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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 2002 GE Fanuc Automation North America, Inc.
All Rights Reserved.



SAFETY PRECAUTIONS

This section describesthe safety precautionsrelated to the use of CNC units. Itisessentia that these precautions
be observed by usersto ensure the safe operation of machines equipped with a CNC unit (all descriptionsin this
section assume this configuration). Note that some precautions are related only to specific functions, and thus
may not be applicable to certain CNC units.

Usersmust al so observethe saf ety precautionsrel ated to the machine, asdescribed in therelevant manual supplied
by the machinetool builder. Beforeattempting to operatethe machineor createaprogramto control theoperation
of the machine, the operator must become fully familiar with the contents of this manua and relevant manual
supplied by the machine tool builder.
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DEFINITION OF WARNING, CAUTION, AND NOTE

This manual 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 this manual carefully, and storeit in a safe place.
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SAFETY PRECAUTIONS

GENERAL WARNINGS AND CAUTIONS

WARNING

1. Never attempt to machine a workpiece without first checking the operation of the machine.
Before starting a production run, ensure that the machine is operating correctly by performing
atria run using, for example, the single block, feedrate override, or machine lock function or
by operating the machine with neither atool nor workpiece mounted. Failure to confirm the
correct operation of the machine may result in the machine behaving unexpectedly, possibly
causing damage to the workpiece and/or machine itself, or injury to the user.

2. Before operating the machine, thoroughly check the entered data.
Operating the machine with incorrectly specified data may result in the machine behaving
unexpectedly, possibly causing damage to the workpiece and/or machine itself, or injury to the
user.

3. Ensurethat the specified feedrate is appropriate for the intended operation. Generally, for each
machine, there is a maximum allowable feedrate. The appropriate feedrate varies with the
intended operation. Refer to the manual provided with the machine to determine the maximum
alowable feedrate. If a machine is run at other than the correct speed, it may behave
unexpectedly, possibly causing damage to the workpiece and/or machine itself, or injury to the
user.

4. When using a tool compensation function, thoroughly check the direction and amount of
compensation.
Operating the machine with incorrectly specified data may result in the machine behaving
unexpectedly, possibly causing damage to the workpiece and/or machine itself, or injury to the
user.

5. Theparametersfor the CNC and PM C arefactory—set. Usually, thereisnot need to changethem.
When, however, thereis not alternative other than to change aparameter, ensure that you fully
understand the function of the parameter before making any change.

Failureto set a parameter correctly may result in the machine behaving unexpectedly, possibly
causing damage to the workpiece and/or machine itself, or injury to the user.

6. Immediately after switching on the power, do not touch any of the keys on the MDI panel until
the position display or alarm screen appears on the CNC unit.
Some of the keys on the MDI panel are dedicated to maintenance or other special operations.
Pressing any of these keys may place the CNC unit in other than its normal state. Starting the
machine in this state may cause it to behave unexpectedly.

7. Theoperator’'s manua and programming manual supplied with a CNC unit provide an overall
description of the machine'sfunctions, including any optiona functions. Notethat the optional
functions will vary from one machine model to another. Therefore, some functions described
in the manuals may not actually be available for a particular model. Check the specification of
the machine if in doubt.
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WARNING

8. Some functions may have been implemented at the request of the machine-tool builder. When
using such functions, refer to themanual supplied by the machine-tool builder for detail sof their
use and any related cautions.

NOTE

Programs, parameters, and macro variables are stored in nonvolatile memory in the CNC unit.
Usually, they are retained even if the power isturned off. Such datamay be deleted inadvertently,
however, or it may prove necessary to delete all data from nonvolatile memory as part of error
recovery.

To guard against the occurrence of the above, and assure quick restoration of deleted data, backup
all vital data, and keep the backup copy in a safe place.
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SAFETY PRECAUTIONS

WARNINGS AND CAUTIONS RELATED TO
PROGRAMMING

This section covers the major safety precautions related to programming. Before attempting to
perform programming, read the supplied operator’s manual and programming manual carefully
such that you are fully familiar with their contents.

WARNING

Coordinate system setting

If a coordinate system is established incorrectly, the machine may behave unexpectedly as a
result of the program issuing an otherwise valid move command.

Such an unexpected operation may damage the tool, the machineitself, the workpiece, or cause
injury to the user.

Positioning by nonlinear interpolation

When performing positioning by nonlinear interpolation (positioning by nonlinear movement
between the start and end points), the tool path must be carefully confirmed before performing
programming.

Positioning involves rapid traverse. If thetool collides with the workpiece, it may damage the
tool, the machine itself, the workpiece, or cause injury to the user.

Function involving a rotation axis

When programming polar coordinate i nterpolation or normal—direction (perpendicular) control,
pay careful attention to the speed of the rotation axis. Incorrect programming may result in the
rotation axis speed becoming excessively high, such that centrifugal force causes the chuck to
loseits grip on the workpiece if the latter is not mounted securely.

Such mishap is likely to damage the tool, the machine itself, the workpiece, or cause injury to
the user.

Inch/metric conversion

Switching between inch and metric inputs does not convert the measurement units of data such
as the workpiece origin offset, parameter, and current position. Before starting the machine,
therefore, determine which measurement units are being used. Attempting to perform an
operation with invalid data specified may damage the tool, the machineitself, the workpiece, or
cause injury to the user.

Constant surface speed control

When an axis subject to constant surface speed control approaches the origin of the workpiece
coordinate system, the spindle speed may become excessively high. Therefore, it is necessary
to specify a maximum allowable speed. Specifying the maximum allowable speed incorrectly
may damage the tool, the machine itself, the workpiece, or cause injury to the user.
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WARNING

6. Stroke check

After switching on the power, perform a manual reference position return as required. Stroke
checkisnot possiblebefore manual reference positionreturnisperformed. Notethat whenstroke
check is disabled, an alarm is not issued even if a stroke limit is exceeded, possibly damaging
the tool, the machine itself, the workpiece, or causing injury to the user.

7. Tool post interference check

A tool post interference check is performed based on the tool data specified during automatic
operation. If thetool specification does not match the tool actually being used, the interference
check cannot be made correctly, possibly damaging the tool or the machine itself, or causing
injury to the user.

After switching on the power, or after selecting a tool post manually, aways start automatic
operation and specify the tool number of the tool to be used.

8. Absolute/incremental mode

If aprogram created with absolute valuesisruninincremental mode, or vice versa, the machine
may behave unexpectedly.

9. Plane selection

If anincorrect planeisspecified for circular interpolation, helical interpolation, or acannedcycle,
the machine may behave unexpectedly. Refer to the descriptions of the respective functionsfor
details.

10. Torque limit skip

Before attempting atorque limit skip, apply the torque limit. If atorque limit skip is specified
without the torque limit actually being applied, a move command will be executed without
performing a skip.

11. Programmable mirror image

Note that programmed operations vary considerably when a programmable mirror image is
enabled.

12.Compensation function

If acommand based on the machine coordinate system or areference position return command
isissued in compensation function mode, compensation istemporarily canceled, resulting in the
unexpected behavior of the machine.

Before issuing any of the above commands, therefore, always cancel compensation function
mode.



B—63524EN/01

SAFETY PRECAUTIONS

WARNINGS AND CAUTIONS RELATED TO HANDLING

This section presents safety precautionsrelated to the handling of machinetools. Beforeattempting
to operate your machine, read the supplied operator’s manual and programming manual carefully,
such that you are fully familiar with their contents.

WARNING

Manual operation

When operating the machine manually, determinethe current position of thetool and workpiece,
and ensure that the movement axis, direction, and feedrate have been specified correctly.
Incorrect operation of the machine may damage the tool, the machine itself, the workpiece, or
cause injury to the operator.

Manual reference position return

After switching on the power, perform manual reference position return as required. If the
machine is operated without first performing manual reference position return, it may behave
unexpectedly. Stroke check isnot possiblebeforemanual reference positionreturnisperformed.
An unexpected operation of the machine may damagethetool, the machineitself, theworkpiece,
or cause injury to the user.

Manual numeric command

When issuing a manual numeric command, determine the current position of the tool and
workpiece, and ensure that the movement axis, direction, and command have been specified
correctly, and that the entered values are valid.

Attempting to operate the machine with an invalid command specified may damagethetool, the
machine itself, the workpiece, or cause injury to the operator.

Manual handle feed

In manual handle feed, rotating the handle with alarge scalefactor, such as 100, applied causes
the tool and table to move rapidly. Careless handling may damage the tool and/or machine, or
cause injury to the user.

Disabled override

If overrideisdisabled (according to the specification in amacro variable) during threading, rigid
tapping, or other tapping, the speed cannot be predicted, possibly damaging thetool, the machine
itself, the workpiece, or causing injury to the operator.

Origin/preset operation

Basically, never attempt an origin/preset operation when the machine is operating under the
control of aprogram. Otherwise, the machine may behave unexpectedly, possibly damaging the
tool, the machine itself, the tool, or causing injury to the user.
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WARNING

7. Workpiece coordinate system shift

Manual intervention, machine lock, or mirror imaging may shift the workpiece coordinate
system. Before attempting to operate the machine under the control of a program, confirm the
coordinate system carefully.

If themachineisoperated under the control of aprogramwithout making allowancesfor any shift
in the workpiece coordinate system, the machine may behave unexpectedly, possibly damaging
the tool, the machine itself, the workpiece, or causing injury to the operator.

8. Software operator’s panel and menu switches

Using the software operator’s panel and menu switches, in combination with the MDI pandl, it
is possible to specify operations not supported by the machine operator’s panel, such as mode
change, override value change, and jog feed commands.

Note, however, that if the MDI panel keys are operated inadvertently, the machine may behave
unexpectedly, possibly damaging the tool, the machine itself, the workpiece, or causing injury
to the user.

9. Manual intervention

If manual intervention is performed during programmed operation of the machine, thetool path
may vary whenthemachineisrestarted. Beforerestarting themachineafter manual intervention,
therefore, confirm the settings of the manual absolute switches, parameters, and
absolute/incremental command mode.

10. Feed hold, override, and single block

Thefeed hold, feedrate override, and single block functions can be disabled using custom macro
system variable #3004. Be careful when operating the machine in this case.

11. Dry run

Usually, adry runisused to confirm the operation of the machine. During adry run, the machine
operatesat dry run speed, which differsfrom the corresponding programmed feedrate. Notethat
the dry run speed may sometimes be higher than the programmed feed rate.

12. Cutter and tool nose radius compensation in MDI mode

Pay careful attention to atool path specified by acommand in MDI mode, because cutter or tool
nose radius compensation is not applied. When acommand isentered fromthe MDI tointerrupt
in automatic operation in cutter or tool nose radius compensation mode, pay particular attention
to thetool path when automatic operation is subsequently resumed. Refer to the descriptions of
the corresponding functions for details.

13.Program editing

If the machineis stopped, after which the machining program is edited (modification, insertion,
or deletion), the machine may behave unexpectedly if machining is resumed under the control
of that program. Basically, do not modify, insert, or del ete commandsfrom amachining program
whileitisin use.
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WARNINGS RELATED TO DAILY MAINTENANCE

WARNING

1. Memory backup battery replacement

Only those personnel who havereceived approved safety and maintenancetraining may perform
this work.

