 11.5.3 Cutting feed

OPERATOR’'S MANUAL ;

(M series) (B_64144EN) 11.5.3 Cutting feed
Series 0i Mate-C

OPERATOR'S MANUAL | | . . Cutting feed
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7.1.5
F1-digit Feed
(M series)

General

When aone—digit number from 1 to 9is specified after F, the feedrate set
for that number in a parameter (Nos. 1451 to 1459) isused. When FOis
specified, the rapid traverse rate is applied.
The feedrate corresponding to the number currently selected can be
increased or decreased by turning on the switch for changing F1-digit
feedrate on the machine operator’s panel, then by rotating the manual
pulse generator.
The increment/decrement, AF, in feedrate per scale of the manual pulse
generator is as follows:

AE = Fmax

100X
Fmax :  feedrate upper limit for F1-F4 set by parameter 1460, or
feedrate upper limit for F5—F9 set by parameter 1461

X any value of 1-127 set by parameter 1450
Thefeedrate set or altered iskept even whilethe power isoff. Thecurrent
feedrateis displayed on the screen.

Signal

F1-digit feed select signal

F1D <GO1l6#7>

[Classification]

[Function]

Input signal

Increases or decreases F1-digit speed set by the parameters No. 1451 to
1459 using the manual pulse generator.

Sincethemanual pulsegenerator may also be used for axisfeeding, signal
FAD (G016#7) designates which function may be used.

[Operation] When the signal is “1”, the F1-digit speed can be increased/decreased

using the manual pulse generator.

Signal address

#7

#6 #5 #4 #3 #2 #1 #0

[cos | [ Fo | | | | | | | |
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Parameter

| 1450 | | Number of revolution of manual pulse generator to reach maximum feedrate

[Datatype] Byte
[Valid datarange] 1to 127

Set the constant that determinesthe changein feedrate asthe manual pulse
generator is rotated one graduation during F1-digit feed.
AE = Fmaxi
100n
Inthe above equation, nis, the number of revol utions of the manual pulse
generator, required to reach feedrate Fmaxi. Fmaxi refers to the upper
limit of thefeedratefor an F1-digit feed command, and set it in parameter
1460 or 1461.

Fmax1: Upper limit of the feedrate for F1 to F4 (parameter 1460)
Fmax2: Upper limit of the feedrate for F5 to F9 (parameter 1461)

(where, i=1 or 2)

| 1451 | | Feedrate for F1 digit command F1 |
| 1452 | | Feedrate for F1 digit command F2 |
| 1453 | | Feedrate for F1 digit command F3 |
| 1454 | | Feedrate for F1 digit command F4 |
| 1455 | | Feedrate for F1 digit command F5 |
| 1456 | | Feedrate for F1 digit command F6 |
| 1457 | | Feedrate for F1 digit command F7 |
| 1458 | | Feedrate for F1 digit command F8 |
| 1459 | | Feedrate for F1 digit command F9 |

These parameters can be set at “ Setting screen”.

[Datatype] Two-word

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, IS-B IS-C
Millimeter machine 0.1 mm/min 6 — 150000 6 — 120000
Inch machine 0.01 inch/min 6 — 60000 6 — 48000
Rotation axis 0.1 deg/min 6 — 150000 6 — 120000

Set Feedrates for F1-digit feed commands F1 to FO.

Whenan F1-digit feed command isexecuted, asthefeedrateischanged by
turning the manual pulse generator, these parameter values also change
accordingly.
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| 1460 | | Upper limit of feedrate for the F1—digit feed command (F1 to F4) |
| 1461 | | Upper limit of feedrate for the F1-digit feed command (F5 to F9) |

[Datatype] Two-word

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 — 15000 6 — 12000
Inch machine 0.1 inch/min 6 — 6000 6 — 4800
Rotation axis 1 deg/min 6 — 15000 6 — 12000

Set the upper limit of feedrate for the F1-digit feed command.

As the feedrate increases by turning the manual pulse generator, the
feedrateis clamped when it reachesthe upper limit set. If an F1-digit feed
command F1 to F4 is executed, the upper limit is that set in parameter
1460. If an F1-digit command F5 to F9 is executed, the upper limit isthat
set in parameter 1461.

Reference item

. . OPERATOR’S MANUAL .
Series 0i—C (M series) (B—64124EN) 11.5.3 Cutting feed

. . OPERATOR’S MANUAL .
Series 0i Mate—C (M series) (B—64144EN) 11.5.3 Cutting feed
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7.1.6
Feedrate Inverse Time
Specification (M series)

General

® Linear interpolation
(G01)

e Circular interpolation
(G02, GO3)

Feedrate of thetool can be specified by themove distance of the block and
inverse time (FRN).

FRN= 1 _ Spead Speed: mm/min (metric input)
B Time (min) "~ “Distance inch/min (inch input)
Distance: mm (metric input)

inch (inch input)

Time (min) Circleradius Speed: _mm/m|.n (r_netm_:lnput)
inch/min (inch input)
Circleradius:
mm (metric input)
inch (inch input)

CAUTION
In circular interpolation, the distance is not an actual
distance of the block but the speed is calculated from the

circle radius.
Alarm and message
Number Message Description
011 NO FEEDRATE COM- Feedrate was not commanded to a
MANDED cutting feed, FO was specified or the

feedrate calculated (less than 0.001
mm/min, for metric input or less than
0.00001 inch for inch input) becomes

less than an allowable range.

Reference item

Series 0i—-C

OPERATOR’S MANUAL

(M series) (B—64124EN) | 3-8 | Cutting feed
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7.1.7
Override
7.1.7.1
Rapid traverse override
General Anoverride of four steps (FO, 25%, 50%, and 100%) can be applied to the
rapid traverserate. FO is set by aparameter (No. 1421).
Also, 1% rapid traverse override select signal allows rapid traverse
override every 1% in the range of 0 to 100%.
Rapid traverse  Override 5m/min
rate10m/min 50%
Fig.7.1.7.1 Rapid traverse override
® Feedrate Actual feedrate is obtained by multiplying the rapid traverse rate preset
by parameter no.1420 by the override value determined by this signal,
whether in automatic or manual operation (including manual reference
position return).
® O rate For FO value, an absolutevalueisset by parameter no.1421 withinarange

® 1% step rapid traverse
override selection signal

® PMC axis control

of O torapid traverse rate (for each axis).

1% step rapid traverse override selection signa HROV determines
whether rapid traverse override specified with rapid traverse override
signals ROV1 and ROV2 is used or 1% step rapid traverse override is
used.

When signal HROV is O, override is applied to the rapid traverse rate
using signals ROV 1 and ROV 2.

When signal HROV is 1, ROV1 and ROV2 are ignored, 1% step rapid
traverseoverridesignas*HROV0to* HROV 6 being used to override the
rapid traverserate.

These 1% steprapidtraverseoverridesignalsareal so effectivetotherapid
traverse rate for the PMC axis. When rapid traverse override is applied
to the PMC axis (using signals ROV 1E and ROV 2E) with the setting of
the OVE bit (bit 2 of parameter No. 8001) independently of the CNC, the
1% step rapid traverse override signals are ineffective.

— 381 —



7. FEEDRATE CONTROL/ACCELERATION
AND DECELERATION CONTROL B—64113EN-1/01

Signal

Rapid traverse override
signal

ROV1,ROV2

<G014#0, #1>

[Classification]

Input signal

[Function] These signals override the rapid traverse rate

[Operation] These code signals correspond to the rates as follows:

Rapid traverse override )
Override value
ROV2 ROV1
0 0 100 %
0 1 50 %
1 0 25%
1 1 FO %

Fo: Setin parameter No. 1421

1% step rapid traverse
override selection signal
HROV <G096 #7>

[Classification]
[Function]

[Operation]

Input signal
Selects the rapid traverse override signals or the 1% step rapid traverse
override signals.

When HROV is 1, signas *HROVO to *HROV 6 are effective and rapid
traverse override with signals ROV1 and ROV 2 isignored.

WhenHROV is0, signas*HROV0to *HROV 6 areineffective, and rapid
traverse override with signals ROV 1 and ROV 2 are effective.

1% step rapid traverse

override signals

*HROVO to *HROV6

<G096 #0 to #6>
[Classification]

[Function]

[Operation]

Input signal

Applies override to the rapid traverse rate in the range of 0% to 100% in
steps of 1%.

These seven signals give abinary code indicating an override applied to
the rapid traverse rate.

When a binary code corresponding to an override value of 101% to
127% is specified, the applied override is clamped at 100%.

— 382 —



7. FEEDRATE CONTROL/ACCELERATION
B—-64113EN-1/01 AND DECELERATION CONTROL

Signals *HROVO to *HROV 6 are inverted signals.
To set an override value of 1%, set signals *HROVO to *HROV6 to
1111110, which corresponds to a binary code of 0000001.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| G014 | | | | | | | | ROV2 | ROV1 |
| G096 | | HROV | *HROV6 | *HROV5 | *HROV4 | *HROV3 | *HROV2 | *HROV1 *HROV0|
Parameter
| 1421 | | FO rate of rapid traverse override for each axis

[Datatype] Word axis

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, IS-B IS-C
Millimeter machine 1 mm/min 30 — 15000 6 — 12000
Inch machine 0.1 inch/min 30 - 6000 6 — 4800
Rotation axis 1 deg/min 30 — 15000 6 — 12000

Set the FO rate of the rapid traverse override for each axis.

#7 #6 #5 #4 #3 #2 #1 #0
[ 8001 | | | | | | | ove | | |

[Datatype] Bit
OVE Dry run and override signals during axis control by the PMC

0: Usethe samesignals as CNC
(1) Feedrate override signal *FVO0 to *FV7
(2) Override cancel signal OVC
(3) Rapid traverse override signals ROV1 and ROV 2
(4)Dry run signal DRN
(5) Rapid traverse selection signal RT
1: Use dedicated axis control signals by the PMC.
(1) Feedrate override signa *FVOE to *FV7E
(2) Override cancel signal OVCE
(3) Rapid traverse override signals ROV 1E and ROV 2E
(4)Dry run signal DRNE
(5) Rapid traverse selection signal RTE
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Reference item

Series 0i—-C

OPERATOR’S MANUAL

(M series) (B—64124EN) 1.5.3 Rapid traverse override

OPERATOR’S MANUAL

(T series) (B-64114EN) 1.5.3 Rapid traverse override

Series 0i Mate-C

OPERATOR’S MANUAL

(M series) (B—64144EN) 1.5.3 Rapid traverse override

OPERATOR’S MANUAL

(T series) (B-64134EN) 1.5.3 Rapid traverse override

7.1.7.2
Feedrate override

General

A programmed feedrate can be reduced or increased by a percentage (%)
selected by the override dial. This feature is used to check a program.
For example, when afeedrate of 100 mm/minisspecified inthe program,
setting the override dial to 50% moves the tool at 50 mm/min.

Feedrate 100 mm/min Tool
(Specified by programmed) Check the machining
~—

) by altering the feedrate
Feedrate 50 mm/min after _ from the value speci-
feedrate override D /// %zm fied in the program.
Workpiece

Fig. 7.1.7.2 Feedrate override
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Signal

Feedrate Override signal
*FVO to *FV7
<G012>

[Classification] Input signal

[Function] These signals override the cutting feedrate. Eight binary code signals
correspond to override values as follows:

7

Overridevalue =X ( 2'xVi ) %
i=0

Vi=0 when *FVi is“1" and

Vi=1 when *FVi is“0"

These signals have the following weight.

*FVO: 1% *FV1: 2%
*FV2: 4% *FV3: 8%
*FV4 : 16% *FV5: 32%
*FV6 : 64% *FVT7:128 %

When al signalsare 0", they are regarded as overriding 0% in the same
way aswhen al signalsare“1” .
Thus, the override is selectable in steps over arange of 0 to 254%.

[Operation] Actual feedrate is obtained by multiplying the specified speed by the
override value selected by this signal.
The override is regarded as 100%, regardiess of this signal, in the
following cases:

-Override cancel signal OVCis“1".
-During cutting in tap cycle of canned cycle;
-Tapping mode (63); or

-Thread cutting isin progress.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
|(3012 | | *FV7 | *FV6 | *FV5 | *FV4 | *FV3 | *FV2 | *FV1 | *FVO |

Parameter

#7 #6 #5 #4 #3 #2 #1 #0
[ ] | | | | RFo | | | | |

[Datatype] Bit

RFO When cutting feedrate override is 0% during rapid traverse,

0: The machine tool does not stop moving.
1: The machine tool stops moving.

— 385 —



7. FEEDRATE CONTROL/ACCELERATION
AND DECELERATION CONTROL B—64113EN-1/01

Reference item

OPERATOR’S MANUAL

(M series) (B—64124EN) | -3 | Cutting feed

Series 0i—-C

OPERATOR’S MANUAL

(T series) (B-64114EN) | >3 | Cutting feed

OPERATOR’S MANUAL

(M series) (B—64144EN) | 3-8 | Cutting feed

Series 0i Mate-C
OPERATOR’'S MANUAL

(T series) (B—64134EN) 11.5.3 Cutting feed

7.1.7.3
Override cancel

General The override cancel signal fixes the feedrate override to 100%.

Signal

Override cancel signal
OVC <G006#4>

[Classification] Input signal
[Function] Feedrate overrideis fixed to 100%.

[Operation] When thesigna is“1”, the CNC operates as follows:

Feedrate override is fixed to 100% irrespective of feedrate override
signal.
Rapid traverse override and spindle speed override are not affected.

Signal address
#7 #6 #5 #4 #3 #2 #1 #0
[ 006 | | | | [ ove | | | | |
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7.1.8
Automatic Corner
Override (M series)

General

® Inner corner automatic
override

When G62 is specified, and the tool path with cutter compensation
applied forms an inner corner, the feedrate is automatically overridden
at both ends of the corner.

There are four types of inner corners (Fig. 7.1.8).
2°<9=0p=178°inFig. 7.1.8

op isavaue set with parameter No. 1711. When 6 is approximately

equal to op, the inner corner is determined with an error of 0.001,or
less.

1. Straight line—straight line

3. Arc—straight line

@ :Tool 2. Straight line—arc

:Programmed path
________ :Cutter center path

4. Arc—arc

Fig.7.1.8 Inner corner

WARNING
When the block before a corner is a start—up block, or the
block after a corner includes G41 or G42, the feedrate is not
overridden. The feedrate override function is disabled when
the offset value is 0.
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® Override value

® Internal circular cutting
feedrate change

An override value is set with parameter No. 1712. An override value
isvalid even for dry run and F1—digit feed specification.
In the feed per minute mode, the actual feedrate is as follows:

F x (inner corner automatic override) x (feedrate override)

For internally offset circular cutting, the feedrate on a programmed path
isset to aspecified feedrate (F) by specifying thecircular cutting feedrate
with respect to F, asindicated below. This function isvalidin the cutter
compensation mode, regardless of the G62 code.
Rc

F x R_p
Rc : Cutter center path radius
Rp : Programmed radius

It isaso valid for the dry run and the F1—digit feed command.

Programmed path

RC Cutter center
path

Internal circular cutting feedrate change

If Rc is much smaller than Rp, Rc/Rp=0; the tool stops. A minimum
deceleration ratio (MDR) isto be specified with parameter No. 1710.
When Rc/Rp=MDR, the feedrate of the tool is (FXMDR).

CAUTION
When internal circular cutting must be performed together
with automatic override for inner corners, the feedrate of the
tool is as follows:

F x % x (inner corner override)

x (feedrate override)

Parameter

1710

Minimumdeceleration ratio (MDR) of the inner circular cutting
rate in automatic corner override

[Datatype] Byte
[Unit of data] %
[Valid data range] 1to 100

Set the minimum decel eration ratio (MDR) in changing theinner circular
cutting feedrate by automatic corner override.
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Incircular cutting with aninward offset, the actual feedratefor aspecified
feedrate (F) becomes as follows:

RC Rc: Radius of the path of the cutter’s center

FXRp Rp: Programmed radius

As the actual feedrate becomes the value obtained from the above
equation, the specified rate F can be achieved on the program path.

Programmed
path

Cutter center
path

If Rcistoo samall in comparison with Rp so that S—g =0, the cutter will
stop. To prevent this, the minimum deceleration ratio (MDR) is set.
Rc .
When Rp \
the actural rate becomes as follows:
Fx (MDR)
| 1711 | | Angle (6p) to recognize the inner corner in automatic override
[Datatype] Byte

[Unit of data]
[Valid data range]

Degree
1to 179 (standard value = 91)

Set theangleto recognizetheinner corner when automatic corner override
is performed for the inner corner.

| 1712 | |

Amount of automatic override for an inner corner |

[Datatype]
[Unit of data]
[Valid data range]

Byte
%

1to 100
Set inner corner automeatic overridevaluewhen automatic corner override
is performed.

— 389 —



7. FEEDRATE CONTROL/ACCELERATION

AND DECELERATION CONTROL B—64113EN-1/01

Distance Le from the starting pointin inner corner automatic override

| 1713 | |

[Datatype] Word

[Unit of data] | Increment system IS-A IS-B IS-C Unit
Inputin mm 1 0.1 0.01 mm
Input in inches 0.1 0.01 0.001 inch

[Valid datarange] 0 to 3999

Set distance Le from the starting point in an inner comer for automatic

corner override.

| 1714 | |

Distance Ls up to the ending point in inner corner automatic override

[Datatype] Word

[Unit of data] | Increment system IS-A IS-B IS-C Unit
Input in mm 1 0.1 0.01 mm
Input in inches 0.1 0.01 0.001 inch

[Valid datarange] 0 to 3999

Set distance Lsup to the end point in aninner corner for automatic corner
override.

If 6 = Op, theinsideof acomer isrecognized. (0 issetin parameter 1711.)

When aninner corner isrecognized, thefeedrateisoverriddenintherange
of Leintheblock immediately beforetheintersection of thecorner and Ls
in the next block following the intersection.

Lsand Leareeach astraight line connecting theintersection of the corner
and a given point on the path of the cutter’s center.

Lsand Le are set in parameters 1713 and 1714.

Le Ls
6 E Programmed
a ~ path
7 N
e
Cutter center

. . . path

An override is applied from point a to b.

Reference item

Series 0i—C OPERATOR’'S MANUAL 11.5.4.2 Automatic Override for Inner
(M series) (B—64124EN) T Corners

. . OPERATOR'’'S MANUAL Automatic Override for Inner
Series Oi Mate-C (M series) (B—64144EN) I1.5.4.2 Corners
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7.1.9
External Deceleration

General

These signalsdecel erate thefeedrate of the control axesdown to the speed
which has been set by parameters.
Three types of setting points are available for external deceleration.

Specifications of
external deceleration

Three types of setting points such as the external deceleration feedrates
(rapid traverse, cutting feed) and external deceleration signals for the
external deceleration function are available.

External deceleration 2 can be enabled by setting bit 0 (EXD2) of
parameter No. 1406.

If multiple deceleration conditions are specified by application of
multiple external deceleration signals during machining, the lowest
deceleration feedrate is employed.
Example)
Programmed cutting feedrate 2400 [mm/min]
Cutting feed external deceleration feedrate 1 800 [mm/min]
Cutting feed external deceleration feedrate 2 350 [mm/min]
Cutting feed external deceleration feedrate 3 400 [mm/min]

If external deceleration feedrates 1 through 3 above are applied, the
machining feedrate is 350 [mm/min].

Thefeedratein manual handlefeedisusually clamped tothe manual rapid
traverserate. With the HNDLF (G023#3) signal, however, the feedrate
in manual handle feed can be clamped to the maximum feedrate
(parameter Nos. 1434, 1442, and 1445) for manual handle feed.

External deceleration signal 1 <G118, G119> does not affect the
maximum feedrate for manual handlefeed. The HNDLF (G23#3) signa
switches the maximum feedrate for manual handle feed from the manual
rapid traverse rate to the value of parameter No. 1434.

External deceleration signal 2 <G101, G103> can switch the maximum
feedrate for manual handle feed to the value of parameter No. 1442.
External deceleration signal 3 <G107, G109> can switch the maximum
feedrate for manual handle feed to the value of parameter No. 1445. In
manual handlefeed, when external decelerationsignal 2 or 3 of thehandle
axisissetto Qinthepositiveor negativedirection, thefeedrateisswitched
to themaximum feedratefor manual handlefeed. If multiple deceleration
conditions are specified by application of multiple external deceleration
signals, the lowest deceleration feedrate is employed.
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Signal

Handle feed maximum
feedrate switch signal
HNDLF <G023#3>

[Classification] Input signal

[Function] Chooses whether to clamp the feedrate in manual handle feed to the
manual rapidtraverserate (parameter No. 1424) or themaximum feedrate
(parameter Nos. 1434, 1442, and 1445) for manual handle feed.

[Operation] Whenthissignal issetto 0, thefeedratein manual handlefeedisclamped
to the manual rapid traverse rate (parameter No. 1424).
Whenthissignal isset to 1, the feedratein manual handlefeedisclamped
to the maximum feedrate (parameter Nos. 1434, 1442, and 1445) for
manual handle feed.

For the relationship with the external deceleration signals, see the
specifications of external deceleration.

External deceleration
signals 1
*+ED1 to *+ED4
<G118#0 to #3> [Function] These signals are used to apply deceleration, and provided for each
*_ED1 to *~ED4 direction of each control axis; Theplus(+)/minus(-) sign of asignal name
<G120#0 to #3> indicates the direction of deceleration. X, namely, the number after ED,
indicates a type of external deceleration. Y, namely, the last number of
asigna name, indicates a controlled axis number.

[Classification] Input signal

External deceleration

signals 2 * + ED X Y

*+ED21 to *+ED24 T T T 1: The 1st axis s decelerated.

<G101#0 to #3> . o

*_ED21 to *~ED24 2: The2nd axisis decelerated.

<G103#0 to #3> 3: The 3rd axisis decelerated.
| |

External deceleration ! !

signals 3 , .

“+ED31 to *+ED34 No number : External deceleration 1

<G107#0 to #3> L 2. Externa deceleration 2

*~ED31 to *-ED34 3: External deceleration 3

<G109#0 to #3>

+ ... Thefeed is decelerated in the plus (+) direction.
L — ... Thefeed is decelerated in the minus (-) direction.
[Operation] Whenasignal becomes*“0”, the corresponding axis deceleratesto stop in
the specified direction.

For the relationship with the handle feed maximum feedrate switch
signal, see the specifications of external deceleration.
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Signal address

#7 #6 #5 #4 #3 #2 #1 #0
[ 6023 | | | | | | HNDLF | | | |
| G118 | | | | | “+ED4 | *+ED3 | *+ED2 *+ED1|
| G120 | | | | | *ED4 | *—ED3 | *—ED2 *—ED1|
|G101 | | | | | *+ED24 | *+ED23 | *+ED22 *+ED21|
|(3103 | | | | | * ED24 | *~ED23 | *~ED22 *—ED21|
|G107 | | | | | *+ED34 | *+ED33 | *+ED32 *+ED31|
|(3109 | | | | | * ED34 | *~ED33 | *~ED32 *—ED31|
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 1005 | | | | EDMx | EDPx | | | | |
[Datatype] Bit axis
EDPx External deceleration signal in the positive direction for each axis
0: Vvalidonly for rapid traverse
1: Valid for rapid traverse and cutting feed
EDMx External deceleration signal in the negative direction for each axis
0: Validonly for rapid traverse
1: Valid for rapid traverse and cutting feed
#7 #6 #5 #4 #3 #2 #1 #0
[ 1405 | | | | EoR | | | | | |
[Datatype] Bit
EDR Selects a parameter for setting the external deceleration applied during
interpolation type rapid traverse.
0: Parameter No. 1426 is used for setting the external deceleration rate
applied during interpolation type rapid traverse.
1: Thefirst axis of parameter No. 1427 is used for setting the external
deceleration rate applied during interpolation type rapid traverse.
(Similarly, for external deceleration 2 and 3, the first axis of the external
deceleration rate parameter for rapid traverseis used if EDRisset to 1.)
#7 #6 #5 #4 #3 #2 #1 #0
[ 1406 | | | | | | | | eps | ep2 |
[Datatype] Bit
ED2 External deceleration 2is:
0: Disabled.
1: Enabled.
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ED3 External deceleration 3is:

0 : Disabled.
1: Enabled.

External deceleration rate 1 of cutting feed

External deceleration rate 2 of cutting feed

External deceleration rate 3 of cutting feed

[Datatype] Word

[Unit of data]
[Valid data range]

Valid data range

Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 to 15000 6 to 12000
Inch machine 0.1 inch/min 6 to 6000 6 to 4800

Set the external deceleration rate of cutting feed.

External deceleration rate 1 of rapid traverse for each axis

External deceleration rate 2 of rapid traverse for each axis

External deceleration rate 3 of rapid traverse for each axis

[Datatype] Word axis

[Unit of data]
[Valid data range]

Valid data range

Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 to 15000 6 to 12000
Inch machine 0.1 inch/min 6 to 6000 6 to 4800
Rotation axis 1 deg/min 6 to 15000 6 to 12000

Set the external deceleration rate of rapid traverse for each axis.

Maximumfeedrate 1 of manual handle feed for each axis

Maximum feedrate 2 of manual handle feed for each axis

Maximum feedrate 3 of manual handle feed for each axis

[Datatype] Word axis

[Unit of data]
[Valid data range]

Valid data range

Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 to 15000 6 to 12000
Inch machine 0.1 inch/min 6 to 6000 6 to 4800
Rotation axis 1 deg/min 6 to 15000 6 to 12000

Set the maximum feedrate of manual handle feed for each axis.

Notes

PMC axis control supports externa deceleration 1 only.
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7.1.10
Feedrate Clamping by
Arc Radius (M series)

General

When an arc is cut at ahigh speed in circular interpolation, aradial error
exists between the actua tool path and the programmed arc. An
approximation of this error can be obtained from the following
expression:

Y
Ar:Error
¥ Programmed path
A Actual path
\
r
[}
0 X
1 v2 .
Ar= > (T124T22) - .... (Expression 1)
Ar: Maximum radial error (mm)
v: Feedrate (mm/s)
r: Arcradius (mm)
Tq1: Time constant for exponential acceleration/deceleration of
cutting feed (s)
To: Time constant of the servo motor (s)

When actual machining is performed, radiusr of the arc to be machined
and permissible error Ar are given. Then, maximum allowable feedrate
v (mm/min) is determined from the above expression.

The function for clamping the feedrate by the arc radius automatically
clamps the feedrate of arc cutting to the value set in a parameter. This
functioniseffectivewhenthe specified feedrate may causetheradial error
for an arc with a programmed radius to exceed the permissible degree of
error.

When the permissible error Ar is determined, the maximum permissible
speed V for the arc radius R is obtained from expression 2.

Ar= % (T124T59) % ..... (Expression 2)

For the arc radius r, the maximum permissible speed v to set the
permissible error to Ar is obtained from expression 1. From expressions
1 and 2, the following expression is obtained:

1 V2 1
7(T12+T22) i 7(T12+T22) -
v = ﬁrv....(Expron3)
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® Cutting feed linear
acceleration/deceleration

e Actual error

When agiven arc radius R and the maximum permissible speed V for that
arcradius are set as parameters, the maximum permissible speed v for an
arcwith aprogrammed radiusr can be obtained from expression 3. Then,
if a specified feedrate exceeds the speed v, the feedrate is automatically
clamped to the speed v.

The maximum permissible speed v obtained from expression 3 decreases
with thespecified arcradius. To prevent the maximum permissible speed
from decreasing excessively, the lower limit imposed on the maximum
permissible speed v can be set in parameter 1732.

Provided the specified feedrate does not exceed the maximum
permissible speed v obtained from expression 3, arc cutting is performed
at the specified feedrate.

When the cutting feed linear accel eration/decel eration function is used,
an approximate error in arc cutting can be obtained from expression 4.

Y Ar: Error
E;?rg]]rammed Ar Maximum radius error (mm)
v . Feedrate (mm/s)
Actualpath T Arc radius (mm)
T, : Time constant for cutting
feed linear acceleration/
deceleration (s)
T, . Servo motor time constant
0 X )
Ar = (i'rf + %T;)ﬁ ........ (Expression 4)

As can be seen from expression 4, expression 3 aso holds for linear
acceleration/deceleration after interpolation.  Therefore, feedrate
clamping by the arc radiusis enabled.

Expressions 1, 2, and 4 |ogically denote an approximateerror inthe CNC.
They do not denote an actual error in machining.

Let the actual error in machining be Ar al. Then, it is expressed as
follows:

Ar all = Ar NC + Ar machine - (Expression 5)

L Error caused by the machine
Error caused by the acceleration/

deceleration time constant (T,) and
servo motor time constant (T»)

This function controls only the first term on the right side of expression
5. In other words, this function suppresses only the error caused by the
acceleration/deceleration time constant (T;) and servo motor time
constant (T») to acertain level. Thisfunction does not control the error
caused by the machine.
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Expressions 1, 2, and 4 are approximate expressions. Thismeansthat, as
the arc radius becomes smaller, the approximate precision lowers.
Therefore, even when the feedrate is clamped to the maximum
permissible speed v obtained from expression 3, the permissible error
may be exceeded.

Parameter

| 1730 | |

Maximum feedrate for arc radius R

[Data type]
[Unit of data]
[Valid data range]

Word
Valid data range
.Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 8 — 15000 0-12000
Inch machine 0.1 inch/min 8 — 6000 0 -4800

Set a maximum feedrate for the arc radius set in parameter No. 1731.

| 1731 | |

Arc radius value corresponding to a maximum feedrate |

[Datatype]
[Unit of data]

[Valid data range]

Two—word
Unit IS-A IS-B IS-C Unit

Linear axis

- . 0.01 0.001 0.0001 mm
(millimeter machine)

Linear axis
(inch machine)

1000 to 99999999

Set thearc radius corresponding to the maximum feedrate set in parameter
No. 1730.

0.001 0.0001 0.00001 inch

| 1732 | |

Minimumvalue (RV min) for arc radius—based feedrate clamp |

[Datatype]
[Unit of data]
[Valid data range]

Word
Valid data range
Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 0 — 15000 0-12000
Inch machine 0.1 inch/min 0 - 6000 0 -4800

The arc radius—based feedrate clamping function reduces the maximum
feedrate as the arc radius decreases. When the specified maximum
feedrateisnot greater than RV min (minimum valuefor arc radius—based
feedrate clamping), RV min is used as the maximum feedrate.

Reference item

. . OPERATOR’S MANUAL . .
Series 0i—C (M series) (B—64124EN) 11.19.1 Feedrate clamp by circle radius

. . OPERATOR’S MANUAL . .
Series 0i Mate—C (M series) (B—64144EN) 11.19.1 Feedrate clamp by circle radius
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7.1.11
Automatic Corner
Deceleration

General

Feedrate control
according to corner
angle

e Overview

This function automatically controls the feedrate during corner
machining according to the angle of a corner made by machining blocks
or according to the feedrate difference for each axis.

This function is enabled when G64 (machining) mode (M series) is
selected and deceleration of the first of two consecutive cutting feed
blocks is executed.

Feedrate control can be performed according to theangle of acorner made
by machining blocks or according to thefeedrate differencefor each axis.
The desired method is selected by specifying the corresponding valuein
the CSD bit (bit 4 of parameter No. 1602).

If the angle made by blocks A and B is smaller than that specified in parameter
No. 1740 (for the selected plane), and if the feedrates along the first and second
axes on that plane are lower than that specified in parameter No. 1741, the
system executes block B, assuming that no pulses are accumulated.

The figure shows the relationship between feedrate and time when a
corner angle is smaller than the angle specified in the parameter.

At time t, some accumulated pulses remain, as indicated by the shaded
part. The system, however, starts the next block because the feedrate of
theautomatic accel eration/decel eration circuit islower than that specified
in the parameter.

Feedrate
A Block A

Block B

parameter No. 1741

Feedrate specified in

Y

—

Time
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® Parameter

#7 #6 #5 #4 #3 #2 #1 #0
[ 2001 | | | Aco | | | | | | |

[Datatype] Bit
ACD Function for automatically reducing the feedrate at corners (automatic
corner deceleration function)

0: The function is not used.
1: Thefunction is used.

#7 #6 #5 #4 #3 #2 #1 #0
[ 1602 | | | | | oo | | | | |

[Datatype] Bit
CSD Inthefunction for automatically reducing a feedrate at corners,

0: Angles are used for controlling the feedrate.
1: Differencesin feedrates are used for controlling the feedrate.

| 1740 | | Critical angle subtended by two blocks for automatic corner deceleration |

[Datatype] Two-word
[Unit of data] 0.001 deg
[Valid data range] 0 to 180000

Set acritical angleto be subtended by two blocks for corner deceleration
when the angle-based automatic corner deceleration function is used.

Theangle subtended by two blocksisdefined asf in the examples shown
below.

Block A (G01)

Block B (G01)
Block A (G02)

Block B(G01)

Angle made by two lines
If a circular path is included, the angle
between the tangent of the arc and
another line is considered.
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1741 Feedrate for assuming the termination of automatic corner deceleration
(foracceleration/decelerationafterinterpolation)

[Datatype] Word axis

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 — 15000 6 — 12000
Inch machine 0.1 inch/min 6 — 6000 6 — 4800
Rotation axis 1 deg/min 6 — 15000 6 — 12000

Set thefeedrate for assuming thetermination of decel eration in automatic
corner deceleration.

Caution

CAUTION

1 The angle of the machining tool path is compared with that
specified in parameter No. 1740 only for the selected plane.
The actual feedrate and that specified in parameter No.
1741 are compared only for the first and second axes of the
selected plane. Even if simultaneous movement is
performed along three or more axes, the feedrates of only
the first and second axes are compared for the selected
plane.

2 The roundness of a corner is determined by the angle and
feedrate specified in parameter Nos. 1740 and 1741,
respectively. If a sharp corner is always required, set a
feedrate of zero and an angle of 180000 (180 degrees).

3 If a GO9 (exact stop) command is executed, an exact stop
is performed, and Automatic Corner Deceleration is not
executed.

4 This function is disabled in single block and dry run mode.

Feedrate control
according to the feedrate
difference for each axis

® Overview If the difference between the programmed feedrates at the end of block A
and at the beginning of block B for each axis exceedsthe value specified
in parameter No. 1781, and if thefeedratesfor all axesarelower than that
specified in parameter No. 1741, the system executes block B, assuming

that no pulses are accumul ated.

Thefigure showsthe rel ationship between the feedrate and timewhen the
feedrate differencefor each axis exceedsthe value specified in parameter
No. 1781.

At time t, some accumulated pulses remain, as indicated by the shaded
section. The system, however, starts the next block because the feedrate
of the automatic acceleration/deceleration circuit is lower than that
specified in parameter No. 1741.
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Speed
A Block A Block B

Speed set by parameter

(No. 1741) 1
t

Y

Time

® Parameter

[ 2001 | | | Aco | | | | | | |

[Datatype] Bit
ACD Function for automatically reducing the feedrate at corners (automatic
corner deceleration function)

0: The function is not used.
1: Thefunction is used.

#7 #6 #5 #4 #3 #2 #1 #0
[ 1602 | | | | | oo | | | | |

[Datatype] Bit

CSD Inthefunction for automatically reducing a feedrate at corners,

0: Angles are used for controlling the feedrate.
1: Differencesin feedrates are used for controlling the feedrate.

1741 Feedrate for assuming the termination of automatic corner deceleration
(foracceleration/decelerationafterinterpolation)

[Datatype] Word axis

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 to 15000 6 to 12000
Inch machine 0.1 inch/min 6 to 6000 6 to 4800
Rotation axis 1 deg/min 6 to 15000 6 to 12000

Set thefeedrate for assuming thetermination of decel eration in automatic
corner deceleration.
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1781 Allowable speed difference for the speed difference—based cornerdeceleration

function (linearacceleration/deceleration afterinterpolation)

[Datatype] Word axis

[Unit of data]
[Valid data range]

Valid data range
Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 to 15000 6 to 12000
Inch machine 0.1 inch/min 6 to 6000 6 to 4800
Rotation axis 1 deg/min 6 to 15000 6 to 12000

Set speed difference for the speed difference—based automatic corner
deceleration function when linear acceleration/deceleration after
interpolation used.

Caution

CAUTION

1 Even during dry run or external deceleration, the feedrate
difference is checked according to the F command in the
program.

2 Ifthe GO9 (exact stop) command is executed, an exact stop
is performed, and Automatic Corner Deceleration is not
executed.

3 This function is invalid for the feed per rotation command,
F1—digit feed command (M series), and rigid tapping
command, as well as in single block mode.

4 If the override is changed during operation, the feedrate
difference cannot be checked correctly.

7.1.12
Advanced Preview
Control

General

e Available functions

This function is designed for high—speed precise machining. With this
function, the delay due to accel eration/decel eration and the delay in the
servo system which increase with the feedrate can be suppressed.

The tool can then follow specified path accurately and errors in the
machining profile can be reduced.

Thisfunction becomes eff ective when advanced preview control modeis
activated by GO8P1 command.

In advanced preview control mode, thefollowing functionsare available:
(2) Linear acceleration/decel eration before interpolation for cutting feed

(2) Automatic corner deceleration function
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Linear Acceleration/
Deceleration before
Cutting Feed
Interpolation

A specified cutting feedrate can belinearly increased or decreased before
interpolation. This function eliminates machining profile errors caused
by the delay occurring in acceleration or deceleration. Thetimerequired
for acceleration or deceleration by this function is significantly shorter
than that by the function of exponential acceleration/deceleration.

CNC command Servo motor
vovedata _[puse  [—jseocontal | ()
distribution
Feedrate | (interpolation) —-,W‘—O
F | Linearaccel- J
eration/decel
Feedrate erationbefore
command | interpolation
F: Value of feedrate command
Speed ¥
F
» Time

The function of linear accel eration/decel eration before interpolation in-
creases or decreases the feedrate specified in the tangential direction.

If the feedrate command is changed

e TypeA

Acceleration/deceleration is started in the block in which anew feedrate
command is specified.

® Type B (Set the FWB bit (bit O of parameter No. 1602) to 1.)

Deceleration: Decelerationisstarted in aprior block such that decelera-
tion is completed before the beginning of the block in
which a new feedrate command is specified.
Acceleration is started in the block in which a new fee-
drate command is specified.

Acceleration:

Feedrate Feedrate
A — Feedrate after accel- A — — Feedrate after accel-
eration/deceleration eratlon{decelerayon
_______ before interpolation before interpolation
F3 F3 E———
Point EQ Atype /
\ ¥ /
/1 \ /
\ /
\ /
Fo B type N F2 |
\ //
\
\ /
/
\ /
F1 > Time F1 > Time
N1 N2 N1 N2

<Deceleration Example>

<Acceleration Exapmle>
Command feedrate

Command feedrate

With B type, to decelerate from F3 to F2,
deceleration must start with point P.
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If an overtravel alarm occurs during linear acceleration/deceleration
before interpolation, the movement is decelerated and stopped. As
deceleration and stop are performed after the alarm accurs, the tool will
overrun by an amount equal to the distance required for the decel eration.
The actual overrun depends on the feedrate when the overtravel alarm
occurs.

The distance can be minimized by starting deceleration in advance, such
that the feedrate has fallen to the value specified in parameter No. 1784
when an overtravel alarm occurs. Because decel eration is executed such
that the feedrate at the time an overtravel alarm occurs does not exceed
the feedrate specified in the corresponding parameter, deceleration may
be completed earlier. After deceleration is completed, the feedrate
specified in the parameter is maintained.

Deceleration is performed when the following condition is
satisfied:

for each axis

Distance to stored stroke limit 1 rent feedrate (tangential feedrate)

Distance needed to reduce the cur-

to that specified in parameter No.
1784

The overrun is calculated as follows:

T

[FIx EZx D +152xk
1875
F : Maximum cutting feedrate in linear acceleration/decel eration before
interpolation (parameter No. 1770)
T : Time needed to attain the maximum cutting feedrate in linear
accel eration/decel eration before interpol ation

For alinear axis (command not involving a rotation axis):
Parameter No. 1771

For arotation axis (command involving arotation axis):
Parameter No. 1786

Overrun =

For alinear axis (command not involving a rotation axis):
Parameter No. 1772

For arotation axis (command involving a rotation axis):
Parameter No. 1787

For: Feedrateat thetime an overtravel alarm occurs during linear accel-
eration/deceleration before interpolation (parameter No. 1784)

FIX: Any fractional part is truncated.

NOTE
A time required to reach the maximum machining feedrate

based on acceleration/deceleration before interpolation in
the advanced preview control mode can be set separately
for a linear axis and rotation axis. Note, however, that the
tool decelerates and stops between a block specifying a
command not involving a rotation axis and a block
specifying a command involving a rotation axis.
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Note

NOTE

1 If a block without a move command is found during
acceleration/deceleration  before interpolation, the
movement is decelerated and temporarily stopped in the
previous block.

2 If a one—shot G code is specified during acceleration/
deceleration before interpolation, the movement is
decelerated and temporarily stopped in the previous block.

3 IfanM, S, or T code is specified in a block containing a move
command during acceleration/deceleration before
interpolation, the movement is decelerated and temporarily
stopped in that block.

4 During acceleration/deceleration before interpolation, a
G31 block (skip function) is not subjected to acceleration/
deceleration.

5 If the machine lock signal (MLK1 to MLKS8) for an axis is set
on or off during acceleration/deceleration before
interpolation, the axis for which machine lock is performed
is not subjected to acceleration/deceleration.

6 During acceleration/deceleration before interpolation,
automatic corner override is enabled only when the internal
circular cutting feedrate is changed.

7 During acceleration/deceleration before interpolation,
acceleration/deceleration after interpolation can be
executed. So that acceleration/deceleration is executed
only before interpolation, set the time constant for
acceleration/deceleration after interpolation to zero.

8 In acceleration/deceleration before interpolation of type B,
deceleration is started if preprocessing for the next block
has not been completed before the remaining distance of
the current block becomes less than that needed to
decelerate and stop the movement.

9 Ifan F1-digit command is executed in the inch input system,
avoid specifying a command for simultaneous movement
on two axes, including a rotation axis during
acceleration/deceleration before interpolation (M series).

10The error detect signal (SMZ) is invalid during
acceleration/deceleration before interpolation (T series).

111f an overtravel alarm occurs during acceleration/
deceleration before interpolation, the movement is
decelerated and stopped. As deceleration and stop are
performed after the alarm occurs, the tool will overrun by the
distance required for the deceleration.

12When feed per revolution is specified during
acceleration/deceleration before interpolation, the spindle
speed can be set to up to 30000 min~1 in theory.

13If switching between feed per revolution and feed per
minute is performed at the interface of two blocks during
acceleration/deceleration  before interpolation, the
movement is decelerated and temporarily stopped in the
previous block.
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Automatic Corner
Deceleration

® Feedrate control
according to corner
angle

This function automatically controls the feedrate during corner
machining according to the angle of a corner made by machining blocks
or according to the feedrate difference for each axis.

Thisfunction is enabled when decel eration of thefirst of two consecutive
cutting feed blocks is executed.

Feedrate control can be performed according to theangleof acorner made
by machining blocks or according to thefeedrate differencefor each axis.
The desired method is selected by specifying the corresponding valuein
the CSD bit (bit 4 of parameter No. 1602).