When replacing the batteries, be careful not to touch the high—voltage circuits (marked A and
fitted with an insulating cover).

Touching the uncovered high—voltage circuits presents an extremely dangerous electric shock
hazard.

NOTE

The CNC uses batteries to preserve the contents of its memory, because it must retain data such as
programs, offsets, and parameters even while external power is not applied.

If the battery voltage drops, alow battery voltage alarmisdisplayed onthe machine operator’s panel
or CRT screen.

When alow battery voltage alarm is displayed, replace the batterieswithin aweek. Otherwise, the
contents of the CNC’s memory will be lost.

Refer to the maintenance section of the operator’s manual or programming manual for details of the
battery replacement procedure.
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WARNING

2. Absolute pulse coder battery replacement

Only those personnel who havereceived approved safety and maintenancetraining may perform
this work.

When replacing the batteries, be careful not to touch the high—voltage circuits (marked A and
fitted with an insulating cover).

Touching the uncovered high—voltage circuits presents an extremely dangerous electric shock
hazard.

NOTE

The absolute pulse coder uses batteries to preserve its absolute position.

If the battery voltage drops, alow battery voltage alarmisdisplayed onthe machine operator’s panel
or CRT screen.

When alow battery voltage alarmis displayed, replace the batterieswithin aweek. Otherwise, the
absolute position data held by the pulse coder will be lost.

Refer to the FANUC SERVO MOTOR « series maintenance manual for details of the battery
replacement procedure.
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WARNING

3. Fuse replacement

Before replacing a blown fuse, however, it is necessary to locate and remove the cause of the
blown fuse.

For this reason, only those personnel who have received approved safety and maintenance
training may perform this work.

When replacing a fuse with the cabinet open, be careful not to touch the high—voltage circuits
(marked \ and fitted with an insulating cover).

Touching an uncovered high—voltage circuit presents an extremely dangerous electric shock
hazard.
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About this manual

Applicable models

This manual consists of the following parts:

I. GENERAL
Describes chapter organization, applicable models, related manuals,
and notes for reading this manual.

I1. PROGRAMMING
Describeseach function: Format used to program functionsinthe NC
language, characteristics, and restrictions. When aprogramis created
through conversational automatic programming function, refer to the
manual for the conversational automatic programming function
(Tablel).

I11. OPERATION
Describesthe manual operation and automatic operation of amachine,
procedures for inputting and outputting data, and procedures for
editing a program.

IV. MAINTENANCE
Describes procedures for replacing batteries.

APPENDI X
Lists tape codes, valid data ranges, and error codes.

Some functions described in this manual may not be applied to some
products. For detal, refer to the DESCRIPTIONS manual
(B—63522EN).

This manual does not describe parameters in detail. For details on
parameters mentioned in this manual, refer to the manual for parameters
(B—63530EN).

This manual describes all optional functions. Look up the options
incorporated into your system in the manual written by the machine tool
builder.

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

Product name Abbreviations
FANUC Series 16i-TB 16i-TB Series 16i
FANUC Series 18i-TB 18i-TB Series 18i
FANUC Series 160i-TB 160i-TB Series 160i
FANUC Series 180i-TB 180i-TB Series 180i
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Special symbols

e P

Related manuals of
Series 16i/18i/21i/160i/
180i/210i—-MODEL B

This manual uses the following symbols:

Indicates a combination of axes such as X__

PROGRAMMING.).

Indicates the end of ablock. It actually correspondsto the SO code LF

or EIA code CR.

The following table lists the manuals related to Series 16i, Series 18i,
Series21i, Series 160i, Series 180i, Series210i-MODEL B. Thismanual

isindicated by an asterisk(*).

Y__ Z (used in

Manual name

Specification

number
DESCRIPTIONS B—63522EN
CONNECTION MANUAL (HARDWARE) B—63523EN
CONNECTION MANUAL (FUNCTION) B—63523EN-1
OPERATORS MANUAL (16i/18i/160i/180i—TB) B—63524EN
OPERATOR’S MANUAL (16i/18i/160i/180i—MB) B—63534EN
OPERATOR’S MANUAL (21i/210i-TB) B—63604EN
OPERATOR’S MANUAL (21i/210i—MB) B—63614EN
MAINTENANCE MANUAL B—63625EN
PARAMETER MANUAL (16i/18i/160i/180i—MODEL B) B-63530EN
PARAMETER MANUAL (21i/210i-MODEL B) B—63610EN
PROGRAMMING MANUAL
Macro Compiler/Macro Executor B-61803E-1
PROGRAMMING MANUAL
FAPT MACRO COMPILER (For Personal Computer) B—66102E
PROGRAMMING MANUAL
C Language Executor PROGRAMMING MANUAL B—62443EN-3
CAP (T series)
FANUC Super CAPi T OPERATORS MANUAL B—63284EN
FANUC Symbol CAPi T OPERATOR’S MANUAL B—63304EN
MANUAL GUIDE For Lathe PROGRAMMING MANUAL B—63343EN
MANUAL GUIDE For Lathe OPERATOR’S MANUAL B—63344EN
CAP (M series)
FANUC Super CAPi M OPERATOR’S MANUAL B—63294EN
MANUAL GUIDE For Milling PROGRAMMING MANUAL | B-63423EN
MANUAL GUIDE For Milling OPERATOR’S MANUAL B—63424EN
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Manual name Sptnelcjirfril%aétrion
PMC
PMC Ladder Language PROGRAMMING MANUAL B—61863E
PMC C Language PROGRAMMING MANUAL B—61863E-1
Network
FANUC 1/O Link—Il CONNECTION MANUAL B—62714EN
Profibus—DP Board OPERATOR’S MANUAL B—62924EN
DeviceNet Board OPERATOR’'S MANUAL B—63404EN
Ethernet Board/DATA SERVER Board B-63354EN
OPERATOR’S MANUAL
Related manuals of Thefollowing tableliststhe manualsrelated to SERVO MOTOR « series
SERVO MOTOR a series Specification
Manual name number
AC SERVO MOTOR a series DESCRIPTIONS B—65142E

AC SERVO MOTOR ¢ series PARAMETER MANUAL B-65150E

AC SPINDLE MOTOR ¢ series DESCRIPTIONS B-65152E

AC SPINDLE MOTOR ¢ series PARAMETER MANUAL B-65160E

SERVO AMPLIFIER a series DESCRIPTIONS B-65162E

SERVO MOTOR a series MAINTENANCE MANUAL B-65165E
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1.1

GENERAL FLOW OF
OPERATION OF CNC
MACHINE TOOL

When machining the part using the CNC machine tool, first prepare the
program, then operate the CNC machine by using the program.

1) First, prepare the program from a part drawing to operate the CNC
machine tool.
How to prepare the program is described in the Chapter II.
PROGRAMMING.

2) The program is to be read into the CNC system. Then, mount the
workpieces and tools on the machine, and operate the tools according
to the programming. Finaly, execute the machining actually.

How to operate the CNC system is described in the Chapter 1ll.
OPERATION.

Part 5| Part ) T
drawing program-
ming
N , ) . CNC . MACHINE TOOL |
CHAPTER I PROGRAMMING CHAPTER Ill OPERATION

Before the actual programming, make the machining plan for how to
machine the part.

Machining plan

1. Determination of workpieces machining range

2. Method of mounting wor kpieces on the machine tool

3. Machining sequence in every cutting process

4. Cutting tools and cutting conditions

Decide the cutting method in every cutting process.

Cutting process 1 2 3
. End face Outer diameter .
Cutting procedure cutting cutting Grooving
1. Cutting method
- Rough
Semi
Finish

2. Cutting tools

3. Cutting conditions
: Feedrate
Cutting depth

4. Tool path
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Outer End
. diameter face
Grooving  ¢ytting cutting
<—

Prepare the program of the tool path and cutting condition according to
the workpiece figure, for each cutting.
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1.2

CAUTIONS ON
READING THIS
MANUAL

1.3

CAUTIONS ON
VARIOUS KINDS OF
DATA

CAUTION

1 The function of an CNC machine tool system depends not
only on the CNC, but on the combination of the machine
tool, its magnetic cabinet, the servo system, the CNC, the
operator’s panels, etc. It is too difficult to describe the
function, programming, and operation relating to all
combinations. This manual generally describes these from
the stand—point of the CNC. So, for details on a particular
CNC machine tool, refer to the manual issued by the
machine tool builder, which should take precedence over
this manual.

2 Headings are placed in the left margin so that the reader can
easily access necessary information. When locating the
necessary information, the reader can save time by
searching though these headings.

3 This manual describes as many reasonable variations in
equipment usage as possible. It cannot address every
combination of features, options and commands that
should not be attempted.

If a particular combination of operations is not described, it
should not be attempted.

CAUTION

Machining programs, parameters, variables, etc. are stored
in the CNC unit internal non—volatile memory. In general,
these contents are not lost by the switching ON/OFF of the
power. However, it is possible that a state can occur where
precious data stored in the non—volatile memory has to be
deleted, because of deletions from a maloperation, or by a
failure restoration. In order to restore rapidly when this kind
of mishap occurs, it is recommended that you create a copy
of the various kinds of data beforehand.
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1.1 The tool moves along straight lines and arcs constituting the workpiece

TOOL MOVEMENT parts figure (See 11-4).
ALONG WORKPIECE

PARTS FIGURE-

INTERPOLATION

Explanations

e Tool movement along a
straight line X

Tool Program
G01 Z...;

Workpiece

Fig.1.1 (a) Tool movement along the straight line which is parallel to Z—axis

X Program
! Tool GOLX..Z..;
: . ,J
| Workpiece
z
I

Fig.1.1 (b) Tool movement along the taper line

® Tool movement along an

arc
Tool Program
G02X ...Z...R...;
or
GO3X...Z..R...;
Workpiece
V4

—

Fig. 1.1 (c) Tool movement along an arc

—_ Y — -7 - — - — X
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The term interpolation refers to an operation in which the tool moves
along a straight line or arc in the way described above.
Symbols of the programmed commands GO01, G02, ... are called the

preparatory function and specify the type of interpolation conducted in
the control unit.

(a) Movement along straight line (b) Movement along arc
G01Z_; GO03X—Z—;
X—Z——;

Control unit
X axis
- L — Tool
> Interpolatlow\ movement

((—_—_—_}_f \Yaxis ~

| a) Movement
along straight
| line
b) Movement
along arc

Fig. 1.1 (d) Interpolation function

NOTE

Some machines move tables instead of tools but this
manual assumes that tools are moved against workpieces.

® Thread cutting Threads can be cut by moving the tool in synchronization with spindle
rotation. In aprogram, specify the thread cutting function by G32.

X

Tool Program

G32Z—F—;

Workpiece

-—H- - | — Z

Fig. 1.1 (e) Straight thread cutting
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Tool

Program
X G32X—Z—F—;

Workpiece
L 1\ - — 7

Fig. 1.1 (f) Taper thread cutting
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1.2
FEED-
FEED FUNCTION

Movement of thetool at aspecified speed for cutting aworkpieceiscalled

the feed.
Chuck u Tool

"

Workpiece 000 ¢

Fig. 1.2 (a) Feed function

Feedrates can be specified by using actual numerics.
For example, the following command can be used to feed the tool 2 mm

while the workpiece makes one turn :

F2.0
The function of deciding the feed rate is called the feed function (See

11-5).
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1.3
PART DRAWING AND
TOOL MOVEMENT

1.3.1

Reference Position
(Machine—Specific
Position)

Explanations

A CNC machine tool is provided with a fixed position. Normally, tool
change and programming of absolute zero point as described later are
performed at this position. This position is called the reference position.