If the angle made by blocks A and B is smaller than that specified in parameter
No. 1740 (for the selected plane), and if the feedrates along the first and second
axes on that plane are lower than that specified in parameter No. 1741, the
system executes block B, assuming that no pulses are accumulated.

The figure shows the relationship between feedrate and time when a
corner angle is smaller than the angle specified in the parameter.

At time t, some accumulated pulses remain, as indicated by the shaded
part. The system, however, starts the next block because the feedrate of
theautomatic accel eration/decel eration circuit islower than that specified
in the parameter.

Feedrate
A

Block A

Block B

Feedrate specified in
parameter No. 1741

h
>

—

Time

- When linear acceleration/deceleration before interpolation for

cutting feed is enabled

If the angle made by blocks A and B is smaller than that specified in
parameter No. 1740 (for the selected plane), and if the feedrates
programmed for blocks A and B are higher than the value set in parameter
No. 1778, the feedrate is reduced to the value specified in the parameter
in block A. In block B, the feedrate is increased to the programmed
feedrate. The rate of acceleration depends on the parameter for linear
accel eration/decel eration before interpolation for cutting feed.

Speed

Block A Block B

Speed set by A
parameter
(No. 1778) v

v

Time
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Caution

CAUTION

1 The angle of the machining tool path is compared with that
specified in parameter No. 1779 only for the selected plane.
The actual feedrate and that specified in parameter No.
1741 are compared only for the first and second axes of the
selected plane. Even if simultaneous movement is
performed along three or more axes, the feedrates of only
the first and second axes are compared for the selected
plane.

2 The roundness of a corner is determined by the angle and
feedrate specified in parameter Nos. 1740 and 1741,
respectively. If a sharp corner is always required, set a
feedrate of zero and an angle of 180000 (180 degrees).

3 If a GO9 (exact stop) command is executed, an exact stop
is performed, and Automatic Corner Deceleration is not
executed.

4 This function is disabled in single block and dry run mode.

® Feedrate control
according to the feedrate
difference for each axis

If the difference between the programmed feedrates at the end of block A
and at the beginning of block B for each axis exceedsthe value specified
in parameter No. 1781, and if thefeedratesfor all axesarelower than that
specified in parameter No. 1741, the system executes block B, assuming
that no pulses are accumul ated.

Thefigure showsthe rel ationship between the feedrate and timewhen the
feedrate differencefor each axis exceedsthe value specified in parameter
No. 1781.

At time t, some accumulated pulses remain, as indicated by the shaded
section. The system, however, starts the next block because the feedrate
of the automatic acceleration/deceleration circuit is lower than that
specified in parameter No. 1741.

Speed

Block A

Block B

Speed set by parameter
(No. 1741)

Y

—

Time
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- When linear acceleration/deceleration before interpolation for
cutting feed is enabled

If the difference between the feedrates of blocks A and B for each axis
exceeds the value specified in parameter No. 1780, the feedrate at the
corner is calculated from the difference for each axis, as shown below.
The feedrate is reduced to the calculated value in block A.

The feedrate change for each axis (Vc[X], V[Y], ...), caused by the
movement at programmed feedrate F, is compared with Vmax specified
in parameter No. 1780. If an feedrate change exceeding Vmax is
detected, the target feedrate after deceleration Fc is calculated, using
maximum comparison value Rmax.

R = Vc
Vmax

Fc= _F
Rmax

If, for example, the direction of movement is changed from the X—axisto
the Y—axis, that isthrough 90 degrees, and if the programmed feedrateis
1000 mm/min and the permissible feedrate difference specified in
parameter No. 1780 is 500 mm/min, the deceleration shown below is
performed:
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A N1 GO1 G91 X100. F1000 ;
N2 N2 Y100. ;
N1
Tool path if corner
deceleration is not
applied y
> _J| <« Tool path when corner deceleration was applied
Speed A I
F1000 — ——
Feedrate — Without corner deceleration
along —— With corner deceleration
X axis
F500 ——fp—————"-——"——"—
Speed N1 | Time
I
F1000 A— ____________
Feedrate
along
Y axis
Fs00 [ T T T T T T T
>
| N2 Time
Speed A |
F1000 — — — |
Feedrate I
along |
tangential I
direction Y A -
I
I
I
I >
| »
N1 ! N2 Time

Different permissible feedrate differences can be specified for different
axes. If avalue is specified in parameter No. 1783, the permissible
feedrate difference for each axisbecomesvalid. Deceleration at acorner
is calculated for the axis for which the permissible feedrate differenceis
exceededwith thehighest ratio of actual feedratedifferenceto permissible
feedrate difference.
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Caution

CAUTION

1 Even during dry run or external deceleration, the feedrate
difference is checked according to the F command in the
program.

2 Ifthe GO9 (exact stop) command is executed, an exact stop
is performed, and Automatic Corner Deceleration is not
executed.

3 This function is invalid for the feed per rotation command,
F1—digit feed command (M series), and rigid tapping
command, as well as in single block mode.

4 If the override is changed during operation, the feedrate
difference cannot be checked correctly.

Signal

advanced preview
control

mode signal
G08MD <F066#0>

[Classification] Output signal
[Function] Informs that the control isin the advanced preview control mode.

[Output condition] Thesigna is“1” in the following case:
-In the advanced preview control mode
The signal is“0” in the following case:
‘It is not the advanced preview control mode

Signal address
#7 #6 #5 #4 #3 #2 #1 #0
[ Foss | | | | | | | | | Gosvo |
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Parameter

| 1431 | | Maximum cutting feedrate for all axes in the advanced preview control mode

[Datatype] 2-words

[Unit of data]
[Valid data range]

Valid data range
Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 0 to 240000 0 to 100000
Inch machine 0.1 inch/min 0 to 96000 0 to 48000
Rotation axis 1 deg/min 0 to 240000 0 to 100000

Specify the maximum cutting feedrate for all axes in the advanced
preview control mode.

A feedrate in the tangential directionis clamped in cutting feed so that it
does not exceed the feedrate specified in this parameter.

NOTE

1 To specify the maximum cutting feedrate for each axis, use
parameter No.1432 instead.

2 In a mode other than the look—ahead mode, the maximum
cutting feedrate specified in parameter No.1422 or N0.1430
is applied and the feedrate is clamped at the maximum
feedrate.

1432 Maximum cutting feedrate for each axis in the Al advanced preview control/

Al contour control mode or advanced preview control mode

[Datatype]
[Unit of data]
[Valid data range]

2-word axis
Valid data range
Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 0 to 240000 0 to 100000
Inch machine 0.1 inch/min 0 to 96000 0 to 48000
Rotation axis 1 deg/min 0 to 240000 0 to 100000

Specify the maximum cutting feedrate for each axis in the Al advanced
preview control/Al contour control mode or advanced preview control
mode.

A feedrate for each axisis clamped during cutting feed so that it does not
exceed the maximum cutting feedrate specified for each axis.
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1

NOTE

This parameter is effective only in linear and circular
interpolation. In polar coordinate and cylindrical
interpolation, the maximum feedrate for all axes specified in
parameter No.1431 is effective.

If a setting for each axis is 0, the maximum feedrate
specified in parameter N0.1431 is applied to all axes and the
feedrate is clamped at the maximum feedrate.

In a mode other than the Al advanced preview control / Al
contour control mode or advanced preview mode, the
maximum cutting feedrate specified in parameter No.1422
or N0.1430 is applied and the feedrate is clamped at the
maximum feedrate.

#7

#6 #5 #4 #3 #2 #1 #0

|1601|| |

| | o | | |

[Datatype] Bit

OVB Block overlap in cutting feed
0: Blocks are not overlapped in cutting feed.
1. Blocks are overlapped in cutting feed.

Block overlap outputs the pulses remaining at the end of pulse
distribution in ablock together with distribution pulsesin the next block.
This eliminates changes in feedrates between blocks.

Block overlap is enabled when blocks containing GO1, G02, or GO3 are
consecutively specified in G64 mode. If minute blocks, however, are
specified consecutively, overlap may not be performed.

The
end

(Number of pulsesto be added) = F2 %

following pulsesin block F2 are added to the pulsesremaining at the
of pulse distribution in block F1.

(Number of pulsesrequired at the end of block F1)

F1
When F1=F2
A F1 F2
1.
When block overlap is disabled
FA F1 F2
_1 t

When block overlap is enabled
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#5

#4

#3

#2

#1

#0

#7

#6

| CcSsD | BS2 |

| |FWB|

| 1602 | |

|LSZ|

[Datatype] Bit
FWB Cutting feed accel eration/decel eration before interpolation

0: Type A of acceleration/deceleration before interpolation is used.
1: Type B of acceleration/decel eration before interpolation is used.

Type A: When afeedrateis to be changed by a command, acceleration/
deceleration starts after the program enters the block in which
the command is specified.

When afeedrate is to be changed by a command, deceleration
starts and terminates at the block before the block in which the
command is specified.

When afeedrate is to be changed by a command, acceleration
startsafter the program entersthe block inwhichthecommandis

Type B:

specified.
<Example of a deceleration process> <Example of an acceleration process>
Feedrate — Specifiedfeedrate Feedrate — Specifiedfeedrate
A T Feedrate after acceleration/ A T Feedrate after acceleration/
deceleration before deceleration before
interpolationis applied interpolationis applied
F3fmemereee e IR = Y e
™ \ Type A F3 S
A \ /
\‘ “ ,/
F2 Type B ———— - F2 g ——— /
\‘ II
\‘ ,I
\‘ II
\“ ,II
\ J Time
F1 > Time F1 >
N1 N2 N1 N2
To change the feedrate from F3 to F2, it is necessary to start reducing the feedrate at point 1.

BS2 Thetype of acceleration/decel eration after interpolationin cutting feedin
advanced preview control modeis:

0: Specified by bit 6 (LS2) of parameter No. 1602.
1: Bell-shaped acceleration/decel eration.

BS2 | LS2 Acceleration/deceleration
0 0 Exponential acceleration/deceleration after interpolation
0 1 Linear acceleration/deceleration after interpolation
1 0 Bell-shaped acceleration/deceleration after interpolation.
(The option for bell-shaped acceleration/deceleration after
interpolation for cutting feed is required.)

In the function for automatically reducing a feedrate at corners,

0: Angles are used for controlling the feedrate.
1: Differencesin feedrates are used for controlling the feedrate.

CSD
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LS2 Type of acceleration/deceleration after interpolation in cutting feed in
advanced preview control, Al advanced preview control, or Al contour
control mode

0: Exponential acceleration/deceleration is applied (advanced preview
control), or no acceleration/deceleration is applied (Al advanced
preview control and Al contour control).

1: Linear acceleration/deceleration is applied.

1762 Exponentialacceleration/deceleration time constant for cutting feed in the
advanced preview control mode

[Datatype] Word axis
[Unit of data] ms
[Valid data range] 0 to 4000

Set an exponential acceleration/deceleration time constant for cutting
feed in the advanced preview control mode.

1763 Minimumspeed in exponential acceleration/deceleration for cutting feed in the
advanced preview control mode

[Datatype] Word axis

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, I1IS-B IS-C
Millimeter machine 1 mm/min 6 to 15000 6 to 12000
Inch machine 0.1 inch/min 6 to 6000 6 to 4800
Rotation axis 1 deg/min 6 to 15000 6 to 12000

Set minimum speed (FL) in exponential acceleration/deceleration for
cutting feed in the advanced preview control mode.

1768 Time constant of linear acceleration/deceleration or bell-shaped acceleration/
deceleration after interpolation in cutting feed in advanced preview control,
Al advanced preview control, or Al contour control mode

[Datatype] Word
[Unit of data] msec

[Valid data range] |Advanced preview control, Al advanced preview control 0,8to0512
Al contour control 0, 4 to 256

Set the time constant to be used for linear or bell-shaped
acceleration/decel eration after interpolation in cutting feed in advanced
preview control, Al advanced preview control, or Al contour control
mode.

NOTE
For bell-shaped acceleration/deceleration, the function of
bell-shaped acceleration/deceleration after cutting feed
interpolation is required.
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1769 Time constant of linear acceleration/deceleration or bell-shaped acceleration/
deceleration after interpolation in cutting feed for each axis in advanced
preview control, Al advanced preview control, or Al contour control mode

[Datatype] Word axis

[Unit of data]
[Valid data range]

msec
Advanced preview control, Al advanced prevoew control 0,8to 512
Al contour control 0, 4 to 256

Set the time constant to be used for linear or bell-shaped
acceleration/decel eration after interpolation in cutting feed in advanced
preview control, Al advanced preview control, or Al contour control
mode for each axis. Which accel eration/decel eration type, the linear or
bell—shaped type, isto be used is specified by bit 3 (BS2) and bit 6 (L S2)
of parameter No. 1602.

NOTE
1 If Ois setin parameter No. 1769 for all axes, the value set

in parameter No. 1768 is used. For other than special
purposes, set a time constant in parameter No. 1768, which
is common to all axes.

2 If a different time constant is set in parameter No. 1769, a
correct straight line or arc shape cannot be obtained.

1770 Parameter1 for setting the acceleration rate of linear acceleration/deceleration
before interpolation in advanced preview control, Al advanced preview control, or
Al contour control mode (maximum machining speed during linear acceleration/

decelerationbeforeinterpolation)

[Datatype] 2—word

[Unit of data]
[Valid data range]

Valid data range
Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 to 240000 6 to 100000
Inch machine 0.1 inch/min 6 to 96000 6 to 48000

This parameter is used to set the acceleration rate of linear
acceleration/deceleration before interpolation in advanced preview
control, Al advanced preview control, or Al contour control mode. Inthis
parameter, set the maximum machining speed during linear
accel eration/decel eration before interpolation. Set the time used to reach
the maximum machining speed in parameter No.1771.
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Parameterl
(No.1770)

>» Time
Parameter2 (No. 1771)

NOTE
When 0 is set in parameter N0.1770 or parameter N0.1771,

linear acceleration/deceleration before interpolation is
disabled.

1771

Parameter2 for setting the acceleration rate of linear acceleration/deceleration
before interpolation in advanced preview control, Al advanced preview control, or
Al contour control mode (time until the maximum machining speed is reached

during linearacceleration/deceleration before interpolation)

[Datatype] Word

[Unit of data] msec
[Valid data range] 0 to 4000

This parameter is used to set the acceleration rate of linear acceleration/
deceleration before interpolation in advanced preview control, Al ad-
vanced preview control, or Al contour control mode. Inthisparameter, set
the maximum machining speed during linear acceleration/deceleration
beforeinterpolation. Inthisparameter, set thetime (time constant) used to
reach the speed set in parameter No.1770.

NOTE

1 When Ois setin parameter No.1770 or parameter N0.1771,
linear acceleration/deceleration before interpolation is
disabled.

2 Inparameter Nos. 1770 and 1771, set values that satisfy the
following:
Parameter No.1770/Parameter No.1771 = 5

3 If O is set in parameter No. 1770 or 1771 in Al advanced
preview control or Al contour control, P/S alarm 5157 is
issued.
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177 Minimumspeed for the automatic corner deceleration function (for advanced
preview control, Al advanced preview control, or Al contour control)

[Datatype] Word

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 to 15000 6 to 12000
Inch machine 0.1 inch/min 6 to 6000 6 to 4800

Set a speed at which the number of buffered pulsesin decelerationisas-
sumed to be O when linear accel eration/decel eration before interpol ation
is used.

1779 Critical angle subtended by two blocks for automatic corner deceleration (for
advanced preview control, Al advanced preview control, or Al contour control)

[Datatype] 2—word
[Unit of data] 0.001 deg
[Valid data range] 0 to 180000

Set acritical angleto be subtended by two blocks for corner deceleration
when the angle-based automatic corner deceleration function is used.
Theangle subtended by two blocksisdefined as g in the examples shown

below.
Block A (G01)
K/ Block B (G01)
0 Block A (G02) i
Block B (G01)
Angle subtended by two straight lines Angle subtended by an arc and its tangent
1780 Allowable speed difference for the speed difference—based cornerdeceleration

function (for linear acceleration/deceleration before interpolation)

[Datatype] Word

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 to 15000 6 to 12000
Inch machine 0.1 inch/min 6 to 6000 6 to 4800

Set the speed difference for the speed difference—based automatic corner
deceleration function when linear acceleration/deceleration before
interpolation is used.
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1783 Allowable speed difference for the speed difference based corner deceleration

function (linearacceleration/deceleration before interpolation)

[Datatype] Word axis

[Unit of data]
[Valid data range]

Valid data range
Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 to 15000 6 to 12000
Inch machine 0.1 inch/min 6 to 6000 6 to 4800
Rotation axis 1 deg/min 6 to 15000 6 to 12000

A separate alowable feedrate difference can be set for each axis. The
allowable feedrate difference is set for each axis with this parameter.
Among the axes that exceed the specified allowable feedrate difference,
the axis with the greatest ratio of the actual feedrate difference to the
allowable feedrate difference is used as the reference to calculate the
reduced feedrate at the corner.

1784 Speedwhen overtravel alarm has generated during acceleration/deceleration

beforeinterpolation

[Datatype] Word

[Unit of data]
[Valid data range]

Valid data range
Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 to 15000 6 to 12000
Inch machine 0.1 inch/min 6 to 6000 6 to 4800
Rotation axis 1 deg/min 6 to 15000 6 to 12000

Deceleration is started beforehand to reach the feedrate set in the
parameter when an overtravel aarm isissued (when a limit is reached)
during linear acceleration/deceleration before interpolation. By using
thisparameter, the overrun distance that occurswhen an overtravel alarm
is output can be reduced.

This setting can be applied also to rapid traverse blocks by setting bit O
(OTR) of parameter N0.7057. (M series)

NOTE

1 When Ois setin this parameter, the control described above
is not exercised.

2 Use type-B linear acceleration/deceleration before
interpolation (by setting bit 0 (FWB) of parameter N0.1602
to 1).

3 The control described above is applicable only to stored
stroke check 1.

4 The control described above is performed for the axes
specified in the current block and next block. By setting bit
5 (ODA) of parameter No. 7055, the control can be
performed just for the axis specified in the current block.
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1786 Time (time constant) until the maximum machining speed is reached during linear
acceleration/deceleration before interpolation in advanced preview control,
Al advanced preview control, or Al contour control mode (for rotation axes)

[Datatype] Word
[Unit of data] msec
[Valid data range] 0 to 4000

This parameter is used to set the acceleration rate (for rotation axes) of
linear accel eration/decel eration beforeinterpol ation in advanced preview
control, Al advanced preview control, or Al contour control mode.

Thisparameter setsthetime (timeconstant) required to reach the speed set
in parameter No. 1770. The accel eration rate set by this parameter applies
to commands containing rotation axes. (The acceleration rate set by
parameter No. 1771 applies to commands not containing rotation axes.)

NOTE
If O is set in this parameter, the acceleration rate set in

parameter No. 1771 applies also to commands containing
rotation axes.

#7 #6 #5 #4 #3 #2 #1 #0
[ 001 | | | | | [ el | | |

[Datatype] Bit

PSF  Inadvanced preview control mode, Al advanced preview control mode,
or Al contour control mode, position switches are:
0: Not used.
1: Used.

NOTE

The position switch signals are output considering
acceleration/deceleration after interpolation and servo
delay. Acceleration/deceleration after interpolation and
servo delay are considered even for position switch signal
output in a mode other than advanced preview control mode,
Al advanced preview control mode, and Al contour control
mode. When this parameter is set to 1, however, signals are
output from the position switches at different times from the
specified ones.
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Parameters for advanced Parameters for the cutting feed acceler ation/deceler ation before in-

preview control mode
and normal mode

terpolation

Parameter description

Parameter No.

Normal mode

Advanced
preview
control mode

Acceleration/decelerationtype

FWB (1602#0)

FWB (1602#0)

ated

(A type/B type)

Acceleration (Parameter 1) 1630 1770
Acceleration (Parameter 2) 1631 1771
Speed when overtravel alarm has gener- 1784 1784

Parameter sfor automatic corner deceleration

Parameter description

Parameter No.

Advanced
preview
control mode

Normal mode

Automatic corner deceleration according to
the corner angle or the speed difference

CSD (1602#4) | CSD (1602#4)

Minimum speed

(according to the corner angle) 1778 1777

(Car(i:t(i:(c:)?li?nngg:g the corner angle) 1740 1779

e e o e

ovaespes e o | 17gs
Alarm and message

Number Message Description

109 FORMAT ERROR IN G08

A value other than 0 or 1 was specified af-
ter P in the G08 code, or no value was spe-
cified.
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Note

NOTE

The functions usable in the advanced preview control mode

are listed below. When using an function other than those

listed below, turn off the advanced preview control mode
before using the function, and turn on the advanced preview
control mode upon completion of using the function.

e PMC-based axis control (usable in the advanced preview
control mode by setting bits 4 (G8R) and 3 (G8C) of
parameter No. 8004)

Single direction positioning (M series)

Polar coordinate command (M series)

Helical cutting

Rigid tapping (usable in the advanced preview control
mode by setting bit 5 (G8S) of parameter No. 1602. The
serial spindle parameter also needs to be set.)

Program restart

External deceleration

Simple synchronization control

Sequence number check stop

Position switch (usable in the advanced preview control
mode by setting bit 3 (PSF) of parameter No. 6901)

e Cs contour control (usable in the advanced preview
control mode by setting bit 5 (G8S) of parameter No.
1602. The serial spindle parameter also needs to be set.)
Constant surface speed control

Spindle speed fluctuation detection

Spindle synchronization control

Custom macro B

Optional-angle chamfering/corner rounding (M series)
Direct drawing dimension input (T series)

Inch/metric switching

Programmable mirror image (M series)

Mirror image for double turret (T series)

Canned cycle (M series)

Multiple repetitive canned cycle (T series)

Multiple repetitive canned cycle 2 (T series)

Hole machining canned cycle (T series)

Automatic corner override (valid only for changing the
inside circular cutting feedrate)

Scaling (M series)

Coordinate system rotation

Workpiece coordinate system

Workpiece coordinate system preset

Cutter compensation C (M series)

Tool-nose radius compensation (T series)

Corner arc

Tool offset (M series)

Y-axis offset (T series)

Offset measurement value direct input B (T series)
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NOTE
* Tool life management
¢ Tool length measurement (M series)
e Graphic display
» Dynamic graphic display (M series)
e Feed per revolution

Reference item

OPERATOR’S MANUAL

(M series) (B—64124EN) 11.19.2 Advanced preview control (G08)

Series 0i—C

OPERATOR’S MANUAL .

(T series) (B—64114EN) 11.18.1 Advanced preview control (G08)
Series 0i Mate—C OPERATOR'S MANUAL 11.19.2 Advanced preview control (G08)

(M series) (B—64144EN)

7.1.13

Al Advanced Preview
Control Function/Al

Contour Control

Function (M Series)

Overview

Explanation

® Format

The Al advanced preview control/Al contour control functionisprovided
for high-speed, high—precision machining. This function enables
suppression of acceleration/deceleration delays and servo delays that
become larger with increasesin the feedrate and reduction of machining
profile errors.

L ook—ahead accel eration/decel eration before interpolation is enabled for
up to 20 blocks (0i) or 12 blocks (0i Mate) in Al advanced preview control
or for up to 40 blocks in Al contour control. This enables execution of
smooth acceleration/ deceleration extending over multiple blocks and
higher machining.

Thisfunctionisenabled by setting the Al advanced preview control or Al
contour control mode.

G05.1 Q _ ;

Q1: Al advanced preview control/Al contour control mode on
QO : Al advanced preview control/Al contour control mode off
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® Functions valid in the Al
advanced preview
control/Al contour
control mode

® Look—ahead linear
acceleration/deceleration
before interpolation

NOTE

1 Always specify G05.1 in an independent block.

2 The Al advanced preview control/Al contour control mode
is also canceled by a reset.

3 When the Al contour control option is installed, the Al
contour control mode is enabled.

The functions listed below are valid in the Al advanced preview
control/Al contour control mode:

- Look—ahead linear accel eration/decel eration before interpolation

- Look—ahead bell-shaped accel eration/decel eration beforeinterpol ation
(This function can not be used in Al advanced preview control)
(The option of look—ahead bell-shaped accel eration/decel eration
before interpolation is required.)

- Automatic corner deceleration

- Feedrate clamping by acceleration

- Feedrate clamping by arc radius

- Block overlap

- Advanced preview feed forward

For a cutting feed command in the feed per minute mode, linear
accel eration/decel eration can be applied before interpolation, that is, for
the specified feedrate by reading up to 20 blocks (Oi) or 12 blocks (Oi
Mate) (in the Al advanced preview control mode) or 40 blocks (inthe Al
contour control mode) in advance. With acceleration/decel eration after
interpolation, the interpolated data is changed because
acceleration/deceleration is applied to the data With
acceleration/deceleration before interpolation, the interpolated data
cannot be changed by acceleration/deceleration because acceleration/
deceleration is applied to the feedrate data before interpolation. For this
reason, the interpolated data can always be applied to the specified
straight line or curve to eliminate machining profile errors caused by
acceleration/decel eration delays.

Linearaccelera-
tion/deceleration
before
interpolation
Speciﬁed Distribution T
feedrate ) pulse Acceleration/
Feedrate Interpolation deceleration Servo
calculation calculation after control
interpolation

Linearinterpolation,
circularinterpolation, etc.
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(Example of deceleration)

Deceleration is started in a prior block so that the feedrate specified for
the target block is reached at the execution.

Feedrate

Pointl — Specifiedfeedrate

.......................... Feedrate determined by

F3 [ 14 acceleration/deceleration
beforeinterpolation
Point2
F2 R ¥
F1 Time
N1 N2

To decderate from feedrate F3 to F2, deceleration must start with point 1.
To decderate from feedrate F2 to F1, deceleration must start with point 2.

Multiple blockscan beread in advanceto perform decel eration extending
over severa blocks.

(Example of acceleration)

Acceleration is performed so that the feedrate specified for the target
block isreached at the execution.

Feedrate
Specifiedfeedrate

N e —— Feedrate determined by

s acceleration/deceleration

beforeinterpolation

F2 ————m

F1 b Time

N1 N2
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® Look—-ahead bell-shaped
acceleration/deceleration
before interpolation

Linear acceleration/decel eration before interpolation for cutting feed in
the Al contour control mode can be changed to bell-shaped
acceleration/deceleration before interpolation.  With bell-shaped
acceleration/deceleration before interpolation, smooth acceleration/
deceleration can be applied to the cutting feedrate to reduce the shock on
the machine by fluctuations in acceleration that are involved in changes
in the cutting feedrate.

To use this function, the option of look—ahead bell-shaped accel eration/
deceleration before interpolation is required.

Feedrate

Linearacceleration/
deceleration
Bell-shapedacceleration/
deceleration

ta Depends on the linear acceleration.

tb  Time constant for bell-shaped
acceleration/deceleration

tc Bell-shapedacceleration/
decelerationtime

tc=ta+tb
ta is not constant and depends
on the specified feedrate.

th tb

ta

tc

Acceleration

) Specifiedfeedrate
Time ta=—————
tb tb Linearacceleration

tb is constant.

ta

tc

tb tb

Linearacceleration/
deceleration
Bell-shapedacceleration/
deceleration

tb tb

ta

tc

ta Depends on the linear acceleration.
Time tb  Time constant for bell-shaped
acceleration/deceleration
tc Bell-shapedacceleration/
decelerationtime

12. tc=ta+th

ta

tc
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When the feedrate is changed, deceleration and acceleration are

performed as follows:
For deceleration: Bell-shaped deceleration is started in the preceding
block so that decel eration terminates by the beginning of the block in
which the feedrate is changed.
For acceleration: Bell-shaped acceleration is started after the
beginning of the block in which the feedrate is changed.

Deceleration
Fa
Fb
Time
N1 N2
Acceleration
Feedrate
Fb
Fa
/ Time

N1

N2

® Automatic corner

deceleration

Between contiguous two blocks, the feedrate difference for an axis may
exceed the setting (parameter No. 1783). In this case, the feedrate at the
corner iscalculated asfollows based on the axisfor which theratio of the
actual feedrate difference to the alowable feedrate difference is the
largest. Deceleration is performed so that the feedrate is reached at the
interface of the blocks.

The changein the feedrate for each axis (Vx, VY, ...) during movement at
the specified feedrate F is compared with the setting of parameter No.
1783 (Vprm—x, Vprm—y, ...). If the change in the feedrate for any axis
exceeds the setting of the parameter, the following expression is used:

VX Vy
Vprm — x’'Vprm —y’"’

Rmax = max[

The required feedrate (Fc) is obtained as follows and deceleration is
performed at the corner:
1

Rmax

For example, assume that the tool move direction changes by 90 degrees
from movement along the X—axisto that along the Y—axis. Also assume
that the specified feedrate is 1000 mm/min and the allowable feedrate
difference (parameter No. 1783) is 500 mm/min. Deceleration is
performed as shown in the figure below:

Fc = F x
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Feedrate along the Y—axis Feedrate along the X—axis

Tangentialfeedrate

N1 G01 G91 X100. F1000;
N2 Y100.;
N2
Tool path when deceleration
is not performed at the corner
e Tool path when deceleration is
') performed at the corner
N1
Feedrate
When deceleration is not performed
F1000 at the corner
Whendeceleration is performed
at the corner
F500
N1 )
Time
Feedrate
F1000
F500
N2 )
Time
Feedrate
F1000
F500
N1 N2 .
Time
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® Feedrate clamping by
acceleration

When continuous minute straight lines form curves as shown in the
example in the figure below, the feedrate difference for each axis at each
corner is not so large. For this reason, deceleration according to the
feedratedifferenceisnot effective. Continuoussmall feedratedifferences
make alarge acceleration for each axis as awhole, however.

In this case, deceleration is performed to suppress the shock on the
machine and machining errors caused by too large acceleration. The
feedrateisdecreased so that the accel eration for each axisthat isobtained
using the expression below does not exceed the allowable acceleration
setting for all axes.

The alowable acceleration is set based on the maximum cutting feedrate
(parameter No. 1432) and time required to reach the feedrate (parameter
No. 1785).

Acceleration for each axis =

Feedrate difference for each axis at each corner
maX[Travel distancein preceding block Travel distancein following block]

F ' F

Thedecreased feedrateisobtained for each corner. Thedecreased feedrate
obtained at the start or end point of the block, whichever islower, is used
as the actual feedrate.

(Example) Inthe example below, deceleration is performed because the
acceleration (gradient of each dotted line in the feedrate
graphs) from N2 to N4 and from N6 to N8 istoo large.

N8

N f N9
NE—/

N5

N1 <— N4

N3
N2

— 428 —



B—64113EN-1/01

7. FEEDRATE CONTROL/ACCELERATION
AND DECELERATION CONTROL

N1

N5

N9

N1 N5 N9

—

® Feedrate clamping by

arc radius

The maximum allowable feedrate v for an arc of radius r specified in a
program is calculated using the arc radius R and maximum alowable
feedrate V (setting of a parameter) for the radius as follows so that the
acceleration in an arc block does not exceed the alowable value. If the
specified feedrate exceeds the feedrate v, the feedrate is automatically
clamped to the feedrate v.

Maximum allowable feedrate = Vﬁz

R : Arcradius V : Feedratefor arc radius R

then, the maximum allowable feedrate v for an arc of radius r can be
obtained using the following expression:

v=,/(/R)xV

NOTE

As the specified arc radius becomes smaller, the maximum
allowable feedrate v becomes lower. If the maximum
allowable feedrate v is lower than the setting of parameter
No. 1732 (lower feedrate limit for feedrate clamping by arc
radius), it can be assumed to be the setting of the parameter
to prevent the maximum allowable feedrate from becoming
too low.
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® Rapid traverse

By setting the corresponding parameter, the linear or non-inear
interpolation type can be selected. (Inthe Al nano contour control mode,
the nonHinear interpolation type cannot be selected.)

When the linear interpolation type is selected, acceleration/decel eration
is performed before interpolation and linear interpolation type
positioning is used for movement. For acceleration/deceleration, linear
or bell-shaped acceleration/deceleration can be selected by setting the
corresponding parameter.

Thefeedrate during movement and accel eration for accel eration/decel eration
before interpolation are obtained as follows:

(1) Feedrate during movement

The minimum value obtained using the following expression for each
axis along which movement is done is used as the feedrate during
movement:

Rapid traverse rate for each axis (parameter No. 1420) =

Amount of travel in block
Amount of travel for each axis

(2) Acceleration for acceleration/decel eration before interpolation

® For linear acceleration/deceleration

The minimum value obtained using the following expression for each
axis along which movement is done is used as the acceleration for linear
accel eration/decel eration before interpolation during movement:

Rapid traverse rate for each axis (parameter No. 1420)
Time constant for each axis (parameter No. 1620)

Amount of travel in block
Amount of travel for each axis

® For bell-shaped acceleration/decel eration

The time constant set in parameter No. 1621 (time constant for
bell—shaped accel eration/decel eration for rapid traversefor each axis) for
the axis for which the minimum value is obtained using the above
expression is applied to the feedrate obtained using the above
acceleration.
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CONTROL/ACCELERATION
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Feedrate
Linearacceleration/
............................ deceleration
Bell-shapedacceleration/
deceleration
ta Depends on the linear acceleration.
tb  Time constant for bell-shaped
acceleration/deceleration
tc Bell-shapedacceleration/
decelerationtime
tc=ta+tb
The value of ta is not constant and
depends on the rapid traverse rate
and the time constant of the rapid
Time traverse rate for the specified axis.
tb th th th The value of th depends on the axis.
ta ta
tc tc
If the feedrate during movement is F, the acceleration for linear
acceleration/deceleration is A, the time constant for bell-shaped
acceleration/deceleration is T, the time required for acceleration/
deceleration can be obtained as follows:
Time required for accel eration/decel eration
=F/A  (linear acceleration/decel eration)
= F/A+T (bell-shaped accel eration/decel eration)
Feedrate
F

F/A:  Time required for linear acceleration

T : Time required for rounding the corner

N
S\

FIA

TI2

Time
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® Specifications

When the non-inear interpolation type is selected, movement is

performed at the feedrate set

in parameter No. 1420 with

accel eration/decel eration set in parameter No. 1620. The corresponding
value can be set in parameter No. 1621 to select bell-shaped

accel eration/decd eration.

NOTE

Rapid traverse block overlap is disabled.

Axiscontrol O : Canbe specified. X : Cannot be specified.
Name Function
Number of controlled axes 3to4
Number of simultaneously con- Upto4

trolled axes

Axis name

The basic three axes are fixed to X, Y, and Z.
Other axes are any of U, V, W, A, B, and C.

Leastinputincrement

0.001 mm, 0.001 deg, 0.0001 inch

One-tenthinputincrement

0.0001 mm, 0.0001 deg, 0.00001 inch
One—tenth input increment for each axis cannot be
used.

Simple synchronous control

O

However, switching between synchronous and
normal operation cannot be performed during
automatic operation (when the automatic op-
eration signal (OP) is set to 1) regardless of
whether the Al advanced preview control/Al
contour control mode is set. In this case,
switching causes a PS213 alarm.

Angular axis control X

Inch/metric conversion O (*1)

(G20, G21)

Interlock O

Interlock for each axis O Movement along all axes stops.

To stop movement only along the interlock axis
in non—linear interpolation type positioning, set
bit 5 (AIL) of parameter No. 7054 to 1 and bit 4
(XIK) of parameter No. 1002 to 0.

Machine lock O When the machine lock signal for each axis
(MLK1 to MLKS) is turned on or off, accelera-
tion/deceleration is not applied to the axis for
which machine lock is performed.

Mirrorimage O

Stored pitch error compensation O

Position switch O Set bit 3 (PSF) of parameter No. 6901 to 1.
When this parameter is set to 1, the signal out-
puttiming changes.

Abnormal load detection O

Manualhandleinterruption O Manual handle interruption is disabled during
switching to the Al advanced preview control/Al
contour control mode.

External pulse synchronization X
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Interpolation functions
O : Can be specified.  x : Cannot be specified.

Name Function

Positioning (GOO) @)

Single direction positioning (G60) | O To perform single direction positioning in the Al
advanced preview control/Al contour control
mode, set bit 4 (ADP) of parameter No. 7055 to
1.

Exact stop (G09)

Exact stop mode (G61)

Tapping mode (G63)

Linearinterpolation (G01)

Circular interpolation (G02, G03) (Circular interpolation for multiple quadrants is

enabled.)

O] 0O]0|0Ol0|O

Dwell (G04) (Dwell with the time in seconds or speed speci-
fied) For dwell with the speed specified, anoth-

er option is required.

Cylindricalinterpolation (G07.1) X

Helical interpolation (G02, G03)

O

(Circular interpolation + linear interpolation for
up to two axes)
Specify the feedrate including the helical axis in

the feedrate command.

Threading and synchronousfeed | x

(G33)

Skip function (G31) O (*2)

High—speed skip function (G31) O (*2)

Multistage skip function (G31Px) | O (*2)

Reference position return (G28) O (*2)
To execute G28 in the status in which the refer-
ence position is not established, set bit 2 (ALZ)
of parameter No. 7055 to 1.

Reference position return check @) (*2)

(G27)

2nd, 3rd, and 4th reference posi- | O (*2)

tion return (G30)

Normal direction control O Setbit 2 (ANM) of parameter No. 5484 to 1.

(G41.1,G42.1)

Continuousdressing

In—feed control (G161) X

Index table indexing O (*2)

To set follow—up of the index table indexing
axis (fourth axis), set bit 7 (NAH4) of parameter
No. 1819 and bit 0 (NMI4) of parameter No.
7052to 1.

Feed functions O : Can be specified.  x : Cannot be specified.

Name Function
Rapid traverse rate Up to 240 m/min (0.001 mm)
Up to 100 m/min (0.0001 mm)
Rapid traverse rate override FO, 25, 50, 100 %
Rapid traverse rate override inin- | 0to 100 %
crements of 1%
Feed per minute (G94) @)
Feed per revolution (G95) X
Cutting feedrate clamp O
Bell-shapedacceleration/decel- @)
eration for rapid traverse
Linearacceleration/deceleration O

after cutting feed interpolation
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Name Function

Linearacceleration/deceleration O (Whenthe Series 0Oi is used, up to 20 blocks
before cutting feed interpolation are read in advance in the Al advanced pre-
view control mode.)

(When the Series 0i Mate is used, up to 12
blocks are read in advance in the Al advanced
preview control mode.)

(Up to 40 blocks are read in advance in the Al
contour control mode.)

Feedrateoverride 0to 254 %

Single—digit F code feed O Toenable feedrate change using a manual
handle, set bit 1 (AF1) of parameter No. 7055
to 1.

Override cancel O

Externaldeceleration O

Look—ahead bell-shaped accel- @)

eration/decelerationbeforeinter-
polation

Programinput O : Can be specified. X : Cannot be specified.

Name Function

Controlin/control out command ()

Optional block skip command
(/n: nisanumber.)

Absolute command (G90)/
incremental command (G91)

o] O] 0|0

Decimal pointprogramming/pock-
et calculator type decimal point
programming

10—fold input unit

Plane selection (G17, G18, G19)

Rotation axis specification

Rotation axis roll over

Polar coordinate command (G16)

Local coordinate system (G52)

(*2)

Machine coordinate system (G53)

(*2)

O]O| O] x| O] O] OO

Workpiece coordinate system
(G54 to G59)
(G54.1Pxx)

O

Workpiece coordinate system
(G92)

(*2)

Workpiece coordinate system pre- | O (*2)
set (G92.1)

Arbitrary angle chamfering/corner | X
rounding

Programmable data input (G10) O (*2)

Only the tool offset value, workpiece origin off-
set, and parameter can be changed.

Custom macro B O See the description of "Notes on using custom
macros.”

O

Addition of custom macro com-
mon variables

Pattern data input

Interruption type custom macro

Canned cycle (G73 to G89) (*2)

O] O] x| x

Initial level return (G98)/
point R level return (G99)

(*2)

Small hole peck drilling cycle X
(G83)

Arc radius R programming O
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Name Function

Automatic corner override (G62) Set bit 0 (ACO) of parameter No. 7055to 1.

Automatic corner deceleration

Feedrate clamping by arc radius

Coordinate system rotation (G68)

Programmable mirrorimage
(G51.1)

O
O
O
Scaling (G51) @)
O
O
O

F10/11 tape format

Aukxiliary functions/spindle-speed functions
O : Can be specified.  x : Cannot be specified.

Name Function

Miscellaneousfunction (Mxxxx) (O The function code and function strobe signals
are output only.

Second auxiliary function (Bxxxx) The function code and function strobe signals

are output only.

High—speed M/S/T/Binterface

Multiple miscellaneous function
specification

Spindle—speed function (Sxxxx)

Spindle synchronous control

O|0o|0] O|0] O

Rigidtapping (*2)
Set bit 5 (G8S) of parameter No. 1602 or bit 3
(ACR) of parameter No. 7051 to 1.

Tool compensation functions
O : Can be specified.  x : Cannot be specified.

Name Function
Tool function (Txxxx) O The function code and function strobe signals
are output only.
Tool offset memory C O
Tool length compensation O

(G43, G44, G49)

Tool offset (G45 to G48)

X

Cutter compensation C O
(G40, G41, G42)

Tool life management

Automatic tool length measure-
ment

Other functions O : Can be specified.  x : Cannot be specified.

Name Function

Cycle start/feed hold

Dry run

Single block

Sequence numbercomparison
and stop

O] 0O]0l0|O

For the time constant for acceleration/decelera-
tion during movement to the restart position,
the following parameters are used:

When exponential acceleration/decelerationis
used: Parameter Nos. 1624 and 1625
Whenlinear/bell-shapedacceleration/decel-
eration is used: Parameter No. 1622

To set the acceleration/deceleration type, use
bits 0 and 1 of parameter No. 1610.

Programrestart
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Name Function

Rigidtapping return

Macro executor
(execution macro)

MDI operation O
Manualintervention O

NOTE

*1 The above tables include a function that another option is
required for specifying.

*2 Multiple blocks are not read in advance.

e Conditions for setting the When G05.1 Q1 is specified, the modal G codes must be set as listed
Al advanced preview below. If one of these conditions is satisfied, a PS5111 alarm occurs.
control/Al contour

control mode G code(s) Description
GO0 Positioning
GO01 Linearinterpolation
G02 Circularinterpolation (CW)
GO03 Circular interpolation (CCW)
G15 Polar coordinate command cancel
G25 Spindle speed fluctuation detection off
G40 Cutter compensation cancel
G40.1 Normal direction control cancel mode
G49 Tool length compensation cancel
G50 Scaling cancel
G50.1 Programmable mirrorimage cancel
G64 Cuttingmode
G67 Macro modal call cancel
G69 Coordinate system rotation cancel
G80 Canned cycle cancel
G94 Feed per minute
G97 Constant surface speed control cancel
G160 In—feed control function cancel

Signal

Al advanced preview
control or Al contour
control mode signal
AICC <F062#0> [Classification] Output signal
[Function] Thissignal indicatesthat the systemisin Al advanced preview control or
Al contour control mode.
[Output condition] The signal is set to 1 when:

® Thesystemisin Al advanced preview control or Al contour control
mode.

The signal is set to 0 when:

® Thesystemisinother than Al advanced preview control or Al contour
control mode.
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Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| Foe2 | | | | | | | | | Acc |

Parameter
® Parameters related to

linear acceleration/

deceleration before

interpolation

1770 Maximummachining feedrate during linear acceleration/deceleration
beforeinterpolation

[Datatype] 2—word

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A,1S-B IS-C
Millimeter machine 1 mm/min 6 to 240000 6 to 100000
Inch machine 0.01 inch/min 6 to 9600 6 to 4800

This parameter sets the maximum machining feedrate for linear
acceleration/decel eration before interpolation. (Parameter 1 for setting
the acceleration in linear acceleration/decel eration before interpol ation)

1771 Time required to reach the maximum machining feedrate during linear
acceleration/deceleration before interpolation (time constant)

[Datatype] Word
[Unit of data] 1 ms
[Valid data range] 0 to 4000

This parameter setsthetime (time constant) required to reach thefeedrate
set in parameter 1. (Parameter 2 for setting the acceleration in linear
accel eration/decel eration before interpol ation)

NOTE

1 When parameter 1770 or 1771 is set to 0, linear
acceleration/deceleration before interpolation is not
performed.

2 Set these parameters so that parameter 1770/parameter
1771 =5 or more.

Feedrate
(mm/min)

Parameter
1770

Parameter 1771 Time (ms)




7. FEEDRATE CONTROL/ACCELERATION

AND DECELERATION CONTROL B-64113EN-1/01
1784 Speedwhen an overtravel alarm is issued during linear acceleration/deceleration
beforeinterpolation

[Datatype] Word

[Unit of data]
[Valid data range]

Valid data range
Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 to 15000 6 to 12000
Inch machine 0.01 inch/min 6 to 6000 6 to 4800

This parameter sets the speed to be reached when an overtravel darmis
issued during linear accel eration/decel eration during interpolation. If an
overtravel alarm isissued during linear accel eration/decel eration before
interpolation, themovement isdecel erated and halted after theissue of the
aarm. Therefore, the tool overruns by an amount equal to the distance
traveled during deceleration. The overrun varies depending on the
feedrate observed when the overtravel alarmisissued. The overrun can
be reduced by performing decel eration to the speed set in parameter 1784
in advance when an overtravel adlarmisissued. Inthiscase, deceleration
is performed so that the feedrate at the instant when the overtravel alarm
isissued does not exceed the parameter—set speed. So, decel eration may
be completed earlier. Upon the completion of deceleration, the feedrate
is set to the parameter—set speed.

NOTE
This parameter is invalid for rapid traverse blocks.

If the following condition is satisfied, deceleration is performed:

Distance required for de-
Distance to the celerating the current speed
stored stroke limit <| (tangent direction feedrate)
on an axis to the speed set in parame-
ter 1784

The overrun is expressed as follows:

2
F T
[le <°T X > + 1.%
F 8 F

Overrun distance = X —
1875 T

F : Maximum machining feedrate during linear accel eration/decel eration
before interpolation (parameter 1770)

T : Timerequired to reach the maximum machining feedrate during linear
accel eration/decel eration before interpol ation (parameter 1771)

For: Speed when an overtravel alarm is issued during linear
accel eration/decel eration before interpolation (parameter 1784)

FIX : Any fractional part is truncated.
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NOTE

1 When 0 is set, the above control is not performed.

2 When stroke check is invalid, the above control is also
invalid.

3 The above control is valid only for stored stroke check 1.

4 The above control is exercised on those axes that are
specified in the current block and the next block.

® Parameter related to
automatic corner
deceleration

1783 Allowable feedrate difference for each axis in the corner deceleration function by
feedrate difference (foracceleration/deceleration before interpolation)

[Datatype] Word axis

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A,I1S-B IS-C
Millimeter machine 1 mm/min 6 to 15000 6 to 12000
Inch machine 0.1 inch/min 6 to 6000 6 to 4800
Rotation axis 1 deg/min 6 to 15000 6 to 12000

Thisparameter setstheallowabledifferenceinfeedrate on each axisinthe
automatic corner decel eration function by the differenceinfeedratewhen
liner accel eration/decel eration before interpolation is used.

® Parameter related to
feedrate clamping by
acceleration

1785 Parameterfor determining the allowable acceleration in feedrate clamping
by acceleration

[Datatype] Word axis
[Unit of data] 1 ms
[Valid data range] Oto 32767

This parameter is used to set the time required to reach the maximum
cutting feedrate and determine the allowabl e accel eration when feedrate
clamping by acceleration is performed.

The allowable acceleration is determined from the maximum cutting
feedrate and the data set in this parameter. Parameter 1432 (maximum
cutting feedrate in Al advanced preview control or Al contour control
mode) is used as the maximum cutting feedrate.

Feedrate
(mm/min) )
_____________ Allowable acceleration
Parameter
1432
Parameter 1785 Time (ms)
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® Parameters related to
feedrate clamping by arc

radius
| 1731 | | Arc radius for the upper limit imposed on feedrate
[Datatype] 2—word
[Unit of data] | Increment system IS-A IS-B IS-C Unit
Metric input 0.01 0.001 0.0001 mm
Inch input 0.001 0.0001 0.00001 inch
[Valid data range] 1000 to 99999999
This parameter sets the arc radius for the upper limit imposed on the
feedrate set in parameter 1730.
| 1730 | | Upper limit imposed on feedrate for arc radius R |
[Datatype] Word
[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A,1S-B IS-C
Millimeter machine 1 mm/min 8 to 15000 8 to 12000
Inch machine 0.1 inch/min 8 to 6000 8 to 4800
This parameter sets the upper limit imposed on the feed rate for the arc
radius set in parameter 1731.
Example
( ple) Specified
feedrate

N1 N2 N3 Time

| 1732 | |

Lower limit RVmin for feedrate clamping by arc radius

[Datatype] Word

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A,1S-B IS-C
Millimeter machine 1 mm/min 0 to 15000 0 to 12000
Inch machine 0.1 inch/min 0 to 6000 0 to 4800

When the function for clamping the feedrate by arc radius is used, the
upper limit imposed on the feedrate fallswith thearc radius. 1f the upper
limit imposed on the feedrate is less than the lower limit imposed on the
feedrateclamping RV min, theupper limitimposed onthefeedrateisset as
RVmin.
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® Other parameters

1422 Upper limit imposed on cutting feedrate in Al advanced preview control or
Al contour control

[Datatype] 2—word

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, IS-B Is-C
Millimeter machine 1 mm/min 6 to 240000 6 to 100000
Inch machine 0.1 inch/min 6 to 96000 6 to 4800

This parameter is used to set the upper limit on the cutting feedrate in Al
advanced preview control or Al contour control mode.

1432 Maximum cutting feedrate in Al advanced preview control or
Al contour control mode (for each axis)

[Datatype] 2—word

[Unit of data] Valid datarange
) Increment system Unit of data
[Valid data range] IS-A,I1S-B IS-C
Millimeter machine 1 mm/min 0 to 240000 0 to 100000
Inch machine 0.1 inch/min 0 to 96000 0 to 48000
Rotation axis 1 deg/min 0 to 240000 0 to 100000

This parameter sets the maximum cutting feedrate for each axisin Al
advanced preview control or Al contour control mode.

NOTE
Be sure to set a maximum cutting feedrate in both of

parameter No. 1422 and No. 1432.

#7 #6 #5 #4 #3 #2 #1 #0
[ 1003 | | B2 | R | | | | | | |

[Datatype] Bit
RBL In the Al advanced preview control or Al contour control mode,
acceleration/decel eration of rapid traverseis:
0: Linear acceleration/decel eration.
1: Bell-shaped acceleration/decel eration.

NOTE
To select bell-shaped acceleration/deceleration, the option

for rapid traverse bell-shaped acceleration/deceleration is
required.
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BEL In Al advanced preview control or Al contour control mode:
0: Linear acceleration/deceleration before look—ahead interpolation is
used.
1: Bel-shaped acceeration/deceleration before look—ahead interpolation
is used.

NOTE
To select look—ahead bell-shaped acceleration/

deceleration before interpolation, the option for look—ahead
bell-shaped acceleration/deceleration before interpolation
is required.

| 1621 | | Time constant for axis—by—axis rapid traverse bell-shaped acceleration/deceleration

[Datatype] Word axis
[Unit of data] 1 ms

[Valid datarange] 0to 512

Set th in the figure below for each axis. When O is set, linear
accel eration/decel eration is assumed.

Feedrate R Linearacceleration/

deceleration

Bell-shaped
acceleration/
deceleration

ta: Depends on linear
acceleration/
deceleration.

th: Bell-shapedtime
constant

. : Time
tb tb tb tb

ta ta

#7 #6 #5 #4 #3 #2 #1 #0
[ o001 | | | | | PsF | | | |

[Datatype] Bit

PSF In Al contour control mode (M series), Al advanced preview control (M
series), or advanced preview control mode, position switches are:
0: Not used.
1: Used.
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NOTE

The position switch signals are output considering
acceleration/deceleration after interpolation and servo
delay. Acceleration/deceleration after interpolation and
servo delay are considered even for position switch signal
output in a mode other than the Al contour control (M series),
Al advanced preview control (M series), and advanced
preview control modes. When this parameter is set to 1,
however, signals are output from the position switches at
different times from the specified ones.

#7 #6 #5 #4 #3 #2 #1 #0
[ 700 | | [ M | wo | | | | | |

[Datatype] Bit
MI11, MIO Set the following values

M1 MIO

Setting 0 1

NOTE
This parameter is valid only with Al contour control. This

parameter need not be set with Al advanced preview
control.

#7 #6 #5 #4 #3 #2 #1 #0
Lot | | | | | AcR | | | |

[Datatype] Bit

ACR When rigid tapping is specified in Al advanced preview control or Al
contour control mode, the mode is:
0 : Not turned off.
1: Turned off.

When the serial spindle does not support advanced preview control of
rigid tapping, Al advanced preview control or Al contour control mode
must be turned off in rigid tapping.

Setting this parameter and satisfying the following conditions can
automatically turn Al advanced preview control or Al contour control
mode off only during execution of rigid tapping when rigid tapping is
specified in Al advanced preview control or Al contour control mode.

Conditions

® To specify rigid mode, use “the method for specifying M29 S****
prior to the tapping command.”

If amethod other than the aboveisused, P/Salarm No. 5110 isissued.

® Theinterval between M29 (rigid mode specification M code) and the
completion signal (FIN) must be at least 32 msec.

_443_
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® The rigid mode cancel command and cutting feed move command
cannot be specified simultaneously. If they are specified
simultaneoudly, P/S alarm No. 5110 is issued.

(Additional information: The rigid mode cancel command and rapid
traverse move command can be specified in the same block.)

® Set bit 2 (CRG) of parameter No. 5200 to 0.

(This setting specifies that rigid tapping mode is canceled when the
rigid tapping signal RGTAPissetto“0".)

#7 #6 #5 #4 #3 #2 #1 #0
o] 1 T T T [ T
[Datatype] Bit axis
For the PM C—controlled axes and Cs axis, set 1.
Set this bit to 1 for the index table indexing axis (fourth axis) set for
follow—up.
Set this bit to 0 when using the servo FAD function.
NOTE
This parameter is valid only with Al contour control. This
parameter need not be set with Al advanced preview
control.
#7 #6 #5 #4 #3 #2 #1 #0
|7054|| | | AlL | | AZR| | AIR | |
[Datatype] Bit
AIR In Al advanced preview control or Al contour control mode, the rapid
traversetypeis:
0: Linear interpolation type.
1: According to the setting of bit 1 (LRP) of parameter No. 1401.
AZR In Al advanced preview control or Al contour control mode, the G27,

G28, G30, G30.1, and G53 commands are executed:
0: Innormal mode. (advanced preview feed forward isvalid.)
1: In Al advanced preview control or Al contour control mode.

NOTE
When G27, G28, G30, G30.1, or G53 is executed when Al

advanced preview control or Al contour control is on, a
choice between linear interpolation type and non-linear
interpolation type can be made by parameter setting.
However, while G28, G30, G30.1, or G53 is being executed
with linear interpolation type selected, automatic operation
cannot be restarted at a position other than the stop position
through manual intervention. If such an attemptis made, an
alarm (No. 5114) is issued.
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pé}l\/?gxir;cnet?ol Bit 1 (AIR) Bit 1 (LRP)
or Al contour of parameter of parameter G27, G28, G30, G30.1, G53 GO0
control No. 7054 No. 1401
0 0 Non-linear interpolation type | Non-linear interpolation type
0 1 Non-linear interpolation type Linear interpolation type
off
1 0 Non-linear interpolation type | Non-linear interpolation type
1 1 Non-linear interpolation type Linear interpolation type
0 0 Linear interpolation type Linear interpolation type
0 1 Linear interpolation type Linear interpolation type
On
1 0 Non-linear interpolation type | Non-linear interpolation type
1 1 Linear interpolation type Linear interpolation type
NOTE
When an index table indexing axis is specified, G27, G28,
G30, G30.1, or G53 is executed with Al advanced preview
control or Al contour control turned off, regardless of the
setting of bit 3 (AZR) of parameter No. 7054.

AlL  When norHinear type positioning is specified in Al advanced preview
control or Al contour control mode and an axis-by—axisinterlock signal is
input:

0: Thetool stopsaong all axes.
1: The setting of bit 4 (XIF) of parameter No. 1002 is used.
#6 #5 #4 #3 #2 #1 #0
|7055|| | | | ADP | | ALZ | AF1 | Aco|
[Datatype] Bit
ACO In Al advanced preview control or Al contour control mode:
0: Automatic corner override and changing both internal and external
circular feedrates are disabled.
1: Automatic corner override and changing theinternal circular feedrate
are enabled, and whether to enable changing the external circular
feedratedepends on the setting of bit 2 (COV) of parameter No. 1602.

AF1 During one—digit F code feed in Al advanced preview control or Al
contour control mode, changing the feedrate by the manual handleis:
0: Disabled.

1: Enabled.
ALZ If no reference position has been established and G28 is specified in Al

advanced preview control or Al contour control mode:

0: P/Saarm No. 090 is issued.

1: Al advanced preview control or Al contour control modeisturned off
and the command is executed.
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NOTE
1 If an axis for which a reference position is established and

an axis for which no reference position is established are
simultaneously specified with G28 when bit 2 (ALZ) of
parameter No. 7055 is setto 1, G28 is executed after turning
off the Al advanced preview control or Al contour control
mode, regardless of the setting of bit 3 (AZR) of parameter
No. 7054,

If the serial spindle is switched to the Cs contour control
mode then GOO is specified for the Cs contour control axis
without performing a reference position return operation
even once during Al advanced preview control or Al contour
control when bit 1 (NRF) of parameter No. 3700 is set to O,
a P/S alarm (No. 090) is issued, regardless of the setting of
bit 2 (ALZ) of parameter No. 7055.

ADP Single direction positioning in the Al advanced preview control or Al
contour control mode is executed:
0: Inthe normal mode.
1: Inthe Al advanced preview control or Al contour contro mode.

3241 Character blinking in the Al advanced preview control or Al contour control mode

(first character)

to

3247 Character blinking in the Al advanced preview control or Al contour control mode

(seventh character)

[Datatype] Byte
[Valid data range] 0to 225

Set the character codes of charactersblinkinginthe Al advanced preview
control or Al contour control mode.
Set character codes according to the character code list in Appendix A.

NOTE

When 0 is set, “AICC” (Al contour control option is used) or
“Al APC” (Al contour control option is not used) blinks.
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® Parameter numbers in (1) Parameters related to linear acceleration/deceleration before
standard mode, interpolation
advanced preview Y pr————
control mode, Al
advanced preview Parameter Standard Advanced | Al advanced
mode preview preview
control, and Al contour control control or
control mode Al contour
control
Acceleration/deceleration FWB/1602#0 None
type (type A/B)
Parameter 1 for setting accel- 1630 1770
eration
Parameter 2 for setting accel- 1631 1771
eration
Speed when overtravel alarm 1784
is issued
(2) Parameters related to automatic corner deceleration
Parameter No.
Parameter Standard Advanced | Al advanced
mode preview preview
control control or
Al contour
control
Method for determining auto- CSD/1602#4 None
matic corner deceleration
(angle/feedrate difference)
Lower limit imposed on fee- 1778 1777 None
drate
(control based on angle)
Angle to be determined 1740 1779 None
(control based on angle)
Allowable feedrate difference 1780 None
for all axes (control based on
feedrate difference)
Allowable feedrate difference 1783
for each axis (control based
on feedrate difference)
(3) Parametersrelated tofeedrate clamping by acceler ation/deceler ation
Parameter No.
Parameter Standard Advanced | Al advanced
mode preview preview
control control or
Al contour
control
Parameter for determining None 1785
acceleration/deceleration
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(4) Parameters related to feedrate clamping by arc radius

Parameter No.

acceleration/deceleration time
constant

Parameter Standard Advanced | Al advanced
mode preview preview
control control or
Al contour
control
Arc radius for the upper limit 1731
of feedrate
Upper limit imposed on fee- 1730
drate for arc radius R
Lower limit imposed on clamp 1732
feedrate
(5) Parametersrelated toinvoluteinterpolation
Parameter No.
Parameter Standard Advanced | Al advanced
mode preview preview
control control or
Al contour
control
Initial angle error limit 5610
Basic circle neighborhood None 5611 to 5615
override: Radius of curvature
Basic circle neighborhood None 5616 to 5619
override: Override value
Lower override limit None 5620
(6) Other parameters
Parameter No.
Parameter Standard Advanced | Al advanced
mode preview preview
control control or
Al contour
control
Precision of radius error in cir- PCIR1/3403#0 None
cular interpolation
Maximum cutting feedrate 1422 1431 1422
(for all axes)
Maximum cutting feedrate 1430 1432
(for each axis)
Rapid traverse type LRP/1402#1 AIR/7054#1
LRP/1401#1
Rapid traverse bell-shaped 1621
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Alarm and message

Number Message Description

5110 | IMPROPER G-CODE An invalid G code is specified in Al

(G05.1 G1 MODE) advanced preview control or Al con-
(M series) tour control mode.

5111 IMPROPER MODAL G- When Al advanced preview control or
CODE (G05.1 G1) Al contour control mode is specified, a
(M series) G code that cannot be used is placed

in the model state.

5112 | GO8 CAN NOT BE COM- | An advanced preview control com-
MANDED (G05.1 G1) mand (GO08) is specified in Al ad-

(M series) vanced preview control or Al contour
control mode.

5114 | NOT STOP POSITION Since manual intervention was per-
(G05.1 Q1) formed while executing the G28, G30,
(M series) G30.1, and G53 commands (liner in-
terpolation type) with Al advanced
preview control or Al contour control
turned on, automatic operation is re-
started at a position other than the
stop position.

5156 | SPL: ERROR The controlled axis selection signal
(M series) (PMC axis control) changes in Al ad-
vanced preview control or Al contour
control mode.

The simple synchronous axis selec-
tion signal changes in Al advanced
preview control or Al contour control
mode.

5157 | Feedrate O (AICC) The parameter for the maximum cut-
ting feedrate (parameter No. 1422 or
1432) is set to 0.

The parameter for acceleration/decel-
eration before interpolation (parame-
ter No. 1770 or 1771) is set to O.

Caution

1

2

3

Whenthetotal distancefor the blocksunder advanced preview control
is equal to or less than the deceleration distance from the current
feedrate, deceleration starts. When advanced preview control has
proceeded upon the compl etion of deceleration, and the total distance
for the blocks increases,acceleration starts. Especially, when a series
of blocks containing very small amounts of travel are specified,
deceleration and acceleration may be aternated, which prevents the
feedrate from becoming constant. In such a case, specify a lower
feedrate.

When the dry run signal isinverted from 0 to 1 or from 1 to O during
movement along an axis, the speed of movement is increased or
reduced to a specified speed without first being reduced to zero.

When a ho-movement block or a one-shot G code such as G04 is
encountered in Al advanced preview control or Al contour control
mode, the movement is decel erated and halted in the preceding bl ock.
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4 As acceleration after interpolation, use linear or bell-shaped
acceleration. Exponential accel eration/decel eration cannot be used.

Notes on using custom
macros

Macro statement
processing

Details of NC statement
and macro statement
execution

For smooth machining, the CNC readsthe next NC statement in advance.
This operation is referred to as buffering. In the Al advanced preview
control mode, not only the next statement but also multiple blocks are
buffered.

However, amacro statement such asan expression and conditional branch
isprocessed immediately after it isbuffered (read into the buffer). So, the
timing of macro statement execution does not necessarily follow the
specified sequence.

On the contrary, a block where M00, M01, M02, M30, or an M code set
in aparameter (No. 3411 to 3432) for suppressing buffering is specified,
or a block where a G code such as G53 for suppressing buffering is
specified does not read subsegquent blocksin advance. So, itisguaranteed
that until the execution of such an M code or G code is completed, no
subsequent macro statement is executed.

> N1 GO01 G91 X50.0 Y30.0 F100 ;

N2 #1=100;
N3 X100.0; >: Block being executed
N4 #2=200 ; [ : Block read into the buffer
N5 Y50.0;
|
N1
NC statement execution |
\ N2 N4
Macro execution — —

P b b s e
I || I

Buffer

Inthe Al advanced preview control or Al contour control mode, multiple
blocks are read in advance. So, during execution of N1, up to 40
blocks/20 blocks (0i) or 12 blocks (Oi Mate) of NC statements are read
into the buffer. The macro statements (N2, N4) are processed while N1
is being executed.

So, the sequence of NC statement and macro statement execution differs
from the programmed sequence.

— 450 —
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Notes on using system

variables

When a system variable listed in the table below is used in a macro
program, and the macro program needs to be executed after the block
immediately preceding the macro program is executed, an M code
(parameter No. 3411 to No. 3432) for suppressing buffering or G53 must

be inserted immediately before the macro program.

Meaning Read/ Variable Remarks (when buffering
write number is not suppressed)

Interface signal Read #1000 to Data can be read when a

#1015, #1032 | macro is buffered.
Write #1100 to Data is written when a macro
#1115, #1132 | is buffered.

Tool offset value Write #10000 to A tool offset value is written
when a macro is buffered.

Time information Read #3001, #3002, | Time information is read

#3011, #3004 | when a macro is buffered.

Automatic opera- | Write #3003, #3004 | Automatic operation control

tion control is enabled starting with up to
the third block ahead.

Setting data Write #3005 Setting data is written when
a macro is buffered.

Mirror image Read #3007 Mirror image state can be
read when a macro is buff-
ered.

Additional work- Read #4130(P) The information of up to 3

piece coordinate #4014 blocks ahead can be read.

system number (G54 to G59)

currently selected

Block end (work- Read #5001 to The block end of up to the

piece coordinate #5008 third block ahead can be

system) read.

Machine coordi- Read #5021 to An undefined position during

nate system #5028 travel can be read.

Current position Read #5041 to An undefined position during

(workpiece coordi- #5048 travel can be read.

nate system)

Tool length com- Read #5081 to The compensation value

pensation value #5088 used by the block currently
being executed can be read.

Servo positional Read #5101 to An undefined positional devi-

deviation amount #5108 ation amount during travel
can be read.
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Example)

00001 02000

N1 X10.Y10, / (Mxx;) Insertsan M code block for suppressing
buffering.

N2 M98P2000; N100 #1=#5041; (Reads the current position
along the X—axis.)

N3 Y 200.0; N101 #2=#5042; (Read the current position

along the Y—axis.)

M99,

In the exampl e above, while the N1 block of the main program O0001 is
being executed, the N2 block is buffered, and the macro program 02000
isread and executed. This meansthat the current position isread during
travel along theaxesinthe N1 block. So, undefined position information
during travel is read into #1 and #2. In such a case, insert a block
specifying an M code (Mxx;) for suppressing buffering or G53;
immediately before the N100 block of O2000. With thisblock insertion,
the execution of 02000 starts when the execution of the N1 block of
00001 is completed. So, position information after the completion of
execution of the N1 block can be read into #1 and #2.

Reference item

Series 0i_C OPERATOR’'S MANUAL 11.19.3 Al advanced preview control/Al
(M series) (B—64124EN) T contour control (G05.1)
. . OPERATOR’S MANUAL Al advanced preview control
Series Oi Mate—C (M series) (B-64144EN) 11.19.3 (G05.1)
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7.2
ACCELERATION/
DECELERATION
CONTROL

7.2.1
Automatic
Acceleration/
Deceleration

7211

Automatic acceleration/
deceleration

General

® Automatic acceleration/
deceleration

To prevent amechanical shock, accel eration/decel erationisautomatically
applied when the tool starts and ends its movement (Fig. 7.2.1.1).

Rapid traverse rate
A

Fr Fr : Rapid traverse rate

T : Acceleration/
decelerationtime
constant for rapid
traverse rate

0 » Time
<> >
Tr Tk
Cutting feedrate
A
Fe F¢ : Cutting feedrate
/ T +Acceleration/
/ decelerationtime
/ \ constant for a cutting
/ \ feedrate
/ \
\
0 » Time
Te Te

Fig.7.2.1.1 Automatic acceleration/deceleration (example)

Acceleration and deceleration is performed when starting and ending
movement, resulting in smooth start and stop.

Automatic acceleration/deceleration is also performed when feedrate
changes, so the change in speed is also smaooth.

It is not necessary to take acceleration/deceleration into consideration
when programming.
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Rapid traverse: Linear accel eration/decel eration (time constant per axisis
set by parameter 1620)

Cutting feed: Exponential acceleration/decel eration (time constant per
axisis set by parameter 1622)

Jog feed : Exponential accel eration/deceleration (time constant per
axisis set by parameter 1624)

Rate afterinterpolation Rateafteracceleration/deceleration
Servo motor
Acceleration/
deceleraton Servo control —>
Pulse control
> | distribution
(interpolation) Acceleraton/
>| deceleration [ > | Servocontrol —>
control
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 1610 | | | | | JGLX | | | | CTLx |

[Datatype] Bit axis
CTLx Acceleration/deceleration in cutting feed including feed in dry run
0: Exponential acceleration/deceleration is applied.
1: Linear acceleration/deceleration after interpolation is applied.
JGLx Acceleration/deceleration in manual continuous feed (jog feed)

0: Exponential acceleration/deceleration is applied.
1: Linear acceleration/decel eration after interpolation is applied.

1620 Time constant used for linear acceleration/deceleration or bell-shaped
acceleration/deceleration in rapid traverse for each axis

[Datatype] Word axis
[Unit of data] ms
[Valid data range] 0 to 4000
Specify atime constant used for acceleration/deceleration in rapid tra-
verse.

(1) When the function is used, set this parameter to time constant T1 used
in bell-shaped acceleration/deceleration in rapid traverse, and set
parameter No. 1621 to time constant T2.

(2) When the function is not used, specify atime constant used in linear
acceleration/decel eration.
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NOTE
When parameter No. 1621 (time constant T2 used for
bell-shaped acceleration/deceleration in rapid traverse) is
set to 0O, linear acceleration/deceleration is applied in rapid
traverse even. In this case, this parameter stands for atime
constant used in linear acceleration/deceleration in rapid
traverse.

1622 Time constant of exponential acceleration/deceleration or linear acceleration/

deceleration after interpolation, in cutting feed for each axis

[Datatype] Word axis

[Unit of data] ms
[Valid data range] 0 to 4000 (For exponential acceleration / deceleration)

0 to 512 (For linear acceleration / deceleration after interpolation)

Set the time constant used for exponential accel eration/deceleration or
linear accel eration/decel eration after interpol ation in cutting feed for each
axis. Except for special applications, the same time constant must be set
for all axesin this parameter. If the time constants set for the axes differ
from each other, proper straight lines and arcs cannot be obtained.

| 1623 | | FL rate of exponential acceleration/deceleration in cutting feed for each axis |

[Datatype] Word axis

[Unit of data]
[Valid data range]

Valid data range
Increment system Unit of data
IS-A, IS-B IS-C
Millimeter machine 1 mm/min 0, 6 — 15000 0, 6 — 12000
Inch machine 0.1 inch/min 0, 6 — 6000 0, 6 — 4800
Rotaion axis 1 deg/min 0, 6 — 15000 0, 6 — 12000

Set the lower limit (FL rate) of exponential acceleration/deceleration in
cutting feed for each axis. Except for special applications, thisparameter
must be set to O for all axes. If avalue other than 0 is specified, proper
straight lines and arcs cannot be obtained.

1624 Time constant of exponential acceleration/deceleration or linear acceleration/

deceleration after interpolation, in jog feed for each axis.

[Datatype] Word axis

[Unit of data] ms
[Valid data range] 0 to 4000 (For exponential acceleration / deceleration)

0 to 512 (For linear acceleration / deceleration after interpol ation)

Set the time constant used for exponential accel eration/deceleration or
linear acceleration/deceleration after interpolation in jog feed for each
axis.

The type of acceleration/deceleration is determined depending on the
setting in parameter No. 1610.
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| 1625 | | FL rate of exponential acceleration/deceleration in jog feed for each axis

[Datatype] Word axis

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 — 15000 6 — 12000
Inch machine 0.1 inch/min 6 — 6000 6 — 4800
Rotaion axis 1 deg/min 6 — 15000 6 — 12000
Set the lower limit (FL rate) of exponential acceleration/deceleration in
jog feed for each axis.
1626 Time constant of exponential acceleration/deceleration

in the thread cutting cycle for each axis

[Datatype] Word axis
[Unit of data] ms
[Valid data range] 0 to 4000

Set thetime constant used for exponential accel eration/decelerationinthe
thread cutting cycle (G76, G78 (G92 in G code system A)) for each axis.

1627 FL rate of exponential acceleration/deceleration in the thread cutting
cycle for each axis

[Datatype] Word axis

[Unit of data] Valid data range
) Increment system Unit of data
[Valid data range] IS-A, IS-B IS-C
Millimeter machine 1 mm/min 6 — 15000 6 — 12000
Inch machine 0.1 inch/min 6 — 6000 6 — 4800
Rotaion axis 1 deg/min 6 — 15000 6 — 12000

Set the lower limit (FL rate) of exponential acceleration/deceleration in
thethread cutting cycle (G76, G78 (G92in G code system A)) for each
axis.
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7.2.1.2

Rapid traverse block

overlap

General Rapid traverse blocks may be arranged successively or arapid traverse

block may be followed by ablock that does not cause movement. Inthis
case, execution of the next block can be started when thefeedratefor each
axis of the rapid traverse block is decreased to the deceleration ratio
specified in the parameter.

Signal

Rapid traverse block
overlap disable signal
ROVLP <G0053#5>

[Classification] Input signal
[Function] Thissignal disables rapid traverse block overlap.

Siganl address

#7 #6 #5 #4 #3 #2 #1 #0
| G053 | | | ROVLP | | | | | | |
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 1601 | | | | | RO | | | | |

[Datatype] Bit
RTO Rapid traverse block overlapis:

0: Not performed.
1: Performed.

| 1722 | | Rapidtraverse feedrate reduction ratio for overlapping rapid traverse blocks

[Datatype] Byte axis
[Unit of data] %
[Valid data range] Oto 100

This parameter is used when rapid traverse blocks are arranged
successively, or when arapid traverse block is followed by a block that
does not cause movement. When the feedrate for each axis of ablock is
reducedto theratio set inthis parameter, the execution of thenext block is
started.
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NOTE

The parameter No. 1722 is effective when parameter No.
1601 #4 (RTO) is set to 1.

Example
Fh: Rapid traverse feedrate
X—axis feedrate o: Setting of parameter No. 1722 (feedrate reduction ratio)
A Fd: Feedrate where deceleration is terminated: = Fhxo/ 100
N1 GO0 X-- ; N2 GO0 X-- ;
/

Y\/\ When the function of overlapping rapid traverse

Eh / blocks is enabled (Parameter No. 1601#4=1)

/

/ When the function of overlapping rapid traverse

Fd \ / blocks is disabled (Parameter No. 1601#4=0)

\Y > t

— 458 —




B—64113EN-1/01

7. FEEDRATE CONTROL/ACCELERATION
AND DECELERATION CONTROL

7.2.2

Rapid Traverse
Bell-shaped
Acceleration/
Deceleration

General

Rapid traverse bell-shaped accel eration/decel eration smoothly increases
or decreasestherapid traverserate, reducing the stressand strainimposed
on the machine dueto the variation in the accel eration with changesin the
feedrate. Asthetime constant for bell-shaped accel eration/decel eration
can be smaller than that for linear acceleration/deceleration, the time
needed for acceleration/decel eration can be reduced.

<Rapid traverse linear acceleration/deceleration> <Rapid traverse bell-shaped acceleration/deceleration>

A
Feedrate

A
Feedrate

Acceleration

Time |

Acceleration

Time \/ Time

This function is enabled when the time constants for rapid traverse
bell-shaped acceleration/deceleration T1 and T, are specified in
parameter Nos. 1620 and 1621, respectively.
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<Rapid traverse linear acceleration/deceleration>

Speed

Rapid traverse rate

P Time T: Time constant for linear
acceleration/deceleration

Rapid
traverse rate

T4: Set a time constant used for lin-
ear acceleration/deceleration

To: Set a time for rounding.

Total time=T1 + T,
Time for linear=T, — T,
Time for rounding part=T,

7 > Time

"T2/2 T, T./2
E T, ; ’
Set atime when rapid traverse override is 100% . When it is less than
100%, the total time is reduced (constant acceleration method).
Value of T isdetermined from motor torque. Set avalue of Toto 24 ms
or 32 ms.
Parameter
1620 Time constant used in linear acceleration/deceleration or bell-shaped

acceleration/deceleration in rapid traverse for each axis

[Datatype] Word axis
[Unit of data] ms
[Valid data range] 0 to 4000
Specify atime constant used for acceleration/deceleration in rapid tra-
verse.

® \Whenthefunctionisused, set this parameter to time constant T1 used
in bell-shaped acceleration/deceleration in rapid traverse, and set
parameter No. 1621 to time constant T2.

® \When the function is not used, specify atime constant used for linear
accel eration/decel eration.
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NOTE
When parameter No. 1621 (time constant T2 used for
bell-shaped acceleration/deceleration in rapid traverse) is
set to 0O, linear acceleration/deceleration is applied in rapid
traverse even. In this case, this parameter stands for atime
constant used for linear acceleration/ deceleration in rapid
traverse.

1621 Time constant t T2 used for bell-shaped acceleration/deceleration
in rapid traverse for each axis

[Datatype] Word axis
[Unit of data] ms
[Valid datarange] 0to 512

Specify time constant T2 used for bell-shaped accel eration/decel eration
in rapid traverse for each axis.

NOTE

1 Set parameter No. 1620 to time constant T1 used for
bell-shaped acceleration/deceleration in rapid traverse,
and set this parameter to time constant T2.

For details of time constants T1 and T2, see the general
description in this section.

2 When this parameter is set to 0, linear acceleration/
deceleration is applied in rapid traverse. The setting in
parameter No. 1620 is used as a time constant in linear
acceleration/deceleration.

Reference item

CONNECTION MANUAL

(This manual) 7.2.1 AutomaticAcceleration/Deceleration
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7.2.3

Linear Acceleration/
Deceleration after
Cutting Feed
Interpolation

General If linear acceleration/deceleration after interpolation for cutting feed is
enabled (bit O of parameter No. 1610, CTL), acceleration/decelerationis
performed as follows:

Cutting feed: Linear acceleration/deceleration (constant acceleration
time)
Specify the acceleration/deceleration time constant for
each axisin parameter No. 1622.

Jog feed: Exponential or linear acceleration/decel eration (constant
acceleration time)

Specify the acceleration/deceleration time constant for
each axisin parameter No. 1624.

If anidentical time constant is specified, linear accel eration/decel eration
can halve the delay relative to the programmed time, in comparison with
exponential acceleration/deceleration, thus reducing the time needed for
acceleration and deceleration. If circular interpolation is performed,
especially when high—speed cutting is being performed, the actual tool
path created after acceleration/deceleration will deviate from the
programmed arc in the radial direction. This deviation can aso be
reduced, in comparison with exponential acceleration/deceleration, by
applying linear acceleration/decel eration.

Feedrate Feedrate
A A
Acceleration/ /
= deceleration =
circuit
> >
Time t t Time
Feedrate Feedrate
A A
Acceleration/
= deceleration =
circuit
> >
. Time
Time t t

t : Time
constant
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Linear acceleration/decel eration after cutting feed interpolation function
is enabled when the CTL bit (bit O of parameter No. 1610) is specified.
Thetime constantsfor cutting feed and jog feed for each axisare specified
in parameter Nos. 1622 and 1624 respectively, in the same way as for
exponential acceleration/deceleration. The values specified for the FL
feedratefor cutting feed (parameter No. 1623) and the FL feedratefor jog
feed (parameter No. 1625) are ignored (always assumed to be 0).

Parameter

#7 #6 #5 #4 #3 #2 #1 #0
| 1610 | | | | | JGLx | | | | CTLx |

[Datatype] Bit axis
CTLx Acceleration/deceleration in cutting feed including feed in dry run
0: Exponential acceleration/deceleration is applied.
1: Linear acceleration/deceleration after interpolation is applied.
JGLx Acceleration/deceleration in manual continuous feed (jog feed)

0: Exponential acceleration/deceleration is applied.
1: Linear acceleration/deceleration after interpolation is applied.

1622 Time constant of exponential acceleration/deceleration, linear acceleration/
deceleration after interpolation in cutting feed for each axis

[Datatype] Word axis

[Unit of data] ms

[Valid data range] 0 to 4000 (For exponential acceleration/decel eration)

0 to 512 (For linear acceleration/decel eration after interpolation)

Set the time constant used for exponential accel eration/deceleration or
linear accel eration/decel eration after interpol ation in cutting feed for each
axis. Except for special applications, the same time constant must be set
for all axesin this parameter. If the time constants set for the axes differ
from each other, proper straight lines and arcs cannot be obtained.

1624 Time constant of exponential acceleration/deceleration or linear acceleration/
deceleration after interpolation, in jog feed for each axis.

[Datatype] Word axis

[Unit of data] ms

[Valid data range] 0 to 4000 (For exponential acceleration/decel eration)

0 to 512 (For linear acceleration/decel eration after interpolation)

Set the time constant used for exponential accel eration/deceleration or
linear acceleration/deceleration after interpolation in jog feed for each
axis.

The type of acceleration/deceleration is determined depending on the
setting in parameter No. 1610.
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Note

NOTE
1 If linear acceleration/deceleration after interpolation for

cutting feed is enabled, linear acceleration/deceleration is
executed during cutting feed and during a dry run. Linear
acceleration/deceleration can also be executed during jog
feed if the JGL bit (bit 4 of parameter No. 1610) is specified
accordingly.

In circular interpolation especially when circular cutting is
executed at high speed, the actual path of the accelerated
or decelerated tool deviates from the specified arc in the
direction of the radius.

b Ar Specified path
Ar :Maximumradius error (mm
~ Actual path (mm)
7\ N v :Feedrate (mm/s)
r :Radius of arc (mm)
\\ T, :Acceleration/decelerationtime constant(s)
r

T, :Time constant of servo loop (s)
(Reciprocal of position loop gain)

The maximum error in the radial direction (Ar) can be
approximated by the following expressions:

1 2,1 2 V2 . . .
Ar= (7T1 + > Ty )—r ...Exponential acceleration/deceleration

v2 ) . i
Ar= (21—4 T2+ % To2 ) — ... Linear acceleration/deceleration after
interpolation

If the error caused by the time constant of the servo loop is
excluded, the error cause by linear acceleration/
deceleration after interpolation is 1/12 of that caused by
exponential acceleration/deceleration.

Linear acceleration/deceleration can be executed both for
cutting feed and for jog feed along a PMC axis.
Acceleration/deceleration for cutting feed is executed even
if acceleration/deceleration for jog feed is selected. In jog
feed along the PMC axis, the time constant for cutting feed
is used instead of that for jog feed.
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7.2.4

Bell-Shaped
Acceleration/

Deceleration after

Cutting Feed
Interpolation

General Thebell-shaped accel eration/decel eration after cutting feed interpolation
provides smooth accel eration and decel eration to reduce stress and strain
on the machine. If thisfunction isenabled (bit 1 of parameter No. 1610,
CTB), acceleration/deceleration is performed as follows:

Cutting feed: Bell-shaped acceleration/deceleration (constant accel-
eration time)
Specify the acceleration/deceleration time constant for
each axisin parameter No. 1622.

Jog feed: Exponential or bell-shaped acceleration/deceleration
(constant acceleration time)
Specify the acceleration/deceleration time constant for
each axisin parameter No. 1624.

Speed
A

Time

\ Speed Bell-shaped Acceleration/
Deceleration

Acceleration/
deceleration
function

Time

|

|

|

|

|

|

|

|

|

| |
T Ty

T:Time Constant

Bell-shaped acceleration/decel eration after cutting feed interpolation is
an optional function. Thisfunction isenabled when the CTB bit (bit 1 of
parameter No. 1610) isspecified. Thetime constantsfor cutting feed and
for jog feed for each axis are specified in parameter Nos. 1622 and 1624
respectively, in the same way as exponentia acceleration/deceleration.
The values specified for the FL feedrate for cutting feed (parameter No.
1623) and the FL feedrate for jog feed (parameter No. 1625) areignored
(always assumed to be 0).
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Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 1610 | | | | | JGLx | | | CTBx | CTLx |

[Datatype] Bit axis
CTLx Acceleration/deceleration in cutting feed including feed in dry run

0: Exponential acceleration/deceleration is applied.
1: Linear acceleration/decel eration after interpolation is applied.

NOTE
To use bell-shaped acceleration/deceleration after
interpolation, set this parameter to 0 and select the
acceleration/deceleration using CTBx, bit 1 of parameter

No. 1610.
Parameter
Acceleration/deceleration
CTBx CTLx
0 0 Exponential acceleration/deceleration
0 1 Linear acceleration/deceleration after interpolation
1 0 Bell-shaped acceleration/deceleration after interpolation

CTBx Acceleration/deceleration in cutting feed including feed in dry run

0: Exponential acceleration/deceleration or linear acceleration/decel-
eration after interpolation is applied (depending on the setting in
CTLX, bit O of parameter No. 1610).

1: Bell-shaped acceleration/decel eration after interpolation is applied.

NOTE
This parameter is effective only when the function of
bell-shaped acceleration/deceleration after interpolation in
cutting feed is provided. If the function is not provided, the
setting in CTLX, bit O of parameter No. 1610, determines the
type of acceleration/deceleration irrespective of the setting
in this parameter.

JGLx Acceleration/deceleration in manual continuous feed (jog feed)
0: Exponential acceleration/deceleration is applied.

1: Linear acceleration/deceleration after interpolation or bell-shaped

accel eration/decel eration after interpolation is applied (depending on

which is used in cutting feed).
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1622 Time constant of exponential acceleration/deceleration, linear acceleration/
deceleration after interpolation or bell-shaped acceleration/deceleration

after interpolation, in cutting feed for each axis

[Datatype]
[Unit of data]

[Valid data range]

Word axis
ms

0 to 4000 (For exponential accel eration/decel eration)
0 to 512 (For linear acceleration/deceleration after interpolation or
bell—shaped accel eration/decel eration after interpolation)

Set the time constant used for exponential accel eration/decel eration,
linear acceleration/deceleration after interpolation or bell-shaped
accel eration/decel eration after interpolation in cutting feed for each axis.
Except for special applications, the same time constant must be set for al
axesin this parameter. If the time constants set for the axes differ from
each other, proper straight lines and arcs cannot be obtained.