Tool post

Chuck E e

Reference

’JJJ position

Fig. 1.3.1 (a) Reference position

The tool can be moved to the reference position in two ways:

1. Manual reference position return (See 111-3.1)
Reference position return is performed by manual button operation.

2. Automatic reference position return (See 11-6)
In general, manual reference position return is performed first after
the power is turned on. In order to move the tool to the reference
position for tool change thereafter, the function of automatic
reference position return is used.
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1.3.2
Coordinate System on
Part Drawing and x
Coordinate System 4 X
SpeCified by CNC - Program
Coordinate System sz | —
z
Coordinate system
Partdrawing CNC
Command
X A
I: Workpiece
z
Machine tool
Fig. 1.3.2 (a) Coordinate system
Explanations
® Coordinate system Thefollowing two coordinate systems are specified at different | ocations:

(Seell-7)

1. Coordinate system on part drawing
Thecoordinate systemiswritten onthe part drawing. Astheprogram
data, the coordinate values on this coordinate system are used.

2. Coordinate system specified by the CNC
The coordinate system is prepared on the actual machinetool. This
can be achieved by programming the distance from the current
position of the toal to the zero point of the coordinate system to be

Set.
X A -
230 Present tool position
300 | Distance to the zero point of a coor-
Program dinate system to be set
zero point
z

Fig. 1.3.2 (b) Coordinate system specified by the CNC
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® Methods of setting the
two coordinate systems
in the same position

The tool moves on the coordinate system specified by the CNC in
accordance with the command program generated with respect to the
coordinate system on the part drawing, and cuts aworkpieceinto ashape
on the drawing.

Therefore, in order to correctly cut the workpiece as specified on the
drawing, the two coordinate systems must be set at the same position.

The following method is usually used to define two coordinate systems
a the same location.

1. When coordinate zero point is set at chuck face

X

I
Workpiece

Y - - - z
@ 60 40

‘i.‘

150

Fig. 1.3.2 (c) Coordinates and dimensions on part drawing

)

I

Voo '\ Workpiece
O
' [,

)

)

)

)

Fig. 1.3.2 (d) Coordinate system on lathe as specified by CNC
(made to coincide with the coordinate system on part drawing)
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2. When coordinate zero point is set at work end face.

X

Workpiece
60

30

30 —

T

100

Fig. 1.3.2 (e) Coordinates and dimensions on part drawing

Workpiece

Fig. 1.3.2 (f) Coordinate system on lathe as specified by CNC
(made to coincide with the coordinate system on part drawing)
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1.3.3

How to Indicate
Command Dimensions
for Moving the Tool -
Absolute, Incremental
Commands

Explanations

® Absolute command

Methods of command for moving the tool can be indicated by absolute
or incremental designation (See [1-8.1).

The tool moves to a point at “the distance from zero point of the
coordinate system” that is to the position of the coordinate values.

Tool
X A
3
-
Workpiece B
30 >z
70
110

Command specifying movement from point A to point B
G90X30.0270.0;

L Coordinates of point B

Fig. 1.3.3 (a) Absolute command
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® Incremental command

® Diameter programming /
radius programming

Specify the distance from the previous tool position to the next tool
position.

Tool

30

40

Command specifying movement from point A to point B
U-30.0W-40.0

f Distance and direction for

movement along each axis

Fig. 1.3.3 (b) Incremental command

Dimensions of the X axis can be set in diameter or in radius. Diameter
programming or radius programming is employed independently in each
machine.
1. Diameter programming
In diameter programming, specify the diameter valueindicated on the
drawing as the value of the X axis.

X

Workpiece

030

60 |

80

Coordinate values of points A and B
A(30.0, 80.0), B(40.0, 60.0)

Fig. 1.3.3 (c) Diameter programming
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2. Radius programming
In radius programming, specify the distance from the center of the
workpiece, i.e. the radius value as the value of the X axis.

X 4

20
1B

Workpiece _ 7

60 I

80

Coordinate values of points A and B
A(15.0, 80.0), B(20.0, 60.0)

Fig. 1.3.3 (d) Radius programming
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1.4

CUTTING SPEED -
SPINDLE SPEED
FUNCTION

Examples

The speed of thetool with respect to the workpiece when the workpiece
iscut iscaled the cutting speed.
Asfor the CNC, the cutting speed can be specified by the spindle speed

in min~L unit.
Tool .
V: Cutting speed
v m/min

/

Workpiece oD N min—1
__'E_' — —
| \

Fig. 1.4 Cutting speed

<When a workpiece 200 mm in diameter should be machined at
a cutting speed of 300 m/min. >

The spindle speed is approximately 478 min~21, which is obtained from
N=1000v/ntD. Hence the following command is required:

S478 ;
Commands related to the spindle speed are called the spindle speed
function (See 11-9).
The cutting speed v (m/min) can aso be specified directly by the speed
value. Even when the workpiece diameter is changed, the CNC changes
the spindle speed so that the cutting speed remains constant.
Thisfunction is called the constant surface speed control function
(See 11-9.3).
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1.5

SELECTION OF
TOOL USED FOR
VARIOUS
MACHINING — TOOL
FUNCTION

Examples

When drilling, tapping, boring, milling or the like, is performed, it is
necessary to select asuitabletool. When anumber isassigned to each tool
and the number is specified in the program, the corresponding tool is
selected.

Tool number
01 ¢

/ 02 05 Tool post

03 04

Fig. 1.5 Tool used for various machining

<When No.01 is assigned to a roughing tool>

When the tool is stored at location 01 of the tool post, the tool can be
selected by specifying TO101.
Thisis called the tool function (See [1-10).
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1.6

COMMAND FOR
MACHINE
OPERATIONS —
MISCELLANEOUS
FUNCTION

When machining is actually started, it is necessary to rotate the spindle,
and feed coolant. For thispurpose, on—off operations of spindlemotor and
coolant valve should be controlled (See I1-11).

Coolant on/off
Chuck open/close @jﬁﬁj}

mk 7
. CW spindle rotation
— Workpiece
o O
[ | N\
||

Fig. 1.6 Command for machine operations

Thefunction of specifying the on—off operationsof the componentsof the
machineis called the miscellaneous function. In general, the functionis
specified by an M code.

For example, when M 03 is specified, the spindle is rotated clockwise at
the specified spindle speed.
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1.7 A group of commands given to the CNC for operating the machine is
calledthe program. By specifying the commands, thetool ismoved along
PROGRAM astraight line or an arc, or the spindle motor is turned on and off.
CONFIGURATION In the program, specify the commands in the sequence of actual tool
movements.
Block
Block
Tool movement sequence
Block
Program Block Y
Block

Fig. 1.7 (a) Program configuration

A group of commands at each step of the sequence is called the block.
The program consists of agroup of blocksfor aseries of machining. The
number for discriminating each block is called the sequence number, and

the number for discriminating each programiscalled the program number
(See l1-12).
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Explanations The block and the program have the following configurations.

® Block

1 block

NOOOOO GOO  XOO.0 ZzZOOO.O MOO sOO TOO ;

\ ) \ J ¢

Y Y Y J \_\r_) . J \ )
Sequence Preparatory Dimension word Miscel- Spindle Tool
number function laneous function func-

function tion

End of
block

Fig. 1.7 (b) Block configuration

A block beginswith asequence number that identifiesthat block and ends
with an end—of—block code.

Thismanual indicatesthe end—of—block codeby ; (LFinthel SO codeand
CRinthe EIA code).

The contents of the dimension word depend on the preparatory function.
Inthismanual, the portion of the dimensionword may berepresent asiP_.

® Program

bOOOO; Program number
Block
Block
Block

M30; End of program

Fig. 1.7 (c) Program configuration

Normally, a program number is specified after the end—of—block (;) code

at the beginning of the program, and a program end code (M02 or M 30)
is specified at the end of the program.
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e Main program and
subprogram

When machining of the same pattern appears at many portions of a
program, a program for the pattern is created. This is caled the
subprogram. On the other hand, the original program is called the main
program. When a subprogram execution command appears during
execution of the main program, commands of the subprogram are
executed. When execution of the subprogram is finished, the sequence
returns to the main program.

Main program
Subprogram #1
M98P1001 » | 01001 Program for
| | hole #1
\
: M99
M98P1002
Subprogram #2
M98P1001 01002 Program for
. | hole #2
\
M99
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1.8

TOOL FIGURE AND
TOOL MOTION BY
PROGRAM

Explanations

® Machining using the end
of cutter — Tool length
compensation function
(See 11-15.1)

Usually, several tools are used for machining one workpiece. Thetools
have different tool length. It is very troublesome to change the program
in accordance with the tools.

Therefore, the length of each tool used should be measured in advance.
By setting the difference between the length of the standard tool and the
length of each tool in the CNC (data display and setting : see 111-11),
machining can be performed without altering the program even when the
tool is changed. Thisfunction is called tool length compensation.

Rough Thread
Standard cytting ~ Finishing Grooving  cytting
tool tool tool tool tool

.y

Workpiece

Fig. 1.8 Tool offset
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1.9 Limit switches are installed at the ends of each axis on the machine to
prevent toolsfrom moving beyond the ends. Therangein which toolscan
TOOL MOVEMENT moveis caled the stroke. Besides the stroke limits, datain memory can

RANGE — STROKE be used to define an area which tools cannot enter.
[ ]
Tabl
Motor :[ :Ia °

I__LI Limit switch I__LI ,J—l—|

Machine zero point D_ i

Specify these distances.

|

Tools cannot enter this area. The area is specified by data in memory or
a program.

Besides strokes defined with limit switches, the operator can define an
areawhich thetool cannot enter using aprogram or datain memory. This
function is called stroke check (See I11-6.3).
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2.1

CONTROLLED AXES

Series 16i
Series 160i

Series 18i
Series 180i

(total)

ltem 16i-TB 16i-TB, 160i-TB
160i-TB (two—path control)
Number of basic 2 axes 2 axes for each tool post
controlled axes (4 axes in total)
Controlled axis expansion | Max. 8 axes Max. 8 axes for each tool

(Included in Cs axis)

post (Included in Cs axis)
(Note)

axis expansion (total)

Number of basic simulta- |2 axes 2 axes for each tool post
neously controlled axes (4 axes in total)
Simultaneously controlled | Max. 6 axes Max. 6 axes for each tool

post

The table above lists the number of controlled axes of one—path control
and two—CPU two—path control. For the number of controlled axes of
one-CPU two—path control and two—CPU three—path control, refer to the

specifications.

NOTE

1 A two—path control system with the 7.2”/8.4” LCD has up to

eight controlled axes.

2 The number of simultaneously controllable axes for manual
operation (jog feed, incremental feed, or manual handle
feed) is 1 or 3 (1 when bit 0 (JAX) of parameter 1002 is set

to 0 and 3 when it is set to 1).

(total)

ltem 18i-TB 18i-TB, 180i-TB
180i-TB (two—path control)
Number of basic 2 axes 2 axes for each tool post
controlled axes (4 axes in total)
Controlled axis expansion | Max. 6 axes Max. 6 axes for each tool

(Included in Cs axis)

post (Included in Cs axis)
(Note)

axis expansion (total)

Number of basic simulta- |2 axes 2 axes for each tool post
neously controlled axes (4 axes in total)
Simultaneously controlled | Max. 4 axes Max. 4 axes for each tool

post

The table above lists the number of controlled axes of one—path control
and two—CPU two—path control.
For the number of controlled axes of one—-CPU two—path control, refer to

the specifications.
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NOTE

1 A two—path control system with the 7.2”/8.4” LCD has up to
eight controlled axes.

2 The number of simultaneously controllable axes for manual
operation (jog feed, incremental feed, or manual handle
feed) is 1 or 3 (1 when bit 0 (JAX) of parameter 1002 is set
to 0 and 3 when it is set to 1).
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2.2
NAMES OF AXES

Limitations

e Default axis name

® Duplicate axis name

The names of two basic axesareaways X and Z; the namesof additional
axes can be optionally selected from A, B, C, U, V, W, and Y by using
parameter N0.1020.

Each axis name is determined according to parameter No. 1020. If the
parameter specifies 0 or anything other than the nineletters, theaxisname
defaults to a number from 1 to 8.

With two—path control, the names of two basic axes for one tool post are
aways X and Z; the names of additional axes can be optionally selected
fromA, B, C,U,V, W, andY by using parameter No. 1020. For onetool
post, the same axisname cannot be assigned to multiple axes, but thesame
axis name can be used with the other tool post.

When a default axis name (1 to 8) is used, the system cannot operate in
MEM, MDI, or RMT mode.

If the parameter specifies an axis name morethan once, only thefirst axis
to be assigned that axis name becomes operable.

NOTE

1 When G code system A is used, the letters U, V, and W
cannot be used as an axis name (hence, the maximum of
six controlled axes), because these letters are used as
incremental commands for X, Y, and Z. To use the letters
U, V, and W as axis names, the G code system must be B
or C. Likewise, letter H is used as an incremental command
for C, thus incremental commands cannot be used if A or B
is used as an axis name.

2 With two—path control, when information (such as the
current position) about each axis is displayed on the screen,
an axis name may be followed by a subscript to indicate a
tool post number (e.g., X1 and X2). This is axis name to help
the user to easily understand which tool post an axis
belongs to. When writing a program, the user must specify
X, Y, Z, U, V,W, A, B, and C without attaching a subscript.

3 In G76 (multiple—thread cutting), the A address in a block

specifies the tool nose angle instead of a command for axis
A.
If C or Alis used as an axis name, C or A cannot be used as
an angle command for a straight line in chamfering or direct
drawing dimension programming. Therefore, C and A
should be used according to bit 4 (CCR) of parameter No.
3405.
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2.3
INCREMENT SYSTEM

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 systemisclassifiedinto |S-B and IS-C (Tables2.3 (a) and
2.3 (b)). Select 1S-B or IS-C using hit 1 (ISC) of parameter 1004. When
the | S-Cincrement systemisselected, itisappliedto all axesandthe 1/10
increment system option is required. The setting of parameter ISC (No.
1004#4) is valid for al axes. When IS—C is selected, for example, the
setting units for all axes are 1S-C.

Table 2.3 (&) Increment system IS-B

Least input increment

Least command increment

Metric mm 0.001 mm (Diameter) 0.0005 mm
oystem .| MPUY 10,001 mm (Radius) 0.001 mm
0.001 deg 0.001 deg
inch ]0.0001 inch (Diameter) | 0.0005 inch
INPUt ') 0001 inch (Radius) | 0.001 inch
0.001 deg 0.001 deg
Inch mm 0.001 mm (Diameter) 0.00005 mm
g‘yas‘;g;;‘e INPUL 15 501 mm (Radius) 0.0001 mm
0.001 deg 0.001 deg
inch ]0.0001 inch (Diameter) | 0.00005 inch
INPUt 1) 0001 inch (Radius) | 0.0001 inch
0.001 deg 0.001 deg
Table 2.3 (b) Increment system IS-C
Leastinputincrement |Least command increment
Metric mm 0.0001 mm (Diameter) 0.00005 mm
System . |4t [0.0001 mm (Radius) 0.0001 mm
0.0001 deg 0.0001 deg
inch ] 0.00001 inch (Diameter) |0.00005 inch
INPUt 15 00001 inch (Radius) | 0.0001 inch
0.0001 deg 0.0001 deg
Inch mm 0.0001 mm (Diameter) 0.000005 mm
?yas‘ig;;‘e INPUt 5 0001 mm (Radius) 0.00001 mm
0.0001 deg 0.0001 deg
inch ] 0.00001 inch (Diameter) |0.000005 inch
INPUt ') 00001 inch (Radius) | 0.00001 inch
0.0001 deg 0.0001 deg
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2.4
MAXIMUM STROKES

Themaximum stroke controlled by thisCNC is shown in thetablebel ow:
Maximum stroke= L east command increment x 99999999,

Table 2.4 Maximum strokes

Increment system Maximum strokes
Metric machine +99999.999 mm
IS8 system +99999.999 deg
Inch machine +9999.9999 inch
system +99999.999 deg
Metric machine +9999.9999 mm
IS_C system +9999.9999 deg
Inch machine +999.99999 inch
system +9999.9999 deg
NOTE

1 The unit in the table 2.4 is a diameter value with diameter
programming and a radius value in radius programming.

2 A command exceeding the maximum stroke cannot be
specified.

3 The actual stroke depends on the machine tool.
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PREPARATORY FUNCTION (G FUNCTION)

A number following address G determines the meaning of the command
for the concerned block.
G codes are divided into the following two types.

Type Meaning
One-shot G code The G code is effective only in the block in which it is
specified
Modal G code The G code is effective until another G code of the
same group is specified.
(Example)
GO01 and GOO are modal G codes.
GO1X_;
Z_; }GOliseffectiveinthisrange
G00Z_;

There are three G code systems: A,B, and C (Table 3). Select aG code
system using bits6 (GSB) and 7 (GSC) of parameter 3401. TouseG code
system B or C, the corresponding option is needed. Generaly, this
manual describesthe use of G code system A, except when the described
item can useonly G code system B or C. In such cases, the use of G code
system B or C is described.
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Explanations

. If the CNC entersthe clear state (see bit 6 (CLR) of parameter 3402)

when the power is turned on or the CNC is reset, the modal G codes
change as follows.

(1) G codes marked with 7 in Table 3 are enabled.

(2) When the system is cleared due to power—on or reset, whichever
specified, either G20 or G21, remains effective.

(3)Bit 7 of parameter No. 3402 can be used to specify whether G22
or G23is selected upon power—on. Resetting the CNC to the clear
state does not affect the selection of G22 or G23.

(4) Setting bit 0 (GO1) of parameter 3402 determines which code,
either GOO or GO01, is effective.

(5)When G code system B or C is used, setting bit 3 (G91) of
parameter 3402 determines which code, either G90 or G91, is
effective.

. G codes of group 00 except G10 and G11 are single-shot G codes.
. P/Slarm (No0.010) isdisplayed when aG code not listed in the G code

list is specified or a G code without a corresponding option is
specified.

. G codes of different groups can be specified in the same block.

If G codes of the same group are specified in the same block, the G
code specified last is valid.

. If aG codeof group 01 isspecifiedinacanned cycle, the canned cycle

iscanceled in the same way as when a G80 command is specified. G
codes of group 01 are not affected by G codesfor specifying acanned
cycle.

. When G code system A isused, absolute or incremental programming

is specified not by a G code (G90/G91) but by an addressword (X/U,
ZIW, C/H, Y/V). When G code system A isused for adrilling cycle,
only theinitial level is provided at the return point.

. G codes are displayed for each group number.
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Table 3 G code list for T series (1/3)

G code )
A L 5 L c Group Function
F Goo GO0 GO0 Positioning (Rapid traverse)
Go1 Go1 Go1 Linear interpolation (Cutting feed)
G02 G02 G02 o Circular interpolation CW or helical interpolation CW
GO03 GO03 GO03 Circular interpolation CCW or helical interpolation CCW
G04 G04 G04 Dwell
GO05 GO05 GO05 High—speed cycle cutting
G07 G07 G07 Hypothetical axis interpolation
(%3371) (%3371) (%3371) 00 Cylindrical interpolation
GO08 GO08 GO08 Look—ahead control
G10 G10 G10 Programmable data input
G10.6 G10.6 G10.6 Tool retract and return
G11 G11 G11 Programmable data input mode cancel
(%112121) (%112121) (%112121) Polar coordinate interpolation mode
Vciz1 P11 Foial 2t o .
(G113) | (G113) | (G113) Polar coordinate interpolation cancel mode
G17 G17 G17 XpYp plane selection
VF cis ¥ cis I cis 16 ZpXp plane selection
G19 G19 G19 YpZp plane selection
G20 G20 G70 Input in inch
G21 G21 G71 0° Inputin mm
Vg2 Vo Fox Stored stroke check function on
G23 G23 G23 o Stored stroke check function off
r G25 4 G25 4 G25 Spindle speed fluctuation detection off
G26 G26 G26 08 Spindle speed fluctuation detection on
G27 G27 G27 Reference position return check
G28 G28 G28 Return to reference position
G30 G30 G30 00 2nd, 3rd and 4th reference position return
G30.1 G30.1 G30.1 Floating reference point return
G31 G31 G31 Skip function
G32 G33 G33 Thread cutting
G34 G34 G34 Variable—lead thread cutting
G35 G35 G35 01 Circular threading CW
G36 G36 G36 ﬁg?gféér};e:gtirt\g 1C)CW (When the bit 3 (G36) of parameter
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Table 3 G code list for T series (2/3)

G code )
A 5 c Group Function
G3 | 636 | G36 parameter No. 3405 8 sett0.0) o0
G37 G37 G37 Automatic tool compensation Z
G37.1 G37.1 G37.1 00 Automatic tool compensation X
G37.2 G37.2 G37.2 Automatic tool compensation Z
G39 G39 G39 Corner circular interpolation
r G40 4 G40 4 G40 Tool nose radius compensation cancel
G41 G41 G41 07 Tool nose radius compensation left
G42 G42 G42 Tool nose radius compensation right
G50 G92 G92 Coordinate system setting or max. spindle speed setting
G50.3 G92.1 G92.1 %0 Workpiece coordinate system preset
fcso2 Feso2 FGs02 Polygonal turning cancel
(G250) | (G250) | (G250) 2
Gbh1.2 Gbh1.2 Gbh1.2 Polygonal turning
(G251) | (G251) | (G251)
G52 G52 G52 Local coordinate system setting
G53 G53 G53 %0 Machine coordinate system setting
V gsa ¥ Gsa [ Gsa Workpiece coordinate system 1 selection
G55 G55 G55 Workpiece coordinate system 2 selection
G56 G56 G56 " Workpiece coordinate system 3 selection
G57 G57 G57 Workpiece coordinate system 4 selection
G58 G58 G58 Workpiece coordinate system 5 selection
G59 G59 G59 Workpiece coordinate system 6 selection
G60 G60 G60 Single direction positioning
G65 G65 G65 %0 Macro calling
G66 G66 G66 Macro modal call
VF cer ¥ cer [ Gé7 b Macro modal call cancel
G68 G68 G68 04 Mirror image for double turrets ON or balance cut mode
ooo1 | Gos1 | Ges1 | 7 | Gonate system ctsion st ortvee-cimensionl oo
r G69 4 G69 4 G69 04 (I\:/I;Lrgélimage for double turrets OFF or balance cut mode
ooo1 [ Gon1 [ Goe1 | 17 | Cootdnate e otaon cancelortree-dmensional
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Table 3 G code list for T series (3/3)