<Bell-shaped acceleration/deceleration after cutting feed interpolation>

Speed

Cutting 4
feedrate

T: Total time. Itis constant irrespective of
feedrate. (Time constant is constant).

The curve corresponds to that T1 = T/2 and T2
=T/2 set in parameter No. 1620 and 1621.
No linear part exists.

» Time
I(—)T

1624

Time constant of exponential acceleration/deceleration, bell-shaped
acceleration/deceleration afterinterpolation or linear acceleration/
deceleration after interpolation, in jog feed for each axis.

[Datatype]
[Unit of data]

[Valid data range]

Word axis
ms

0 to 4000 (For exponential accel eration/decel eration)
0 to 512 (For linear acceleration/deceleration after interpolation or
bell—shaped accel eration/decel eration after interpolation)

Set the time constant used for exponential accel eration/decel eration,
bell-shaped acceleration/deceleration after interpolation or linear
acceleration/decel eration after interpolation in jog feed for each axis.
The type of acceleration/deceleration is determinded depending on the
setting in parameter No. 1610.
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Note

NOTE

1 If bell-shaped acceleration/deceleration after interpolation
during cutting feed is enabled, bell-shaped acceleration/
deceleration is executed during cutting feed and during a
dry run. Bell-shaped acceleration/deceleration can also be
executed during jog feed if the JGL bit (bit 4 of parameter
No. 1610) is specified accordingly.

2 In circular interpolation, the actual tool path after
acceleration/deceleration deviates from the programmed
arc in the radial direction. To overcome this radial deviation,
see the note on linear acceleration/deceleration after
interpolation for cutting feed in Subsection 7.2.3.

3 Bell-shaped acceleration/deceleration can be executed
both for cutting feed and for jog feed along a PMC axis. The
time constant for acceleration/deceleration for jog feed is
the same as that for cutting feed. In jog feed along the PMC
axis, the time constant for cutting feed is used instead of that
for jog feed.
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7.2.5
Corner Control

7.25.1
In—position check

General Whether the position of the servo motor is within a specified range is
checked.

If thein—position check function is enabled, the CNC checksthe position
during deceleration. If the positionisfoundto exceed the specified range,
the CNC does not execute the next block.

In—position check is performed even for the axis that reached its torque
limit.

NOTE
The purpose of in—position check is to check that the servo
motor has reached within a specified range (specified with
parameter No. 1826).

Signal

In—position signals
INP1 to INP4

<F104#0 t0 #3> [C|assification] Output signal

[Function] These signals indicate that the control axes are set to the in-position
condition.
They areprovided for each control axis, and thenumber inthesignal name
corresponds to the control axis number.

INP1
— 1....Thelst axisis set to the in-position condition.
2....The2nd axisis set to the in-position condition.
3....The3rd axisis set to the in-position condition.

[Output condition] These signalsturnto “1” in the following case :

The servo error of the corresponding control axis is within the
specified alowance.

These signalsturn to “0” in the following cases :

Theservoerror of the corresponding control axisexceedsthe specified
alowance
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Signal address

#7 #6 #5 #4 #3 #2 #1 #0

| F104 | | | | | | INP4 | INP3 | INP2 | INP1 |
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
[ oo | | | [ e | | | | | |
[Datatype] Bit
NCI Inposition check at deceleration
0: Performed
1: Not performed
| 1826 | | In—position width for each axis
[Datatype] Word axis
[Unit of data] Detection unit
[Valid data range] Oto 32767
The in—position width is set for each axis.
When the deviation of the machine position from the specified position
(the absolute value of the positioning deviation) is smaller than the
in—position width, the machine is assumed to have reached the specified
position.
Note
NOTE

1 The in—position signals may turn to “1” even during the
movement if the axis is fed at very low speed.

2 The in—position check function is enabled, at the interface
between two cutting blocks, in the following cases:

M series | When the exact stop command (G09) or exact stop mode com-
mand (G61) is specified

T series | When the error detect signal is on
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7.2.5.2

In—position check
independently of
feed/rapid traverse

General If separate in—position check for cutting feed and rapid traverse is
executed, asmall in—position check range can be specified between those
cutting feed blocks that require a high degree of precision. A large
in—position check range can be specified between those rapid traverse
blocks that require quick positioning.

Signal See Subsection 7.2.5.1.
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
[reon | | | EN | | | | |

[Datatype] Bit
NCI Inposition check at deceleration

0: Performed
1: Not performed

#7 #6 #5 #4 #3 #2 #1 #0
[ 1801 | | | | on | co ] | | | |

[Datatype] Bit
CCl Thein-position areafor cutting feed is:

0: Setin parameter No. 1826 (same as for rapid traverse).
1: Setinbit 5 (CIN) of parameter No. 1801.

CIN When bit 4 (CClI) of parameter No. 1801 = 1, the in—position area for
cutting feed is:

0: Usevauein parameter No. 1827 if the next block isalso for cutting
feed, or use valuein parameter No. 1826 if the next block isfor rapid
traverse.

1: Usevauein parameter No. 1827, regardless of the next block. (The
setting of parameter No. 1826 is used for rapid traverse, and the
setting of parameter No. 1827 is used for cutting feed.)

Parameter CIN (No. 1801#5)

0 1

Rapid—Rapid | No. 1826 | Rapid—Rapid | No. 1826
Rapid—Feed | No. 1826 | Rapid—Feed | No. 1826

Parameter 0 Feed—Feed No. 1826 Feed—Feed No. 1826
cal Feed—Rapid No. 1826 Feed—Rapid No. 1826

. (N1°-4 Rapid—Rapid | No.1826 | Rapid—Rapid | No. 1826
801#4) L | Rapid>Feed | No.1826 | Rapid—Feed | No.1826

Feed—Feed No.1827 Feed—Feed No. 1827
Feed—Rapid | No. 1826 | Feed—Rapid | No. 1827
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| 1826 | |

In—position width for each axis

[Datatype] Word axis
[Unit of data] Detection unit

[Valid data range]

0 to 32767
The in—position width is set for each axis.

When the deviation of the machine position from the specified position
(the absolute value of the positioning deviation) is smaller than the
in—position width, the machine is assumed to have reached the specified
position.

| 1827 | |

In—positionwidth in cutting feed for each axis |

[Datatype]
[Unit of data]
[Valid data range]

Word
Detection unit
0to 32767

Set an in—position width for each axisin cutting feed. This parameter is
valid when bit 4 (CCl) of parameter No. 1801=1.

Note

NOTE
If the NCI bit (bit 5 of parameter No. 1601) is set to 1, so that
position check is not performed during deceleration, this
function is invalid. The system starts execution of the next
block as soon as deceleration has been completed, without
checking whether the servo position error is within the
specified range.
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7.2.5.3
In—position check
disable signal

General

The in—position check disable signal NOINPS <G023#5> specifies
whether to make in—position checks.

In addition, each of theindividual—axisin—position check disable signals
NOINPL to NOINP4 <G359#0 to G359#3> specifies whether to make
in—position checks for the corresponding axis.

If it is specified to make in—position checks, the CNC makes in—position
checks during deceleration and does not start executing the next
machining block until the corresponding axis gets in position.

Signal

In—position check
disable signal [Classification]
NOINPS

[Function]
<G023#5>

[Operation]

Input signal
Specifies whether to make in—position checks.

If thissignal is”1”, the control unit behaves as follows:

No in—position check ismadeduring decel eration regardl ess of the setting
of the NCI parameter (bit 5 of parameter No. 1601). When no in—position
check ismade, the behavior of the control unitisthe sameaswhentheNCI
parameter (bit 5 of parameter No. 1601) = 1.

If thissignal is”0”, the control unit behaves as follows:

Whether to make in—position checks is determined according to the
setting of the NCI parameter (bit 5 of parameter No. 1601).

Individual—-axis

in—position check

disable signals

NOINP1 to NOINP4
<G359#0 to #3>[Classification]

[Function]

[Operation]

Input signal
Each of these signal s specifieswhether to makein—position checksfor the
corresponding axis.

If one of these signalsis”1”, the control unit behaves as follows:

No in—position check is made on the corresponding axis during
deceleration regardless of the setting of the NCI parameter (bit 5 of
parameter No. 1601) and the state of the in—position check disable signal
NOINPS <G023#5>. When no in—position check is made, the behavior
of the control unit is the same as when the NCI parameter (bit 5 of
parameter No. 1601) = 1.

If one of these signalsis” 0", the control unit behaves as follows:
Whether to make in—position checks for the corresponding axis is
determined according to the setting of the NCI parameter (bit 5 of
parameter No. 1601) and the state of the in—position check disable signal
NOINPS.
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Siganl address

CNC—PMC
#7 #6 #5 #4 #3 #2 #1 #0
[ F1os | | | [ NOINPS| | | | | |
#7 #6 #5 #4 #3 #2 #1 #0
| G359 | | | | | | NOINP4| NOINP3| NOINP2| NOINP1|
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
[ oot | | | | ne | | | | | |
[Datatype] Bit
NCI In—position check at deceleration
0: Performed
1: Not performed
#7 #6 #5 #4 #3 #2 #1 #0
[ 8007 | | | | | | | | N
[Datatype] Bit
NIS Inthe in—position check of PMC axes, in—position check disable signa
NOINPS <G023#5> and in—position check disable signalsfor individual
axes NOINP1 to NOINP4 <G359#0 to #3> are:
0: Invdid.
1: Vvalid.
Note
NOTE

1 Although in—position checks of ordinary blocks can be
disabled by using in—position check disable signal NOINPS
<G023#5> and in—position check disable signals for
individual axes NOINP1 to NOINP4 <G359#0 to #3> , the
in—position check at the reference position obtained by a
reference position return operation (G28 or G30) is always
performed. The in—position check at an intermediate point,
however, can be disabled.

2 When the in—position check disable signals for individual
axes NOINP1 to NOINP4 <G359#0 to #3> are used,
PMC-SBY7 is necessary.
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7.25.4

Error detect (T series)

General Generally, the CNC does not zero the feedrate at the interface of two
blocks during cutting feed.

Because of this, a corner of atool path may be rounded.

This part causes the corner of
the tool path to be rounded. <

<« — Actualtool-center path
Feedrate

P
/

Y 44— Programmed tool path
|

|

|

|

> Time v

If the error detect signal isused, it is possible to specify that a block not
be started until the acceleration/deceleration of the previous block has
been completed.

Feedrate

> Time

Signal

Error detect signal SMZ
<GO053, #6>

[Classification] Input signal
[Function] Enables error detection.

[Operation] If the signal is set to 1, the control unit operates as follows:

¢ Attheinterface of two blocksduring cutting feed, the control unit waits
until the accel eration/decel eration of thefirst block hasbeen completed.
Only then does the control unit execute the next block.
The setting of the SMZ signal determines whether, at the interface of
two cutting blocks, the control unit waits until the acceleration/decel -
eration of the previous block has been completed.
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Siganl address
#7 #6 #5 #4 #3 #2 #1 #0
[ c0%3 | | [ svz | | | | | | |

Note

NOTE
If the error detect signal is on, a cutting block is not executed
until the acceleration/deceleration of the previous cutting
block has been completed.
This function alone cannot prevent corner rounding due to
delay caused by the servo motor, however.
To prevent corner rounding due to delay caused by the
servo motor, use the in—position check function together
with this function.

After acceleration/ After servo
deceleration motor delay
Feedrate

A

> Time

H Range of in—position check
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7.2.6

Feed Forward in Rapid

Traverse

General Feed—forward control can be performed even during rapid traverse. In

this case, the servo position error is reduced, thus reducing the time
required for positioning to within the specified range.

Parameter
#7 #6 #5 #4 #3 #2 #1 #0
[ 1800 | | | | | | FFR | | | |
[Datatype] Bit
FFR Feed—forward control is enabled for

0: Cutting feed only

1: Cutting feed and rapid traverse
Reference item For details of this function, refer to the “FANUC SERVO MOTOR ais

series Maintenance Manual (B—65285EN).”
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8.1
MISCELLANEOUS
FUNCTION/2ND
AUXILIARY
FUNCTION

General

® Miscellaneous Function
(M code)

e 2nd Auxiliary Function
(B code)

e Command Format of 2nd
Auxiliary Function

- Command range

- Command method

Whenan M code addressisprogrammed, acodesignal and astrobe signal
are sent to the machine. The machine uses these signalsto turn on or off
its functions.

Usually, only one M code can be specified in one block. In some cases,
however, up to three M codes can be specified for some types of machine
tools (see 8.3 “Multiple M code per Block™)

Also, parameter No. 3030 can specify the maximum digits and if a
specified value exceeds the maximum digits, an alarm may be issued.

When up to eight digits are specified after address B, a code signal and
strobe signal are sent. These signals are used to index the rotation axis
of the machine. The code signa is retained until another B code is
specified.

In each block, asingle B code can be specified. The maximum number
of digitsthat can be specified after address B is specified in parameter No.
3033. If more digits than the specified value are specified, an alarm
occurs.

For the M series, the addressfor specifying the 2nd auxiliary function can
be changed from B to another address (A, C, U, V, or W) by parameter
setting (parameter No. 3460).

—99999999 to +99999999

1. Forthe M series, adecimal point and a negative valve can be used for
input by setting AUP (bit O of parameter No. 3450).
With the T series, a decimal point and a negative value are always
enabled regardless of the parameter setting.

Command Output value
B10. 10000
B10 10

2. Itis possible to change over the scale factor of B output, 1000 or 1
when the decimal point input is omitted, using the parameter DPI
(N0.3401#0).

Command Output value
When DPl is1: Bl 1000
When DPI is0: Bl 1

— 479 —



8. AUXILIARY FUNCTION

B-64113EN-1/01

Basic procedure

3. Itispossibleto changeover the scalefactor of B output 1000 or 10000
whenthedecimal point input isomitted intheinchinput system, using
the parameter AUX (N0.3405#0). When DPI=1.

Command Output value
When AUX is1:B1 10000
When AUX is0: B1 1000

The following signals are used with these functions. (For details of the
spindle-speed function and tool function, see Chapters 9 and 10.)

Output signal Input signal
Function Program
address Code sianal Strobe sianal Distribution end Completion
9 9 signal signal

Miscellaneous M MO0 to M31 MF
function
Spindle—speed func- S S00 to S31 SF
tion DEN FIN
Tool function T TOO to T31 TF
Secondary auxiliary B BOO to B31 BF
function

Each function uses different program addresses and different signal's, but
they all input and output signalsin the same way, as described below. (A
sample procedurefor the miscellaneousfunctionisdescribed below. The
procedures for the spindle-speed function, tool function, and secondary
auxiliary function, are obtained simply by substituting S, T, or B in place
of M.)
(1) Suppose that Mxxx is specified in a program.

For xxx, the number of specifiabledigitsisspecifiedin parameter Nos.

3030to 3033 for each function. If moredigitsthan the specified value
are specified, an alarm occurs.

(2) Code signal MO0 to M31 is sent to machine interface. After period
TMF, specified in parameter No. 3010 (standard value: 16 msec), the
strobe signa MF is set to 1. The code signa is the binary
representation of the programmed value xxx.(*1) If amove, dwell,
spindle-speed, or other function is specified in the same block as the
mi scellaneous function, the execution of the other function is started
when the code signal of the miscellaneous function is sent.

(3) When the strobe signal is set to 1, the PM C reads the code signal and
performs the corresponding operation.

(4) To execute an operation after the completion of the move, dwell or
other function specified in the block, wait until distribution end signal
DEN isset to 1.

(5) Upon completion of the operation, the PMC sets completion signal
FIN to 1. Thecompletionsignal isused by the miscellaneousfunction,
spindle-speed function, tool function, secondary auxiliary function,
external operation function described | ater, and other functions. If any
of these functions are executed simultaneously, the completion signal
must be set to 1 upon completion of all the functions.
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(6) If the completion signal remains set to 1 for longer than period TFIN,
specified in parameter No. 3011 (standard value: 16 msec), the CNC
sets the strobe signal to 0 and reports that the completion signal has
been received.

(7) When the strobe signal is set to O, set the completion signal to O inthe
PMC.

(8) When the completion signal is set to 0, the CNC sets al code signals
to 0 and completes all sequences of the miscellaneous function.(* 2)

(9) Onceall other commandsin the same block have been completed, the
CNC executes the next block.

*1 When the tool function is executed, the programmed tool number is
sent as the code signal (T series).

*2 When the spindle-speed function, tool function, or secondary
auxiliary function is executed, the code signal is maintained until a
new code for the corresponding function is specified.

The timing diagram is shown below:

Example 1 Single miscellaneous function specified in a block

M command
(independent)  Mxxx
code signals MO00-M31

Strobe signals MF
PMC side action

End signal FIN

Distribution
end signals DEN

DE) ©) ® © 0Me, O

---- (2)

TMF TFIN

Example 2 Move command and miscellaneous function in the same block
2a. Execution of a miscellaneous function without waiting for move command completion

M command MXXX
Move command
Code signals  M00-M31

Strobe signal  MF
PMC side action

End signal FIN

Distribution
end signals DEN

DE) ©) ® © OeE)) O

—

'

T

'

'

'

'
~—~
*
N
N—r

TMF TFIN
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2b.Execution of a miscellaneous function after move command completion

1@ (3 (4) (%) ®(@@®), (9
M command MXxX V

Move command

Code signals M00-M31 \\ == (*2)
Strobe signal  MF
PMC side action
End signal FIN
Distribution
end signals DEN \g
TMF TFIN
Signal

Miscellaneous function
code signals

MOO to M31 <F010 to
FO13>

Miscellaneous function
strobe signal

MF <FO07#0>  [Classification] Output signal
[Function] These signals report the specification of miscellaneous functions.

[Output condition] For the output conditions and procedure, see the description of “Basic
procedure” above.

NOTE

1 The following miscellaneous functions are only processed
internally by the control unit; they are not output to the PMC
when programmed:

- M98, M99, M198
M code that calls a sub program (parameter No. 6071 to
6079)
M code that calls a custom macro (parameter No. 6080
to 6089)

2 Decode signals as well as the code signals and strobe
signal are output for the miscellaneous functions listed
below.

MO0, M01, M02, M30
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Decode M signals
DMOO <FO09#7>,
DMO1 <FO09#6>,
DMO02 <FO09#5>,
DM30 <F009#4>
[Classification] Output signal
[Function] Thesesignalsreport particular miscellaneousfunctionsarespecified. The
miscellaneous functions in a command program correspond to output
signals as indicated below.

Command program Output signal
MO0 DMO00
MO01 DMO1
MO02 DMO02
M30 DM30

[Output condition] A decode M signal goes“1” when:

- The corresponding miscellaneous function is specified, and any move
commands and dwell commands specified in the same block are
completed. These signals are not output when the end signal of the
miscellaneous function is returned before completion of such move
commands and dwell commands.

A decode M signal goes“0” when:
- The FIN signal goes*“1”
- Reset occurs

Spindle-speed code
signals S00 to S31
<F022-F025>
Spindle—speed strobe
signal SF <FO07#2>

[Classification] Output signal
[Function] These signals report that spindle speed functions have been specified.

[Output condition] For the output conditions and procedure, see the description of “Basic
procedure” above.

Tool function code
signals TOO to T31
<F026-F029>

Tool function strobe
signal TF <FO07#3>

[Classification] Output signal
[Function] These signals report that tool functions have been specified.

[Output condition] For the output conditions and procedure, see the description of “Basic
procedure” above.
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Second auxiliary
function code signals

BOO to B31
<F030-F033>

Second auxiliary

function strobe signal

BF <FOO7#4> (T series)
<FO07#7> (M series)

[Classification]

[Function]

Output signal

These signals report that second auxiliary functions have been specified.

[Output condition] For the output conditions and procedure, see the description of “Basic

procedure” above.

End signal FIN <G004#3>

[Classification]

[Function]

[Operation]

Input signal

This signal reports the completion of a miscellaneous function,
spindle—speed function, tool function, second auxiliary function, or
external operation function.

For the control unit operation and procedure when this signal goes “1”,
see the description of “Basic procedure” above.

The FIN signal must remain “1” for acertaintime (TFIN, whichisset by
aparameter No. 3011) or longer. The FIN signal driven“1” isignored if
the FIN signal goes“0” before TFIN elapses.

WARNING
Only one end signal is used for all functions above. The end
signal must go “1” after all functions are completed.

Distribution end signal

DEN <F001#3>

[Classification]

[Function]

Output signal

These signals report that all commands (such as move commands and
dwell) are completed except those miscellaneous functions,
spindle—speed functions, 2nd auxilialy functions tool functions, and so
forth that are contained in the same block and have been sent to the PMC.
They aso report that the end signal from the PMC is being awaited.

[Output condition] The DEN signa turnsto “1” when:

- Waiting for the completion of miscellaneous functions, spindle-speed
functions, tool functions, 2nd auxilialy functions and al other
commands in the same block are completed, and the current positionis
in the in—position.
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The DEN signal turnsto “0” when:
- The execution of one block is completed

NOTE
A parameter NCI (No.1601#5) can specify, whether to only
check if an acceleration/deceleration delay is eliminated, or
to also check if a servo delay (error) has been reduced to
within a certain range.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
[ 004 | | | | | [ A~ | | |
#7 #6 #5 #4 #3 #2 #1 #0
o] [ [ T Tow[ T [ ]
| FO07 | | BF | | | BF | TF | SF | | MF |
| Fooo | | Dmoo | Dmo1 | Dm02 | DM30 | | | | |
| Foo | [ mo7 | mo6 | mos [ mo4 | mo3 | mo2 | moOL | MoO |
| Fo1l | | M15 | M14 | M13 | M12 | M11 | M10 | M09 | MO8 |
| FO12 | | M23 | M22 | M21 | M20 | M19 | M18 | M17 | M16 |
| FO13 | | M31 | M30 | M29 | M28 | M27 | M26 | M25 | M24 |
| Fo22 | | so7 | sos | sos | so4 | so3 | so2 | so1 | so0 |
| Fo2s | | s15 | s | s13 [ s12 | su | sio | soo | so8 |
| Foa | | s23 | s2 | sa1 [ sa0 | s | si8 | s17 | si6 |
| Fos | | s31 | s30 | s20 [ s28 | s27 | s | s25 | s |
| Foz6 | [ 707 | TO6 | TOS [ To4 | TO3 | TO2 | TOL | TOO |
| F027 | | T15 | T14 | T13 | T12 | T11 | T10 | T09 | T08 |
| F028 | | T23 | T22 | T21 | T20 | T19 | T18 | T17 | T16 |
| F029 | | T31 | T30 | T29 | T28 | T27 | T26 | T25 | T24 |
| Foso | | Bo7 | BOs | BOs | Bo4 | BO3 | BO2 | BO1 | BOO |
| FO31 | | B15 | B14 | B13 | B12 | B11 | B10 | B09 | BO8 |
| FO32 | | B23 | B22 | B21 | B20 | B19 | B18 | B17 | B16 |
[ Foss | | B31 | B30 | B20 | B28 | B27 | B26 | B25 | B24 |
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Parameter

| 3010 | |

Time lag in strobe signals MF, SF, TF, and BF

[Datatype] Word
[Unit of data] 1 ms
[Valid data range] 16 to 32767

Thetimerequiredto send strobesignalsMF, SF, TF, and BF after theM, S,
T, and B codes are sent, respectively.

M, S, T, B code

I
MF, SF, TF, BF, : |
I

signal |
K—>:

o
Delay time

Fig. 8.1 (a) Delay time of the strobe signal

NOTE
The time is counted in units of 8 ms. If the set value is not
a multiple of eight, it is raised to the next multiple of eight.

Example : When 30 is set, 32 ms is assumed.
When 32 is set, 32 ms is assumed.
When 100 is set, 104 ms is assumed.

|3011||

Acceptable width of M, S, T, and B function completion signal (FIN) |

[Datatype] Word
[Unit of data] 1 ms
[Valid data range] 16 to 32767

Set the minimum signal width of the valid M, S, T, and B function
completion signal (FIN).

M, S, T, B code 4
MF, SF, TF, BF Q I—

[ s
—

FIN sigal

Ignored be- Valid because
cause shorter longer than min.
than min. signal width
signal width

Fig. 8.1 (b) Valid Width of the FIN (M,S, T, and B Function Completion)
Signal
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NOTE
The time is counted in units of 8 ms. If the set value is not
a multiple of eight, it is raised to the next multiple of eight.

Example: When 30 is set, 32 ms is assumed.

| 3030 | | Allowable number of digits for the M code |
| 3031 | | Allowable number of digits for the S code |
| 3032 | | Allowable number of digits for the T code |
| 3033 | | Allowable number of digits for the B code |
[Datatype] Byte
[Valid datarange] 1to8

Set the allowable numbers of digitsfor the M, S, T, and B codes.

NOTE
Up to 5 digits can be specified in the S code

#7 #6 #5 #4 #3 #2 #1 #0
[ 30 || | | | | | | I
[Datatype] Bit
DPI  When adecimal point isomitted in an address that can include adecimal
point
0: Theleast input increment is assumed.
1: Theunit of mm, inches, or secondisassumed. (Pocket calculator type
decimal point input)
#7 #6 #5 #4 #3 #2 #1 #0
[ 304 | | | [ Moz [ w30 | | | | |
[Datatype] Bit
M30 When M30 is specified in a memory operation:

MO02

0: M30issent to the machine, and the head of the program is automati-
cally searchedfor. So, whentheendsignal FIN isreturned and areset
or reset and rewind operation is not performed, the program will still
be executed, starting from the beginning of the program.

1: M30issenttothemachine, but the head of theprogramisnot searched
for. (The head of the program is searched for by the reset and rewind
signal.)

When MO2 is specified in memory operation

0: MO02issent to the machine, and the head of the program is automati-
cally searchedfor. So, whentheendsignal FIN isreturned and areset
or reset and rewind operation is not performed, the program will still
be executed, starting from the beginning of the program.

1: MO2issenttothemachine, but thehead of theprogramisnot searched
for. (The head of the program is searched for by the reset and rewind
signal.)
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#7 #6 #5 #4 #3 #2 #1 #0
[ 305 | | | | | | | | | A |

[Datatype] Bit

AUX Theleastincrement of thecommand of the second miscellaneousfunction
specified with a decimal point
0: Assumed to be 0.001
1: Depending on the input increment. (For input in mm, 0.001 is
assumed, or for input in inches, 0.0001 is assumed.)

| 3411 | | M code preventing buffering 1 |
| 3412 | | M code preventing buffering 2 |
| 3413 | | M code preventing buffering 3 |
| 3420 | | M code preventing buffering 10 |

[Datatype] Byte
[Valid data range] 0to 255

Set M codes that prevent buffering the following blocks. If processing
directed by an M code must be performed by the machine without
buffering the following block, specify the M code.

MO0, M01, M02, and M 30 always prevent buffering even when they are
not specified in these parameters.

| 3421 | | Minimumyvalue 1 of M code preventing buffering |
| 3422 | | Maximum value 1 of M code preventing buffering |
| 3423 | | Minimum value 2 of M code preventing buffering |
| 3424 | | Maximum value 2 of M code preventing buffering |
| 3425 | | Minimum value 3 of M code preventing buffering |
| 3426 | | Maximum value 3 of M code preventing buffering |
| 3427 | | Minimum value 4 of M code preventing buffering |
| 3428 | | Maximum value 4 of M code preventing buffering |
| 3429 | | Minimum value 5 of M code preventing buffering |
| 3430 | | Maximum value 5 of M code preventing buffering |
| 3431 | | Minimum value 6 of M code preventing buffering |
| 3432 | | Maximum value 6 of M code preventing buffering |
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[Datatype] Word

[Valid data range] 0 to 65535

When a specified M code is within the range specified with parameter
Nos. 3421 and 3422, 3433 and 3424, 3425 and 3426, 3427 and 3428, 3429
and 3430, or 3431 and 3432, buffering for the next block isnot performed
until the execution of the block is completed.

CAUTION
1 The specification of a minimum value that exceeds the
specified maximum value is invalid.

2 When there is only one data item, set the following:
minimum value =maximum value.

#7 #6 #5 #4 #3 #2 #1 #0
| 3450 |
AUP
AUP A second auxiliary function command, specified with adecimal point and
anegative valueis:
0: Disabled.
1: Enabled.
NOTE
With the T series, second auxiliary function commands
specified with a decimal point and a negative value are
always enabled regardless of the parameter setting.
| 3460 |

Name of a second auxiliary function

[Datatype] Byte

Set the name of a second auxiliary function according to the table given
below. Note that the same address as an axis name cannot be set.

Name A B C U \Y W

Setting 65 66 67 85 86 87

If avaue other than those given above is set, address B is assumed.

— 489 —



8. AUXILIARY FUNCTION

B-64113EN-1/01

Note

1

NOTE

When a move command and miscellaneous function are
specified in the same block, the commands are executed in
one of the following two ways:
i) Simultaneous execution of the move command and
miscellaneous function commands.
i) Executing miscellaneous function commands upon
completion of move command execution.
The selection of either sequence depends on the
sequence of PMC.
The address used for specifying the 2nd auxiliary function
(B or the address specified with parameter No. 3460)
cannot be used as an axis address.
The block following MO0, M01, M02 and M30, is not read
into the input buffer register, if present. Similarly, ten M
codes which do not buffer can be set by parameters (No.
3411 to 3420).
For MO0 and MO1 only, miscellaneous function code signal,
auxiliary function strobe signal, and M decode signals are
sent; the control of program stop and optional stop shall be
designed on the PMC side.
When the automatic operation is stopped by M02 or M30,
it is necessary to send the external reset signal from the
machine side to the CNC, instead of the FIN signal, When
the external reset signal is returned against the M02 or M30,
the control returns to the top of the program recently
executed and enters the reset state. When the FIN signal
is returned, the control returns to the beginning of the
program recently executed and executes it from the top.

Reference item

Series 0i—-C

OPERATOR'S MANUAL 11.11.1 Miscellaneous function (M code)

(M series) (B-64124EN) 11.11.3 2nd Auxiliary function (B code)

OPERATOR'S MANUAL 11.11.1 Miscellaneous function (M code)

(T series) (B-64114EN) 11.11.3 2nd Auxiliary function (B code)

Series 0i Mate-C

OPERATOR'S MANUAL 11.11.1 Miscellaneous function (M code)

(M series) (B-64144EN) 11.11.3 2nd Auxiliary function (B code)

OPERATOR'S MANUAL 11.11.1 Miscellaneous function (M code)

(T series) (B-64134EN) 11.11.3 2nd Auxiliary function (B code)
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8.2
AUXILIARY
FUNCTION LOCK

General Inhibits execution of a specified M, S, T and B function.
That is, code signals and strobe signals are not issued.
Thisfunction is used to check a program.

Signal

Auxiliary function lock
signal AFL <G005#6>

[Classification] Input signal

[Function] Thissignal selects auxiliary function lock. That is, this signa disables
the execution of specified M, S, T, and B functions.

[Operation] When this signal turns to “1”, the control unit functions as described
below.

(2) The control unit does not execute M, S, T, and B functions specified
for memory operation, DNC operation, or MDI operation. Thatis, the
control unit stops the output of code signals and strobe signals (MF,
SF, TF, BF).

(2) If thissignal turnsto“1” after code signal output, the output operation
is executed in the ordinary manner until its completion (that is, until
the FIN signal is received, and the strobe signal turnsto “0").

(3) Among the miscellaneous functions, M00, M01, M02, and M30 are
executed even whenthissignal is“1”. All codesignals, strobesignals,
decode signals are output in the ordinary manner.

(4) Among the miscellaneous functions, even when this signal is “1”,
those functions (M98 and M99) that are executed in the control unit
without outputting their execution results are executed in theordinary
manner.

WARNING
Even when this signal is “1”, spindle analog output or
spindle serial output is executed.
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Auxiliary function lock
check signal MAFL
<F004#4>

[Classification] Output signal

[Function] This signal reports the state of the auxiliary function lock signal AFL.

[Output condition] Thissignal turnsto “1” when:

- The auxiliary function lock signal AFL is“1”

Thissignal turnsto “0” when:

- The auxiliary function lock signal AFL is“0”

Signal address

#7 #6 #5 #4 #3 #1 #0

[ G005 | | | A | | | | | | |
#7 #6 #5 #4 #3 #1 #0

[ Foos | | | | | var | | | | |

Reference item

OPERATOR’S MANUAL 5.1 Machine lock and auxiliary func-
(M series) (B—64124EN) h tion lock

Series 0i—C
OPERATOR’S MANUAL 5.1 Machine lock and auxiliary func-
(T series) (B—64114EN) h tion lock
OPERATOR’S MANUAL 5.1 Machine lock and auxiliary func-
(M series) (B—64144EN) h tion lock

Series 0i Mate—C
OPERATOR’S MANUAL 5.1 Machine lock and auxiliary func-
(T series) (B—64134EN) ~ tion lock
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8.3

MULTIPLE M
COMMANDS IN A
SINGLE BLOCK

General

Basic procedure

Sofar, oneblock hasbeen ableto contain only oneM code. However, this
function allows up to three M codes to be contained in one block.

Up to three M codes specified in ablock are simultaneously output to the
machine. This means that compared with the conventional method of a
singleM command in asingle block, a shorter cycle time can berealized
in machining.

(Example)
One M command Multiple M commands
in asingle block in a single block
M40 ; M40M50M60 ;
M50 ; G28G91X0Y0Z0 ;
M60 ; :
G28G91X0Y0Z0 ;

(1) Assume that “MaaMbbMcc;” was commanded by the program.

(2) The 1st M command (Maa) sends the code signals MO0 to M31 in a
manner similar to the conventional one-block single command. The
strobe signal MF isset to “1” after atime TMF set by parameter No.
3010 (Standard setting: 16 msec).

The second M command (Mbb) sends the code signal M200-M 215,
the third M command (Mcc) sends the code signal M300-M315, and
their respective strobe signals MF2 and MF3 are set to “1”.
Furthermore, the three code signals are sent simultaneousdly.

The strobe signals MF, MF2, and MF3 become“1” at the same time.
The code signal is a binary notation of the program command aa, bb
and cc.

(3) On the PMC side, the code signals corresponding to the respective
strobe signals are read when the strobe signals become “1”, and the
appropriate operations are performed.

(4) When the operation of all M commands ends on the PM C side, theend
signal (FIN) issetto“1".

(5) When the completion signal stays “1” for a time (TFIN) set by
parameter No. 3011 (Standard: 16 msec), al strobesignals(MF, MF2
and MF3) are set to “0” at the same time and the reception of
completion signal is reported.

(6)On the PMC side, when MF, MF2 and MF3 are set to “0”, the
completion signal is set to “0".
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A time chart for this procedure is shown below:

M command (MaaMbbMcc;)

Code signal M00-M31

Strobe signal MF \ A

Code signal M200-M215 7

Strobe signal MF2 \

Code signal M300-M315 i

Strobe signal MF3

PMC side operation

End signal FIN

TMF TFIN

Signal

2nd, 3rd M function code
signal M200 to M215
<F014, FO15>
M300 to M315 <F016,
FO17>
2nd, 3rd M Function
strobe signal MF2
<F008#4>
MF3 <F008#5>
[Classification] Output signal

[Function] Indicates that second and third auxiliary functions have been issued.

[Output condition] The output conditions and procedures are the same as that described in
“Basic procedure’.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| Foos | | | | mrs | wR2 | | | | |
| F014 | | M207 | M206 | M205 | M204 | M203 | M202 | M201 | M200 |
| F015 | | M215 | M214 | M213 | M212 | M211 | M210 | M209 | M208 |
| FO16 | | M307 | M306 | M305 | M304 | M303 | M302 | M301 | M300 |
| FO17 | | M315 | M314 | M313 | M312 | M311 | M310 | M309 | M308 |
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Parameter

#7 #6 #5 #4 #3 #2 #1 #0
[ 3404 | [ Mse | | | | | | | |

[Datatype] Bit

M3B The number of M codes that can be specified in one block

0: One
1: Uptothree

Caution

CAUTION

1 MO0, M01, M02, M30, M98, M99, or M198 must not be
specified together with another M code.

2 Some M codes other than MO0, M0O1, M02, M30, M98, M99,
and M198 cannot be specified together with other M codes;
each of those M codes must be specified in a single block.
Such M codes include these which direct the CNC to
perform internal operations in addition to sending the M
codes themselves to the PMC. To be specified, such M
codes are M codes for calling program numbers 9001 to
9009 and M codes for disabling advance reading (buffering)
of subsequent blocks.

The M codes which can be specified in a single block must
be those which the CNC sends the M code signals to the
PMC side.

Note

NOTE

1 CNCallows up to three M codes to be specified in one block.
However, some M codes cannot be specified at the same
time due to mechanical operation restrictions. For example,
M42 can be specified only after the mechanical operation of
M41 is completed.

2 The 1st M code can be up to 8 digits and 2nd, 3rd M codes
can be the values up to 65535.
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Reference item

Series 0i—-C

OPERATOR’S MANUAL
(M series) (B—64124EN)

11.111.2

Multiple M commands in a single
block

OPERATOR’S MANUAL
(T series) (B-64114EN)

11.111.2

Multiple M commands in a single
block

Series 0i Mate-C

OPERATOR’S MANUAL
(M series) (B—64144EN)

11.111.2

Multiple M commands in a single
block

OPERATOR’S MANUAL
(T series) (B—64134EN)

11.111.2

Multiple M commands in a single
block
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8.4
HIGH-SPEED M/S/T/B
INTERFACE

General

Basic procedure

To accelerate M/S/T/B function execution, the high—speed M/S/T/B
interface has simplified the transfer of the strobe and completion signals
of the M/S/T/B functions.

Whether to use the usual system or high—speed system for strobe signal
and completion signal handling can be specified by parameter MHI (No.
3001#7).

The description below uses the miscellaneous functions (M code
commands) as an example. The same description applies to the
spindle-speed function (S code), tool function (T code) and 2nd auxiliary
function (B code).

(1) Assume that the following program is given:
MxX;
Myy;

(2)In response to an M command, the NC system sends out the code
signals MO0 to M31.

The CNC systeminvertsthelogical level of the strobe signal MF, that
is, from“0"to“1", or from*“1” to “0".

(3) The CNC system invertsthe strobe signal, then when thelogical level
of the auxiliary function completion signal MFIN becomes the same
as the strobe signal, the CNC assumes the completion of PMC
sequence.

With the usual method, the operation is assumed to be completed when
a faling edge (“1” to “0") of the M/S/IT/B completion signal FIN is
received after arising edge (“0” to“1") of the FIN signal isdetected. This
new system, ontheother hand, assumesthe operation hasbeen compl eted
upon detection of only one transition of the completion signal.

In addition , the usua system uses only one completion signal (FIN)
common to the M/S/T/B functions. This new system uses a different
completion signal for each of theM, S, T, and B functions; the completion
signals for the M, S, T, and B functions are MFIN, SFIN, TFIN, and
BFIN, respectively.

The Fig. 8.4 (a) below shows the timing chart of these signals with the
new system. For comparison, Fig. 8.4 (b) shows the timing chart of the
conventional system.
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Code signal

Next block

I

Myy

Strobe signal MF

PMC side operation

Miscellaneousfunction

completion signal MFIN

Fig. 8.4 (a) Timing chart of the high—speed system

Code signal

Next block

b

I

Myy

Strobe signal MF

PMC side operation

— N\ — N/

Completion signal FIN

i

Fig. 8.4 (b) Timing chart of the usual system

A high—speed interface can al so be used for multiple M commandsissued
for one block. This interface provides separate completion signals for
each M code. They arecaled MFIN (the same name asfor thesingle M
command per block function), MFIN2, and MFIN3, respectively. The
signal transfer sequencefor multiple M codesper block isthe same asthat
for asingle M code per block.

The high—speed interface can also be used for the external operation
function. In this case, specia external operation signal EFD and
completion signa EFIN are used. The procedure for sending and
receiving these signals is identical to that for sending and receiving the
strobe and compl etion signals of the miscellaneous function (M series).

Signal

Miscellaneous function
completion signal
MFIN <GO05#0>

[Classification]

[Fun

[Oper

Input signal
Reports that the execution of a miscellaneous function using the high—
speed M/S/T/B interface is completed.

For the operation and aprocedure of the contol unit when thissignal turns
to“1” and “0", see the description of “Basic procedure” above.

ction]

ation]
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Spindle function
completion signal
SFIN <G005#2>

[Classification]
[Function]

[Operation]

Input signal

Reports that the execution of a spindle speed function using the
high—speed M/S/T/B interface is completed.

For the operation and procedure of the control unit when thissignal turns
to“1” and “0”, see the description of “Basic procedure” above.

Tool function completion
signal TFIN <G0OO0O5#3>

[Classification]
[Function]

[Operation]

Input signal

Reports that the execution of a tool function using the high—speed
M/SIT/B interface is completed.

For the operation and procedure of the control unit when thissignal turns
to“1” and “0”, see the description of “Basic procedure” above.

2nd auxiliary function
completion signal BFIN
<GO005#4> (T series)
<GOO05#7> (M series)
[Classification]
[Function]

[Operation]

Input signal

Reports that the execution of a second auxiliary function using the
high—speed M/S/T/B interface is completed.

For the operation and procedure of the control unit when thissignal turns
to“1” and “ 0", see the description of “Basic procedure” above.

2nd, 3rd M function
completion signals

MFIN2, MFIN3

<G004#4, #5> [Classification]
[Function]
[Operation]

Input signal

Indicate that when the high—speed interface is used for multiple M com-
mands per block, the second to 3rd M functions have been compl eted.

See “Basic procedure” for how the control unit operates and what it per-
forms when the signal turnsto “1” and “0".

External operation signal
for high—speed interface
(M series) EFD <FO07#1>

[Classification]
[Function]

Output signal

Indicates that positioning for the external operation function has been
completed for the high—speed M, S, T, or B interface, and that another
external operation is required.
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[Operation]

Refer to the description of the output conditions and procedure described
in “basic procedure.”

External operation
function completion
signal (M series) EFIN
<G005#1>
[Classification]

[Function]

[Operation]

Input signal

Indicates that the external operation function has been completed for the
high—speed M, S, T, or B interface.

The “basic procedure” describes the procedure and operation of the
control unit when the signal isset to 1 or 0.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| G004 | | | | MFIN3| MFIN2| | | | |
|G005 | | BFIN | | | BFIN | TFIN | SFIN | EFIN | MFIN |
#7 #6 #5 #4 #3 #2 #1 #0
| Foo7 | | | | | | | | EFo | |
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
[ 3001 | | MHI | | | | | | | |
MHI Exchange of strobe and completion signalsfor the M, S, T, and B codes
0: Normd
1: High—speed
Note
NOTE

1 The strobe signals MF, SF, TF, and BF are “0” when the
power is turned on.

2 When the control unit is reset, MF, SF, TF, and BF are set
to HOH.

Reference item

CONNECTION MANUAL
(This manual)

8.1 Miscellaneous function/2nd auxiliary func-
’ tion

8.3 Multiple M commands in a block

11.7 External operation function
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9 SPINDLE SPEED FUNCTION
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9.1

SPINDLE SPEED

FUNCTION

(S CODE OUTPUT)

General When up to five digits are specified after address S, code and strobe
signals are sent out and used to control the spindle speed. The code
signals are retained until another S code is issued.