G code
A 5 c Group Function
G70 G70 G72 Finishing cycle
G71 G71 G73 Stock removal in turning
G72 G72 G74 Stock removal in facing
G73 G73 G75 00 Pattern repeating
G74 G74 G76 End face peck drilling
G75 G75 G77 Outer diameter/internal diameter drilling
G76 G76 G78 Multiple threading cycle
G71 G71 G72 Traverse grinding cycle (for grinding machine)
G72 G72 G73 o gge;vgerﬁiiggerﬁ;(éﬁ?nsé?nt—dimension grinding cycle
G73 G73 G74 Oscilation grinding cycle (for grinding machine)
G74 G74 G75 (Ofgrcgztri]c()jriwnc;irri(;tctr:]ci):;)tant—dimension grinding cycle
Feso ¥ cso [ Gso Canned cycle for drilling cancel
G83 G83 G83 Cycle for face drilling
G84 G84 G84 Cycle for face tapping
G86 G86 G86 10 Cycle for face boring
G87 G87 G87 Cycle for side drilling
G88 G88 G88 Cycle for side tapping
G89 G89 G89 Cycle for side boring
G90 G77 G20 Outer diameter/internal diameter cutting cycle
G92 G78 G21 01 Thread cutting cycle
G94 G79 G24 Endface turning cycle
G96 G96 G96 Constant surface speed control
r G97 4 G97 4 G97 0z Constant surface speed control cancel
G98 G4 G4 Per minute feed
V Gog E G95 [ G95 o Per rotation feed

- G90 G90 Absolute programming

- G91 G91 o Incremental programming

- G98 G98 Return to initial level (See Explanation 6.)

- G99 G99 H Return to R point level (See Explanation 6.)
G100 G100 G100 B axis control-Program registration completion
G101 G101 G101 B axis control—First program registration start
G102 G102 G102 00 B axis control-Second program registration start
G103 G103 G103 B axis control-Third program registration start
G110 G110 G110 B axis control-One motion operation programming




4. INTERPOLATION FUNCTIONS PROGRAMMING B—63524EN/01

q INTERPOLATION FUNCTIONS
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4.1
POSITIONING
(G0O)

Format

Explanations

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.

GOOIP_;

IP_: For an absolute command, the coordinates of an end
position, and for an incremental command, the distance
the tool moves.

Either of thefollowingtool paths can be selected according to bit 1 (LRP)
of parameter No. 1401.

® Nonlinear interpolation positioning
The tool is positioned with the rapid traverse rate for each axis
separately. The tool path is normaly straight.

® Linear interpolation positioning
Thetool path isthe same asin linear interpolation (G01). Thetool is
positioned within the shortest possible time at aspeed that isnot more
than the rapid traverse rate for each axis.

Start position
Linear interpolation positioning

End position ) ) . o
Non linear interpolation positioning

The rapid traverse rate in the GO0 command is set to the parameter
No. 1420 for each axisindependently by the machinetool builder. Inthe
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.

“In—position” means that the feed motor is within the specified range.
This range is determined by the machine tool builder by setting to
parameter No. 1826.
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Examples
X
f 30.5
56.0 —}J
& 30.0
—-O— - - - - - z
$40.0
< Radius programming >
G00X40.0256.0 ; (Absolute command)
or
G00U-60.0W-30.5;(Incremental command)
Restrictions The rapid traverse rate cannot be specified in the address F.

Even if linear interpolation positioning is specified, nonlinear
interpolation positioning is used in the following cases. Therefore, be
careful to ensure that the tool does not foul the workpiece.

® (28 specifying positioning between the reference and intermediate
positions.

e (G53
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4.2
Single Direction
Positioning (G60)

General

Format

Explanations

For accurate positioning without play of the machine (backlash), fina
positioning from one direction is available.

Overrun |
distance |
l i l
Start |
position
«—
|
|
|
! Start
< : position
|
I Temporary
I stop
End +
position —_—
Fig. 4.2 (a) When the positioning direction is minus
G60IP_;
IP_: For an absolute command, the coordinates of an end

position, and for an incremental command, the distance
the tool moves.

An overrun and a positioning direction are set by the parameter
(N0.5440). Even when a commanded positioning direction coincides
with that set by the parameter, the tool stops once before the end point.
G60, whichisan one-shot G code, can beused asamodal G codein group
01 by setting 1 to the parameter (No. 5431 bit 0 MDL). This setting can
eliminate specifying a G60 command for every block. Other
specificationsarethe sameasthosefor an one-shot G60 command. When
an one-shot G codeis specified in the single direction positioning mode,
the one-shot G command is effective like G codes in group O1.
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(example)
When one-shot G60 command are used

G90;

When modal G60 command is used

G90 G60 ;

S.D.P. mode start
G60 X0 20 ; Single X0 Z0; Single
G60 X100 ; direction X100 ; direction
G60 7100 ; positioning Z100; positioning
G04 X10; G04 X10;
S.D.P. mode cancel

GO0 X0 Z0;

GO00 X0 Z0;

Summary of motion

® \When the non-linear
positioning is used
(parameter No0.1401#1
LRP=0)

Theaxesare positioned independently from start point by singledirection
positioning as follows.

» x

» Z

The axes are positioned linear from start position to temporary stop
position or overrun position, and are positioned independently from
temporary stop position or overrun position to end position.

® When the linear
positioning is used
(parameter N0.1401#1
LRP=1)
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> <

Overrun(Z—axis)

NOTE
1 Single direction positioning is not performed in an axis for

10

11

which an overrun has not been set by the parameter
(N0.5440).

When the move distance 0 is commanded, the single
direction positioning is not performed.

The mirror image does not influence direction set by the
parameter.

The direction does not change during mirror image.

The G-code for single direction positioning is always G60,
if G—code system is A or B or C in all case.

The single direction positioning can not be commanded
during the cylindrical interpolation mode (G07.1).

The single direction positioning can not be commanded
during the polar coordinate interpolation mode (G12.1).
The single direction positioning can not be commanded
during the multiple repetitive cycle (G70-G76).

The single direction positioning can not be commanded
during the canned grinding cycle (G71-G74).

No single direction positioning is effected in the drilling or
patting axis, during canned cycle for drilling (G83-G89)
and the rigid tapping (G84, G88). But the single direction
positioning is effected in the drilling or patting axis.

The single direction positioning can not be commanded
during the canned cycle (G90, G92, G94).

During the single direction positioning mode (G60), the
following G—code can not be commanded.

G07.1, G12.1, G70-G76, G90-G94.
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® Notice in case of using
with the angular axis
control.

In the angular axis control, the distance travel ed along the perpendicul ar
axis (X) is corrected by the inclination of the angular axis (Y), and is
determined by the following formula.
Xa=-Yp x tan6

Thedirection of " Xa” is determined by the inclination angle (6) and the
direction of themotion command totheangular axis(Y). Incasethevaue
of tan® is plus, the motion command of the angular axis (Y) and the
corrected command of the perpendicular (X) is opposite direction. For
example, if the inclination angle is 30 degree and the motion command
isplustotheangular axis(Y), thecorrected commandtothe perpendicul ar
axis (X) is minus.

& X(perpendicular axis)
move to plus dlrectlon \
e
~
/

correct to minus direction : Xa|
motion command to plus Yp |

+Y (anglar axis) e
l
coordinate system actually used T
6 (inclination angle)  »
& rd
'
-

-
L .
L program coordinate system

Therefore positioning direction may be disagree with the actual correct
direction and the positioning direction of the parameter N0.5440 in the
perpendicular axis (X) in the single direction positioning with angular
axis control.

For avoiding this disagreement, please set the parameter as follows.
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® In case the tan value of
the inclination angle is
plus. (parameter
No0.8201=1°to 89° or 181°
to 269°)

Please set the opposite direction between the angular axis (Y) and the
perpendicular axis (X) into the direction of the single direction
positioning. If the positioning direction of the perpendicular axis (X) is
minus, and the positioning direction of the angular axis (Y) is plus, the
motion of the each axesis as follows.

+X (perpendicular axis)

Y—axis:move to plus direction \
X /
temporary sto
- A

X—axis:correct to minus directionif motlon command\{ plus dll’eCtIOﬂJ -

/
+Y (angular axis) / ‘
&

)
coordinate system actually used Phd
-~
6 (inclination angle) <
~
-

7
-~ .
&7rogram coordinate system

Motion command to plus direction

+X (perpendicular axis)

X—axis:correct to plus direction

motion command to minus direction

¢ E -
7
\Y—ams:move to minus direction e
+Y (angular axis) Phd
< \
coordinate system actually used e

R .
6 (inclination angle) ,
-~
e
-
7

7’ .
& program coordinate system

Motion command to minus direction
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® In case the tan value of
the inclination angle is
minus. (parameter
N0.8201=91° to 179° or
271°to 359°

Please set the same direction between the angular axis (Y) and the
perpendicular axis (X) into the direction of the single direction
positioning. If the positioning direction of the perpendicular axis (X) is
plus, and the positioning direction of the angular axis (Y) is plus, the
motion of the each axesis as follows.

program coordinate system +X (perpendicular axis)

w
~

~
~
~
~

| X—axis:correct to plus direction |/' temporary stop

~ A
~
~
~
~
~
~,

‘/{ motion command to plus direction |

~
| Y—axis:mov to plus direction ~
6 (inclination angle)

+Y (angular axis)

-
coordinate system actually used ~

Motion command to plus direction

program coordinate system +X (perpendicular axis,
w

Y—axis:move to minus
direction

X—axis:correct to minus direction

motion command to minus direction

6 (inclination angle)
+Y (angluar axis) ~
Pl

-
coordinate system actually used ~

Motion command to minus direction
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4.3

LINEAR
INTERPOLATION
(GO1)

Format

Explanations

Examples

® Linear interpolation

Tools can move along aline.

GOl IP_F_;

IP_: For an absolute command, the coordinates of an end
point, and for an incremental command, the distance
the tool moves.

F_: Speed of tool feed (Feedrate)

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.

For feed—per—minute mode under 2—axis simultaneous control, the
feedrate for a movement along each axis as follows::

GOLooPp  Ff ;

Feedrate of o axis direction: Fa =

a
L
Feed rate of B axis direction: F, = g x f

Ny

< Diameter programming >
G01X40.0Z20.1F20 ; (Absolute command)
or
G01U20.0W-25.9F20 ; (Incremental command)

X
46.0 |
20.1
T End point ~fo200
— -O0—F - +— - — ._._z
$40.0 4

Start point
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4.4 The command below will move atool along a circular arc.

CIRCULAR
INTERPOLATION
(G02, G03)

Format

Arc in the XpYp plane
G17 [ GO2 Xo Y
{ G03 } P-TP-

Arc in the ZpXp plane

{
o (G poor {5 }e
{}

Arc in the YpZp plane

Table 4.4 Description of the Command Format

Command Description

G17 Specification of arc on XpYp plane

G18 Specification of arc on ZpXp plane

G19 Specification of arc on YpZp plane

G02 Circular Interpolation Clockwise direction (CW)
GO03 Circular Interpolation Counterclockwise direction (CCW)
Xp_ Command values of X axis or its parallel axis

(set by parameter No. 1022)

Yp Command values of Y axis or its parallel axis
(set by parameter No. 1022)

Z, Command values of Z axis or its parallel axis
(set by parameter No. 1022)

| Xp axis distance from the start point to the center of an arc with
sign, radius value

J_ Yp axis distance from the start point to the center of an arc with
sign, radius value

k_ Z, axis distance from the start point to the center of an arc with
sign, radius value

R_ Arc radius with no sign (always with radius value)

F_ Feedrate along the arc
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Explanations

® Direction of the circular
interpolation

® Distance moved on an
arc

® Distance from the start
point to the center of arc

® Full-circle programming

NOTE
The U—, V-, and W-axes (parallel with the basic axis) can
be used with G—codes B and C.

“Clockwise” (G02) and “counterclockwise” (GO3) on the XpYp plane
(ZpXp plane or YpZ,, plane) are defined when the XY, plane is viewed
in the positive-to—negative direction of the Zp, 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 -
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.

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 irrespective of G90 and
G91, as shown below.

I, J, and K must be signed according to the direction.

End point (x,y) End point (z,x) End point (y,z)

Center Center Center

10, JO, and KO can be omitted.

If the difference between the radius at the start point and that at the end
point exceedsthevaluein aparameter (No. 3410), an P/Salarm (No. 020)
occurs.

When X, Yp , and Z,, are omitted (the end point is the same as the start

point) and the center is specified with I, J, and K, a 360° arc (circle) is
specified.
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® Arc radius

® Arc radius R with nine
digits (option)

The distance between an arc and the center of acirclethat containsthearc
can be specified using the radius, R, of the circleinstead of |, J, and K.
In this case, one arc islessthan 180°, and the other is more than 180° are
considered. An arc with a sector angle of 180° or wider cannot be
specified. If Xp, Yp, and Zp are all omitted, if the end point islocated at
the same position as the start point and when R is used, an arc of 0° is
programmed

GO2R ; (The cutter does not move.)

For arc (1) (less than 180°)
G02 W60.0 U10.0 R50.0 F300.0;
For arc (2) (greater than 180°)
An arc with a sector angle of 180°
or wider cannot be specified
within a single block.

2
End point
|~
~
~
AN
\
Startpoint — \
\
|
/
/
/
/
-

When the option for specifying arc radius R with nine digitsis selected,
the valid radius range for circular interpolation is expanded as follows:

Inputincrements

Metric input Inch input

Incre- IS-B | 0.001 to 999999.999 mm 0.0001 to 99999.9999 inch
ment
system |IS-C |0.0001 to 99999.9999 mm | 0.00001 to 9999.99999 inch
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® Feedrate

Restrictions

e Simultaneously
specifying R with I, J,
and K

® Specifying an axis that is
not contained in the
specified plane

e Difference in the radius
between the start and
end points

NOTE

When using the nine—digit arc radius R function, note the

following points.

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 < VI? + K2

Example: When IS-B and metric input are selected,
issuing the following command (radius
specification) will result in a P/S alarm (No.
5059):

G50 X0 Z0;
G18G02X11.250 Z10. 1-800000.000 K900000.000 F5.0;

V12 + K2 = /(~ 800000.000)? + 900000.0002

= 1204159.458

> 999999.999

2 Tool nose radius compensation

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.

Thefeedratein circular interpolation isequal to thefeed rate 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 feed rate is measured along the arc after the
tool nose radius compensation is applied.

If I, J, K, and R addresses are specified simultaneously, the arc specified
by address R takes precedence and the other are ignored.

If an axis not contained in the specified plane is commanded, an alarm
is displayed.

For example, when aZX planeis specified in G—code B or C, specifying
the X—axis or U—axis (paralel to the X—axis) causes P/S alarm No. 028
to be generated.

If the differencein the radius between the start and end points of the arc
exceedsthe value specified in parameter No. 3410, P/'Salarm No. 020 is
generated.

If the end point is not on the arc, the tool moves in a straight line along
one of the axes after reaching the end point.
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If an arc having a central angle approaching 180° is specified with R, the
calculation of the center coordinates may produce an error. Insuchacase,
specify the center of the arc with |, J, and K.

® Specifying a semicircle
with R

Examples

e Command of circular
interpolation X, Z

programming)

programming)

GO2X_Z | K_F_; GO3X_Z | K_F ; G02X Z R F ;
End point End point — Center of arc
Center of arc
X—axis . X—axis
y (Diameter (Diameter (Diameter

programming)

i L Start point
X \‘ Start point \ y — p .
s X Start point
4 ), - 4 5 -— — - ——-—
Z—axis Z | Z—axis Z—axis
K/

(Absolute programming) (Absolute programming) (Absolute programming)

X
R25. (Diameter programming)
15.0 G02X50.0Z30.0125.0F0.3; or
G02U20.0W-020.0125.0F0.3; or
% — < G02X50.0Z30.0R25.0F0.3 or
10.0 o G02U20.0W-20.0R25.F0.3;
950.0
—t -0—+ - - - - - z
30.0
50.0
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4.5 Helical interpolation which moved helically is enabled by specifying up
HELICAL to two other axes which move synchronously with the circular

interpolation by circular commands.
INTERPOLATION
(G02, GO3)

Format

Synchronously with arc of XpYp plane

G02
G”{ 603} Xp_Yp_ {'F;J— }a_(ﬁ_)F_;

Synchronously with arc of ZpXp plane

Go2
618{ cos } Xp_Zp_ {FL:K— } o (BF_;

Synchronously with arc of YpZp plane

G02 J K
19 { GO3 } Yp_Zp_ {R— B } a_(BF_;

o, p: Anyone axis where circular interpolation is not applied.
Up to two other axes can be specified.

Explanations The command method is to simply or secondary add a move command
axiswhich isnot circular interpolation axes. An F command specifiesa
feed rate dlong a circular arc. Therefore, the feed rate of the linear axis
isasfollows:

Length of linear axis
Fx

Length of circular arc
Determine the feed rate so the linear axis feed rate does not exceed any

of thevariouslimit values. Bit 0 (HFC) of parameter No. 1404 can be used
to prevent the linear axis feedrate from exceeding various limit values.

Tool path

The feedrate along the circumference of two cir-
cular interpolated axes is the specified feedrate.

Limitations ® Tool nose radius compensation is applied only for acircular arc.

® Tool offset and tool length compensation cannot be used in ablock in
which a helical interpolation is commanded.
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4.6

POLAR COORDINATE
INTERPOLATION
(G12.1,G13.1)

Format

® Specify G12.1 and G13.1
in Separate Blocks.

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 aworkpiece). Thismethodisuseful incutting
afront surface and grinding a cam shaft on alathe.

G121 Starts polar coordinate interpolation mode (enables
polar coordinate interpolation)

Specify linear or circular interpolation using coordinates
in a Cartesian coordinate system consisting of a linear
axis and rotary axis (virtual axis).

G13.1,; Polar coordinate interpolation mode is cancelled (for
not performing polar coordinate interpolation)
G112 and G113 can be used in place of G12.1 and G13.1,
respectively.

G12.1 starts the polar coordinate interpolation mode and selects a polar
coordinate interpolation plane (Fig. 4.6 (a). 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 workpiece coordinate system

Fig. 4.6 (a) 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.

CAUTION
The plane used before G12.1 is specified (plane selected
by G17,G18, or G19) is canceled. Itisrestored when G13.1
(canceling polar coordinate interpolation) is specified.
When the system is reset, polar coordinate interpolation is

canceled and the plane specified by G17, G18, or G19 is
used.
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e Distance moved and

feedrate for polar
coordinate interpolation

The unit for coordinates
on the hypothetical axis
is the same as the unit for
the linear axis (mm/inch)

The unit for the feedrate
is mm/min or inch/min

® G codes which can be

specified in the polar
coordinate interpolation
mode

Circular interpolation in
the polar coordinate
plane

Movement along axes
not in the polar
coordinate interpolation
plane in the polar
coordinate interpolation
mode

Current position display
in the polar coordinate
interpolation mode

In the polar coordinate interpolation mode, program commands are
specified with Cartesian coordinateson the polar coordinateinterpolation
plane. The axis address for the rotation axis is used as the axis address
for the second axis (virtual axis) in the plane. Whether a diameter or
radius is specified for the first axis in the plane is the same as for the
rotation axis regardless of the specification for thefirst axisin the plane.
The virtual axisis at coordinate O immediately after G12.1 is specified.
Polar interpolation is started assuming the angle of O for the position of
the tool when G12.1 is specified.

Specify thefeedrate asaspeed (rel ative speed between theworkpiece and
tool) tangential to the polar coordinate interpolation plane (Cartesian
coordinate system) using F.

GOl ............ Linear interpolation
G02,G03 ......... Circular interpolation
GO4 ...t Dwell

G40, G41, G42 . ... Tool nose radius compensation
(Polar coordinate interpolation is applied to the
path after cutter compensation.)

G65, G66, G67 . ... Custom macro command

G98,G99 ......... Feed per minute, feed per revolution

The addressesfor specifying theradius of an arcfor circular interpolation

(G02 or G03) in the polar coordinate interpolation plane depend on the

first axisin the plane (linear axis).

e | andJintheXp-Yp planewhenthelinear axisisthe X—axisor an axis
paralel to the X—axis.

® Jand K in the Yp—Zp plane when the linear axisis Y—axis or an axis
paralel to the Y—axis.

e KandlintheZp—Xpplanewhenthelinear axisistheZ—axisor anaxis
paralel to the Z—axis.

The radius of an arc can be specified also with an R command.

NOTE
The U—, V-, and W-axes (parallel with the basic axis) can
be used with G—codes B and C.

The tool moves along such axes normally, independent of polar
coordinate interpolation.

Actual coordinates are displayed. However, the remaining distance to
move in a block is displayed based on the coordinates in the polar
coordinate interpolation plane (Cartesian coordinates).
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Restrictions

® Coordinate system for the
polar coordinate
interpolation

® Tool nose radius
compensation command

® Program restart

® Cutting feedrate for the
rotation axis

Before G12.1 is specified, a workpiece coordinate system) where the
center of therotary axisistheorigin of the coordinate system must be set.
In the G12.1 mode, the coordinate system must not be changed (G92,
G52, G53, relative coordinate reset, G54 through G59, etc.).

The polar coordinate interpolation mode cannot be started or terminated
(G12.1 or G13.1) in the tool nose radius compensation mode (G41 or
G42). G12.1 or G13.1 must be specified in the tool nose radius
compensation canceled mode (G40).

For ablock in the G12.1 mode, the program cannot be restarted.