One S code is used for each block. Parameter No. 3031 can be used to
specify the maximum number of digits. If a number greater than the
maximum number is specified, an alarm can be raised.

Signal Refer to section 8.1.

Parameter

| 3031 | | Allowable number of digits for the S code
[Datatype] Byte
[Valid datarange] 1to5
Set the alowable numbers of digits for the S codes.
Note

NOTE
1 When a move command and miscellaneous function are
specified in the same block, the commands are executed in
one of the following two ways:
i) Simultaneous execution of the move command and
miscellaneous function commands.
ii) Executing miscellaneous function commands upon
completion of move command execution.
The selection of either sequence depends on the PMC
processing sequence.
2 For S code output when the spindle serial output/spindle
analog output is used, refer to section 9.3.
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9.2

SPINDLE SERIAL
OUTPUT/SPINDLE
ANALOG OUTPUT

General

There are two types of spindle motor control interfaces, spindle serial
output and spindle analog output.

The spindle serial output interface can control up to two serial spindles.
The spindle analog output interface can control one analog spindle.

The table below lists the relationships between the spindle control
interfaces and the configuration of the spindle.

Spindle serial | Spindle analog First spindle Second spindle Third spindle
output output
o o First serial spindle Analog spindle
The PC can be used. The PC cannot be used.
o First serial spindle Second serial spindle
X J—
The PC can be used. | The PC can be used. (*)
Analog spindle
X O — —
The PC can be used.
See Section 9.1.
X X
= Controlled by the PMC using an external interface.

- PC = position coder

- (*) Themultispindle function is necessary to use the position coder on
the second spindle.

- See section 15.4 or 9.9 for how to control the speed of the second and
third spindles.
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Thetable below liststhe relationship between the spindles and functions.

O=Available x=Unavailable

Serial spindle

Analog spindle

Spindle
Function First serial | Second serial When u_sed as t.he When useq as the
spindle spindle first spindle (with third spindle
P P no serial SP) | (with a serial SP)
Thread cutting/feed per revolution .
(synchronous feed) © © (1) © %
Constant surface speed control O (*1) X
Spindle speed fluctuation detection O (*1) x
Actual spindle speed output .
(T series) O O (*1) O x
Spindle positioning (T series) O X O x
Cs contour control O X X X
Multi-spindle (*2) © © ©
— X
P (First spindle) | (Second spindle) (Third spindle)
Rigid tapping O O (*1) O x
Spindle synchronous control O Master O Slave X x
Spindle control unit functions, such
as spindle orientation, spindle out-
put switching, spindle switching, and © © © ©
etc. (*3)
Polygon turning (T series)
(using the servo motor axis and O O (*1) O x
spindle)
Spindle output control by the PMC O O O O
NOTE

1 The multispindle function is necessary. The function cannot
be used for the first and second spindles simultaneously.

2 The multispindle function can control the speed of three
spindles and switch the feedback signal between two
position coders. It also can work without the second or third
spindle.

3 These functions belong to the spindle control unit. They
cannot be used unless the spindle control unit supports
those functions.
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Thesignalsand parametersfor spindle speed control are common to both

spindle serial output and spindle analog output. (See Section 9.3.)

Thetablebelow liststhe differencesrelated to direct control of thespindle

control unit.

Spindle control unit for
spindle serial output
interface

Spindle control unit for
spindle analog output
interface

Parameters for
the spindle con-
trol unit

Specified as CNC parame-
ters

(4000 to 4351/S1, S2)

Used after being transferred
to the spindle control unit

Directly specified for the
spindle control unit

Control signal for
the spindle con-
trol unit

Connected to the PMC via
the CNC

GO0070 to G0073 and F0045
to FO048:

Addresses for the first
spindle

GO0074 to GO077 and F0049
to FO052:

Addresses for the second
spindle

Connected to the PMC via
an external contact

Spindle speed
command inter-
face

Digital data in a range from
0 to £ maximum spindle mo-
tor speed

Analog voltage from 0 to
+10 V (excluding portion
for offset voltage adjust-
ment)

Position coder
interface

Connected to the CNC via
the spindle control unit

Connected directly to the
CNC

Signal

- Spindle control unit signals for the serial spindle

<G0070 to GO073> (input), <FO045 to FO048> (output)
— for the first serial spindle
<G0074 to GOO77> (input), <FO049 to FO052> (output)
— for the second seria spindle

Theseaddressesareonthe CNC. Actually, however, they areinput/output

signals for the spindle control unit for the serial spindle.

For details of the signals belonging to these addresses, refer to the

manuals for the serial spindle:

FANUC SERVO AMPLIFIER ai series Descriptions (B—65282EN)

FANUC AC SPINDLE MOTOR ai series Descriptions (B—65272EN)
FANUC AC SPINDLE MOTOR i series Parameter Manua (B—65280EN)
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Signal address

e For 1st SERIAL SPINDLE

#7 #6 #5 #4 #3 #2 #1 #0
| G070 | | MRDYAl ORCMAl SFRA | SRVA | CTH1A| CTH2A| TLMHA| TLMLA|

| G071 | | RCHA | RSLA | |SOCNA| MCFNA| SPSLA

*ESPA | ARSTA|

| G072 | | RCHHGAl MFNHGAl INCMDA | OVRIDA| DEFMDA| NRROA| ROTAA| INDXA |

| G073 | | | | | | |MPOFA| SLVA |MORCMA|

#7 #6 #5 #4 #3 #2 #1 #0
| F045 | |ORARA| TLMA | LDT2A| LDT1A| SARA | SDTA | SSTA | ALMA |

| F046 | |MORA2A| MORA1A| PORA2A| SLVSA| RCFNA| RCHPA| CFINA | CHPA |

| F047 | | | | | | | |INCSTA| PClDEA|

[Foe | | I I [ | |

® For 2ND SERIAL
SPINDLE #7 #6 #5 #4 #3 #2 #1 #0
| G074 | | MRDYBl ORCMBl SFRB | SRVB | CTH1A| CTHZB| TLMHB| TLMLB|

| G075 | | RCHB | RSLB | |SOCNB| MCFNB| SPSLB

*ESPB | ARSTB|

| G076 | |RCHHGB| MFNHGBl INCMDB | OVRIDB| DEFMDB| NRROB| ROTAB| INDXB |

| Go77 | | | | | | | MPOFB| sLvB [MmORcus]
#7 #6 #5 #4 #3 #2 #1 #0

| F049 | |ORARB| TLMB | LDTZB| LDTlB| SARB | SDTB | SSTB | ALMB |

| F050 | |MORA2B| MORAlBl PORAZB| SLVSB | RCFNB| RCHPB| CFINB | CHPB |

| Fost | | | | | | | [ INcsTB] Pc1DEB |

[Fos2 | | | | | | | | | |
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Parameter

® Connection of serial
spindle control unit

#7

#6 #5 #4 #3 #2 #1 #0

| 3701 | |

| = | HEN |

[Datatype] Bit

® Parameters of serial
spindle control unit

ISl

Specifieds whether the serial spindle interface is used.
0: Used
1: Not used

NOTE

1 This parameter is enabled only when the serial spindle
interface is provided. The parameter is used when the CNC
is started after serial spindle interface control is temporarily
disabled during startup adjustment of the CNC. This bit
should normally set to be 0.

2 When Serial spindle is used with Analog spindle and this
parameter is setto “1”, Analog spindle becomes 1st spindle.

The number of connectionsin seria spindle control
0:1
1:2

NOTE
To connect two serial spindles, set jumper S1 on the 1st
serial spindle control unit to B.
(For S series SERIAL SPINDLE AMPLIFIER)

No. 4000 to 4351: S1 — For 1st serieal spindle
S2 — For 2nd serial spindle

The above parameters are on the CNC, but actually they are used for the
spindle control unit of serial spindle.
For details of these parameters, refer to the following manual:

FANUC AC SPINDLE MOTOR aii series DESCRIPTIONS MANUAL
(B—65272EN)

FANUC AC SPINDLE MOTOR ai series PARAMETER MANUAL
(B—65280EN)
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Alarm and message

Number

Message

Contents

749

S—-SPINDLE LSI ERROR

It is serial communication error while system is executing after power
supply on. Following reasons can be considered.

1) Optical cable connection is fault or cable is not connected or cable
is cut.

2) Motherboard (LCD-mounted type CNC) or MAIN CPU board
(stand—alone type CNC) board is fault.

3) Spindle amp. printed board is fault.

4) The spindle amplifier is under an abnormal condition. (The SPM in-
dication is A, Al, A2, or the like, depending on the type of the ab-
normality.)

If this alarm occurs when CNC power supply is turned on or when
this alarm can not be cleared even if CNC is reset, turn off the power
supply also turn off the power supply in spindle side.

If the spindle amplifier is under an abnormal condition, check the
SPM indication (A, A1, A2, or the like). Then, refer to the FANUC
SERVO MOTOR ai series MAINTENANCE MANUAL (B-65285EN)
to solve the problem.

750

SPINDLE SERIAL LINK START
FAULT

This alarm is generated when the spindle control unit is not ready for
starting correctly when the power is turned on in the system with the
serial spindle.

The four reasons can be considered as follows:

1) An improperly connected optic cable, or the spindle control unit's
power is OFF.

2) When the NC power was turned on under alarm conditions other
than SU-01 or AL—24 which are shown on the LED display of the
spindle control unit.

In this case, turn the spindle amplifier power off once and perform
startup again.

3) Other reasons (improper combination of hardware)

This alarm does not occur after the system including the spindle con-
trol unit is activated.

4) The second spindle (when SP2, bit 4 of parameter No. 3701, is 1)
is in one of the above conditions 1) to 3).

See diagnostic display No. 409 for details.

752

FIRST SPINDLE MODE CHANGE
FAULT

This alarm is generated if the system does not properly terminate a
mode change. The modes include the Cs contouring, spindle position-
ing, rigid tapping, and spindle control modes. The alarm is activated if
the spindle control unit does not respond correctly to the mode change
command issued by the NC.

754

SPINDLE-1 ABNORMAL TORQUE
ALM

Abnormal first spindle motor load has been detected.

762

SECOND SPINDLE MODE
CHANGE FAULT

Refer to alarm No. 752.(For 2nd axis)

764

SPINDLE-2 ABNORMAL TORQUE
ALM

Same as alarm No. 754 (for the second spindle)
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DIAGNOSIS SCREEN

e Information on spindle

control #7 #6 #5 #4 #3 #2 #1 #0
|4oo|| | | |SA||ssz|SSR|Pos|S|C|

SIC No moduleis present for spindle serial output.

A module for spindle seria output is present.

POS No module is present for spindle analog output.

A module for spindle analog output is present.

SSR Spindle serial output is not used.

Spindle serial output is used.

The second spindle is not used with spindle serial output.
The second spindle is used with spindle serial output.

Spindle analog output is not used.
Spindle analog output is used.

PO PO PO RO RO

| 401 | | Alarm condition for the first serial spindle (AL-??) |

| 402 | | Alarm condition for the first serial spindle (AL—??) |

e Communication error on
spindle serial output

interface
#7 #6 #5 #4 #3 #2 #1 #0
|408||SSA| |SCA|CME|CER|SNE|FRE|CRE|
CRE 1: CRC error (warning)
FRE 1: Framing error (warning)
SNE 1: Mismatch between sending and receiving sections
CER 1: Abnormal reception
CME 1: Noanswer during auto scanning
SCA 1: Communication error in the spindle amplifier

SSA 1: System error in the spindle amplifier

(Theseerrorsarereflectedin spindlealarm 749. They arecaused by noise,
disconnection, or instantaneous power interruption.)

e Information related to the
activation of the spindle
serial output interface #7 #6 #5 #4 #3 #2 #1 #0
| 409 | | | | | | SPE | S2E | S1E | SHE |

SHE 1: Abnormal operation in the seria spindle communication module of
the CNC

SIE 1: Abnormal operation on the first spindle during activation
S2E 1: Abnormal operation on the second spindle during activation

SPE 1: Serid spindle parameter not meeting activation conditions
(These errors are reflected in spindle alarm 750.)
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® | oad and speed meter
readings for the serial

spindle 410 | |

First serial spindle: Load meter reading (%)

412 ||

Second serial spindle: Load meter reading (%)

|
|411 ||
|
|

413 ||

First serial spindle: Speed meter reading (min-1) |
Second serial spindle: Speed meter reading (min—1) |

e Position error display
during spindle
synchronization

To display the load and speed meter readings, the following parameters
must be specified correctly.

Maximum motor speed: Parameter No. 4020 (main) and 4196 (sub)

Load meter reading at maximum output:
Parameter No. 4127 (main) and 4276 (sub)

NOTE
The spindle switch function is used for main/sub switching.
Select main if the spindle switch function is not used.

|414||

Master spindle motion error during spindle synchronization |

|415 ||

Slave spindle motion error during spindle synchronization |

|416 ||

Absolute value of synchronization error during spindle synchronization |

e Position error display
during spindle
synchronization

The display for diagnosis No. 414 to 416 are in pulse units (one pulse =
360/4096 degrees)

417 ||

First serial spindle: Position coder feedback information

418 ||

First serial spindle: Position error

419 ||

Second serial spindle: Position coder feedback information

420 ||

Second serial spindle: Position error

Theabovedisplay dataistheinformation obtained directly fromthe serial
spindle control unit.
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9.3

SPINDLE SPEED
CONTROL

General

This section describes spindle speed control. 1t also explainsthe position
coder and the spindle speed arrival signal (SAR).
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Command flow of The following chart summarizes spindle speed control.
spindle speed control

l\ﬂachining program, etc. CNC PMC and machine

Gear select signal output |y Output to the PMC
(M series) (to change the machine gear).
(GR30, GR20, GR10)

-S command | _y|

-S code/SF signal output . |y Output to the PMC
(to be used for ladders).
Y
-Spindle stop signal/spindle orientation signal Switching in th h
Spindle override signal (*SSTP/SOR, SOVO to SOV7) wiehing in fhe machine
- Processing for gear change - Input the gear select
(S command — spindle motor speed con- signal (Gngl, GR2). «From the PMC
version)
Clamp the speed according to parameters.
CNC output specification
(result of speed conversion) > Output to the PMC
S12 bit code output (R120 to R010) (used for ladders)
I
- Determine the output. « Output specification by the PMC | « From the PMC
(Selected by the SIND signal) (set to R12I to RO1I)

Specify output polarity in the CNC.
(M03/M04 and parameter No. 3706 =

TCW, CWM)
Y v
I
- Determination of output polarity « Polarity specification by the PMC
(Selected by the SSIN signal) | (set to SGN) «From the PMC

Thread cutting, || - Control over the ; Input the spindle

feed per revolu- start of cutting speed arrival
tion, etc. feed. ) signal (SAR).
- Command output to the + Position coder Monitor the arival
. . . feedback spindle speed
— spindle, spindle enable sig- signal A
nal output, gain, and offset gnal | _ _ q4————
v I
. - I
Spindle Spindle Position |
amplifier motor coder \4
A
Input the spindle amplifier Gear change Spindle Sensors
control signal from the mechanism
PMC, etc. Mechanical section of the machine
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® S command

® S code/SF signal output

® Spindle stop signal
(*SSTP)

® Spindle orientation
signal (SOR)

® Spindle speed override
sighal (SOVO00 to SOVO07)

The S command specifies the spindle speed entered from machining
programs, etc. for the CNC.

For constant surface speed control (during G96 mode), the CNC converts
the specified surface speed to the spindle speed.

Inthe M series with bit 4 (GTT) of parameter No. 3706 = 0 without the
constant surface speed control, the CNC specifies the gear stage for the
desired spindle speed to the PM C according to parameter No. 3741, 3742,
and 3743, and the S command.

(GR30, GR20, GR10 <F034#2, #1, #0>)

Withthe spindle serial output or spindle anal og output, the spindle control
function in the CNC converts the S command value to the output value
for the spindle motor. In addition, the S code/SF signal’s response to S
command input changes as follows, compared with the case where gear
change and constant surface speed control are not used.

M series — Outputs the S code.
The SF signal isoutput only when the CNC directsthe PMC
to change the gear.

T series— Outputs neither S code nor SF signal.
(Thisis because the S code is not always the spindle speed
when the constant surface speed control option is used.)

If you usethe S code for processing in the PM C ladder, you must specify
parametersrelated to parameter No. 3705.

This signal sets the S command value in the CNC to 0. If the CNC is
specifying the spindle output (see descriptions on the SIND signal), this
signal sets the speed command for the spindle to O.

Evenif the spindle stop signal isnot used, the signal must be set tological
1 for the CNC to perform spindle speed control.

If the spindle orientation signal islogical 1 and the spindle stop signal is
logical 0, the spindle rotates in the direction specified by bit 5 (ORM) of
parameter No. 3706 at a constant speed specified by parameter No. 3732.

Because the spindle rotates at a constant speed regardless of the gear
stage, thissignal can be used to rotate the spindle to drive the stopper or
pin during mechanical spindle positioning.

For the M series, setting parameter GST (bit 1 of parameter No. 3705)
enabl es the spindle motor to rotate at a constant speed at an M type gear
shift. This function can be used for gear shifting because it maintains a
constant speed of the gear change mechanism.

Thissignal specifies an override of 0% to 254% for the specified Svalue
for spindle control.

However, the spindle speed override function is disabled when the CNC
isin the following state:

Tapping cycle (M series: G84, G74 T series: G84, G88)
Thread cutting (M series: G33 T series: G32, G92, and G76)

When the spindle speed control is performed but the spindle speed
overrideis not used, set the override value to 100%.

— 513 —



9. SPINDLE SPEED FUNCTION

B-64113EN-1/01

® Processing for gear
changing

® Selection of gear change
system

® Details of M type
(Output of GR10, GR20,
GR30)

Although the S command contains the spindle speed, the object that is
actually controlled is the spindle motor. Therefore, the CNC must have
some provision to detect the gear stage between the speed and spindle
motor.

There are two types of gear selection methods:

M type

The CNC selectsagear stage according totherangeof speed for each gear
stage previously specified in a parameter, as directed by the S command,
and informs the PMC of the selected gear stage (one of the three gear
stages ) using the gear select signal output (GR30, GR20, GR10).

Also, the CNC outputs the spindle speed based on the sel ected gear stage
(output as the gear select signal).

T type

The gear stage (one of the four gear stages) being currently used by the
machine is specified by the gear select signal inputs (GR1, GR2).

The machine determines which gear to use.

The CNC outputs the appropriate speed command for the selected gear
range.

The M series system can use either M or T type.

M type « Without constant surface speed control option, and bit 4
(GTT) of parameter No. 3706 =0

T type « With constant surface speed control, or bit 4 (GTT) of
parameter No. 3706 = 1

The T series system can use only T type.

By specifying from SO to S99999 in memory or M DI operation, the CNC
outputs a command corresponding to the spindle speed. There is a
two-speed (GR10O and GR20) or three-speed range (GR10, GR20,
GR30), set by parameter nos. 3741-3743, and the gear selection signal
is output simultaneously. When the gear selection signal is changed, the
SF signal is output at the same time (parameter SFA no. 3705#6).

The meaning of the gear signalsis shown below:

Gear 2-stage Gear 3—state Remarks

R1 L L
GRIO ow ow Low: Low Gear

GR20 High Middle Middle: Middle Gear
High: High Gear

GR30 High
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The speed commands output to the spindle motor are as follows:

- For the serial spindle, the speed commands are processed asvalues 0 to
16383 between the CNC and spindle control unit.

- For the analog spindle, the speed commands are output to the analog
voltage signal SVC as analog voltages 0 to 10 V.

Thefollowing descriptions exemplify the anal og spindle. However, they
can be applied to the seria spindle on the assumption that spindle motor
speed with analog voltage 10 V corresponds to the maximum spindle
motor speed.

® M type gear change method A (Fig. 9.3 (@)

Spindle motor speed command
(Analog voltage command)

1ov

Upper limit of
spindle speed
(Ve)

A

GR10
(GR10)

For gear 2-stage

I

I

_— !

GR20 / (GR30) :
(GR20Y |
I

I

I

~ —
~ L
P - |
AT :
L= I R —— >»- Spindle speed
I A B command
I (S code input)
Y Y Y 7
A Vmin Vmax B Vmax ox Vmax () for gear 3-stage
4095 4095 4095 4095

Fig.9.3(a) S codeinput and output voltage

Set the following values as parameters:

- Constant Vmax: for upper limit of spindle speed (parameter No. 3736)
Upper limit of spindle speed

Spindle speed at command voltage 10V

V max=4095x

- Constant Vmin; for lower limit of spindle speed (parameter No. 3735)
Lower limit of spindle speed
Spindle speed at command voltage 10V

Vmin=4095x

- Spindle speed A (minY) ; at command voltage 10V and low gear
(parameter no. 3741)

- Spindle speed B (min1) ; at command voltage 10V and high gear (or
middle-high gear) (parameter no. 3742)

- Spindle speed C (minY) ; at command voltage 10V and high gear
(parameter no. 3743)
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NOTE

If a specified voltage of 10 V is already higher than the
acceptable input voltage for the spindle drive system,
calculate the spindle speed that corresponds to 10 V using
a proportional calculation method and use it instead. Now,
in response to the specified S code, the speed command
and gear select commands (GR30, GR20, GR10) are
output to the spindle motor as shown in Fig. 9.3. (a).

® Gear change point during tapping cycle mode (G84, G74)
In case of G84 (tapping cycle) or G74 (counter tapping cycle) the gear
shift speed is changed by parameter SGT(No. 3705#3). In this case,
gear shift is performed at the speed set by parameter nos. 3761 and
3762 (Fig. 9.3 (b)).

Spindle motor speed command Vc: Voltage for upper limit of spindle motor speed
(analog voltage output)

ww === T T T ST 8T~ -

I
. I

Upper limit f———————+ -
voltage of v e :
spindle GR10O / g |
motor speed — |
I

~
v
ve) = GR20

P . |
/A//// | Spindle speed
7 | command
> (S code input)
D A E B C

D : Gear shift point (parameter No. 3761) for low/high speed change (or low/medium speed change) (set by
parameter as min—1 value) during tapping.

E : Gear shift point (parameter No. 3762) (3-stage gear) for medium/high speed change (set by parameter as
min—1 value) during tapping.

Fig.9.3(b) Scodeinput and output voltage (in tapping)

® M type gear change method B (M series) (Fig. 9.3 (c))

The speed (min~1) at which the low-speed and the high-speed gears are
changed over can be set as a parameter (No.3751, 3752) by setting
parameter SGB (No. 3705# 2). When a3-stagegear isused, itispossible
to set the speeds (min1) for switching low-speed and medium-speed
gears, and medium-speed and high-speed gears, using parameters No.
3751, 3752.
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VC:
VH:

VL:

Spindle motor speed command
(analog voltage output)

A
v
VC
VH
VL
Spindle speed
-
2 command
(S code input)
Vmin Vmax| Vmaxh Vmax
X — AX — X — Cx ——
4095 4095 4095 4095

Voltage corresponding to the upper limit of output value to spindle motor.
Voltage corresponding to the upper limit of output value to spindle motor with high-speed gears (medium

speed gear for 3-stage gear)

Voltage corresponding to the upper limit of output value to spindle motor at low-speed gear

Fig.9.3(c) Mtype gear change B

When using this function, set the following parameters:
- Constant Vmax (Parameter N0.3736) related to the upper limit of

spindle motor speed (min)

Upper limit of spindle motor speed (min-1)
Vmax = 4095x

Spindle motor speed (min~1) when the command voltageis 10V

- Congtant Vmin (Parameter No. 3735) related to the lower limit of

spindle motor speed (min)

Lower limit of spindle motor speed (min1)

Vmin = 4095x X - -
Spindle motor speed (min1) when the command voltageis 10V

- Constant Vmax| (Parameter No. 3751) related to the upper limit of

spindle motor speed (min—1) with low-speed gears

Upper limit of spindlemotor speed (min-1) with|low-speed gears

Vmaxl = 4095x - ) ;
Spindle motor speed (min-1) when the command voltageis 10V

- Constant Vmaxh (Parameter No. 3752) related to the upper limit of

spindle motor speed (min—L) with high-speed gears (medium-speed
gear for 3-stage gear)

Upper limit of spindle motor speed (min~1) with high-speed gears

medium-speed gear for 3-stage gear
Vmaxh = 4095x ( P9 agegear)

Spindle motor speed (min1) when the command voltageis 10V
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® Time chart

- Spindle speed A (Parameter No.3741) (min1) with low-speed gears
when the command voltage is 10V

- Spindle speed B (Parameter N0.3742) (min1) with high-speed gears
when the command voltage is 10V (medium-speed gear for 3-stage)

- Spindle speed C (Parameter N0.3743) (min—1) with high-speed gears
when the command voltage is 10V (3-stage gear)

Spindle motor speed commands (0 to 10V) and gear selecting signals
(GR10, GR20, GR30) areissued on each S code command asshownin
the figure:

CAUTION

1 In a tapping cycle when parameter SGT (No. 3705 #3) is
set, the gears are changed over at the gear changing point
for tapping.

2 For this function (parameter SGB=1 (No. 3705#2)), when
only one-stage gear is used, the voltage corresponding to
the upper limit value to the spindle motor is calculated using
Vmaxl, and when 2-stage gear is used, it is calculated
according to Vmaxh. Therefore, when SGB is 1, set Vmaxl
when only one-stage gear is used, Vmaxl and Vmaxh when
2-stage gear is used.

When S code is commanded, the I/O signal time chart is:
® \When Gear select signal does not change

S code read

—

To next block

V

VL

Spindle speed
command output

ov

Fig.9.3(d) Time chart when gear select signal does not change

Inthis case, the SF signal isnot output and the CNC advancesto the next
block automatically after the next spindle speed command is output.

— 518 —



B—64113EN-1/01

9. SPINDLE SPEED FUNCTION

® Details of T type
(Input of GR1, GR2)

® \When Gear select signal change

S code read
— To next block
A
Gear select signal
L T™M
GR30 |&«g—>]
IGR20
/IGR10O SF / —
FIN |
TMF F_’
TFIN
Spindle speed command
VH

VL

ov

Fig. 9.3 (e) Time chart when gear select signal changes

In this case, the gear select signal is output; after elapse of the time
constant set by parameter (TMF), the SF signal is output. After another
TMF elapse, the spindle speed command is output. On the PMC side,
changethe gears by thissignal, and return the FIN signal after the end of
gear change. Thetime chart for SF and FIN signalsisthe sameasin S
code output. TMF, set by parameter No. 3010, iscommonto M, Sand T
functions.

Moreover, specifying bit 6 (SFA) of parameter No. 3705 can specify that
the SF signal be output even if no gear change is used.

To perform the T type gear change, the maximum spindle speed for each
gear side must be set in parameter No. 3741-3744.

Thegear select signal isa2 bit codesignal (GR1, GR2). Therelationship
between the signal and gear number is:

GR1 GR2 Gear No. Parag?;%rlggbfeoer dmax'
0 0 1 No. 3741
1 0 2 No. 3742
0 1 3 No. 3743
1 1 4 No. 3744

The following descriptions apply to the analog spindle. Like the
descriptions of the M type, they also apply to the serial spindle on the
assumption that spindle motor speed with analog voltage 10 V
corresponds to the maximum spindle motor speed.
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In addition, for the speed command output to the spindle motor, analog
voltages 0 to 10 V for analog spindle control correspond to digital data
0to 16383 for serial spindle control. However, it might be easier if you
consider them code signals from 0 to 4095 for convenience sake without
distinguishing between serial and analog spindles.

Assume that gear switching istwo stage switching. If the spindle speed
with the output voltage 10 V is 1000 min—L for the low speed gear (G1)
and 2000 min for the high speed gear (G2), set these speeds by the
parameter No. 3741, 3742. In this case, the analog voltage has the linear
relationship shown below.

N
in—1
2000min A When gear
2 selected
_ When gear
-1
1000min 1 selected
600min—1
> \olt

When spindle speed S=600 is given, V1 (for G1) or V; (for G2) is
calculated inside the CNC and output to the machine side.

Vi G(V)

Vo 3(V)
The value of output voltage V is caculated automaticaly from the
following equations:

10N
R

R: Spindle speed at 10V output voltage
N: Spindle speed given by S command

Thisis equivalent to the G97 mode for constant surface speed control.

See Section 9.5 for operations during the constant surface speed control
mode (G96).

In addition, parameter No. 3772 (upper limit to the spindle speed) can
specify speed clamping for all gear positions.
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Reference— Block Diagram for Analog Voltage Output

With the constant surface speed control

X—axis pres-

[Surface speed]

S(m/min)

ent value
' —>
min-1/10Vv

Constant
surface
speed control

S (min-1)

Parameter

I

G97
G96 '
GR1, GR2

CNC Power magnetics cabinet

M code « Gear change command

Spindle speed
command —_—_— e ] o

Gear change

Motor speed conversion . gear select signal
Full scale conversion

A

(contact)

Spindle motor

- SvC
D-A ; ! Speed
converter control *

=T

SF signal is not sent.

® Determination of output

R120-R010

(Output)

R121-RO1I (Input)

SIND (Input)

® Determination of output
polarity SSIN/SGN (Input)

Using the above processing for gear change, the CNC cal cul atesthe speed
command output to the spindle motor that is necessary to obtain the
specified spindle speed with the gear.

For either serial spindle or analog spindle control, the calculation results
are output as the S12 bit code signal from 0 to 4095 to the PMC.

(R120 to RO10O<F037#3 to FO36#0>)

After the calculation results are received, the SIND signal <GO033#7>
determines which isto be used, the speed command output cal culated by
the CNC or the data specified in the PMC. Thus the speed command
output to the spindle motor is determined. (See aso Section 15.4.)

The speed command output to the spindle motor is determined as
described above, but the actual output polarity isdetermined by the CNC
asfollows:

- If bit 7 (TCW) of parameter No. 3706 = 0
— Determined according to bit 6 (CWM) of parameter No. 3706

- If bit 7 (TCW) of parameter No. 3706 = 1
— Determined according to bit 6 (CWM) of parameter No. 3706 and
MO3/M04 given to the CNC

After that, the SSIN signal <G033#6> determineswhichisto be used, the
output polarity calculated by the CNC or the polarity specified in the
PMC. Inthisway, the polarity of the speed command output tothespindle
motor is determined. (See also Section 15.4.)
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e Command output to
spindle

® Requirement of output

® Requirement to stop
output

e Spindle enable signal
ENB <F001#4>

e Gain and offset

® Electrical specification
of analog spindle
interface

Keep the following in mind: Even with bit 7 (TCW) of parameter No.
3706 =1, the CNC cannot determinethe output polarity if it hasnot issued
MO3/M04, and therefore, actual output does not work even if the speed
command has been specified.

According to the speed command output and the polarity determined so
far, the command is sent to the spindle control unit as follows:

- For serial spindle — Digital data O to+ 16383
- For analog spindle — Analog voltage O to+ 10 V

After power is switched on, a nonzero command is output to the spindle
only when the following conditions are met: A nonzero spindle speed
command is specified, and the output polarity is determined.

With bit 7 (TCW) of parameter No. 3706 = 1, no command output is sent
to the spindle, until an M03/M04 isissued because the output polarity is
not determined.

The command output to the spindle is reset to 0 when a command to
specify so (such as* SSTP = 0 or SO command) is issued.

MO5, emergency stop, or reset does not cause the CNC to reset the
command output to the spindle to 0.

Another output related to spindle control is the spindle enable signal
ENB.

The ENB signal islogical 1 when a nonzero command output is sent to
thespindle. If thecommand islogical 0, the ENB signal becomes|ogical
0.

When the analog spindle is being used, an offset voltage in the spindle
motor speed amplifier may cause the spindle motor to rotate at |ow speed
even if the command output (in this case, analog voltage) to the spindle
iszero. The ENB signal can be used to stop the motor in such a case.

The analog spindle may require gain and offset voltage adjustment
depending on the spindle motor speed amplifier being used.

The following parameters are available for such adjustment.

- Anaog spindle as the first spindle
— Gain adjustment data: Parameter No. 3730
Offset voltage compensation: Parameter No. 3731

- Anaog spindle as the third spindle
— Gain adjustment data: Parameter No. 3820
(valid for multispindle control)
Offset voltage compensation: Parameter No. 3821

The signals related to analog spindle interface are described below.
The ENB1 and ENB2 signals are turned on and off under the same

condition asfor the ENB signal <F001#4>. They can beused alsofor the
seria spindle.
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Control unit
max+10V sSVC sve soindl ;
—> pindle spee .
2mA ES }_ analog voltage Name | Connector/Pin
Output —> ES output svC JABA/7
impedance
ES JABA/5
> ENB Enable signal ENB1 JASA/S
ENB2
> ENB2 JABA/9
WARNING

Since the output voltage is a weak signal, do not relay it
through contacts.

® Position coder feedback

signal

® Speed arrival signal

(SAR)

The position coder is necessary for thread cutting or feed per revolution.

The position coder detects the actual spindle speed and the one—rotation
signal (used to detect afixed point on the spindle for thread cutting).

Ideally, the position coder should be connected directly to the spindle
(withagear ratio of 1:1). If itisnecessary to useagear, select agear ratio
from 1:1, 1.2, 1:4, and 1:8 that reduces the position coder speed.

When using a gear between the spindle and position coder, specify the
gear ratio in bits 1 and 0 (PG2, PG1) of parameter No. 3706.

See Section 9.10 for position coder connection for rigid tapping.

Thespindlespeed arrival signal SARisaninput signal used asacondition
for the CNC to start cutting feed. This signal is used generally when
cutting feed should be started after the spindlereachesthe specified speed.

In this case, a sensor is used to check the spindle speed. The detected
speed is sent to the CNC viathe PMC.

When the above operationisperformed continuously using the PC ladder,
however, cutting feed may be started based on the SAR signal indicating
the previous spindle state (spindle speed before change), if the spindle
speed change command and the cutting feed command are issued at the
same time.

To avoid the above problem, monitoring the SAR signal can be deferred
for atime specified by parameter No. 3740 after the Scommand or cutting
feed command was issued.

When using the SAR signal, set bit 0 (SAR) of parameter No. 3708 to 1.

Item No. 06 (SPINDLE SPEED ARRIVAL CHECK) on the diagnosis
screeniskept at 1 while thisfunction is keeping the cutting feed block at
a halt.

— 523 —



9. SPINDLE SPEED FUNCTION

B-64113EN-1/01

Signal

Spindle stop signal

*SSTP<G029#6>

[Classification] Input signal

[Function]
[Operation]

The command output to the spindle is disabled.

When the spindle stop signal turnsto“0” , the output voltage becomesOV
and the enable signal ENB turnsto “0” (MO5 is not output). When this
signal turnsto “1”, theanalog voltagereturnsto its origina value and the
ENB signal turnsto “1".

Input command

Miscellaneous function
processing

Spindle stop signal
*SSTP

Analog voltage 0V

Enable signal ENB

SXXXX
MO03

o

MO05 Mo04 SO

N\

1\

\
*.\j C

Theabovetime chartisan example. Actually, thetime chart should meet
the specification of the spindle control unit.

- When this signal is not used, always set the signal to “1”.
- MO03, M04, M05 are not processed inside the CNC.

Spindle orientation
signal SOR <G029#5>

[Classification]

[Function]
[Operation]

Input signal
The spindle or the spindle motor is rotated at a constant speed.

When the spindle orientation signal turns to “1” and the spindle stop
signal *SSTP turns to “0”, a spindle speed command which lets the
spindle rotate at the constant speed set by parameter No. 3732 is output.
Theenablesignal ENB alsoturnsto®1”. Thissignal isdisabled whenthe
spindle stop signal is“1”.

When the spindle speed for orientation is set by parameter GST No.
3705#1 and the SOR signal isinput, the CNC outputs the spindle speed
command corresponding to the speed set to parameter 3732 with an
output polarity set by parameter ORM (No. 3706#5), but the gear select
signal does not change. For example, if the SOR signal isturned to “1”
with high gear selected, and the speed set to parameter No. 3732isinthe
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low gear range, the gear select signal does not change and the command
output is calculated and output to obtain the set speed at high gear.
When the spindle motor speed is set by parameter GST (No. 3705#1)=1,
the command output is output regardless of gear select signal. When the
spindle motor speed is set, it is used for gear shift.

Example of usage is shown below:

Input command

Miscellaneous function

processing

Spindle stop signal

*SSTP

Spindle orientation signal

SOR

Command output to 0 \

the spindle

Enable signal l

ENB

Spindle speed

MO03

Stop command Orientation
detection

0 min-1

!

/. \

1 RL: Constant speed set by parameter No. 3732

Spindle s

peed override

signal SOV0 to SOV7

<G030>

[Classification]
[Function]

[Operation]

Input signal

The spindle speed override signal specifiesan override from 0% to 254%
in 1% units for the S command sent to the CNC.

An override value in binary must be set in 8 bits from SOV7 to SOVO0.

The spindle speed override function is disabled (an override of 100% is
applied) under the following conditions:

- Tapping cycle (M series: G84, G74 T series: G84, G88)

- Thread cutting (M series: G33 T series: G32, G92, G76)

The spindle override can be enabled in atapping cycle or in the thread
cutting mode if TSO (bit 6 of parameter N0.3798) is set accordingly.
Whether the function is enabled during rigid tapping depends on the
setting of the rigid tapping.
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— When this function is not in use, specify an override of 100%;
otherwise, an override of 0% becomes effective, thus disabling the
spindle from rotating.

Spindle speed arrival
sighal SAR <G029#4>

[Classification]

[Function]

[Operation]

Input signal

The SAR signa initiates cutting feed. In other words, if the signal is
logical O, cutting feed will not start.

Generally, this signal is used to inform the CNC that the spindle has
reached the specified speed.

For this purpose, the signal must be set to 1 only after the actual speed of
the spindle has reached the specified speed.

Setting parameter No. 3740 with await time before the start of checking
the SAR signal inhibits cutting feed from starting under a condition of
SAR = 1 specified before the change of the spindle command.

Tousethe SAR signal, it isnecessary to set bit 0 (SAR) of parameter No.
3708to 1.

The CNC checks the SAR signal under the following conditions:
a. Bit 0 (SAR) of parameter No. 3708 is set to 1.

b. Before starting distribution of the first feed (move command) block
after shifting from the rapid traverse mode to the cutting feed mode.
This checking is performed after the time set by parameter No. 3740
has elapsed after the feed block is read.

c. Before starting distribution of the first feed command block after an
S codeis commanded. The wait time for checking isthe same asin
item b.

d. When an S code and feed are programmed in the same block, the S
code (or command output to the spindle) isoutput, and the SAR signal
is checked after afixed time elapses. If the SAR signal isset to “1”,
feed begins.

CAUTION

According to the conditions of item d above, note that if the
circuit is so designed that SAR is turned to *“0”
simultaneously with the output of an S code and the change
of spindle speed is initiated by the DEN signal, the operation
will stop. That is, the spindle speed does not reach the
commanded speed because the CNC is waiting for the DEN
signal and distribution is not started because the CNC is
waiting for the SAR signal.
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Spindle enable signal
ENB <F001#4>
[Classification] Output signal
[Function] Informs absence or presence of spindle output command.

[Output condition] The ENB signal becomes logical 0 when the command output to the
spindle becomes logical 0. Otherwise, the signal islogical 1.

During anal og spindle control, SO may not be ableto stop the spindlefrom
rotating at low speed because of an offset voltage in the spindle motor
speed control amplifier. In such a case, the ENB signal can be used to
provide a condition to determine whether to stop the motor.

The analog spindle interface (JA40) has electric signals (ENB1 and
ENB2) similar tothe ENB. Thesesignalswork under thesame conditions
as with the ENB signal.

The ENB signal can be used aso for serial spindle control.

Gear selection signal
GR10, GR20, GR30
<F034#0 to #2>

[Classification] Output signal
[Function] The gear select signal specifies a gear stage to the PMC.

[Output condition] For details of this signal, see descriptions on the M type gear selection
method in General.

Gear selection signal
GR1, GR2 <G028#1, #2>

[Classification] Input signal
[Function] Thissignal informsthe CNC of the gear stage currently selected.

[Output condition] For details of this signal, see descriptions on the T type gear selection
method in General.

— 527 —



9. SPINDLE SPEED FUNCTION B—64113EN-1/01

S12-bit code signal
R010 to R120
<F036#0 to FO37#3>

[Classification] Output signal

[Function] Thissignal convertsthe spindle speed command value calculated by the
CNC to code signals 0 to 4095.

[Output condition] The relationship between the spindle speed command value (calculated
by the CNC) and the value output by this signal is as shown below.

S12 bit code
signal
A
4095 | _ |
0 >
16383 (Digital data) « Serial spindle
0 10V (Analog voltage) « Analog spindle

Thissignal converts the spindle speed command value calculated by the
spindle control function of the CNC to datafrom 0to 4095 (for both serial
and analog spindle control) and outputs the result. Note that the
conversion result is not the actual output value. (See Section 15.4.)

Other signals

Spindle speed function See Sections 9.1 and 15.4 for these signals.
code signal S00 to S31

<F025 to F022> (Output)

Spindle speed function

strobe signal

SF<F007#2> (Output)

Spindle speed output See Section 15.4 for these signals.
control signal by PMC

SIND<GO033#7> (Input)

RO1l to R12I

<G032#0 to GO33#3>

(Input)

SSIN <G033#6> (Input)

SGN <G033#5> (Input)
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Signal address

#7 #6 #5 #4 #3 #2 #1 #0
|G027 | | CON | *SSTP3 | *SSTP2 *SSTP1| sws3| sws2| svv31|
| coz8 | | | | | | | Rz | GRL | |
| G029 | | *SSTPl SOR | SAR | | | | |
| G030 | | SoV7 | SOV6 | SOV5 | sov4 | SOV3 | SOV2 | sovi | SOV0 |
| G032 | | ROSI | RO7I | ROGI | ROSI | RO4| | RO3I | RO2I | RO1l
|<3033 | | SIND | SSIN | SGN | | R12I | R11l | R10I | RO9I |

#7 #6 #5 #4 #3 #2 #1 #0
| Foor | | | | | Ene | | | | |
| Foo7 | | | | | | | sk | | |
| F022 | | S07 | S06 | S05 | S04 | S03 | S02 | S01 | S00 |
| F023 | | S15 | S14 | S13 | S12 | s11 | S10 | S09 | S08 |
| F024 | | S23 | S22 | S21 | S20 | S19 | S18 | S17 | S16 |
| F025 | | S31 | S30 | S29 | S28 | S27 | S26 | S25 | S24 |
| F034 | | | | | | | GR30 | GR20 | GR10 |
| F036 | | RO8O | RO70 | RO60 | RO50 | R040 | RO30 | R020 | RO10 |
| F037 | | | | | | R120 | R110 | R100 | R0O90 |

Parameter

#7 #6 #5 #4 #3 #2 #1 #0
| 3705 | EVS ESF
SFA NSF SGT SGB GST ESF

[Datatype] Bit

ESF When the spindle control function (S analog outpu or S seria output) is
used, and the constant surface speed control function is used or bit 4
(GTT) of parameter No. 3706 is set to 1.

0: Scodesand SF are output for all S commands.