Polar coordinate interpolation converts the tool movement for a figure
programmed in aCartesian coordinate system to thetool movement inthe
rotation axis (C—axis) and the linear axis (X—axis). When thetool moves
closer to the center of the workpiece, the C—axis component of the
feedrate becomes larger and may exceed the maximum cutting feedrate
for the C—axis (set in parameter (No. 1422)), causing an alarm (see the
figure below). To prevent the C—axis component from exceeding the
maximum cutting feedrate for the C—axis, reduce the feedrate specified
with address F or create aprogram so that thetool (center of thetool when
tool nose radius compensation is applied) does not move close to the
center of the workpiece.

WARNING

01 L1

L3

_\\

é@ D

w N
_//
—

N

L : Distance (in mm) between the tool center and workpiece center when the tool center is the
nearest to the workpiece center

R :Maximum cutting feedrate (deg/min) of the C axis

Then, a speed specifiable with address F in polar coordinate interpolation can be given by the

formula below. Specify a speed allowed by the formula. The formula provides a theoretical

value; in practice, a value slightly smaller than a theoretical value may need to be used due to

a calculation error.

F<LxRx ——(mm/min)

180

Consider lines L1, L2, and L3. AX is the distance the tool moves
per time unit at the feedrate specified with address F in the
Cartesian coordinate system. As the tool moves from L1to L2 to
L3, the angle at which the tool moves per time unit corresponding
to AX in the Cartesian coordinate system increases from61 to6 2
to 03.

In other words, the C—axis component of the feedrate becomes
larger as the tool moves closer to the center of the workpiece.
The C component of the feedrate may exceed the maximum
cutting feedrate for the C—axis because the tool movement in the
Cartesian coordinate system has been converted to the tool
movement for the C—axis and the X—axis.

® Diameter and radius
programming

Even when diameter programming is used for the linear axis (X—axis),
radius programming is applied to the rotary axis (C-axis).
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Examples Example of Polar Coordinate Interpolation Program Based on X Axis
(Linear Axis) and C Axis (Rotary Axis)

C’ (hypothetical axis)

A
\lexis

Path after tool nose radius compensation

Program path

\N202 N201

X axis is by diameter programming, C axis is by radius programming.

00001 ;

NOlb TO101

NO0100 GO0 X120.0C0 Z _; Positioning to start position

NO0200 G12.1; Start of polar coordinate interpolation
N0201 G42 G01 X40.0 F _;
N0202 C10.0;

N0203 G03 X20.0 C20.0 R10.0;
N0204 G01 X-40.0; Geometry program

NO0205 C-10.0 ; —  (program based on cartesian coordinates on
N0206 G03 X-20.0 C-20.0110.0 JO ; X-C’ plane)

N0207 GO1 X40.0;

N0208 CO ;

N0209 G40 X120.0; -
N0210 G13.1; Cancellation of polar coordinate interpolation
N0300 Z __;

N0400 X _ C _ ;

NO900M30 ;
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4.7
CYLINDRICAL
INTERPOLATION
(G07.1)

Format

Explanations

® Plane selection
(G17, G18, G19)

® Feedrate

The amount of travel of a rotary axis specified by an angle is once
internally converted to a distance of alinear axis along the outer surface
so that linear interpolation or circular interpol ation can be performed with
another axis. After interpolation, such adistanceisconverted back tothe
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.

GO07.1 IPr ; Starts the cylindrical interpolation mode
(enables cylindrical interpolation).

GO07.1 IP O ; The cylindrical interpolation mode is cancelled.

IP: An address for the rotation axis
r : Radius value of the cylinder

Specify GO7.1 IPr ; and G07.1 IP O; in separate blocks.
G107 can be used instead of G07.1.

Useparameter No. 1002 to specify whether therotation axisisthe X—, Y—,
or Z—axis, or an axis paralel to one of these axes. Specify the G codeto
select a plane for which the rotation axis is the specified linear axis.

For example, when therotation axisisan axis parallel to the X—axis, G17
must specify an Xp-Yp plane, whichisaplanedefined by therotation axis
and the Y—axis or an axis paralel to the Y—axis.

Only one rotation axis can be set for cylindrical interpolation.

NOTE
The U—, V-, and W-axes (parallel with the basic axis) can
be used with G—codes B and C.

A feedrate specified inthecylindrical interpolation modeisaspeed onthe
developed cylindrical surface.
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e Circular interpolation
(G02,G03)

® Tool nose radius
compensation

e Cylindrical interpolation
accuracy

Restrictions

® Arc radius specification
in the cylindrical
interpolation mode

e Circular interpolation
and tool nose radius
compensation

In the cylindrical interpolation mode, circular interpolation is possible
with the rotation axis and another linear axis. Radius R is used in
commands in the same way as described in Section 4.4.
The unit for aradiusis not degrees but millimeters (for metric input) or
inches (for inch input).
< Example Circular interpolation between the Z axis and C axis >
For the C axis of parameter No. 1022, 5 (axis parallel with the X axis)
isto be set. In this case, the command for circular interpolation is
G118z C_;
G02(G03)Z_C_R_;
For the C axis of parameter No. 1022, 6 (axis parallel withthe Y axis)
may be specified instead. In this case, however, the command for
circular interpolation is
Gl9C_7Z_;
G02(G03)Z_C_R_;

To perform tool nose radius compensation in the cylindrical interpolation
mode, cancel any ongoing tool nose radius compensation mode before
entering thecylindrical interpolation mode. Then, start and terminatetool
nose radius compensation within the cylindrical interpolation mode.

Inthecylindrical interpolation mode, the amount of travel of arotary axis
specified by an angleisonceinternally converted to adistance of alinear
axis on the outer surface so that linear interpolation or circular
interpolation can be performed with another axis. After interpolation,
such a distance is converted back to an angle. For this conversion, the
amount of travel isrounded to aleast input increment.

So when the radius of acylinder is small, the actual amount of travel can
differ from aspecified amount of travel. Note, however, that such an error
is not accumulative.

If manual operation is performed in the cylindrical interpolation mode
with manual absolute on, an error can occur for the reason described
above.

The actual amount _ w X Specified valuex ﬂ
of travel 2x21R MOTION REV

MOTION REV : The amount of travel per rotation of the rotation axis (Set-
ting value of parameter No. 1260)

R . Workpiece radius

l } : Rounded to the least input increment

In the cylindrical interpolation mode, an arc radius cannot be specified
with word address 1, J, or K.

If the cylindrical interpolation mode is started when tool nose radius
compensation is already applied, circular interpolation is not correctly
performed in the cylindrical interpolation mode.
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® Positioning

e Coordinate system
setting

e Cylindrical interpolation
mode setting

e Canned cycle for drilling
during cylindrical
interpolation mode

e Mirror Image for Double
Turret

In the cylindrical interpolation mode, positioning operations (including
those that produce rapid traverse cycles such as G28, G80 through G89)
cannot be specified. Before positioning can be specified, the cylindrical
interpolation mode must be cancelled. Cylindrical interpolation (G07.1)
cannot be performed in the positioning mode (G00).

Inthecylindrical interpolation mode, aworkpiece coordinate system G50
cannot be specified.

In the cylindrical interpolation mode, the cylindrical interpolation mode
cannot be reset. The cylindrical interpolation mode must be cancelled
before the cylindrica interpolation mode can be reset.

Canned cycles for drilling, G81 to G89, cannot be specified during
cylindrical interpolation mode.

Mirror image for double turret, G68 and G69, cannot be specified during
cylindrical interpolation mode.
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Examples

Example of a Cylindrical Interpolation Program C

00001 (CYLINDRICAL INTERPOLATION );
NO1 GO0 Z100.0 CO;

NO02 GO1 G18 WO HO ;

NO3 G07.1 H57299 ;

NO4 G01 G42 72120.0 DO1 F250 ;
NOS5 C30.0;

NO06 G02 Z90.0 C60.0 R30.0;
NO7 GO1 Z70.0,

NO08 G03 Z60.0 C70.0 R10.0;
NO09 G01 C150.0;

N10 G03 Z70.0 C190.0 R75.0;
N11 GO1 Z110.0 C230.0;

N12 G02 Z2120.0 C270.0 R75.0;
N13 G01 C360.0;

N14 G40 Z100.0;

N15 G07.1CO;

N16 M30 ;

mm

NO

120
110

90

70

60

30

60 70

150 190 230 270
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4.8

HYPOTHETICAL AXIS
INTERPOLATION
(GO7)

Format

Explanations

® Sine interpolation

® Interlock, stroke limit,
and external
deceleration

e Handle interrupt

In helical interpolation, when pulses are distributed with one of the
circular interpolation axes set to ahypothetical axis, sineinterpolationis
enable.

When one of the circular interpolation axesis set to a hypothetical axis,
pul se distribution causes the speed of movement along theremaining axis
to change sinusoidally. If the major axis for threading (the axis along
which the machine travels the longest distance) is set to a hypothetical
axis, threading with afractional lead isenabled. The axisto be set asthe
hypothetical axisis specified with GO7.

GO7 a 0; Hypothetical axis setting
GO07 a 1; Hypothetical axis cancel

Where, a is any one of the addresses of the controlled axes.

The o axisisregarded as a hypothetical axis for the period of time from
the GO7 a O command until the GO7 o 1 command appears.
Suppose sine interpolation is performed for one cycle in the YZ plane.
The hypothetical axisisthem the X axis.

X2+ Y2=r2(ristheradius of an arc.)

Y:rSlN(2_1WZ)

1 isthe distance traveled along the Z—axis in one cycle.)

Interlock, stroke limit, and external deceleration can also apply to the
hypothetical axis.

An interrupt caused by the handle also applies to the hypothetical axis.
This means that movement for a handle interrupt is performed.
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Limitations

® Manual operation

® Move command

e Coordinate rotation

Examples

® Sine interpolation

e Changing the feedrate to
form a sine curve

Thehypothetical axis can be used only in automatic operation. |n manual
operation, it is not used, and movement takes place.

Specify hypothetical axis interpolation only in the incremental mode.

Hypothetical axis interpolation does not support coordinate rotation.

10.0

v
N

0 20.0

N001 GO7 XO ;

N002 G91 G17 GO03 X-20.0 Y0.0 1-10.0 Z20.0 F100;

N003 GO1 X10.0;

N004 GO7 X1;

From the NOO2 to NOO3 blocks, the X—axisis set to a hypothetical axis.
The NOO2 block specifieshelical cutting in which the Z—axisisthelinear
axis. Since no movement takes place along the X axis, movement along
the Y—axis is performed while performing sine interpolation along the
Z—axis.

In the NOO3 block, there is no movement along the X—axis, and so the
machine dwells until interpolation terminates.

(Sample program)
G0720; The Z—axis is set to a hypothetical axis.
G02X0Z0110.0F4. ; The feedrate on the X—axis changes sinusoidally.
G07z1 ; The use of the Z—axis as a hypothetical axis is
canceled.
F
A
4.0

v

Xt

N
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4.9 Tapered screwsand scroll threadsin addition to equal lead straight threads
can be cut by using a G32 command.

CONSTANT LEAD The spindle speed is read from the position coder on the spindle in real

THREADING (G 32) time and converted to acutting feedrate for feed—per minute mode, which

is used to move the tool.