1: Scodesand SF are not output for an S command in constant surface
speed control mode (G96 mode) or for an S command used to specify
maximum spindle speed clamping (G50S—;).

NOTE

For the T series, this parametar is enabled when bit 4 (EVS)

of parameter No. 3705 is set to 1.

For the M series, SF is not output:

(1)For an S command used to specify maximum spindle
speed clamping (G92S—;) in constant surface speed
control mode

(2)When bit 5 (NSF) of parameter No. 3705 is set to 1
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GST:

EVS

The SOR signal is used for:

0: Spindle orientation
1: Gear shift

Gear switching method
0: Method A (Parameters No. 3741 to 3743 for the maximum spindle

speed at each gear are used for gear selection.)

1: Method B (ParametersNo. 3751 and 3752 for the spindl e speed at the

gear switching point are used for gear selection.)

Gear switching method during tapping cycle (G84 and G74)

0: Method A (Same as the normal gear switching method)
1: Method B (Gears are switched during tapping cycle according to the
spindle speed set in parameters No. 3761 and 3762).

When the spindle control function (S analog output or S serial output) is

used, S codes and SF are;

0: Not output for an S command.
1: Output for an S command.

NOTE

The output of S codes and SF for an S command in constant
surface speed control mode (G96), or for an S command used
to specify maximum spindle speed clamping (G50S—;)
depends on the setting of bit 0 (ESF) of parameter No. 3705.

NSF: When an S code command isissued in constant surface speed control,
0: SFisoutput.
1: SFisnot output.
SFA: The SF signd is output:
0: When gears are switched
1: Irrespective of whether gears are switched
#7 #6 #5 #4 #3 #2 #1 #0
| 3706 | TCW | cwMm | ORM PG2 PG1
Tcw | cwMm | OorRM | GTT PG2 PG1
[Datatype] Bit

PG2, PG1 Gear ratio of spindle to position coder

Magnification| PG2 | PG1
x1 0 0
X2 0 1 Magnification=
x4 1 0
%8 1 1

Number of spindle revolutions

Number of position coder revolutions

GTT Selection of a spindle gear selection method

0: TypeM
1: TypeT

— 530 —




B—64113EN-1/01

9. SPINDLE SPEED FUNCTION

1

3

NOTE

Type M:

The gear selection signal is not entered externally. In
response to an S command, the CNC selects a gear
according to the speed range for each gear specified in
parameters. Then the CNC reports the selection of a gear
by outputting the gear selection signal. The spindle speed
corresponding to the gear selected by the gear selection
signal is output.

Type T:

The gear selection signal is entered from the PMC. The
spindle speed corresponding to the gear selected by this
signal is output.

When the constant surface speed control is selected, type
T is selected, regardless of whether this parameter is
specified.

When type T spindle gear switching is selected, the
following parameters have no effect:

No. 3705#2 SGB, No. 3751, No. 3752, No. 3705#3 SGT,
No. 3761, No. 3762, No. 3705#6 SFA, No. 3735, No. 3736
However, parameter No. 3744 is valid.

ORM Voltage polarity during spindle orientation
0: Positive
1: Negative

TCW, CWM Voltage polarity when the spindle speed voltage is output

#7

TCW CWM Voltage polarity
0 0 Both M03 and M04 positive
0 1 Both M03 and M04 negative
1 0 MO03 positive, M04 negative
1 1 MO03 negative, M04 positive

#6 #5 #4 #3 #2 #1 #0

L3708 | | | Ts0 | | | | | | |

[Datatype] Bit

TSO During athreading or tapping cycle, the spindle override is:
0: Disabled (tied to 100%).
1: Enabled.

NOTE

The operation during rigid tapping depends not only on this
parameter but on the setting of rigid tapping.
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#7 #6 #5 #4 #3 #2 #1 #0
| 3709 | SAM

[Datatype] Bit

SAM  The sampling frequency to obtain the average spindle speed

0: 4 (Normally, setto 0.)
1:1

| 3730 | | Data used for adjusting the gain of the analog output of spindle speed

[Datatype] Word
[Unit of data] 0.1 %
[Valid data range] 700 to 1250
Set dataused for adjusting the gain of the anal og output of spindle speed.

[Adjustment method] (1) Assign standard value 1000 to the parameter.
(2) Command the maximum spindle speed.
(3) Measure the output voltage.

(4) Assign the value abtained by the following equation to parameter No.
3730.
10 (V)

Setvalue= x 1000
Measured data (V)

(5) After setting the parameters, command the maximum spindle speed,
confirm that the output is 10V.

NOTE
This parameter needs not to be set for serial spindles.

| 3731 | | Compensationvalue for the offset voltage of the analog output of the spindle speed

[Datatype] Word
[Unit of data] Velo
[Valid data range] —1024 to +1024
Set compesation value for the offset voltage of the analog output of the
spindle speed.
Set value =—8191 x Offset voltage (V)/12.5
[Adjustment method] (1) Assign standard value O to the parameter.
(2) Command “0".
(3) Measure the output voltage.

(4) Assign the value abtained by the following equation to parameter No.
3731

—8191 x Offset voltage (V)
125

Set value=
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(5) After setting the parameters, command “ 0", confirm that the output is
ov.

NOTE
This parameter need not to be set for serial spindles.

3732 The spindle speed during spindle orientation or the spindle motor speed during
spindle gear shift

[Datatype] Two-word
[Valid data range] 0 to 20000

Set the spindle speed during spindle orientation or the spindle motor
speed during gear shift.

When GST, #1 of parameter 3705, is set to 0, this is the spindle speed
during spindle orientation in min-L.,

When GST, #1 of parameter 3705, is set to 1, this is the spindle motor
speed during spindle gear shift calculated from the following formula

Spindle motor speed during spindle gear shift

Set value = Maximum spindle motor speed x16383 (For a seriad spindle)
Set value = Spindle motqr speed d.UI’I ng spindle gear shift 4095 (For an andlog spindle)
Maximum spindle motor speed
| 3735 |

Minimum clamp speed of the spindle motor

[Datatype] Word
[Valid data range] 0 to 4095
Set the minimum clamp speed of the spindle motor.

Minimum clamp speed of the spindle motor

Set value = M aximum spi ndle motor Speed

x4095

NOTE
If the function of constant surface speed control or bit 4
(GTT) of parameter No. 3706 is specified, this parameter is
invalid.

| 3736 |

Maximum clamp speed of the spindle motor

[Datatype] Word
[Valid data range] 0 to 4095
Set the maximum clamp speed of the spindle motor.

M aximum clamp speed of the spindle motor
M aximum spindle motor speed

Set value = x4095
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Spindle motor speed
A

Max. speed (4095, 10V) |- — — — ————————————-

Spindle motor max.
clamp speed
(Parameter No. 3736)

Spindle motor minimum
clamp speed
(Parameter No. 3735)

>»  Spindle speed (S command)

NOTE
If the function of constant surface speed control or bit 4

(GTT) of parameter No. 3706 is specified, this parameter is
invalid.

In this case, the maximum clamp speed of spindle motor
cannot be specified. However, the maximum spindle speed
can be specified by the following parameters.

Parameter No0.3772 (for the first axis)

Parameter N0.3802 (for the second axis)

Parameter N0.3822 (for the third axis)

| 3740 | | Time elapsed prior to checking the spindle speed arrival signal

[Datatype] Byte
[Unit of data] msec
[Valid data range] 0to 225

Set the time elapsed from the execution of the S function up to the
checking of the spindle speed arrival signal.
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| 3741 | | Maximum spindle speed for gear 1 |
| 3742 | | Maximum spindle speed for gear 2 |
| 3743 | | Maximum spindle speed for gear 3 |
| 3744 | Maximum spindle speed for gear 4

[Datatype] Word
[Unit of data] min—t
[Valid data range] Oto 32767
Set the maximum spindle speed corresponding to each gear.

Spindle motor speed
A

Max. speed (4095, 10V) —————— /4 B T

Spindle motor max.
clamp speed
(Parameter No. 3736)

Spindle motor mini-
mum clamp speed
(Parameter No. 3735)

Spindle speed
> command
Gear 1 Gear 2 Gear 3 (S command)
Max. speed Max. speed Max. speed
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| 3751 |

Spindle motor speed when switching from gear 1 to gear 2

| 3752 |

Spindle motor speed when switching from gear 2 to gear 3

[Datatype] Word
[Valid data range] 0 to 4095

For gear switching method B, set the spindle motor speed when the gears
are switched.

_ Spindle motor speed when the gearsare switched

Set value = , .
M axi mum spindle motor speed x4095
Spindle motor speed
A
Max. speed (4095, 10v) [————— Y A— /_/ I_____;7T_
/| I I
Spindle motor max. clamp speed ————— 2 Parameter No. 3736
Speed at gear 2-3 change point —————/——T—— —~——~— 7 Parameter No. 3752
I
I
Speed at gear 1-2 change point |— — — 7|f _____ Parameter No. 3751
I I
PO
I I
v I I I I
Spindle motor minimum clamp ﬁ%———f———f———'— ————— —— Parameter No. 3735
speed S | |
N |
v i | > Spindle speed
I Gear 1 | Gear 2 Gear 3 cgmmand d
| max. | mawx. max (S command)
| speed | speed speed
| parameter | parameter parameter
| No. 3741 | No. 3742 No. 3743
| I
I I
Gear 1-2 Gear 2-3
change point  change point

536 —




B—64113EN-1/01 9. SPINDLE SPEED FUNCTION

| 3761 |

Spindle speed when switching from gear 1 to gear 2 during tapping

| 3762 |

Spindle speed when switching from gear 2 to gear 3 during tapping

[Datatype] Word
[Unit of data] min~t
[Valid data range] Oto 32767

When method B isselected (SGT,#3 of parameter 3705, isset to 1) for the
tapping cyclegear switching method, set the spindle speed whenthegears
are switched.

Spindle motor speed
A

Max. speed (4095, 10V) - — — — — — Y Y E— T~

Spindle motor max.
clamp speed
(Parameter No. 3736)

Spindle motor minimum
clamp speed
(Parameter No. 3735) ¥

> Spindle speed

| I
| I
| |
| | Gear 2 Gear 3 command
| | Max. Max. (S command)
| speed I speed speed
| Parameter Parameter Parameter
: No. 3741 I No. 3742 No. 3743
| I
| |
\} \}
Gear 1-2 Gear 2-3
change point  change point
parameter parameter
No. 3761 No. 3762
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| 3772 | |

Maximum spindle speed

[Datatype] Word
[Unit of data] min~t
[Valid data range] Oto 32767

This parameter sets the maximum spindle speed.

When a command specifying a speed exceeding the maximum speed of
thespindleisspecified, or the speed of the spindle exceedsthe maximum
speed because of the spindle speed override function, the spindle speedis
clamped at the maximum speed set in the parameter.

WARNING

1 When 0 is set in this parameter, the speed of the spindle is
not clamped.

2 When spindle speed command control is applied using the
PMC, this parameter has no effect, and the spindle speed
is not clamped.

NOTE

1 In the M series, this parameter is valid only when the
constant surface speed control is present.

2 When the constant surface speed control is present, the
spindle speed is clamped at the maximum speed,
regardless of whether the G96 mode or G97 mode is
specified.

3 When the multi-spindle control option is present, set the
maximum speed for each spindle in the following
parameters:

Parameter No. 3772: Sets the maximum speed for the first
spindle.

Parameter No. 3802: Sets the maximum speed for the
second spindle.

Parameter No. 3822: Sets the maximum speed for the third
spindle.
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Caution

CAUTION
This section mentioned a spindle speed control that should
be prepared on the CNC side. But it is also necessary to
design the signals to the spindle control unit.
Consult the manual of the spindle control unit used and take
necessary actions on the spindle control unit.
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9.4

CONSTANT
SURFACE SPEED
CONTROL

General

With the spindle serial output or analog output function, specifying the
surface speed (m/min or feet/min) directly in an S command makes it
possible to change the spindle output continuously so as to maintain a
constant surface speed at a programmed point. (For the rapid traverse
command, however, the surface speed for the end point is output at the
beginning of rapid traverse.)

Spindle speed N

Surface speed S=2nar-N

Whether or not constant surface speed control isperformed is selected by
G code.

G96: Constant surface speed control performed. Sin the G96 mode is
m/min or feet/min.

G97: Constant surface speed control not performed. Sin the G97 mode
is rev/min.

To perform constant surface speed control, the maximum spindle speed
for each gear select signal issued from the PMC side must be set by
parameter No. 3741-3744.

Thegear select signal isa2 bit codesignal (GR1, GR2). Therelationship
between the signal and gear number is:

GR1 GR2 Gear number
0 0 1
1 0 2
0 1 3
1 1 4
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Example of Spindle
Analog Output

Assume that gear switching istwo stage switching. If the spindle speed
with the output 10 V is 1000 min—1 for the low speed gear (G1) and 2000
min~1 for the high speed gear (G2), set these speeds to the parameter No.
3741, 3742, respectively. In this case, the spindle output has the linear
relationship shown below:

N
A G2
2000mip—= g ©< When gear

2 selected

When gear
| 1selected

1000min! p—————
600min—1

I
: Spindle output
>» (Volt)

Here, S = 60 m/min is given as the surface speed; if the position of the
present X-axis cutter is 16 mm from the center, the spindle speed N
becomes 600 min—t (S= 2rr N). Therefore, V1 (for G1) or V> (for G2)
is calculated inside the CNC and output to the machine side.

Vi G(V)

Vo 3(V)
The value of output voltage V is calculated automaticaly from the
following equations:

(i) G96
10S
2nrR
R: Spindle speed (min1) at 10V output voltage (that is, spindle speed set
by parameter No. 3741 to No. 3744)
S: Surface speed (Mm/min) specified by S command
r: Radiusvalue in the X-axis direction (m)

(i) G97
10N
R
R: Spindle speed at 10V output voltage (min1)
N: Spindle speed given by S command (min1)

V=
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Spindle Serial Output

The output to the spindle in spindle serial output is adigital data.

Therefore assume the following relation for calculation:
Spindle analog output (voltage) 10V = Spindle serial output
(digital data) 4095.

The above calculation becomes as follows;

The value of Spindle output D:

(i) G96
4095S
~ 2mR
R: Spindle speed (min1) at maximum spindle motor speed (that is ,
spindle speed set by parameter No. 3741 to No. 3744)
S: Surface speed (Mm/min) specified by S
r: Radiusvalue in the X-axis direction (m)

(i) G97

4095N
R

R: Spindle speed at maximum spindle motor speed (min-1)
N: Spindle speed given by S command (min1)

Signal

Gear selection signal

(Input)
GR2, GR1 <G028#2, #1>

Refer to section 9.3 “ Spindle Speed Control”.

Constant surface speed
signal CSS <F002#2>

[Classification] Output signal

[Function] Thissignal indicates that constant surface speed control isin progress.

[Output condition] “1” indicates that constant surface speed control mode (G96) is in

progress, while “0” indicates it is not.

Signal address

| F002 | |
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Parameter

#7 #6 #5 #4 #3 #2 #1 #0
| 1405 | FPR

[Datatype] Bit

FPR Specifies the feed—per—revol ution function with no position coder.

0 : Not used.
1: Used.
NOTE

If you set this parameter to 1, reset parameter NPC (bit O of
parameter No. 1402) to O.

| 3741 | | Maximum spindle speed for gear 1 |
| 3742 | | Maximum spindle speed for gear 2 |
| 3743 | | Maximum spindle speed for gear 3 |
| 3744 | Maximum spindle speed for gear 4

[Datatype] Word
[Unit of data] min~t

| 3770 | | Axis as the calculation reference in constant surface speed contorol

[Datatype] Byte

[Valid datarange] 0, 1, 2, 3, ..., number of control axes
set the axisasthe cal cul ation referencein constant surface speed contorol.

NOTE
When 0 is set, constant surface speed control is always
applied to the X-axis. In this case, specifying P in a G96
block has no effect on the constant surface speed control.

| 3771 | | Minimumspindle speed in constant surface speed control mode (G96) |

[Datatype] Word
[Unit of data] min~t
[Valid data range] Oto 32767

Set the minimum spindle speed in the constant surface speed control
mode (G96).

The spindle speed in constant surface speed control is clamped to the
speed given by parameter 3771.
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| 3772 | | Maximum spindle speed

[Datatype] Word
[Unit of data] min~t
[Valid data range] Oto 32767

This parameter sets the maximum spindle speed.

When a command specifying a speed exceeding the maximum spindle
speed is specified, or the spindle speed exceeds the maximum speed
because of the spindle speed override function, the spindle speed is
clamped at the maximum speed set in the parameter.

NOTE

1 In the M series, this parameter is valid when the constant
surface speed control is present.

2 When the constant surface speed control is present, the
spindle speed is clamped at the maximum speed,
regardless of whether the G96 mode or G97 mode is
specified.

Alarm and message

Number Message Description

190 ILLEGAL AXIS SELECT The axis specification is wrong in
constant surface speed control. (See
parameter No. 3770.) The specified
axis command (P) contains an illegal
value.

Correct the program.

Caution

CAUTION

1 Ifthe spindle speed corresponding to the calculated surface
speed exceeds the speed specified in the spindle speed
clamp command (G50S_ for T series and G92S_ for M
series) during the G96 mode, the actual spindle speed is
clamped at the value specified in the spindle speed clamp
command.
If the specified spindle speed is lower than the value
specified in parameter No. 3771, the actual spindle speed
is clamped at the speed specified by No. 3771.

2 Ifthe constant surface speed control function is provided for
a machining center system, it affects gear change under
normal spindle control. (See Section 9.3.)




B—64113EN-1/01

9. SPINDLE SPEED FUNCTION

Note

NOTE

Simultaneous use of multi-spindle control enables constant
surface speed control for spindles other than the first
spindle. (See Section 9.9.)

Reference item

OPERATOR’S MANUAL

CONSTANT SURFACE SPEED

(M series) (B-64124EN) | 2% | CONTROL (G96, G97)

Series 0i—-C
OPERATOR'SMANUAL |, o | CONSTANT SURFACE SPEED
(T series) (B—64114EN) | %" CONTROL (G96, G97)
OPERATOR'SMANUAL |, o | CONSTANT SURFACE SPEED
(M series) (B-64144EN) | %" CONTROL (G96, G97)

Series 0i Mate-C
OPERATOR'SMANUAL |, o | CONSTANT SURFACE SPEED

(T series) (B—64134EN)

CONTROL (G96, G97)
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9.5

SPINDLE SPEED
FLUCTUATION
DETECTION

General

Detection of Spindle
Speed Fluctuation

Conditions to start
spindle speed
fluctuation detection

With this function, an overheat alarm (No. 704) is raised and the spindle
speed fluctuation detection alarm signal SPAL isissued when the spindle
speed deviates from the specified speed due to machine conditions.
This function is useful, for example, for preventing the seizure of the
guide bushing.

G26 enables spindle speed fluctuation detection.

G25 disables spindle speed fluctuation detection.

The function for detecting spindle speed fluctuation checks whether the
actual speed variesfor the specified speed or not. Sd or Sr, whichever is
greater, is taken as the allowable fluctuation speed (Sm). An alarm is
activated when the actual spindle speed variesfor the commanded speed
(Sc) under the condition that the variation width exceeds the alowable
variation width (Sm).

Sd: The allowable constant variation width which isindependent of the
specified spindle speed (Sd is set with parameter No. 4913.)

Sr: The allowable variation width which is obtained by multiplying Sc
(commanded spindle speed) by r (constant ratio). (r is set with
parameter No. 4912.)

Sm: Sd or Sr, whichever is greater

If the specified spindle speed Sc changes, spindle speed fluctuation
detection starts when one of the conditions below is met:

- The actual spindle speed fallsin arange of (Sc — Sq) to (Sc + Sq)

whereSg=Sc  x ¢/100
g: Percenttoleranceof thetarget spindlespeed, specifiedin parameter
No. 4911. If the actua spindle speed isin arange of the specified
speed +q, it is assumed that the actual speed has reached the
specified speed.
- Whentime p specifiedin parameter No. 4914 el apses after the specified
speed Sc changes.

Parameter No. 4914, 4911, and 4912 can be rewritten also by program
(G26 PpQgRir).
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1. When an alarm isissued after a specified spindle speed isreached

Spindle speed
A
Sr
i saT __}_Sij%___ Specified
[ 1 sq sd speed
1
I
i AN Sr
-/
|
I /
Actual speed
Check No check Check
L P Time
Specification of ~ Start of check Alarm
another speed

2.When an alarmisissued beforea specified spindlespeed isreached

Spindle speed
A
Sr
Sq Sd Specified
Sq sd speed
Sr
/]
P Actual speed
Check No check Check
— » Time
Specification of  Start of check Alarm
another speed

Specified speed :
(Speed specified by address S and five—digit value)x(spindle override)
Actual speed : Speed detected with a position coder
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Signal

Spindle fluctuation
detection alarm signal
SPAL <F035#0>

[Classification]

[Function]

[Output condition]

Output signal

Thissignal indicatesthat the actual spindle speed isnot within atolerance
to the specified speed.

The signal becomeslogical “1” when:

- The actual spindle speed goes out of tolerance to the specified speed.
The signal becomeslogical “0” when:

- No alarm condition has been detected for spindle speed fluctuation.

- An aarm condition is cleared by resetting the NC when the signal is
logical “1”.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
[Foss | | | | | | | | | sPa |
Parameter
#7 #6 #5 #4 #3 #2 #1 #0
[ 3708 ] | | | [ s | | | | |
[Datatype] Bit
SVD Whenthe SIND signal ison, the detection of spindle speed fluctuationis:
0: Disabled
1: Enabled
#7 #6 #5 #4 #3 #2 #1 #0
[ 4000 ] | | | | | | | [ AR ]
[Datatype] Bit
FLR Whenthe spindle speed fluctuation detection function isused, the rates of

allowance () and fluctuation (r) those are set in parameter No. 4911 and
No. 4912, respectively are set in steps of

0: 1%

1: 01%
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| 4911 | | Percenttolerance (q) of the target spindle speed to begin checking

[Datatype] Word
[Unit of data] Unit of data 1% 0.1% (T series)

[Valid data range] | Datarange | 1-100 | 1-1000

NOTE
Unit of data depends on parameter No. 4900#0 FLR (T
series only)

Set the percent tolerance () of thetarget spindle speed to begin checking.

4912 Spindle speed fluctuation ratio (r) for which no alarm is activated in the spindle
speed fluctuation detection function

[Datatype] Word

[Unit of data] Unit of data 1% 0.1% (T series)
[Valid datarange] | Da@range | 1-100 1-1000
NOTE
Unit of data depends on parameter No. 4900#0 FLR (T
series only).

Set thespindlespeed fluctuationratio (r) for whichnoalarmisactivatedin
the spindle speed fluctuation detection function.

4913 Spindle speed fluctuation value (d) for which no alarm is activated in the spindle
speed fluctuation detection function

[Datatype] Word
[Unit of data] min~t
[Valid data range] Oto 32767

Set the allowabl e fluctuation speed (d) for which no darmisactivated in
the spindle speed fluctuation detection function.

4914 Time (p) elapsed from when the commanded spindle speed is changed to the start
of spindle speed fluctuation detection

[Datatype] Two-word
[Unit of data] msec
[Valid data range] 0 to 999999

Set thetime (p) elapsed from when the specified spindle speed is changed
to the start of spindle speed fluctuation detection. The fluctuation in the
spindle speed is not detected until the specified time el apses from when
the specified spindle speed is changed.
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Alarm and message

Number Message Description

704 OVER HEAT : SPINDLE | Spindle overheat in the spindle fluc-
tuation detection

(1) If the cutting load is heavy, relieve the
cuttingcondition.

(2) Check whether the cutting tool is share.

(3) Another possible cause is a faulty
spindleamp.

Note

NOTE

1 When an alarm is issued in automatic operation, a single
block stop occurs.

2 No check is made during spindle stop state (*SSTP = 0).

3 An alarm is issued one second later if the actual spindle
speed is found to be 0 min—1.

4 |ssuing the alarm does not cause the spindle to stop
automatically.

Reference item

OPERATOR'S MANUAL SPINDLE SPEED FLUCTUA-

Series 0i—C . 11.9.4 TION DETECTION FUNCTION
(T series) (B—64114EN) (G25, G26)
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9.6

ACTUAL SPINDLE
SPEED OUTPUT
(T SERIES)

General The PMC can read actua spindle speed.

Signal

Actual spindle speed
signal ARO to AR15
<F040, F041>

[Classification] Output signal
[Function] These 16-bit binary code signals output from the CNC to the PMC the
actual spindle speed obtained by feedback pul sesfrom the position coder
mounted on the spindle.
15
[Operation] Spindle speed =={ 2'xV;} min—1
i=0

whereVi = 0when ARi is“0” and Vi = 1 when ARi is“1”

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
|FO4O || AR7 | ARG | AR5 | AR4 | AR3 | AR2 | AR1 | ARO |
| FO41 | | AR15 | AR14 | AR13 | AR12 | AR11 | AR10 | AR09 | AR08 |

Note
NOTE

1 The ARO - AR15 signals are always output. Their values
change every 64 msec.

2 An absolute error of about 0.5 min~! exists as a measuring
error.
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9.7

SPINDLE
POSITIONING
(T SERIES)

General

This function positions the spindle using the spindle motor and position
coder.

The function has a coarser least command increment compared with the
Cscontour control function and has no interpol ation capability with other
axes. However, it can be installed more easily because the position
detector is a position coder.

Generally, the spindle positioning axes are clamped mechanically except
when positioning is under way.

In the turning process, the workpiece is rotated by the spindle to which
itisattached (spindlerotation mode), at the speed specified for thespindle
motor. Thevaluefor the spindle speed isinput from the spindle controller
to the spindle amplifier.

When the optional spindle positioning function is activated, the spindle
is moved to a defined angle, and the workpiece is repositioned at that
angle. The specified move distance is input to the error counter, and the
velocity command is issued for the spindle motor through the spindle
amplifier. The position of the spindleis detected by theinstalled position
coder (Spindle positioning mode).

The spindle positioning function can perform the following operations:

® Releasethe spindlerotation mode and enter the spindle positioning
mode

Specifying a particular M code sets a reference position in the
spindle positioning mode. (Thisis called spindle orientation.)

® Position the spindle in the spindle positioning mode
Position an optional angle using address C (H), and position a
semi-fixed angle using a specific M code parameter.

® Releasethe spindle positioning mode and enter the spindlerotation
mode

Specifying a particular M code parameter changes the spindle to
the spindle rotation mode.

Also, relationship between M codes and these operations are set by
parameters (refer to No. 495042 (1SZ2), #7 (IMB)).

- Least command increment
360

————=0.088d
6 €9

- Minimum input increment
0.001 deg

- Maximum command value
+9999.999 deg
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Selecting a spindle
positioning axis

Switching to spindle
positioning mode
(Spindle orientation)

® Orientation speed

® Program origin

Any axisin the control axis group can be used as the C axis (parameter
no. 1020). Specify —1 asits servo axis number (parameter no. 1023).

The spindle subjected to spindle positioning is the first spindle.

Orientationisrequiredinadvanceif spindlepositioningisfirst performed
after the spindle motor is used as a norma spindle, or when spindle
positioning isinterrupted. The orientation stops the spindlein a constant
position. Theorientation position can besiftedintherangeof =+ 180deg
for analog spindle and in the range from 0 to 360° for serial spindle.

To specify orientation, use the M code specified in parameter No. 4960.

Theorientation direction isspecified by using parametersZMIx No. 1006
#5 for analog or RETURN No. 4000#5 for seria spindles.

The spindle moves at rapid traverse (set by parameter No. 1420) until it
reaches the orientation enable speed (shown below). After the spindle
crosses that speed point, it performs orientation at the speed set by
parameter No. 1425. When a seria spindle is used, orientation speed
depends on the spindle.

- Orientation enable speed
RPD>9 X (loop gain) KPPM
Loop gain: Parameter No. 4970 (unit: 1/sec)
Set rapid traverse speed at above value.

(Example)

Whentheloop gain parameter No. 4970isset to 20 [ 1/sec], the orientation
speed is:

RPD>9 x 20 x 1000 X (360/4096)=15820 [deg /min]

Theserial spindlestopsat the orientati on position assoon asthecommand
isissued. The lower limit to the rapid traverse speed va ue does not need
to be specified for the serial spindleto reach the orientation enable speed.

The analog spindle stops after the spindle speed is changed from rapid
traverse to the FL speed. The rapid traverse speed lower limit must be
specified for the analog spindle, or obtaining the orientation enabl e speed
need not be specified for the serial spindle. However, it must be specified
for the analog spindle.

The orientation position is regarded asaprogram origin. It ispossible to
modify the program origin using the coordinates system.
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Command system

® Semi-fixed angle
positioning by M code

e Optional angle
positioning by C or H
address

Thecommand system comesin two types. Thefirst positionsasemi-fixed
angle; the second positions an optiona angle.

A 2-digit numerical value following the M address is used for the
command. There are six positioning angle values (Mo to M(a. + 5)),
wherea isset by parameter No. 4962. Indexing angle 3 also requiresprior
parameter setting data No. 4963. Rotation can be done in any direction,
using parameter IDM data No. 4950#1.

Also, when extended specification is used (parameter No. 495046
ESI=1), max. 256 kinds of values (Ma to M(a+255)) can be specified.

M-code Indexing angle eg) when p=30°
Mot B 30°

M (o+1) 2B 60°

M (0+2) 3p 90°

M (0+3) 4B 120°

M (o+4) 5B 150°

M (0+5) 6P 180°

Numerical valuefollowing either the C or H addressis used to command
the position. C and H addresses are commanded in GO0 mode.

(Example) C-1000
H4500
(i) Minimum setting unit :
0.001deg
(i) Maximum command value:
+9999.999 deg

(iii) Decimal point input: A numerical value with decimal point can be
entered. The decimal point location isin “degrees’, for instance:

C35.0=C35 degrees
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® Absolute and

incremental commands

Positioning by specifying a semi—fixed angle (by M code) is always
incremental. To perform positioning by specifying an optional angle,
specify the distance between the program origin and the end point
(absolute) with address C and the distance between the start point and the
end point (incremental) with address H.

Program origin
P g g
90°
<> A
180°
B
G code system A G code system B, C
Command method Command of Command of
Address used A—B on the Address used A—B on the
. and G-code .
above Fig. above Fig.
Direct the end
point position by
Absolute the distance from c C180.0; G90,C G90C180.0 ;
command
the program
origin.
Command by the
Incremental distance between H H90.0 : G91.C G91C90.0 :
command the start and end
points.

® Spindle positioning
feedrate

® Spindle positioning reset

Spindle positioning is done at the rapid traverse rate specified by
parameter No. 1420, towhich linear accel eration decel eration areapplied.
Overrides of 100%, 50%, 25% and FO (parameter No. 1421) are also

applied.

A specific M code (parameter no. 4961) must be set when the mode is
changed from spindle positioning to normal spindle rotation.
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Signal

Spindle stop co
signal SPSTP
<G028#6>

mplete

[Classification] Input signal

[Function]

When thissignal is 1, the CNC orients and positions the spindle.

Spindle unclam

p signal

SUCLP <F038#1>

[Output condition]

[Classification]
[Function]

Output signal

This signal specifies that spindle mechanical clamping be released in a
spindle positioning sequence.

When this signal is output, unclamp the spindle on the machine (release
the brakes or extract the pin).

Refer to the sequence (time chart) in this section.

Spindle unclam

p

completion signal
*SUCPF <G028#4>

[Classification]

[Function]

Input signal

Thissignal indicatesthat unclamping the spindleiscompletein response
to the spindle unclamp signal SUCLP.

Spindle clamp signal

SCLP <F038#0>

[Ou

[Classification]
[Function]

tput condition]

Output signal

Thissignal specifiesthat the spindlebe clamped mechanically inaspindle
positioning sequence.

When this signal turnsto 1, clamp the spindle on the machine (apply the
brakes or insert the pin).

Refer to the sequence (time chart) in this section.

Spindle clamp

completion signal *SCPF

<G028#5>

[Classification]
[Function]

Input signal

Thissignal indicates that clamping the spindleis completein responseto
the spindle clamp signal SCLP.
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Other signals

Gear selection signal
GR1, GR2, <G028#1, #2>

Refer to 9.3 “ Spindle Speed Control.”

Gear selection signal
CTH1A, CTH2A
<GO70#3, #2>

Refer to the manual for seria spindle.

The spindle loop gain multiplier corresponding to the gear currently
selected by thissignal is used. When the serial spindleisused, input gear

selection signals CTH1A and CTH2A, aswell.

Relationship between the selected gear and spindle gear selection signa

Analog spindle Serial spindle
GR2 GR1 | Selected gear CTH1A| CTH2A| Selected gear
0 0 1st gear 0 0 HIGH
0 1 2nd gear 0 1 MEDIUM HIGH
1 0 3rd gear 1 0 MEDIUM LOW
1 1 4th gear 1 1 LOW

Spindle orientation
completion signal
ZPx<F094>

[Classification] Output signal

[Function] This signal indicates that the spindle orientation for the spindle

[Output condition] When spindleorientationiscomplete, thissignal turnsto 1. Whenspindle

positioning has been completed.

positioning is performed or cleared, it turnsto O.

Signal address

#7 #6 #5 #4 #3 #2 #1 #0

|G028 | | |SPSTP *SCPF *such| | GR2 | GR1 | |

| G070 | | | | | | CTH1A | CTH2A | | |
#7 #6 #5 #4 #3 #2 #1 #0

| FO38 | | | | | | | | SUCLP| SCLP |

| F094 | | |

| | | ZP4 | ZP3 | zZP2 | ZP1 |
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Sequence (Time chart)

(] Spindle Orientation

M code

|
SPSTP —l POSITION LOOP _ _ _|
INITIALIZE
Spindle enable on

SUCLP

*SUCPF

Spindle
movement

ZPx \
SCLP \

Spindle enable off
*SCPF A \

FIN

= POSITION LOOP INITIALIZE is performed within the CNC.

= Spindle ENABLE ON/OFF specifies that the PMC ladder direct the
spindle control unit to run or stop the spindle motor.

(Example) For seria spindles, the ladder should contain the following
command or something like that:

ENABLE ON, and SFRA<GO70#5> = 1
ENABLE OFF, and SFRA<GO70#5> = 0

For details, refer to the manual for the spindle control unit you actually
use.
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(] Spindle Positioning by M code

M code !

MF

SPSTP [ T |

\ Spindle enable on

SUCLP I I

*SUCPF

Spindle |
movement

/_

SCLP \
Spindle enable off

|

*SCPF

FIN
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] Spindle Positioning by Address C,H

SPSTP _l o i

\ Spindle enable ON

SUCLP I I

*SUPCF

Spindle | |

movement \

SCLP [ I

Spindle enable
OFF

*SCPF A

(] Spindle Positioning Reset

M code J_\
T |

SPSTP —I\ POSITION C/OD\ER III\IITIALIZE
— /1

SUCLP

*SUPCF

FIN

= POSITION CODER INITIALIZE is performed only in the CNC.
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Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 1006 | | | | zmix | | | | | |

[Datatype] Bit axis
ZMIx The direction of reference position return and the direction of initial
backlash at power—on
0: Positive direction
1: Negative direction

NOTE
When the serial spindle is being used, this parameter is
invalid for the spindle positioning axis.

| 1020 | | Name of the axis used for programming for each axis |

[Datatype] Byte axis
Set the name of the program axis for each control axis, with one of the
values listed in the following table:

AXxis name | Set value | Axis name | Set value | Axis name | Set value
X 88 U 85 A 65
Y 89 V 86 B 66
V4 90 W 87 C 67
NOTE

1 Inthe T series, when G code system A is used, neither U,
V, nor W can be used as an axis nhame. Only when G code
system B or C is used, U, V, and W can be used as axis
names.

2 The same axis name cannot be assigned to more than one
axis.

The axis name of spindle positioning is C axis.

| 1023 | | Number of the servo axis for each axis

[Datatype] Byte axis
Set the servo axis for each control axis.
Generally, the same number shall be assigned to the control axis and the
corresponding servo axis.

Set —1 to the C axis when spindle positioning function is used.
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| 1420 | | Rapid traverse rate for each axis |

[Datatype] Word axis

Set the rapid traverse rate when the rapid traverse override is 100% for
each axis.

For spindle positioning.
[Unit of data] 10 deg/min
[Valid data range] 30 to 12000

| 1421 | | FO rate of rapid traverse override for each axis |

[Datatype] Word axis
Set the FO rate of the rapid traverse override for each axis.
For spindle positioning.
[Unit of data] deg/min
[Valid data range] 600 to 15000

| 1425 | | FL rate of the reference position return for each axis |

[Datatype] Word axis

Set feedrate (FL rate) after decel erationwhenthereferencepositionreturn
is performed for each axis.

For spindle positioning.
[Unit of data] deg/min
[Valid data range] 600 to 15000

NOTE
When serial spindle is used, this parameter becomes
invalid.

| 1620 | | Time constant of rapid traverse linear acceleration/deceleration for each axis

[Datatype] Word axis
[Unit of data] ms

[Valid data range] 0 to 4000
Set time constant of rapid traverse linear acceleration/decel eration for

each axis.
#7 #6 #5 #4 #3 #2 #1 #0

| 1816 | | | DM3x | DM2x | DM1x | | | | |

[Datatype] Bit axis
DM1x to DM3x Setting of detection multiply
Set this parameter to “111” (=4) for spindle positioning.
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| 1820 | | Command multiply for each axis (CMR)
[Datatype] Byte axis
® \When command multiply is 1/2 to 1/27
Set value= 1 +100[Valid datarange: 102t0127]
(Command multiply)
® \When command multiply is 0.5 to 48
Setvalue=2 x command multiply [Valid datarange: 1to 96]
Set this parameter to 2 for spindle positioning.
| 1821 | | Reference counter size for each axis |
[Datatype] Two—word axis

[Valid data range]

0 to 99999999
Set the size of the reference counter.
Set this parameter to 10000 for spindle positioning.

| 1826 | |

In—position width for each axis

[Datatype] Word axis

[Unit of data]
[Valid data range]

Detection unit

0 to 32767
Set the in—position width for each axis.

| 1828 | |

Positioningdeviation limit for each axis in movement

[Datatype]
[Unit of data]
[Valid data range]

Two—word axis
Detection unit

0 to 99999999
Set the positioning deviation limit in movement for each axis.

| 1829 | |

Positioning deviation limit for each axis in the stopped state |

[Datatype] Word axis

[Unit of data]
[Valid data range]

Detection unit

0to 32767
Set the positioning deviation limit in the stopped state for each axis.
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| 1850 | |

Grid shift for each axis

[Datatype]
[Unit of data]
[Valid data range]

Two—word axis

Detection unit

—99999999 to 99999999
Set agrid shift for each axis.

NOTE
Set this parameter when the analog spindle is used. When
the serial spindle is used, set the value to No. 4073.

| 1851 | |

Backlash compensating value for each axis

[Datatype]
[Unit of data]
[Valid data range]

#7

Word axis

Detection unit

—9999 to +9999
Set the backlash compensation value for each axis.

#6 #5 #4 #3 #2 #1 #0

| 3405 | |

| [ eer] [ |

[Data type]
CCR

#7

Bit

Addresses used for chamfering and corner rounding

0:

Address used for chamfering and corner roundingis| or K, not C. In
direct drawing dimension programming, addresses 'C, 'R, and 'A
(with comma) are used in stead of C, R, and A.

. Addresses used for chamfering, corner rounding, and direct drawing
dimension programming are C and R without comma. Thus,
addresses C cannot be used as the names of axes.

Always set this parameter to “0” for spindle positioning.

#6 #5 #4 #3 #2 #1 #0

| 4000 | |

| | | RETRN] | | |

[Datatype]
RETRN

Bit

Reference position return direction of spindle.

0
1

: CCW (Counter clockwise)
: CW (Clockwise)

NOTE
The direction for spindle orientation (or reference position
return) in spindle positioning using a serial spindle is
determined by this parameter.
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| 4044 | | Velocity loop proportion gain in servo mode (High gear) |

| 4045 | | Velocity loop proportion gain in servo mode ( Low gear) |

[Datatype] Word

[Valid data range] Oto 32767

This parameter sets a velocity loop proportional gain in servo mode
(spindle positioning, rigid tapping, etc.)

NOTE
Set this parameter when serial spindle is used.

| 4052 | | Velocity loop integral gain in servo mode (High gear) |

| 4053 | | Velocity loop integral gain in servo mode (Low gear) |

[Datatype] Word

[Valid data range] Oto 32767

This parameter sets a velocity loop integral gain in servo mode (spindle
positioning, rigid tapping, etc.)

NOTE
Set this parameter when serial spindle is used.

| 4056 | | Gear ratio (HIGH) |
| 4057 | | Gear ration (MEDIUM HIGH) |
| 4058 | | Gear ratio (MEDIUM LOW) |
| 4059 | | Gear ratio (LOW) |

[Datatype] Word
[Unit of data] Motor speed per spindlerotation X 100

[Valid data range] Oto 32767

These parameters set the gear ration between the spindle and AC spindle
motor.

NOTE
Set the gear ration between spindle and AC spindle motor
when the spindle positioning is performed with serial
spindle. For which gear is used, it depends on the
clutch/gear signal (serial spindle) CTH1A, CTH1B.
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4065

Position gain in servo mode (HIGH)

4067

Position gain in servo mode (MEDIUM LOW)

|
| 4066
|
|

4068

|
Position gain in servo mode (MEDIUM HIGH) |
|
|

Position gain in servo mode (LOW)

[Datatype] Word
[Unit of data] 0.01 sec?
[Valid data range] Oto 32767

#7

This parameter sets a servo loop gain in servo mode.
(spindle positioning, rigid tapping, etc.)

NOTE
When the spindle positioning by a serial spindle is
performed, set the position control loop gain in place of
parameter No. 4970. For which gear is used, it depends on
the clutch/gear signal (serial spindle) CTH1A, CTH1B.

#6 #5 #4 #3 #2 #1 #0

|4950 || IMB | ESI | TRV| | | ISz | IDM | IOR |

[Datatype] Bit

IOR

IDM

TRV

ESI

Resetting the system in the spindle positioning mode

0 : Does not releases the mode.
1: Releases the mode

The positioning direction for the spindle using aM code is

0: The positive direction
1: The negative direction

When an M code for spindle orientation is specified in spindle

positioning:

0: The spindlerotation modeis cleared and the mode is switched to the
spindle positioning mode, and spindle orientation operation is
performed.

1: Thespindlerotation modeis cleared and the modeis switched to the
spindle positioning mode but spindle orientation operation is not
performed.

Direction of rotation of spindle positioning

0: Normal

1: Reverse

Selection of a spindle positioning specification

0: The conventional specification is used.
1: The extended specification is used.
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NOTE

The extended specification includes the following two

extensions:

e With the conventional specification, the number of M
codes for specifying a spindle positioning angle is always
6. With the extended specification, an arbitrary number
of such M codes from 1 to 256 can be selected by
parameter setting (See parameter No. 4964.)

® The maximum feedrate for spindle positioning (setting of
parameter No. 1420) can be extended from 240000 to
269000 (unit: 10 deg/min).

IMB When the spindle positioning function is used, semi—fixed angle
positioning based on M codes uses:
0: Specification A
1: Specification B

NOTE

In the case of semi—fixed angle positioning based on M

codes, three types of spindle positioning operations can

occur:

(1) The spindle rotation mode is cleared, then the mode is
switched to the spindle positioning mode.

(2)Spindle positioning is performed in the spindle
positioning mode.

(3)The spindle positioning mode is cleared, then the mode
is switched to the spindle rotation mode.

In the case of specification A:
Operations (1) to (3) are specified using separate M
codes.

(1)-Specified using M codes for performing spindle
orientation.
(See parameter No. 4960)

(2)-Specified using M codes for specifying a spindle
positioning angle. (See parameter No. 4962)

(3)-Specified using M codes for clearing spindle positioning
operation. (See parameter No. 4961.)

In the case of specification B:

When M codes for specifying a spindle positioning angle are

specified, operations (1) to (3) are performed successively.

(See parameter No. 4962.)
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| 4960 | |

M code specifying spindle orientation

[Data type]
[Unit of data]
[Valid data range]

Word
Integer
6to 97

Set an M code to change the spindle rotating mode to the spindle
positioning mode. Setting the M code performs the spindle orientation.
Spindle positioning can be specified from the next block.

| 4961 | |

M code releasing the spindle positioning mode |

[Data type]
[Unit of data]
[Valid data range]

Word
Integer
6to 97

Set the M code to rel ease the spindle positioning mode and to change the
mode to the spindle rotating mode.

| 4962 | |

M code for specifying a spindle positioning angle |

[Data type]
[Unit of data]
[Valid data range]

Word
Integer
6t0 92
Two methods are available for specifying spindle positioning. One
method uses address C for arbitrary—angle positioning. The other use an
M code for semi—fixed angle positioning. This parameter setsan M code
for the latter method.
® \When bit 6 (ESI) of parameter No. 4950=0
Six M code from M o to M(a+5) are used for semi—fixed angle
positioning, when . is the value of this parameter.
® \When bit 6(ESI) of parameter No. 4950=1
Set the start M code in this parameter, and set the number of M codes
in parameter No. 4964. Then § M codes from Ma to M(a+p-1) are
used for semi—fixed angle positioning.
The table below indicates the relationship between the M codes and
positioning angles.

M code Positioning angle E;ﬂglglahzgséit:m;(;?g
Mo 0 30°

M (a+1) 20 60°

M (o+2) 30 90°

M (o+3) 40 120°

M (o+4) 50 150°

M (o+5) 60 180°

M (o+n) (n+1)0
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NOTE
0 represents the basic angular diplacement set in
pamrameter No. 4963.

| 4963 | |

M code for specifying a spindle positioning angle

[Data type]
[Unit of data]
[Valid data range]

Word
deg
1to 60

This parameter sets a basic angular displacement used for semi—fixed
angle positioning using M codes.

| 4964 | |

Number of M codes for specifying a spindle positioning angle |

[Data type]
[Unit of data]
[Valid data range]

Byte
Integer
0, 1to 255

This parameter sets the number of M codes used for semi—fixed angle
positioning using M codes.

Asmany M codes asthe number specifiedin thisparameter, starting with
the M code specified in parameter No. 4962, are used to specify
semi—fixed angle positioning.

Let o be the value of parameter No. 4962, and let § be the value of
parameter No. 4964. That is, M codesfrom Ma to M (a+p—1) are used
for semi—fixed angle positioning.

WARNING
Make sure that M codes from Ma to M (a+f-1) do not
duplicate other M codes.

NOTE

1 This parameter is valid when bit 6 (ESI) of parameter No.
4950=1.

2 Setting this parameter to O has the same effect as setting 6.
That is, M code from Ma. to M (a+5) are used for half—fixed
angle positioning.

| 4970 | |

Servo loop gain of the spindle

[Datatype]
[Unit of data]
[Valid data range]

Word
0.01 secl

1 to 9999
Set the servo loop gain of the spindle in the spindle positioning mode.
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| 4971 | | Servo loop gain multiplier of the spindle for gear 1 |
| 4972 | | Servo loop gain multiplier of the spindle for gear 2 |
| 4973 | | Servo loop gain multiplier of the spindle for gear 3 |
| 4974 | | Servo loop gain multiplier of the spindle for gear 4 |

[Datatype] Word

Set the servo loop gain multipliers of the spindle for gears 1 to 4.

The multipliers are used to convert the amount of the position deviation
to the voltage used in the velocity command. Assign the data obtained
from the following equation to the parameters.

Loop gain multiplier =2048000 x E X A/L
where;

E: Voltage required to rotate the spindle motor at 1000 min~t in the
velocity command

L: Rotation angle of the spindle per one motor rotation (normally 360)
A: Unit used for the detection (degree)

Example) Let E be 22 V, L be 360 degrees, and A be 0.088
degrees/pulse.

Loop gain multiplier = 2048000 x 2.2 x 0.088/360 =
1101

NOTE

1 When the voltage specified for the spindle motor is 10 V at
a spindle speed of 4500 min~1, E is regarded as 2.2 V.

2 The above parameters No. 4970 to No. 4974 are for analog
spindle.
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Alarm and message

Number

Message

Description

053

TOO MANY ADDRESS
COMMANDS

In the chamfering and corner R com-
mands, two or more of |, K and R are
specified. Otherwise, the character af-
ter a comma(”,”) is not C or R in direct
drawing dimensions programming. Or

comma (“,”) was specified with parame-
ter No. 3405#4=1. Modify the program.

056

NO END POINT & ANGLE
IN CHF/CNR

Neither the end point nor angle is speci-
fied in the command for the block next
to that for which only the angle is speci-
fied (A). Inthe chamfering or corner R
command, I(K) is commanded for the
X(2) axis.

Modify the program.

135

SPINDLE ORIENTATION
PLEASE

Without any spindle orientation , an at-
tept was made for spindle indexing.
Perform spindle orientation.

136

C/H-CODE & MOVE CMD
IN SAME BLK.

A move command of other axes was
specified to the same block as spindle
indexing addresses C, H. Modify the
program.

137

M-CODE & MOVECMDIN
SAME BLK.

A move command of other axes was
specified to the same block as M—code
related to spindle indexing. Modify the
program.

194

SPINDLE COMMAND IN
SYNCHRO-MODE

A contour control mode, spindle posi-
tioning (Cs—axis control) mode, or rigid
tapping mode was specified during the
serial spindle synchronous control
mode. Correct the program so that the
serial spindle synchronous control
mode is released in advance.

751

SPINDLE-1 ALARM
DETECT (AL-XX)

This alarm indicates in the NC that an
alarmis generated in the spindle unit of
the system with the serial spindle. The
alarmis displayed in form AL—XX (XX is
anumber). The alarm number XXisthe
number indicated on the spindle ampli-
fier. The CNC holds this number and
displays on the screen.

752

SPINDLE-1 MODE
CHANGE ERROR

This alarm is generated if the system
does not properly terminate a mode
change. The modes include the Cs
contouring, spindle positioning, rigid
tapping, and spindle control modes.
The alarm is activated if the spindle
control unit does not respond correctly
to the mode change command issued
by the NC.
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Caution

Note

1
2

3

4

CAUTION

Feed hold is invalid during spindle positioning.

Spindle positioning stops when emergency stop is applied;
restart with orientation operation.

Dry run, machine lock, and auxiliary function lock are not
available during spindle positioning.

The spindle positioning function and the serial spindle Cs
contour control function cannot be used together. If both
functions are specified, positioning has priority.

Specify parameter No. 4962 even if semi-fixed angle
positioning is not used; otherwise M codes (MO0 to M05) do
not work.

1

2
3

4

NOTE

Command spindle positioning with an independent block.
X- and Y-axis positioning cannot be commanded to the
same block.

Spindle positioning cannot be done by manual operation.

Automatic drift compensation is not effective for spindle
positioning. To adjust the amount of drift compensation for
each axis, set values manually and adjust the spindle
amplifier to minimize the spindle motor rotation at a voltage
of OV. (parameter No. 3731). Insufficient adjustment
causes poor positioning accuracy. Drift compensation is not
needed with a serial spindle.

The machine coordinates for the spindle positioning axis
are displayed in pulses units.

Reference item

o OPERATOR'S MANUAL SPINDLE POSITIONING FUNC-
Series 0i-C (T series) (B-64114EN) | 9% | TioN

o OPERATOR'S MANUAL SPINDLE POSITIONING FUNC-
Series O Mate=C | (7 series) (8-64134EN) | '>* | TION
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9.8
Cs CONTOUR
CONTROL

98.1
Cs Contour Control

General

® [ncrement system

® Maximum command
value

® Feedrate

Explanations

Setting the Cs contour

control axis

The Cs contour control function positions the serial spindle using the
spindle motor in conjunction with a dedicated detector mounted on the
spindle.

This function can perform more accurate positioning than the spindle
positioning function, and has an interpol ation capability with other servo
axes.

Least input increment: 0.001 [deg]
Least command increment: 0.001 [deg]

+99999.999 [deg]

Rapid traverserate: 6 to 240000 [deg/min] (parameter no.1420)

Cutting feedrate (feed per minute):
1 to 240000 [deg/min] (rotation axis)

The speed of the seria spindle is controlled by the spindle speed control
function, whilethe spindle positioning is controlled by the Cs contouring
control function (“spindle contour control”). Spindle speed control
rotatesthe spindle using the vel ocity command, whil e the spindle contour
control rotates the spindle using the move command.

Switching between spindle speed control and spindle contour control is
performed by the DI signal from the PMC.

In the Cs contour control mode, the Cs contour control axis can be
operated either manually or automatically, in the same way as normal
SErvo axes.

(For a reference position return, see the relevant description in this
section.)

The axis used for Cs contour control must be set as an axis of the axes
controlled by the CNC. Using parameter no. 1023, assign “ —1" in the
field corresponding to the chosen servo axis. Also set the spindle contour
control axis as arotation axis by setting ROTx of parameter No. 100640
and No. 1022.

Only one set of this setting can be used. The spindle that operates under
Cs contour control isaseria spindle as the first spindle.
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Command Address

Setting Axes that
interpolate with Cs
contour axis

Switching spindle
speed control/Cs
contour control

Theaddressfor themove command in Cscontour control isthe axisname
specified in parameter n0.1020. This addressis arbitrary.

When the second auxiliary function is provided, address B cannot beused
for the name of the contour axis. For the T series machines, when either
address A or C is used for the name of the contour axis, clear CCR
(parameter no. 3405#4) to “0".

Up to three servo axes can be specified for linear interpol ation against the
Cs contour control axis, by setting defined parameters :

® \When no servo axisisused for interpolation, specify “0” in parameter
nos. 3900, 3910, 3920, 3930, 3940.

® \When one or more servo axes are used for interpolation, set the
parameter for each asfollows:

(1) Assign the axis number (1 to 4) to each of the servo axes used for
interpolation in parameter nos. 39n0 (n=0, 1, or 2).

(2) Set theloop gainfor each of the servo axesspecifiedin (1) in parameter
nos. 39n1, 39n2, 39n3, 39n4. Theloop gain must be the position loop
gainfor the Cscontour control axisor adesired value. Four parameters
are provided to correspond to the four gears of the spindle. Usethose
parameters according to the inputs of the seria spindle clutch /gear
signa CTH1A, CTH2A <G70#3, #2>.

NOTE
The fine acceleration/deceleration function cannot be used

between the servo axis and Cs contour control axis.

(3) When the number of servo axesto be used for interpolationissmaller
than three, set “0” in remaining parameter nos. 39n0.

(] Switching from spindle speed control to Cs contour control

The seria spindleis put in the Cs contour control mode by setting
the DI signal CON (GO027#7) to “1”. When the mode is switched
while the spindleisrotating, the spindle stopsimmediately to per-
form the change.

(] Switching from Cs contour control to spindle speed control
Turning the DI signal CON (G027#7) to 0" putsthe serial spindle
in spindle speed control mode. Confirm that the move command
for the spindle has been completed, then specify the switch. If it
is switched while the spindle is moving, the machine enters
interlock, or excessive position deviation alarm occurs.

— 574 —



B—64113EN-1/01

9. SPINDLE SPEED FUNCTION

Reference Position
Return of Cs Contour
Control Axis

After the serial spindle is switched from spindle speed control to Cs
contour control mode, the current position is undefined. Return the
spindle to the reference position.

Thereference position return of the Cs contour control axisisasfollows:

(1 In manua mode

After the serial spindle enters the Cs contour control mode, move
the spindle in the direction of the reference position by turning on
the feed axis and direction sdect signa (+Jn (G100) or —Jn (G102)).
The spindle starts the movement to the reference position; when it
reaches that position, the reference position return completion
signal ZPn <F094> turnsto “1”.

Turning any feed axis and direction select signal to “1” movesthe
tool in the reference position direction.

(] In the automatic mode

After the serial spindle enters the Cs contour control mode, the
spindle returns to the reference position when G28 is specified.
Under certain conditions, the GOO command returnsthe spindleto
the reference position, depending upon the setting of parameter
NRF no. 3700#1.

(i) GO0 command

Returning to the reference position using the GOO command
differs from using the G28 command or the manual method.
The seria spindle can be positioned at any point using the
GO0 command, whilethelatter two methodsalwaysreturnthe
seria spindle to the reference position.

When parameter NRF no. 3700#1is" 0" andtheserial spindle
is put in the Cs contour control mode, if the GOO command is
given before returning the spindle to the reference position,
the serial spindlereturnsto the reference position and indexes
it before moving to the commanded position. After
positioning at the reference position, the reference position
return completion signal ZPn <F094> turnsto“1”. Whenthe
GO0 command is issued after the serial spindle has returned
to the reference position at least once, normal positioning
operation is executed.

(i) G28 command

After the seria spindleis put in the Cs contour control mode,
issuing the G28 command stops the spindle motor, then
moves the spindle to the midpoint. The spindle then returns
tothereference position. At thispoint, thereference position
return compl etion signal ZPn <F094> turnsto“1”. Whenthe
seria spindlehasreturnedto thereference position oncewhile
in the Cs contour control mode, the G28 command positions
the spindle at the reference position without moving to the
midpoint and ZPn comes on.

— 575 —



9. SPINDLE SPEED FUNCTION

B-64113EN-1/01

Operation of Cs contour
control axis
(Manual/Automatic)

Display of Position Error
of Cs Contour Control
AXis

(] Interruption of reference position return
(i) Manua operation
Return to the reference position can be interrupted by reset-
ting, emergency stop, or turning off thefeed axisand direction
select signal. When the interrupted return operation is re-
sumed, start from the beginning.

(if) Automatic operation
Return to the reference position can be interrupted by reset-

ting, emergency stop, or feed hold. When the interrupted re-
turn operation is resumed, start from the beginning.

If areference position return is performed on the Cs contour control axis,
the axis can be operated in the same way as anorma NC axis.

In the spindle speed control mode, on the other hand, it does not operate
asthe Cscontour control axis, and P/Salarm 197 occursduring automatic
operation.

In the spindle speed mode, inhibit manual operation of the Cs contour
control axis using the PMC ladder.

|418 ||

Position deviation amount of 1st spindle |

Disabling fine
acceleration/deceleration
during Cs contour
control mode

Position deviation amount of the position loop for the 1st spindle.

This diagnostic display shows information obtained from the serial
spindle control unit. Thisdiagnosisdisplaysposition error of the spindle
contour axis during spindle contour control.

The position error can al so be checked using a servo error display (DGN
of No. 300x) for an axis under Cs contour control.

During Cs contour control mode, fine acceleration/deceleration is
disabled for any axis selected by aPMC signal (CDF1 to CDF4). Using
a parameter (bit 6 of parameter No. 3710) can disable fine
acceleration/decel erationfor the axis (parameter No. 39n0 wheren=0to
4) that is interpolated with the Cs contour control axis.

Feed—forward is disabled for the Cs contour control axis.
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Signal

Spindle contour control

change signal

CON [Classification] Input signal

<GO27#7> [Function] Thissignal specifiesthat the first serial spindle be switched between the
spindle speed control and Cs contour control modes.

When this signal turns to "1”, the spindle mode changes from speed
control to Cs contour control.

If the spindle is moving at the time of the change, it stops immediately.
Turning the signal to “0” changes the spindle mode from Cs contour
control back to speed control.

Spindle contour control
change completion

signal FSCSL  [Classification] Output signal

<F004#1> [Function] This signal indicates the axisis under Cs contour control.
[Output condition] Spindle speed control mode — 0
Cs contour control mode — 1
Time Chart
Spindle speed control Cs contour control Spindle speed control
CON
Gear change and
operation of spindle
motor must be
completed
FSCSL

Switching internal control Switching internal control

NOTE

Any mechanical gear change needed and inputs for GR1,
GR2, CTH1A, and CTH2A must be completed before the
CON signal selects Cs contour control mode.

A servo excessive error may be generated if the spindle
motor is not ready for operation. (Signal SRVA, SFRA
<GO70#4, #5> or other required signals must be
appropriately processed on the machine side).
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Other signals

Gear select signal (Input)
GR1, GR2, <G028#1, #2>
Gear select signal
(Output)

GR30, GR20, GR10
<F034#2, #1, #0>

(M series)

Refer to 9.3 “Spindle speed Control”.

Clutch/Gear signal
(Serial spindle)
CTH1A, CTH2A
<GO70#3, #2>

Refer to the manual of seria spindle.

These signals determine what parameter (loop gain, etc.) to be used for

each gear position.

CTH1A and CTH2A arethe gear select signalsfor the serial spindle, but
GR1 and GR2 must also be set. Do not change these signalswhilein the
Cs contour control mode.

Relationship between gears selected and spindle gear select signals

CNC side . .
- - - - Serial spindle
T/M series with CSSC M series without CSSC
GR2 GR1 Gear selection GR30 GR20 GR10 Gear selection CTH1A CTH2A Gear selection
0 0 1st stage 0 1 1st stage 0 0 1st stage
0 1 2nd stage 1 0 2nd stage 0 1 2nd stage
1 0 3rd stage 0 0 3rd stage 1 0 3rd stage
1 1 4th stage 1 1 4th stage

CSSC: Constant surface speed control

NOTE

1 When the M series does not include the constant surface
speed control, and parameter No. 3706#4 GTT=0, GR1 and
GR2 do not need to be input. Input CTH1A and CTH2A
when gears are changed using GR10, GR20 and GR30.

2 The above combination of clutch/gear signals CTH1A and

CTH2A is an example.

The serial spindle gear is selected by CHT1A and CHT2A
independently of gear selection on the CNC side. So, enter
necessary signals, and set the corresponding serial spindle

parameters.
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Cs contour control axis
reference position return
completion signal

ZPx <F094>

[Classification]
[Function]

[Output condition]

Output signal

Thissignal indicatesthat areference position return hasbeen madefor the
Cs contour control axis.

If a manua reference position return or automatic reference position
return by G28 is performed during the Cs contour control mode, this
signal becomes logical 1 when the Cs contour control axis reaches the
reference position.

Signals on manual
operation

Feed axis and direction select signal +Jn, —Jn <G100, G102> (Input)
Manua handle feed axis select signa HSnA, HSnB, HSnC, HSnD
<G018, G019> (Input) (Refer to respective items in this manual)

The Cscontour control axis can be manually operated in the sameway as
normal servo axes, except for amanual reference position return. Inthe
spindle speed control mode, however, manual operations for the Cs
contour control axis must be inhibited using the PMC ladder, etc.

Cs contour control mode
fine acceleration/
deceleration disable
signals

CDF1 to CDF4

<G0127#0 to G0127#3>

[Classification]
[Function]

[Operation]

Input signal

These signal s select the axisfor which fine accel eration/decel erationisto

be disabled during Cs contour control mode.

0: No fine acceleration/deceleration is disabled for the corresponding
axis during Cs contour control mode.

1. Fine acceleration/deceleration is disabled for the corresponding axis
during Cs contour control mode.

*1 These signals take effect immediately when they are entered. Do
not use the signals during axis movement, or the machine will
undergo shocks.

*2 These signals take effect during Cs contour control mode if
parameter CSL (bit 6 of parameter No. 3710) = 0.
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Signal address

#7 #6 #5 #4 #3 #2 #1 #0
[ 027 | [ con | | | | | | | |
[ G028 | | | | | | | oR2 | GR1 | |
| G070 | | MRDYAl | SFRA | SRVA | CTH1A| CTH2A| | |
| G127 | | | | | | CDF4 | CDF3 | CDF2 | CDF1 |
#7 #6 #5 #4 #3 #2 #1 #0
| F034 | | | | | | | GR30 | GR20 | GR10 |
[ Foe | | | | | | | | Fscst | |
| F094 | | | | | | ZP4 | ZP3 | zZP2 | ZP1 |
Parameter The following describes major parameters.
In addition, parameters such as axis feedrate, acceleration/decel eration,
and display canbeused. Also, digital servo parameters(No. 2000 or | ater)
for the Cs contour axis are not required to be set.
#7 #6 #5 #4 #3 #2 #1 #0
[ 1006 | | | | | | | | | ROT |
[Datatype] Bit axis
Type of controlled axis
0: Linear axis
1: Rotation axis
NOTE
Inch/metric conversion cannot be made to the rotation axis.
The machine coordinate values are rounded in 0 to 360 deg.
Automatic reference position return (G28, G30) is made in
the manual reference position return direction and the move
amount does not exceed one rotation.
Set 1 as the rotation axis to the Cs contour control axis.
| 1020 | | Name of the axis used for programming for each axis |
[Datatype] Byte axis

Set the name of the program axis for each control axis, with one of the
values listed in the following table:

AXis Set AXis Set AXis Set Axis Set
name value name value name value name value

X 88 U 85 A 65 E 69
Y 89 \ 86 B 66 - -
z 90 w 87 Cc 67 - -
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NOTE
1 Inthe T series, when G code system A is used, neither U,

V, nor W can be used as an axis name. Only when G code
system B or C is used, U, V, and W can be used as axis
names.

2 The same axis name cannot be assigned to more than one
axis.

3 When the optional function of the second auxiliary function
is provided, however, the address (B for the T series or the
address specified by parameter No. 3460 for the M series)
for the second auxiliary function command cannot be used.
Inthe T series, when address A or C is used, set parameter
CCR (No. 3405#4) to 0.

4 If you use letter E as an axis name in format F10/11, be sure
to use address F in the major—axis direction lead command
for equal-lead threading (G32).

Any axis name can be used for Cs contour control axis except for above
limitation.

| 1022 | | Setting of each axis in the basic coordinate system |
[Datatype] Byte axis
Only one axis can be set for each of the three basic axes X, Y, and Z, but
two or more parallel axes can be set.
Set value Meaning
0 Neither the basic three axes nor a parallel axis
1 X axis of the basic three axes
2 Y axis of the basic three axes
3 Z axis of the basic three axes
5 Axis parallel to the X axis
6 Axis parallel to the Y axis
7 Axis parallel to the Z axis
Set 0 to the Cs contour control axis.
| 1023 | | Number of the servo axis for each axis
[Datatype] Byte axis

Set the servo axis for each control axis.

Generally, the same number shall be assigned to the control axis and the
corresponding servo axis.

Set —1 as the number of servo axis to the Cs contour control axis.
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| 1420 | | Rapid traverse rate for each axis

[Datatype] Word axis
[Unit of data] 1 deg/min

[Valid data range] 30 to 240000 (IS-A, 1S-B)
6 to 100000 (1SC)

Set the rapid traverse rate when the rapid traverse override is 100% for
each axis.

1620 Time constant used in linear acceleration/deceleration or bell-shaped acceleration/
deceleration in rapid traverse for each axis

[Datatype] Word axis
[Unit of data] ms

[Valid data range] 0 to 4000

Set the time constant used in linear acceleration/deceleration in rapid
traversefor each axis.

| 1820 | | Command multiply for each axis (CMR) |

[Datatype] Byte axis
® \When command multiply is 1/2 to 1/27
1
(Command multiply)

Set value= +100[Valid datarange: 102t0127]

® \When command multiply is 0.5 to 48
Setvalue=2 x command multiply [Valid datarange: 1to 96]

| 1826 | | In—positionwidth for each axis |

[Datatype] Word axis
[Unit of data] Detection unit

[Valid data range] Oto 32767
Set the in—position width for each axis.

| 1828 | | Positioning deviation limit for each axis in movement

[Datatype] Two—word axis
[Unit of data] Detection unit

[Valid data range] 0 to 99999999
Set the positioning deviation limit in movement for each axis.
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| 1829 | |

Positioning deviation limit for each axis in the stopped state

[Data type]
[Unit of data]
[Valid data range]

Word axis
Detection unit

0to 32767
Set the positioning deviation limit in the stopped state for each axis.

| 1851 | |

Backlash compensation value used for rapid traverse for each axis |

[Data type]
[Unit of data]
[Valid data range]

Word axis
Detection unit

—9999 to +9999
Set the backlash compensation value for each axis.

#7 #6 #5 #4 #3 #2 #1 #0
[ 3700 | | | | | | | [ NRF ] |
[Datatype] Bit
NRF Thefirst positioning command by GOO after the serial spindleisswitched
to Cs axis contouring control performs:
0: Positioning after returning to the reference position.
1: Normal positioning
#7 #6 #5 #4 #3 #2 #1 #0
[ 370 | | [ cst | | | | | | |
[Datatype] Bit
CSL InCscontour control mode, fineaccel eration/decel eration isdisabled for:
0: An axis selected by the signal (CDFn <G0127>) issued from the
PMC. (n=1to4)
1: An axis for which interpolation is performed with the Cs contour
controlled axis (parameter No. 39n0). (n =010 2)
| 3900 | | The number of servo axis that interpolates with Cs contour control axis |
[Datatype] Byte
[Valid datarange] 0to 8

Set the number of servo axisthat interpol ateswith Cscontour control axis
(1st group)

NOTE
Set 0 when there is no servo axis that interpolates with Cs
contour control axis.
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3901 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (High gear)

3902 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (Medium high gear)

3903 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (Medium low gear)

3904 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (Low gear)

[Datatype] Word axis
[Unit of data] 0.01 sec™!

[Valid data range] Oto 32767

Set the servo loop gain of the servo axisthat interpolates with Cs contour
control axis on each spindle gear (1st group)

| 3910

| Number of servo axis that interpolates with Cs contour control |

[Datatype] Byte axis
[Valid datarange] 0to 8

Set the number of servo axisthat interpolateswith Cscontour control axis
(2nd group)

NOTE
When there is no servo axis or only one servo axis that
interpolates with Cs contour control axis, set this parameter

to 0.
3911 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (High gear)
3912 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (Medium high gear)
3913 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (Medium low gear)
3914 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (Low gear)

[Datatype] Word axis
[Unit of data] 0.01 sec™!

[Valid data range] Oto 32767

Set the servo loop gain of the servo axisthat interpolates with Cs contour
control axis on each spindle gear (2nd group)
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| 3920 | | Number of servo axis that interpolates with Cs contour control

[Datatype] Byte axis
[Valid datarange] 0to 8

Set the number of servo axisthat interpolateswith Cscontour control axis
(3rd group)

NOTE
When there is no servo axis or less than three servo axes
that interpolates with Cs contour control axis, set this
parameter to O.

3921 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (High gear)
3922 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (Medium high gear)
3923 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (Medium low gear)
3924 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (Low gear)

[Datatype] Word axis
[Unit of data] 0.01 sec™!

[Valid data range] Oto 32767

Set the servo loop gain of the servo axisthat interpolates with Cs contour
control axis on each spindle gear (3rd group)

| 3930 | | Number of servo axis that interpolates with Cs contour control |

[Datatype] Byte
[Valid datarange] 0to 8

Set the number of servo axisthat interpolateswith Cscontour control axis
(4th group)

NOTE
Set this parameter to 0.
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3931 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (High gear)

3932 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (Medium high gear)

3933 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (Medium low gear)

3934 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (Low gear)

[Datatype] Word axis
[Unit of data] 0.01 sec™!

[Valid data range] Oto 32767

Set the servo loop gain of the servo axisthat interpolates with Cs contour
control axis on each spindle gear (4th group)

| 3940

| Number of servo axis that interpolates with Cs contour control |

[Datatype] Byte axis
[Valid datarange] 0to 8

Set the number of servo axisthat interpolateswith Cscontour control axis
(5th group)

NOTE
Set this parameter to 0.

3941 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (High gear)

3942 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (Medium high gear)

3943 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (Medium low gear)

3944 Loop gain of the servo axis that interpolates with Cs contour control axis during
interpolation (Low gear)

[Datatype] Word axis
[Unit of data] 0.01 sec™!

[Valid data range] Oto 32767

Set the servo loop gain of the servo axisthat interpolates with Cs contour
control axis on each spindle gear (5th group)
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| 4056 | | Gear ratio (HIGH) |
| 4057 | | Gear ratio (MEDIUM HIGH) |
| 4058 | | Gear ratio (MEDIUM LOW) |
| 4059 | | Gear ratio (LOW) |

[Datatype] Word axis
[Unit of data] (Number of motor rotations to one spindle rotation) x 100

[Valid data range] 0to 32767
Set the gear ratio between spindle and AC spindle motor.

NOTE
For which gear ratio is used in actual spindle operation, it
depends on clutch/gear signal (serial spindle) CTHI1A,

CTH2A.
| 4069 | | Position gain at Cs contour control (High gear) |
| 4070 | | Position gain at Cs contour control (Medium High gear) |
| 4071 | | Position gain at Cs contour control (Medium Low gear) |
| 4072 | | Position gain at Cs contour control (Low gear) |

[Datatype] Word axis
[Unit of data] 0.01 sec™!

[Valid data range] Oto 32767
Set the position gain at Cs contour control.

NOTE
For which position gain is used in actual spindle operation,
it depends on clutch/gear signal (serial spindle) CTH1A,
CTH2A.

| 4135 | | Grid shift value at Cs contour control

[Datatype] Two-word
[Unit of data] 1 pulse unit (360000 p/rev)

[Valid data range] —360000 to +360000

Set the number of pulses from an issue of one—rotation signa to the
machine zero point in Cs contour control.
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Alarm and message

Number

Message

Description

194

SYNCHRO-MODE

SPINDLE COMMAND IN

A contour control mode, spindle positioning
(Cs—axis control) mode, or rigid tapping
mode was specified during the serial spindle
synchronous control mode. Correct the pro-
gram so that the serial spindle synchronous
control mode is released in advance.

197

SPINDLE MODE

C-AXIS COMMANDED IN

Theprogramspecifiedamovementalongthe
Cs contour control axis when the signal
CON(G027#7)was off. Correct the program,
orconsultthe PMC ladder diagramto find the
reason the signal is not turned on.

751

tion (AL—XX)

First spindle alarm detec-

In a system with serial spindles at-
tached, this is a warning alarm mes-
sage that indicates an alarm on the
spindle amplifier side to be displayed
on the CRT of the NC. An alarm on the
spindle amplifier side is displayed on
the spindle amplifier, as AL—XX (where
XX represents a number).

This alarm number (XX) is displayed by
latching the spindle alarm number de-
tected by the CNC as the cause of this
alarm.

752

FIRST SPINDLE
CHANGE FAULT

MODE

This alarm is generated if the system does
not properly terminate a mode change. The
modes include the Cs contouring, spindle
positioning,rigid tapping, and spindle control
modes. The alarm is activated if the spindle
controlunitdoes not respond correctly to the
mode change command issued by the NC.

Warning

WARNING
In the spindle contour control mode, do not switch the
spindle gears. When the gears need to be changed put the
system in the spindle speed control mode first.

Note

NOTE

In the T series machines, the spindle contour control
function and the spindle positioning function cannot be
used at the same time. If both functions are specified
simultaneously, the spindle positioning function takes
precedence.
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Reference item

FANUC AC SPINDLE MOTOR
ai series PARAMETER MANUAL | 2.4 Cs Contour Control
(B—-65280EN)

9.8.2
Cs Axis Coordinate
Setup Function

Setting

Cs axis coordinate setup
procedure

If an attempt to set up Cs
axis coordinates fails

Themachinelosesits current position when the serial spindleisswitched
from spindle rotation control to Cs contour control.

Setting the Csaxis coordinate setup request signal CSFI <G274#4>to’ 1’
enables the machine to set up its current position without making a
reference position return.

NOTE
This function stays in effect until the power is turned off after

the power is turned on and a reference position return of the
Cs contour axis is made.
This function is part of the "Cs axis contour control function.”

This function is put in effect by setting the CSF parameter (bit 2 of
parameter No. 3712) and the CSPTRE parameter (bit 5 of parameter No.
4353) to 1.

(Using this function requires resetting the RFCHK 3 parameter (bit 7 of
parameter No. 4016) to 0.)

The M code for setting the Cs axis contour control coordinate setup
request signal CSFI <G274#4> to ' 1’ should be set up as buffer inhibit
M codes (parameter Nos. 3411 to 3432).

(2) Trigger the M code to put the machinein the Cs contour control mode.

(2) Make sure that the Cs axis origin setup state signal CSPENA is’'1’,
and set the Cs axis coordinate setup request signal CSFI1 <G274#4>
to’'1.

(3) The absolute, relative, and machine coordinates of the Cs axis are
incremented for coordinate system setup.

(4) Once the coordinate system is set up, the reference position setup
signal ZRFx <F120#0 to F120#3> becomes’1’. So, reset the Csaxis
coordinate setup request signal CSFI1 <G274#4>10'0'.

(5) Perform FIN processing for the M code.

If an attempt to set up Cs axis coordinates fails, the P/S alarm 5346 is
issued.

Also, the Cs axis coordinate setup alarm signal CSFO1 <F274#4>
becomes’1’. So, reset the Csaxis coordinate setup request signal CSFI 1
<G274#4>10°0".

Resetting the Cs axis coordinate setup request signal CSFI1 <G274#4>
to’ 0’ causesthe Csaxiscoordinate setup alarm signal CSFO1 <F274#4>
toberesetto’0.
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Clearing P/S alarm 5346

The following conditions can make the attempt to setup the Cs axis
coordinates fail.

The Cs axis origin setup state signal CSPENA is’0'.
The Cs axisis under synchronization control.
Themachineisbrought to an emergency stop during coordinate setup.

The Cs axis motor is de—energized during coordinate setup (such as
servo alarm or servo off).

Bidirectional pitch error compensation is in effect for the Cs axis.

P/S alarm 5346 can be cleared only after the reference position of the Cs
axis has been set up.

If P/S alarm 5346 has been issued, perform a manual reference position
returnfor the Csaxis. Oncethe reference position has been setup, areset
clears P/S alarm 5346.

In addition, once the machine has exited the Cs contour control mode, a
reset clears P/S alarm 5346.

Sequence (timing chart)

When Cs axis coordinate setup is normally completed:

Codes <F010 to FO13>
for entering the Cs contour mode

MF<FO007#0>

CSPENA<F048#4>

CSFI1<G274#4>

CON<GO027#7>

FSCSL<F044#1>

ZRFx<F120#0to #3>

CSFO1<F274#4>

FIN<GO04#3>

M code

1

—\

Coordinateincrement

\/ !

The Csaxis coordinate setup functionis vaid only during Cs contour mode.
If the Cs axis coordinate setup request signal CSFI1 <G274#4> is set to
"1’ during any other mode, it isignored.
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If an attempt to set up Csaxis coordinatesfails (because of suspension by
an emergency stop, for example)

Codes <F010 to F013> M code
for entering the Cs contour mode

MF<FO007#0> h

CSPENA<F048#4>

1

CSFI1<G274#4>

CON<GO027#7> —

FSCSL<F044#1> _\ Suspension

Coordinateincrement|

ZRFx<F120#0to #3> x l
| / \

CSFO1<F274#4> l

FIN<GO04#3>

If an attempt to set up axis coordinates fails, the ZRFx signals <F120#0 to F120#3> do not
become 1.

Parameter
#7 #6 #5 #4 #3 #2 #1 #0
| 1005 | | | | | | | | | ZRN |

[Datatype] Bit
ZRN If no reference position return has been made, an attempt to start
automatic operation:

0: Isresponded with an alarm (P/S 224).
1: Isresponded with no alarm.

Tousethe Csaxiscoordinate setup function, it isrecommended to specify
ZRN = 0.
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#7 #6 #5 #4 #3 #2 #1 #0
[ 3700 | | | | | | | [ NRF ] |
[Datatype] Bit
NRF Oncethe Cs contour control mode has been entered, the first positioning
command GOO:
0: Makes areference position return.
1: Performs normal positioning.
Tousethe Csaxiscoordinate setup function, it isrecommended to specify
NRF = 1.
#7 #6 #5 #4 #3 #2 #1 #0
372 | | | | | | | csF | | |
[Datatype] Bit
CSF If the origin has been set up, automatic setting of the machine and work
coordinates according to the machine position of the spindle during Cs
contour control mode is:
0: Disabled.
1: Enabled.
#7 #6 #5 #4 #3 #2 #1 #0
[ 4353 | | | | cserre] | | | | |
[Datatype] Bit axis
CSPTRE Csaxis position data transfer is:

0: Disabled.

1: Enabled.

To usethisfunction, reset the RFOHK 3 parameter (bit 7 of parameter No.
4016) to 0.

Signal

Cs axis coordinate setup
request signal
CSFI1 <G274#4>

[Classification]
[Function]

[Operation]

Input signal
The Cs axis coordinate setup function is executed.

If thissignal is”1”, the control unit behaves as follows:

If thesignal is” 1" during Cscontour control mode, thework and machine
coordinates are set up according to the machine position of the Cs axis.
If thissignal is” 0", the control unit behaves as follows:

The Cs axis coordinate setup alarm signal CSFO1 <F274#4> is reset to
0.
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Cs axis coordinate setup

alarm signal

CSFO1 <F274#4>
[Classification]

[Function]

[Output condition]

Output signal

This signal indicates that Cs axis coordinate setup has not normally been
compl eted.

The signal becomes’ 1’ under the following condition:

— Csaxis coordinate setup is not normally completed.

The signal becomes’ 0" under the following conditions:

— The Cs contour control mode is exited.

— The corresponding Cs axis coordinate set request signa CSFI1
<G274#4> becomes’'0’.

Cs axis origin setup

status signal

CSPENA <F048#4>
[Classification]

[Function]

[Output condition]

Output signal

Thissignal indicatesthat it ispossibleto perform Csaxiscoordinate setup
processing.

The signal becomes’ 1’ under the following condition:

e A reference position return is normally completed during Cs contour
control mode.

The signal becomes’ 0" under the following condition:

* A spindlealarmisdetected or the spindle motor rotates faster than the
maximum allowable rotation speed (No. 4020).

Signal address

#7 #6 #5 #4 #3 #2 #1 #0
[c2r4 | | | | csFu | | | | |

#7 #6 #5 #4 #3 #2 #1 #0
[Foe | | | | cspena] | | | |

#7 #6 #5 #4 #3 #2 #1 #0
L2 | | | | csFo1] | | | |
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Alarm and message

Number Message Description

5346 RETURN TO REFERENCE | The Cs coordinate setup function was sus-
POINT pended. Make a manual reference position
return.

1. Anattempt was made to perform Cs axis
coordinate setup for the Cs axis for which
CSPEN="0'.

2. No position information has been trans-
ferred from the spindle amplifier.

3. Themachinewas broughttoanemergen-
cy stop during coordinate setup.

4. Cs axis coordinate setup was started for
the Csaxisforwhichbidirectional pitcher-
ror compensation was in effect.

5. Cs axis coordinate setup was started for
the Cs axis whose servo was off.

Caution

CMR

Stored pitch error
compensation

If the CMR is greater than 1 (parameter No. 1820 > 2), the Cs axis may
move through several pulses’ worth of distance. Thisisintendedtoalign
the Cs axis machine position to the least command increment. (1to 9
pulses in terms of detection unitsif CMR = 10.)

If the Csaxis machine position meetsthefollowing condition, the Csaxis
moves by a pitch error compensation during coordinate setup.
|Nearest pitch compensation point — Cs axis machine position|

< pitch error compensation

Example:
5.000 5.010
Machine N IR T N A TR NN N A B
coordinate [ ! [ [ [ [ [ [ [ [ [ !
5.000 5.010
Machine N [y I Y TN N TN N |
position Y I Y N RN H B B
Pitch error compensation

Assuming that a pitch error compensation of +0.004 is specified for a
pitch error compensation interval of 10.000 degrees and a machine
coordinate of 5.000, the Cs axis will not stop at a machine position of
5.000 to 5.003.

Machine coordinate 4.999 — 5.000 — 5.001
Machine position  4.999 — 5.004 — 5.005
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Synchronization control

Manual handle interrupt

External machine
coordinate system
shifting

Mirror image

Bidirectional pitch error
compensation

Whereas the Cs axis may stop at a machine position of 5.000 to 5.003 if
the Cs contour control mode is entered after rotation in the spindle speed
control mode.

In this case, the relationship between the machine coordinates and
machine position is adjusted by shifting the machine position of the Cs
axis by a pitch error compensation.

If the Cs axis coordinate setup request signal CSFI1 <G274#4> is set to
"1’ during synchronization control, P/S alarm 5346 occurs.
Be sureto set up the coordinates before starting synchronization control.

Manual handle interrupts are disabled during Cs axis coordinate setup.

External machine coordinate system shifting is disabled for the axis that
is undergoing Cs axis coordinate setup.

Themirror image signalsMI1 to M14 <G106> and a mirror image based
onthe MIRx parameter <bit O of parameter No. 0012> aredisabled for the
Cs axis coordinate setup function.

This function does not support bidirectional pitch error compensation.
P/S aarm No. 5346 is issued if an attempt is made to perform Cs axis
coordinate setup for the axis for which bidirectional pitch error
compensation isin effect.

Reference item

FANUC AC SPINDLE MOTOR
ai/pi series PARAMETER 2.4
MANUAL (B-65280EN)

Cs Contour Control
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9.9
MULTI-SPINDLE
CONTROL

General

Difference in
multi-spindle control
between the Mand T
series

Control

In addition to the conventional (first) spindle, second and third spindles
can be controlled. These additional spindles alow two-stage gear
changes. A single Scodeisused to command to any of these spindles. The
spindle to be commanded by S code is determined by a signal from the
PMC. The second and third spindle can change gearsin 2 stages.

Also, the maximum clamp spindle speed can be individualy set to each
spindle to clamp the spindle speed of each spindle (set by parameters No.
3772, 3802, 3822).

When the second spindle is used, a second position coder interface
channel is added. Selection between 1st position coder to 4th position
coder is made by a signal from PMC. (The conventional and additional
position coders are referred to as the first position coder and second
position coder, respectively, throughout the remainder of thisdiscussion.)

Thesignal fromthe PM C selectsone of thefirst, second and third position
coders.

The spindleserial output functionisrequired to use multi-spindle control.

If the third spindle (seria spindle) are needed, specify the third spindle
seria output function.

® For the M series, multi—spindle control is possible only when spindle
gear selection type T is selected (when the constant surface speed
control isprovided, or when GTT (bit 4 of parameter No. 3706) is set
to 1).

® FortheM series, rigid tapping spindle selection signalsRGTSP1 and
RGTSP2 (G061#4 and #5, when bit 7 of parameter No. 5200 is set to
1) cannot be used. For details of rigid tapping, see Section 9.10.

Two multi-spindle control methods are available. Type A alows the
SIND function (controlling the spindle motor speed based on the PMC)
to be used only for thefirst spindle. Type B allowsthe SIND function to
be used for each of the two spindles independently.
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Basic control (Common
to TYPE-A and TYPE-B)

Multi-spindle control

(TYPE-A)

An Scommandissent asaspeed command to each spindleselected, using
a spindle selection signal (SWS1 to SWS3 <G027#0 to #2>). Each
spindle rotates at the specified speed. If a spindle is not sent a spindle
selection signal, it continues to rotate at its previous speed. This allows
the spindles to rotate at different speeds at the same time.

Each spindlea so hasaspindle stop signal (* SSTP1 to* SSTP3 <G027#3
to #5>) to stop its rotation; an unused spindle can still be stopped.

Thereisaspindle enable signal to control each spindle; ENB <F001#4>
controls the first spindle, while ENB2 and ENB3 <F038#2 and #3>
control the second and third spindles, respectively.

The PMC signal PC2SLC <G028#7> is used to select between the first
and second position coders.

When parameter MSI (No. 370942)=0, TY PE-A is used.

When thefirst spindleis selected with the SWSL1 signal, the SIND signal
<GO033#7> is used to determine whether the spindle analog voltage is
controlled by the PMC or CNC; then signals RO1I to R12I <G0033#3 to
G0032#0> are used to set that spindle's analog voltage. These signalsdo
not affect the second to third spindles.

The PMC-based polarity (rotation direction) control signals SGN and
SSIN <G033#5,#6> will function for any spindle selected by SWSL to
SWS3.

The concept of Type A multi-spindle control is outlined bel ow.

_____

*SSTP 1

S command

o L Hold 1 _.\‘\7 Firstspindle —

*SSTP 2

o L Hold 2 —0\‘\— Second spindle —

*SSTP 3

o L Hold 3 _‘\‘\— Third spindle —

NOTE
When using an analog spindle, the third spindle is selected.
In this case, the second spindle cannot be used.
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Multi-spindle control

Select Type B control by setting parameter MSI No. 3709#2 to “1”.

(TYPE-B) Each spindle has its own SIND, SSIN and SGN signals.
Each of these signalsfunctionsregardless of selection state of the spindle
selection signals (SWS1 to SWS3).
When either the spindle selection signals (SWSL1 to SWS3) or the SIND
signal for the first, second, or third spindle is set to “1”, the polarity
control signals SSIN, SGN will function.
The concept of Type B multi-spindle control outlined below.
" SIND
v L ;e;em = a
.Sg 2 F *SSTP 1
' * e Hold 1 O\L Firstspindle |—
' SiND2 |
p f ______ .
SWS?2 NS *SSTP 2
S command 0/' * —e Hold 2 —0\‘\— Second spindle —
. SIND3 |
v L l
SWs3 I’ r *SSTP 3
o« L

° —e Hold 3 ‘\L Third spindle —

Spindles to be controlled

NOTE
When using an analog spindle, the third spindle is selected.

In this case, the second spindle cannot be used.

In multi-spindle control, the first spindle is the first serial spindle, the
second spindle is the second serial spindle, and the third spindle is an

analog spindle.
The second and third spindles cannot be connected at the same time.
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Connection of spindle

Relationship with other
functions

® Constant surface speed
control

® Spindle speed
fluctuation detection

e Actual spindle speed
output

Spindle configuration when multi-spindle control is used:

- Multi-spindle control
- Spindle serial output

Necessary
parameter - Parameter SS2 (No. 3701#4) =1
(to use second spindle)
- Spindle analog output (to use third spindle)
Connection of | First spindle — Connect on JA41
each spindle (JA7B) (CNC main CPU board).
Second spindle — Connect on JA7A
(JA7B) (first spindle control unit).

Third spindle — Connect on JA40
(CNC main CPU board).

Connection of | First position coder: Feedback information obtained by posi-
each position | tion coder or equivalent sensor connected to first spindle con-
coder trol unit is fed to CNC via serial interface.

Second position coder: Feedback information obtained by
position coder or equivalent sensor connected to second
spindle control unit is fed to CNC via serial interface through
1st spindle control unit

Note) When second spindle is not connected, second posi-

tion coder cannot be used.

For detailed information about serial spindle connection, refer to the
manuals on the serial spindles.

The control function for keeping the surface speed constant can be used
with any of the three spindles, if the spindle speed is within the range
allowable for this function. When the position coder is required, it can
beinstalled onthe 1st and 2nd spindle. Thespindleselectionsigna (SWS
1-3) for the spindle must stay set at “1” during machining using this
function.

If multi—spindle control is combined, multiple position coders can be
selected. To carry out spindle speed fluctuation detection, select thefirst
spindle (first position coder). Monitor the states of the second position
coder selection signal (PC2SLC) and spindle selection signals (SWS1
and SWS2). The spindle speed fluctuation detection cannot be executed
with the second position coder.

The actual spindle speed output function conveys speed information
obtained from the position coder specified by the second position coder
selection signal (PC2SLC) to the PMC.

When the parameter HSO (No. 3709#5)=1, the difference of thefeedback
pul ses between the 1st and 2nd position coder can be output irrespective
of the state of 2nd position coder selection signal (PC2SLC).
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® Spindle positioning or
Cs contour control

e Polygon turning
(T series)

e Spindle synchronization

® Rigid tapping

When the spindle motor is used for positioning, asin the case of spindle
positioning or Cs contour control, the first spindle will allows function
as the positioning spindle. Switching to the positioning mode and
positioning command are possi bl eirrespective of the state of the selection
signal of thefirst spindle (SWSL1). Thismeansthat thefirst spindlecannot
be controlled asaspindlein positioning mode, but the second spindle can
be controlled as usual.

Polygon turning rotates atool axisin phase with the spindle. To perform
polygon turning when multi-spindle control issued, select the spindleand
the position coder associated with the spindle.

(First and second position coders can be selected.)

During spindle synchronization, the second spindle operates in phase
with the first spindle. Multi-spindle control for the first spindle can be
used during synchronization control, but multi-spindle control for the
second spindle is disabled.

Rigid tapping can be performed by selecting one spindlefromthefirst and
second spindles by means of the spindle selection signals (SWS1 and
SWS2). There are certain restrictions:

® Set the SWS1to 2 signals before directing rigid tapping;

® Do not switch the SWS 1 to 2 signals during rigid tapping; and

e Usetheappropriate ENB signal (either ENB or ENB2) for the sel ected
spindle as the ENB signal for the rigid tapping PMC sequence.

The spindles not used for rigid tapping can be rotated at a speed specified
before rigid tapping starts, or can be stopped.

Signal

Spindle Selection Signal
SWS1, SWS2, SWS3
<GO027#0, #1, #2>

[Classification]
[Function]

SWS1

Input signal

Controls whether S command specified to the NC is output to the spindle
or not in multi-spindle.

: Outputs a speed command to the first spindle.
. Outputs no speed command to the first spindle.

. Outputs a speed command to the second spindle.
: Outputs no speed command to the second spindle.

. Outputs a speed command to the third spindle.
. Outputs no speed command to the third spindle.

oOr OFr O
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Individual spindle stop
signal *SSTP1, *SSTP2,
*SSTP3 <G027#3, #4, #5>

[Classification] Input signal

[Function] Effectiveonly to multi-spindle, each spindle can be stopped by thissignal .

*SSTP1 1: Does not set 0 min~2 for output to the first spindle.
0: Sets 0 min for output to the first spindle.

*SSTP2 1: Does not set 0 min~2 for output to the second spindle.
0: Sets 0 min— for output to the second spindle.

*SSTP3 1: Does not set 0 min~2 for output to the third spindle.
0: Sets 0 min~1 for output to the third spindle.

Gear select signal
GR21 <G029#0>
GR31 <G029#2>

[Classification] Input signal

[Function] Gear selection signal for second spindle when multi—spindle is equipped
(2-stage). Use GR1 and GR2 <G028#1, #2> for the 1st spindle and up

to 4—stage gears can be used.
GR21

GR31

oOr OPRF

. Selects the second-stage gear for the second spindle.
. Selectsthe first-stage gear for the second spindle.

. Selects the second-stage gear for the third spindle.
. Selectsthe first-stage gear for the third spindle.

2nd position coder
selection signal

PC2SLC <G028#7>
PC3SLC <G026#0>
PC4SLC <G026#1>

[Classification] Input signal

[Function] These signals select the position coder of the seriad spindle used for

multi—spindle control.

To select a position coder, enter the signals as follows.

Position coder to be selected pPC2sLC
First position coder 0
Second position coder 1
Third position coder 0
Four position coder 0

When the second position coder isnot installed, do not switch thissignal.

Always set “0” for first position coder.
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Spindle enable signal
ENB2<F038#2>
ENB3<F038#3>

[Classification]
[Function]

[Output condition]

Output signal

These signals inform PMC of whether or not to perform output to the
second to third spindles in multi—spindle control.

Thesignalsare used asacondition to stop the analog spindle, and area so
used for aPM C ladder sequencethat isassociated withrigid tapping. (See
Section 9.10.)

ENB2 1 : Enables output of command other than O to the second spindle
control unit.
0 : Outputs O to the second spindle contral unit.

ENB3 1: Enablesoutput of command other than O to the third spindle
control unit.
0: Outputs 0 to the third spindle control unit.

Spindle control signal by

PMC

[Classification]
[Function]

First spindle SIND, SSIN, SGN <G033#7, #6, #5>
RO1l to R12l <G032#0 to GO33#3>

Second spindle  SIND2, SSIN2, SGN2 <G035#7, #6, #5>
RO112 to R1212 <G034#0 to GO35#3>

Third spindle  SIND3, SSIN3, SGN3 <GO037#7, #6, #5>
RO113 to R12I13 <G036#0 to GO37#3>

Input signal

The spindlemotor of each spindle can be controlled by issuing commands
from the PMC. The speed command and polarity (rotation direction) of
the spindle motor can be controlled. Usually, CNC commands are used
to specify a speed and polarity. By using these signas, whether
commands issued from the CNC or PMC are to be used for this control
can be selected. Even when multi—spindle control is not being used, the
signals can be used to control the second to third spindles.

When multi—spindle control is being used, and TY PE-A is selected (bit
2 (MSI) of parameter No. 3709 is set to 0), the signals for the second to
third spindles cannot be used.

For details of each signal, see Section 15.4.
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Signal address

#7 #6 #5 #4 #3 #2 #1 #0
| G027 | | | *SSTP3 | *SSTP2 *SSTP1| SWSs3 | SWSs2 | SWs1 |
| G028 | |Pczch| | | | | GR2 | GR1 | |
| G029 | | *SSTP | | | | GR31 | | GR21 |
][ 1 [ [ [ [ T T ]
|0032 | | ROSI | RO7I | ROGI | ROSI | RO4| | RO3I | RO2I | RO1l |
|<3033 | | SIND | SSIN | SGN | | R12I | R11l | R10I | RO9I |
| G034 | | RO8I2 | RO7I2 | RO6I2 | RO5I2 | RO4I2 | RO3I2 | RO2I2 | RO1I2 |
| G035 | | SIND2| SSIN2 | SGN2 | | R12I2 | R1112 | R10I2 | RO9I2 |
| G036 | | ROSI3 | RO7I3 | RO6I3 | RO5I3 | RO4I3 | RO3I3 | RO2I3 | RO1I3 |
| G037 | | SIND3| SSIN3 | SGN3 | | R12I3 | R1113 | R10I3 | RO9I3 |
#7 #6 #5 #4 #3 #2 #1 #0
| FO38 | | | | | | ENB3 | ENB2 | | |
Parameter The parametersfor the 1st spindle and the 1st position coder are the same
asusual. This section describes the parameters which are added by the
multi—spindle control function.
#7 #6 #5 #4 #3 #2 #1 #0
| 3701 | | | | | ss2 | | | | |

[Datatype] Bit
SS2 In serial spindle control, the second spindleis:

0 : Not used.
1: Used.
NOTE

This parameter is valid, when the spindle serial output

function is provided and parameter ISI(bit 1 of parameter

No0.3701)is O.

1 Confirmation of connection of the second serial spindle
amplifier, and communication with it

2 Control of the second spindle during asynchronous
control (SIND2)

When this parameter is set, it is also necessary to set the

serial spindle parameter for the second spindle.

Parameter setting
SS2 Serial spindles to be used
(N0.3701#4)
0 First spindle only
1 First and second spindles
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#7 #6 #5 #4 #3 #2 #1 #0
372 | | | | | | IS |

[Datatype] Bit
EMS Multi—spindle control is

0: Usd
1: Not used
#7 #6 #5 #4 #3 #2 #1 #0
| 3706 | PG2 PG1

GTT PG2 PG1

[Datatype] Bit
PG2, PG1 Gear ration of spindleto first position coder
For the setting, see the description of parameter No.3707.

GTT Selection of a spindle gear selection method

0: TypeM.
1: TypeT.

NOTE

1 Type M:

The gear selection signal is not entered. In response to an
S command, the CNC selects a gear according to the speed
range of each gear specified beforehand in parameters.
Then the CNC reports the selection of a gear by outputting
the gear selection signal. The spindle speed corresponding
to the gear selected by the gear selection signal is output.
Type T:

The gear selection signal is entered. The spindle
speed corresponding to the gear selected by this signal is
output.

2 When the constant surface speed control is selected, type
T is selected, regardless of whether this parameter is
specified.

3 When type T spindle gear switching is selected, the
following parameters have no effect:

No. 3705#2 SGB, No. 3751, No. 3752, No. 3705#3 SGT,
No. 3761, No. 3762, No. 3705#6 SFA, No. 3735, No. 3736
However, parameter No. 3744 is valid.
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#7 #6 #5 #4 #3 #2 #1 #0
L3707 | | | | | | | P2 | P2 |

PG2, PG1 (Bits 1 and O of parameter No.3702)
Gear ratio of spindle to first position coder

P22, P21 Gear ratio of spindle to second position coder

Magnification PG2, P22 PG1, P21

x1 0 0

X2 0 1

X 4 1 0

X8 1 1
L (Number of spindle revolutions)

Magnification=
(Number of position coder revolutions)
NOTE

Second position coder is enabled when the multi-spindle
control is selected.

#7 #6 #5 #4 #3 #2 #1 #0
[ 370 | | | | | | EN | |

MSI  In multi—spindle control, the SIND signal isvalid
0: Only when the first spindle is valid (SIND signa for the 2nd, 3rd
spindle becomes ineffective)
1: For each spindleirrespective of whether the spindleis selected (Each
spindle hasits own SIND signal).

| 3772 | | Maximum spindle speed |

[Datatype] Word
[Unit of data] min~t

[Valid data range] Oto 32767

This parameter sets the maximum spindle speed.

When a command specifying a speed exceeding the maximum speed of
thespindleisspecified, or the speed of the spindle exceeds the maximum
speed because of the spindle speed override function, the spindle speed
is clamped at the maximum speed set in the parameter.

WARNING

1 When 0 is set in this parameter, the speed of the spindle is
not clamped.

2 When spindle speed command control is applied using the
PMC, this parameter has no effect, and the speed of the
spindle is not clamped.
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NOTE

1 When the constant surface speed control option is selected,
the spindle speed is clamped at the maximum speed,
regardless of whether the G96 mode or G97 mode is
specified.

2 When the multi-spindle control option is selected, set the
maximum speed for each spindle in the following
parameters:

Parameter No. 3772: Sets the maximum speed for the first
spindle.

Parameter No. 3802: Sets the maximum speed for the
second spindle.

Parameter No. 3822: Sets the maximum speed for the third
spindle.

| 3802 | |

Maximum speed of the second spindle

[Datatype] Word
[Unit of data] min~t
[Valid data range] Oto 32767

Parameter sets the maximum speed for the second spindle.

When a command specifying a speed exceeding the maximum speed of
the spindleis specified, or the speed of the spindle exceeds the maximum
speed because of the spindle speed override function, the spindle speedis
clamped at the maximum speed set in the parameter.

WARNING

1 When Ois setin this parameter, the setting of parameter No.
3772 for the first spindle is used.
When 0 is set in parameter No. 3772, the spindle speed is
not clamped.

2 When spindle speed command control is applied using the
PMC, this parameter has no effect, and the spindle speed
is not clamped.

NOTE

1 This parameter is valid when the multi-spindle control is
selected.

2 When the constant surface speed control is selected, the
spindle speed is clamped at the specified maximum speed,
regardless of whether the G96 mode or G97 mode is
specified.
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| 3811 | | Maximum spindle speed for gear 1 of the second spindle |

| 3812 | | Maximum spindle speed for gear 2 of the second spindle |

[Datatype] Word
[Unit of data] min—t
[Valid data range] Oto 32767
Set the maximum spindle speed for each gear of the second spindle.

NOTE
These parameters are used only with multi—spindle control.

| 3820 | | Data for adjusting the gain of the analog output of the third—spindle speed |

[Datatype] Word
[Unit of data] 0.1%
[Valid data range] 700 to 1250

Set the data used for adjusting the gain of the analog output of the third
spindle speed.

NOTE
This parameter is used only with multi-spindle control.

| 3821 | | Offset voltage compensation value of the analog output of the third spindle speed |

[Datatype] Word
[Unit of data] Velo
[Valid data range] —1024 to 1024

Set the off set voltage compensation val ue of the anal og output of thethird
spindle speed.

1) Set O (standard setting) to this parameter.
2) Command aspindle speed that makes the spindle speed ana og output O.
3) Measure output voltage.

4) Set the following value to parameter No. 3821.
—-8191 X offset voltage (V)

125

5) After the parameter has been set, command a spindle speed whose
analog output becomes 0 and confirm the voltage becomes OV.

Setting value =
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| 3822 | |

Maximum speed of the third spindle

[Datatype] Word
[Unit of data] min~t
[Valid data range] Oto 32767

This parameter sets the maximum speed for the third spindle.

When a command specifying a speed exceeding the maximum spindle
speed is specified, or the spindle speed exceeds the maximum speed
because of the spindle speed override function, the spindle speed is
clamped at the maximum speed set in the parameter.

WARNING

1 When Ois setin this parameter, the setting of parameter No.
3772 for the first spindle is used. When 0 is set in parameter
No. 3772, the spindle speed is not clamped.

2 When spindle speed command control is applied using the
PMC, this parameter has no effect, and the speed of the
spindle is not clamped.

NOTE

1 This parameter is valid when the multi-spindle control
option is selected.

2 When the constant surface speed control option is selected,
the spindle speed is clamped at the specified maximum
speed, regardless of whether the G96 mode or G97 mode
is set.

| 3831 | |

Maximum spindle speed for gear 1 of the third spindle |

| 3832 | |

Maximum spindle speed for gear 2 of the third spindle |

[Datatype] Word
[Unit of data] min~t
[Valid data range] Oto 32767

Set the maximum spindle speed for each gear of the third spindle.

NOTE
These parameters are used only with muliti-spindle control.
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Warning

WARNING
Do not switch between the first and second position coders
while a function that uses position coder feedback
information is being executed. Thatis, PMC signal PC2SLC
<G028#7> cannot be used while, for instance, a command
for feed per rotation or thread cutting is taking place.

Caution

CAUTION

1 If the primary spindle stop signal *SSTP for stopping all
selected (SWS1 to SWS3) spindles’ rotation is cleared, the
speed command is restored. A spindle not selected by
SWS1 to SWS3 and rotating at its previous speed, which is
stopped using its respective command *SSTP1 to *SSTP3,
cannot be restored to that speed when the signal is cleared.

2 Type A multi-spindle control differs from Type B in the
relationship between the SWS1 and SIND signals for the
first spindle. In Type B, SIND functions only when SWS1 is
set to “1”. In Type A, SIND functions whether SWS1 is “1”
or “0”"; each spindle is selected by either of its respective
SWS1 or SIND signals being set to “1”.

Note

NOTE

1 The spindle orientation signal, spindle speed override
signals, and spindle stop signal *SSTP only function for the
selected signals.

2 The S 12-bit code signals R010 to R120 outputs the state
of a selected spindle. If two or more spindles are selected
at the same time, the states of the first, second, third, and
fourth spindles are output in this order.

3 The multi-spindle function allows two position coder
interfaces to be used. But the number of actual speed
indications on the CNC screen does not change. The speed
based on the feedback information of the selected position
coder is displayed.

4 An SOR command has priority over S commands and
SIND-based rotation control from the PMC, and will cause
all selected spindles to perform orientation rotation.
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9.10
RIGID TAPPING

9.10.1
General

Inatapping cycle (M series: G84/G74, T series: G84/G88), synchronous
control is applied to the tapping operation of a tapping axis and the
operation of the spindle.

This capability eliminatesthe need to use atool such asafloat tapper, thus
enabling higher—speed, higher—precision tapping.

Whether atapping cycleisan ordinary tapping cycleor rigid tappingcycle
is determined by the miscellaneous function code for rigid tapping M29.
(A different M code can be used by setting the parametersaccordingly, but
M29 is used in the description given here.)

By setting the parameters, G codes for tapping cycles can be changed to
G codes for rigid tapping only. In this case, the CNC specifies M29
internaly.

To perform rigid tapping, the following must be added to the ordinary
connections:

Connection of aposition coder to the spindles(describedin 9.10.2)
Addition of asequencetothe PMC (describedin9.10.6 and 9.10.7)
Setting of related parameters (described in 9.10.8)

This section provides an example of M series connection.

To avoid duplicate descriptions, assume the following unless noted
otherwise:

G code for atapping cycle

M series: G84 (G74) T series. G84 (G88)

Gear selection method

M series. M-type or T-type gear selection method
T series: T-type gear selection method only

Parameters used according to the number of gear stages (No. 5221
to No. 5224, No. 5231 to No. 5234, No. 5241 to No. 5244, No.
5261 to No. 5264, No. 5271 to No. 5274, No. 5281 to No. 5284,
No. 5291 to 5294, No. 5321 to No. 5324, etc.)

M series. Uptothreestages T series. Uptofour stages(Thestages
are also used for the second spindle, and up to two stages are used
with the second spindle.)

CAUTION

1 The description given in this section covers up to the second
axis.

2 When M-type gear selection is used for the M series, the
maximum spindle speed for rigid tapping (specified with
parameters No. 5241 to 5243) must also be set for
parameter No. 5243 regardless of the number of gear steps.
(For a system having a single gear step, set the same value
as that of parameter No. 5241 for parameter No. 5243. For
a system having two gear steps, set the same value as that
of parameter No. 5242 for parameter No. 5243.)
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Specification of
M series/T series
® Rigid tapping of M series

® Rigid tapping of T series

The descriptions given in this section (such as spindle gear switching and
M-type/T-type) are based on the explanation givenin Section 9.3. Refer
to Section 9.3 as necessary.

Thedifferencesin the specificationsfor rigid tapping for theM seriesand
T series are described below.

The tapping cycle G84 and the reverse tapping cycle G74 can be used to
specify M seriesrigid tapping.
A tapping axis can be arbitrarily selected from the basic axes X, Y, Z, as

well as axes paralel to the basic axes, by setting the corresponding
parameters accordingly (bit O (FXY) of parameter No. 5101).

The spindle operations of G84 and G74 are reversed with respect to each
other.

If multi—spindle control is added as well as rigid tapping by the first
spindle (analog or serid), rigid tapping by selecting the second spindle
(serial) is also enabled.

The face tapping cycle G84 and the side tapping cycle G88 can be used
to specify T seriesrigid tapping.

Depending on therigid tapping command, rigid tapping can be performed
along the Z—axis (when G84 is used) or the X—axis (when G88 is used).
A reversetapping cycle, like that supported by M series, isnot available.

If multi—spindle control is added as well as rigid tapping by the first
spindle (analog or seria), rigid tapping by selecting the second spindle
(serial) is aso enabled.
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9.10.2
Connection Among

Spindle, Spindle Motor,

and Position Coder

As shown in the figure below a gear ratio can be inserted between the
spindle and spindle motor, and between the spindle and position coder.

Spindle control

-

Error Spindle amplifier Spindle motor
counter
Gear ratio n:m
X4 — Position — Gear ratio g:p Spindle
coder
1024 plrev

(The 512 pulses/rev position coder is incorporated into some
spindle motors. When the serial spindle is used, the system
carries out conversion from 512 pulses/rev to 1024 pulses/rev.)

(1) Gear between spindle
and spindle motor

(2) Gear between spindle
and position coder

e Arbitrary gear ratio
(VGR=1)

Up to three gear stages (1st spindle of M series) or four gear stages (1st
spindle of T series) can be provided between the spindle and the spindle
motor. Thegear ratioisarbitrary. Up totwo gear stages (2nd spindl€) can
be provided between the spindle and the spindle motor. The distance of
spindle rotation per revolution of spindle motor is different, based on the
gear ratio. The speed command to the spindle motor will be adjusted. See
(2), below, for additional information regarding a spindle motor incorpo-
rating a position coder.

The position coder is used to detect the position of the spindle.
Thegear ratiofor the spindleand position coder isspecifiedintheparame-
ter setsNo. 5221 to No. 5223 and No. 5231 to No. 5233, or parameter set
PG1 and PG2 No. 3706 #0, #1, parameter P21, P22 (No. 3707 #0, #1) for
2nd spindlee. Which parameter is set for use is specified by parameter
VGR No. 5200 #1.

This is used if the gear ratio for the spindle motor and position coder
(built-in or separate) isnot 1:1, 1:2, 1:4, or 1:8, set VGR to 1 and set the
gear ratio using parameter No. 5221 to 5224.

When position coder ismounted on aspindle, thegear ratio for thespindle
motor and position coder cannot be changed by shifting the spindle motor
and spindlegears. Parameters No. 5221 to 5224 must all specify the same
value for the teeth of the individual spindle gears. Parameters No. 5231
to 5234 must all specify the samevaluefor theteeth of individual position
coder gears.
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The 1024 or 512 pulses/rev position coder is built into the spindle motor.
For the512 pulses/rev version, specify doublethe number of teeth on each
gear for the position coder. (Double the number of teeth need not be

specified for the serial spindle.)

1st spindle of M seriesallows up to three stages, regardless of which gear
selection method has been selected. (Parameter Nos. 5224 and 5234

cannot be used.)

1st spindle of T series supports up to four stages. (Set parameter Nos.
5221105224 and 523110 5234.) When themulti—spindlefunctionisused
to perform rigid tapping with the second spindle, up to two stages are

supported. (Set parameter Nos. 5221, 5222, 5231, and 5232.)

Example)
Built—in position coder
Spindle
motor
[
1stgearset 30:70
H.LLILLLU 2nd gear set50 : 50
3rd gear set 70 : 30
Set value
Parameter | 512p/rev | 1024pirev Meaning
No. Position Position
coder coder
5221 70 Number of teeth of the 1st gear
for the spindle side
5222 50 Number of teeth of the 2nd gear
for the spindle side
5223 30 Number of teeth of the 3rd gear
for the spindle side
5231 80 Note) 30 Number of teeth of the 1st gear
for the position coder side
5232 100 Note) 50 Number of teeth of the 2nd gear
for the position coder side
5233 140 Note) 70 Number of teeth of the 3rd gear
for the position coder side
NOTE

Double value setting is not required for serial spindle.
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e Gear ratio is 1:1, 1:2, 1:4, If the gear ratio is either 1:1, 1:2, 1:4, and 1:8, it is set using parameters

1:8 (VGR=0) PG1 and PG2 (No. 3706 #0, #1). This applies if the position coder is
mounted in a spindle or built into a spindle motor when only one stage
gear is provided. .

For 2nd spindle, set it to parameter P21, P22 (N0.3707#0, #1).
Parameter Gear ratio . )
Detection unit
PG2 PG1 Spindle | Position coder

0 0 1 1 360/4096=0.08789 deg

0 1 1 2 360/4096 x 2=0.17578
deg

1 0 1 4 360/4096 x 4=0.35156
deg

1 1 1 8 360/4096 x 8=0.70313
deg

The spindle motor building in the 512 pulses/rev position coder uses the
values set forth in the following table. A serial spindle does not require
double-value setting; use the same values as for the spindle motor
building in the 1024 pulses/rev position coder.

Gear ratio Parameter | Gear ratio .
of spindle DetlJe:ittlon
Built-in | Spindle | o . | pgo | pgy | to POsition
position motor P coder (deg)
coder 1 1 0 1.2 0.17578
512p/rev
2 1 1:4 0.35156
4 1 1 1:8 0.70313

If the M type gear selection method is selected, the CNC determines
whether gears need changing using the gear change specification
mentioned in section 9.3. If the gears need to be changed, the CNC
generatesthe S function code read signal SF (FOO7#2) and gear selection
signals GR10O, GR20, and GR30 (F034#0-#2) to notify the PMC.
Change gears using the PMC, based on these signals.

If the T type gear selection method is selected, the CNC does not process
gear changes. When the CNC has the S function code, it outputs signal
SF and Sfunction code signals SO0 to S31 (FO022#0-F025#7) to the PMC.
(However, parameter No. 3705 and its related parameters need to be set
for S code and SF signal output). Using the PMC, determine whether
gears need changing, and make the changeif needed. Input gear selection
signals GR1 and GR2 <G028#1,#2> or GR21 <G029#0> for 2nd spindle
for the selected gear, and notify the CNC of them.

To perform rigid tapping with the serial spindle, enter the clutch/gear
selection signals CTH1 and CTH2 (GO70#3,#2 for the first spindle and
GO74#3, #2 for the second spindle) from the PMC. Notify the serial
spindle control unit of these signals viathe CNC, irrespective of the gear
selection method.

(3) Rigid tapping and
machines with
multiple gears
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Changing gearsduring rigid tapping requires adifferent processfrom that
for gear changesduring normal machining. Asdescribed above, changing
gearsconformsto the gear change specifications mentioned in section 9.3
whentheM type gear selection method has been selected. Withthe T type
gear sel ection method, changing gears conformsto thelogic programmed
in the PMC.

Regardless of the option’s selection, if the range in which the spindle
speed specified by the S function code does not correspond to the
currently selected gear, the gears are changed.

The following tables list the spindle speed ranges for each gear during
normal machining (assuming no machine restrictions) and rigid tapping:

Spindle speed range (normal machining)

Gear — —

Lower limit Upper limit
Low— 1 revolution Maximum low—speed gear speed =
sggaerd Maximum spindle motor speed  x L%

Low-speed gear ratio

Medium | Maximum low—speed | Maximum medium—-speed gear speed =

speed | gearspeed +1revo- | \ayimum spindle motor speed  x L%

gear lution Medium speed gear ratio
High— Maximum medium— | Maximum high—speed gear speed =
speed | speed gear speed +1 | \iayimum spindle motor speed  x L%
gear revolution High—speed gear ratio

NOTE

This table shows an example of three gears. L% indicates
a spindle motor protection constant (up to 100). L can be
specified for each gear using method B for changing in M
type gear selection method (bit 2 (SGB) of parameter No.
3705 =1).

Spindle speed range (during rigid tapping)

Gear — —
Lower limit Upper limit
Low— 1 revolution Maximum low—speed gear speed
speed Basic spindle motor speed +o.
gear —

Low-speed gear ratio

Medium | Maximum low—speed | Maximum medium—speed gear speed

speed | gear speed + 1 revo- Basic spindle motor speed +o

gear lution —
Medium—speed gear ratio
High— Maximum medium— | Maximum high—speed gear speed
speed | speed gear s_peed +1 Basic spindle motor speed +o.
gear revolution —

High—speed gear ratio
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NOTE
This table show an example of three gears. For the basic
spindle motor speed, refer to the spindle motor description
manual. “+ o” means that the spindle motor speed may
slightly exceed the basic spindle motor speed.

If the M type gear selection method is used, use gear change method B
(bit 3 (SGT) of parameter No. 3705 = 1) in the tapping cycle to specify
the following:

The table above shows the maximum low-speed gear speed during rigid
tapping for low-/medium-speed gear change position D (parameter No.
3761).

The table above shows the maximum medium-speed gear speed during
rigid tapping for medium-/high-speed gear change position E (parameter
No. 3762).

If the T type gear selection method is used, add the rigid tapping logic to
the logic programmed in the PMC.

See Section 9.3, “ Spindle Control” for details of the spindle gear change
specifications.

The loop gain can be specified for each gear. Specify “0” for parameter
No. 5280 and specify loop gains for each gear for parameter Nos. 5281
to 5284. Unless “0” is specified for parameter No. 5280, the loop gains
for each gear are disabled, and the loop gain common to al gears, the
value of parameter No. 5280, is enabled.

Specify the time constant and the maximum spindle speed for each gear.
Use parameters Nos. 5261 to 5264 to specify the time constant.
UseparametersNos. 5241 to 5244 to specify the maxi mum spindle speed.

For M type gear selection method, set the maximum spindle speed to
parameter No. 5243, irrespective of the number of gear stages used.

Setting bit 2 (TDR) of parameter No. 5201 to “1” enables setting of the
time constants used during extraction for each gear set. Specify the
extraction time constant for each gear in parameter Nos. 5271 to 5274.

If bit 1 (VGR) of parameter No. 5200 is set to “1”, the gear ratio for the
spindle and position coder can be set to anywhere between 1:32767 and
32767:1 in one-increment units for three gear sets with 1st spindle of M
series, four gear setswith 1st spindle of T series, or two gear setswith 2nd
spindle. However 1:8to 8:1 is the recommended value.
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9.10.3
Rigid Tapping
Specification

® Feed rate

® Acceleration and
deceleration

® Override

® Dryrun

® Machine lock

® Reset

® Feed hold and single
block

® QOperation mode
e Manual feed

® Backlash compensation

In rigid tapping mode, the tapping axisisfed at arate specified by F. The
spindle speedisspecified by S x 360(deg/min). Useof overrideisinvalid
for both of them. An override of 200% can be applied to withdrawal
operations by setting bit 4 (DOV) of parameter No. 5200 to “1”, and
setting an appropriate override valuein parameter RGOVR of No. 5211.
Using the OVU parameter (bit 3 of parameter No. 5201) enables an
override value of up to 2000% to be applied. The time constant for
withdrawal operations can be maodified by bit 2 (TDR) of parameter No.
5201; whenitissetto“1”, thevaluesin parameter Nos. 5271 to 5274 are
used as the time constant for withdrawal.

Linear acceleration/decel eration is valid for rigid tapping.

Overrideisinvalid during rigid tapping. Fixed override can be applied to
withdrawal operations by setting bit 4 (DOV) of parameters No. 5200 or
RGOVR of No. 5211.

Dryrunisvalidfor G84 (G74). Whenthedry runisapplied to thetapping
axis speed of G84 (G74), tapping is performed. The spindle speed will
match the dry run speed.

Machine lock isvalid for G84 (G74).
When G84 (G74) is executed with the machine locked, however the
tapping axis and the spindle do not move.

When the reset operation is performed during rigid tapping, the mode is
reset. The spindle motor goesto the ordinary mode, but G84 (G74) mode
is not reset.

The feed hold and single block functions are nullified for G84 (G74).
The feed hold and single block functions in rigid tapping mode can be
effective by setting bit 6 (FHD) of parameter No. 5200to “1”.

Aswith the machinelock signal, the feed hold and single block functions
are also effective for the spindle indirectly, through tapping axis
operations.

G84 (G74) can be executed only in the MEM and MDI modes.
Rigid tapping cannot be performed in the manual feed mode.

In rigid tapping mode, the backlash is compensated for the lost motion at
forward and reverse spindle rotations. Set it using parameter No. 5321
to N0 5324. Thenormal backlash compensation isinserted on thetapping
axis.
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9.10.4
Display Data on the
Diagnosis Screen

e Common display data

e Display of rigid tapping
synchronization error
(When DGN = 0)

® Rigid tapping error
display
(error difference display)
(When DGN = 1)

For rigid tapping adjustment, the diagnosis screen displays information
related to rigid tapping.

For part of the display data, the user can choose between two sets of data
items relating to the synchronization of the spindle and tapping axis by
setting bit 0 (DGN) of parameter No. 5204.

The following information items are always displayed, regardless of the
setting of bit 0 (DGN) of parameter No. 5204:

- Spindle position deviation — Diagnosis No. 450

- Number of command pulses distributed to the spindle
(momentary value) — Diagnosis No. 451

- Cumulative number of command pulses distributed to the spindle
— Diagnosis No. 454

When bit 0 (DGN) of parameter No. 5204 is set to O, the following items
of information are displayed.

(Diagnosis Nos. 452 and 453 are not displayed.)

- Spindle—converted move command difference — Diagnosis No. 455

- Spindle-converted position deviation difference — Diagnosis No. 456
- Synchronization error range — Diagnosis No. 457
Spindle—converted move command difference

spindlemove command 5 (tapping axis movecommand) X 4096
gear ratio thread lead

Spindle—converted position deviation difference

spindle position deviation (tapping axisposition deviation) X 4096

gear ratio thread lead

Synchronization error range

= (maximum spindle-converted move position deviation difference on
the positive side)

— (maximum spindle—converted position deviation difference on the
negative side)

If a maximum allowable synchronization error range is set in parameter

No. 5214, the position deviation alarm during spindle movement (alarm

No. 741) isissued to indicate that the set synchronization error range has

been exceeded. (If Oissetin parameter No. 5214, no check is performed

to detect whether the synchronization error range has been exceeded.)

When bit 0 (DGN) of parameter No. 5204 is set to 1, the following items
of information are displayed. (Diagnosis Nos. 455, 456, and 457 are not

displayed.)

- Momentary error difference between the spindle and tapping axis
— Diagnosis No. 452

- Maximum error difference between the spindle and tapping axis
— Diagnosis No. 453
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Diagnosis No. 0452 is cleared to “0” when rigid tapping mode is set or
canceled, and diagnosis No. 0453 is cleared to “0” in the positioning of
therigid tapping cycle.

The following figure shows the tapping axis as the Z axis.

Z—axis
error

Zc

Ze

1
70 = Speed % % 1

60 Gain Detection unit

x 102 (Theoretical value)

Ze = Z-axis error counts (measured value)

Spindle
error Sc
Se
—>
Speed X 360 1 .
Sc= P X ! X x 102 (Theoretical value)
60 Gain Detection unit

Se = Spindle error counts (measured value)

Speed: mm/min orinch/min
Gain: 0.01s1

Detection unit :mm, inch, or deg
Speed: min-1

Ze
AZ= — x 100 [%]
Zc
Se The error difference between the spindle and Z axis
_ can be obtained by AS—AZ. This value is sampled
AS= Sc x 100 [%] at intervals of 64 ms.
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Diagnosis screen
® Spindle position
deviation [ 0450 | | SPINDLE MOTION ERROR

Spindle position deviation during rigid tapping
[Unit] Pulse

e Number of pulses
distributed to the spindle

| 0451 | | SPINDLE MOTION PULSE |

Number of pulses distributed to the spindle during rigid tapping
[Unit] Pulse

e Error difference between
the spindle and tapping
axis (momentary value)

| 0452 | | RIGID ERROR |

Momentary error difference between the spindle and tapping axis during
rigid tapping (signed)
[Unit] %

NOTE
This data item is displayed only when bit 0 (DGN) of
parameter No. 5204 is set to 1.

e Error difference between
the spindle and tapping
axis (maximum)

| 0453 | | RIGID ERROR(MAX) |

Maximum error difference between the spindle and tapping axis during
rigid tapping (absolute value)

[Unit] %

NOTE
This data item is displayed only when bit 0 (DGN) of
parameter No. 5204 is set to 1.

e Cumulative number of
pulses distributed to the
spindle during rigid
tapping

| 0454 | | SPINDLE PULSE(SUM) |

Cumulative number of pulses distributed to the spindle during rigid
tapping
[Unit] Pulse
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e Spindle—converted move
command difference
during rigid tapping
(momentary value)

| 0455 | | SYNC. PULSE(SUM) |

Momentary spindle-converted move during command difference
between the spindle and the tapping axis during rigid tapping

[Unit] Pulse

NOTE
This data item is displayed only when bit 0 (DGN) of
parameter No. 5204 is set to 0.

® Spindle—converted position
deviation difference during
rigid tapping
(momentary value)

| 0456 | | SYNC. ERROR |

Momentary spindle—converted position deviation difference between the
spindle and the tapping axis during rigid tapping

[Unit] Pulse

NOTE
This data item is displayed only when bit 0 (DGN) of
parameter No. 5204 is set to 0.

e Synchronization error
range during rigid tapping
(momentary value)

| 0457 | | SYNC. WIDTH |

Synchronization error range during rigid tapping (maximum value)
[Unit] Pulse

NOTE
This data item is displayed only when bit 0 (DGN) of
parameter No. 5204 is set to 0.
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9.10.5
Command Format

Command format for the
T series

The rigid tapping command format for the T series is described below.
For an explanation of the command format used with the M series, refer
to Section 11.13.2.2 of the “Operator’s Manual for Machining Center
(B—63534EN) ".

GO X@Z)_C_zZ(X)_R_P__F__K_(MOO);

|_ M code for C-axis
clamping
Number of repeats
Cuttingfeedrate
Dwell time at the bottom face of a
tapped hole and upon R point return
L Specifiestheposition of an R point
L Specifiestheposition of the bottom
faceof atapped hole
Specifiesatapping position.

G884 Front tapping cycle
G88 Sidetapping cycle

Therigid tapping mode can be specified by using any of three methods:
® Specification of M29S**** before specifying atapping cycle

® Specification of M29S****in the same block

e Enabling rigid tapping to be performed without specifying M29S* * **

When using the third method, specify S**** either before or in a block
containing G84 (G88).

Thus, the spindle stops, after which the tapping cycle specified next is
placed in rigid tapping mode.

Rigid tapping mode will be canceled by G80;. Note, however, that a G
codefor another canned cycle, or agroup 01 G code will also cancel rigid
tapping mode.

When rigid tapping is terminated by a command issued to cancel rigid
tapping mode, the spindle stops. (Output to the spindle is equivalent to
the specification of S0.)

A reset (by means of the RESET button or an external reset) can also
cancel rigid tapping mode. Note, however, that canned cycle modeisnot
canceled by areset.

® Specifying M 29 before a block containing G84 (G88)
M29 St***;

GOOX (2 _C. Z (X) _R_ P F K_ (MOD):

X (@) —C—f Rigid
X @ tapping
. mode
G80;
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Notes on the T series

® Specifying M29 and G84 (G88) inthesameblock (Note, however, that
M29 and M[1[] for C—axis clamping cannot be specified in the same
block.)

GOOX (2 _Z (X) _R_P_F_K_ M2g***x;

X (2) _C_;

. Rigid
X @ tapping
. mode
G80;

® Converting G84 (G88) to a G code for rigid tapping (by setting bit O
(G84) of parameter No. 5200 to 1)

GOOX (2 _C_Z (X) _R P F K s (MOD);

X @ _c Rigid
X @ Lo tapping
. mode

G80;
NOTE

1 In feed per minute mode, F_/S**** determines a thread
lead. In feed per rotation mode, F_ specifies a thread lead.

2 S*** must specify a value that does not exceed the value
set in the maximum spindle speed parameter (No. 5241 to
5244) for the gear to be used. Otherwise, P/S alarm No. 200
is issued in a block containing G84 (G88).

3 F_ must specify a value that does not exceed the maximum
cutting feedrate. When 0 is specified, P/S alarm No. 201 is
issued.

4 Between M29 and G84 (G88), S and a command for
movement along an axis must not be specified. Further,
M29 must not be specified in a tapping