Fig. 4.8 (a) Straight Thread Fig. 4.8 (b) Tapered Screw Fig. 4.8 (c) Scroll Thread
Format
G32IP_F_; X axis -
nd poin
IP_: End point O—
F_: Lead of the long axis T~

(always radius programming) L

X = 0[/\;: ~— Start point

O

|

Z axis
- = L
- / >
Fig. 4.9 (d) Example of Thread Cutting
Explanations 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 a fixed 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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A Tapered thread

LX

Lz

o=45°leadis LZ
o=45°leadis LX

Fig. 4.9 (e) LZ and LX of a Tapered Thread

In generd, the lag of the servo system, etc. will produce somewhat

incorrect leads at the starting and ending points of a thread cut. To

compensate for this, a threading length somewhat longer than required

should be specified.

Table 4.9 lists the ranges for specifying the thread lead.
Table. 4.9 Ranges of lead sizes that can be specified

Least command increment

mm input 0.0001 to 500.0000mm

Inch input 0.000001 inch to 9.999999inch
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Explanations

1. Straight thread cutting

XTaxis 30mm
i 5 81
Z axis
[
70
2. Tapered thread cutting
Xaxis |7F [~
I~
[ os0 |5, x
| 43
0 Ny
‘ 1 B B B &9 B
0 Z axis
/ 014
30 40

The following values are used in programming :
Thread lead :4mm
61=3mm
9,=1.5mm
Depth of cut :1mm (cut twice)
(Metric input, Diameter programming)

GO0 U-62.0;
G32 W-745F4.0;
GO0 U62.0 ;
W74.5 ;
U-64.0;
(For the second cut, cut 1mm more)
G32 W-745 ;
GO0 U64.0 ;
W74.5 ;

The following values are used in programming :
Thread lead : 3.5mm in the direction of the Z axis
81=2mm
d=1mm
Cutting depth in the X axis direction is 1mm
(Cut twice)
(Metric input, Diameter programming)

GO0 X 12.0z72.0;
G32 X41.0Z29.0F3.5;
GO0 X50.0;
272.0;
X10.0;
(Cut 2mm more for the second cut)
G32 X 39.0229.0 ;
GO0 X50.0 ;
2720 ;
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WARNING

1
2

8

9

Feedrate override is effective (fixed at 100%) during thread cutting.
It is very dangerous to stop feeding the thread cutter without stopping the spindle. This will
suddenly increase the cutting depth. Thus, the feed hold function is ineffective while thread
cutting. If the feed hold button is pressed during thread cutting, the tool will stop after a block
not specifying thread cutting is executed as if the SINGLE BLOCK button were pushed.
However, the feed hold lamp (SPL lamp) lights when the FEED HOLD button on the machine
control panel is pushed. Then, when the tool stops, the lamp is turned off (Single Block stop
status).
When the FEED HOLD button is held down, or is pressed again in the first block that does not
specify thread cutting immediately after a thread cutting block, the tool stops at the block that
does not specify thread cutting.
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 mode was changed from automatic operation to manual operation during thread
cutting, the tool stops at the first block not specifying thread cutting as when the feed hold button
is pushed as mentioned in Note 3.
However, when the mode is changed from one automatic operation mode to another, the tool
stops after execution of the block not specifying thread cutting as for the single block mode in
Note 4.
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.

G32Z _F_;

Z ; (A 1-turn signal is not detected before this block.)

G32; (Regarded as threading block.)

Z_F_;(One turn signal is also not detected.)
Because the constant surface speed control is effective during scroll thread or tapered screw
cutting and the spindle speed changes, the correct thread lead may not be cut. Therefore, do
not use the constant surface speed control during thread cutting. Instead, use G97.
A movement block preceding the thread cutting block must not specify chamfering or corner
R.
A thread cutting block must not specifying chamfering or corner R.

10 The spindle speed override function is disabled during thread cutting. The spindle speed is

fixed at 100%.

11 Thread cycle retract function is ineffective to G32.
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4.10 Specifying an increment or a decrement value for a lead per screw
VARIABLE—LEAD revolution enables variable-lead thread cutting to be performed.

THREAD CUTTING

R

Fig. 4.10 Variable—lead screw

Format

G34 I1P_F K_;
IP: End point
F: Lead in longitudinal axis direction at the start point
K : Increment and decrement of lead per spindle revolution

Explanations Address other than K arethe same asin straight/taper thread cutting with
G32.

Table 4.10 lists arange of values that can be specified as K.
Table 4.10 Range of valid K values

Metric input +0.0001 to +-500.0000 mm/rev

Inch input 4-0.000001 to 4-9.999999 inch/rev

P/Saarm (No. 14) is produced, for example, when K such that the value
in Table 4.10 is exceeded is directed, the maximum value of lead is
exceeded asaresult of increase or decrease by K or thelead hasanegative
value.

WARNING
The “Thread Cutting Cycle Retract” is not effective for G34.

Examples

Lead at the start point: 8.0 mm
Lead increment: 0.3 mm/rev

G34 Z-72.0 F8.0 KO.3;
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4.11
CONTINUOUS
THREAD CUTTING

Explanations

This function for continuous thread cutting is such that fractional pulses
output to ajoint between move blocks are overlapped with the next move
for pulse processing and output (block overlap) .

Therefore, discontinuous machining sections caused by the interruption
of move during continuously block machining are eliminated, thus
making it possible to continuously direct the block for thread cutting
instructions.

Since the system is controlled in such a manner that the synchronism
with the spindle does not deviate in the joint between blocks wherever
possible, it is possible to performed special thread cutting operation in
which the lead and shape change midway.

(;% ‘4

G32

Fig. 4.11 Continuous Thread Cutting

Even when the same section isrepeated for thread cutting while changing
thedepth of cut, thissystem allowsacorrect machining without impairing
the threads.

NOTE

1 Block overlap is effective even for GO1 command,
producing a more excellent finishing surface.

2 When extreme micro blocks continue, no block overlap may
function.
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4.12 Using the Q addressto specify an angle between the one—spindle—rotation
_ signal and the start of threading shifts the threading start angle, making
MULTIPLE-THREAD it possible to produce multiple-thread screws with ease.
CUTTING
Multiple—thread screws.
Format

(constant—lead threading)

G32IP_F_Q_; IP_: End point
G321P_Q_; F_: Lead in longitudinal direction

Q_: Threading start angle

Explanations

® Available thread cutting G32: Constant-ead thread cutting
commands G34: Variable-ead thread cutting
G76: Multiple-thread cutting cycle
G92: Thread cutting cycle

Limitations
® Start angle The start angle is not a continuous-state (modal) vaue. It must be
specified each timeit isused. If avalueis not specified, O is assumed.
® Start angle increment Thestart angle (Q) increment is0.001 degrees. Notethat no decimal point
can be specified.
Example:
For a shift angle of 180 degrees, specify Q180000.
Q180.000 cannot be specified, because it contains a decimal point.
® Specifiable start angle A start angle (Q) of between 0 and 360000 (in 0.001-degree units) can be
range specified. If avalue greater than 360000 (360 degrees) is specified, it is
rounded down to 360000 (360 degrees).
® Multiple-thread cutting For the G76 multiple-thread cutting command, alwaysusethe FS15 tape
(G76) format.
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Examples

Program for producing double-threaded screws
(with start angles of 0 and 180 degrees)

GO0 X40.0;

G32 W-38.0F4.0Q0;
GO0 X720;

W38.0;

X40.0;

G32 W-38.0 F4.0 Q180000 ;
GO0 X720;

W38.0;
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4.13 Using the G35 and G36 commands, acircular thread, having the specified
CIRCULAR lead in the direction of the major axis, can be machined.
THREADING
(G35, G36)

Circular thread
Format

G35 |l _K_ .
{GSG } X (U) _Z (W) _ {R___} F_Q_;

G35 : Clockwise circular threading command

G36 : Counterclockwise circular threading command

X (U) : Specify the arc end point (in the same way as for G02,
G03).
Z(W)

I, K : Specify the arc center relative to the start point, using
relative coordinates (in the same way as for G02, G03).

R . Specify the arc radius.
F . Specify the lead in the direction of the major axis.
Q . Specify the shift of the threading start angle (0 to 360°

in units of 0.001°)

Start point‘]/

X
A

\. End point (Z, X)
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Explanations
® Specifying the arc radius

® Selecting a plane other
than the ZX plane

e Automatic tool
compensation

If Risspecified with | and K, only R is effective.

If an additional axis other than the X— and Z—axes is provided, circular
threading can be specified for a plane other than the ZX plane. The
method of specification is the same as that for GO2 and GO03.

The G36 command is used to specify the following two functions:
Automatic tool compensation X and counterclockwisecircular threading.
The function for which G36 is to be used depends on bit 3 (G36) of
parameter No. 3405.

® \When parameter G36 is set to 0, the G36 command is used for
automatic tool compensation X.

® \When parameter G36 is set to 1, the G36 command is used for
counterclockwise circular threading.

G37.1 can be used to specify automatic tool compensation X and G37.2
can be used to specify automatic tool compensation Z.

(Specification method)

G37.1 X_
G37.2 Z_
G code when bit 3 of parameter No. 3405 is set to 1
G code G code group Function
G35 Clockwise circular threading
G36 o Counterclockwise circular threading
G37 Automatic tool compensation Z
G37.1 00 Automatic tool compensation X
G37.2 Automatic tool compensation Z
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Limitations

® Range of specifiable arc

An arc must be specified such that it falls within a range in which the
major axis of thearc isalwaysthe Z—axis or alwaysthe X—axis, as shown
inFig. 4.13 (a) and (b). If thearcincludesapoint at which the major axis
changes from the X—axis to Z—axis, or vice versa, as shown in Fig. 4.13
(c), PISdarm 5058 is issued.

Start point End point

Fig. 4.13 (a) Range in which the Z-axis is the major axis

Start point

45°

N .-~ End point

Fig. 4.13 (b) Range in which the X-axis is the major axis

\
.--1--. Startpoint The major axis changes at this point.

. End point

Fig. 4.13 (c) Example of arc specification which causes an alarm
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4.14
SKIP FUNCTION
(G31)

Format

Explanations

Linear interpolation can be commanded by specifying axia move
following the G31 command, like GO1. If an external skip signa isinput
during the execution of this command, execution of the command is
interrupted and the next block is executed.

The skip function is used when the end of machining is not programmed
but specified with asignal from the machine, for example, in grinding. It
is used aso for measuring the dimensions of a workpiece.

For details of how to usethisfunction, refer to the manual supplied by the
machine tool builder.

G311P_;

G31: One-shot G code (If is effective only in the block in which
itis specified)

The coordinate values when the skip signal isturned on can beused in a
custom macro because they are stored in the custom macro system
variable #5061 to #5068, as follows:

#5061 X axis coordinate value

#5062 Z axis coordinate value

#5063 3rd axis coordinate value

#5068 8th axis coordinate value

WARNING

To increase the precision of the tool position when the skip
signal is input, feedrate override, dry run, and automatic
acceleration/deceleration is disabled for the skip function
when the feedrate is specified as a feed per minute value.
To enable these functions, set bit 7 (SKF) of parameter No.
6200 to 1. If the feedrate is specified as a feed per rotation
value, feedrate override, dry run, and automatic
acceleration/deceleration are enabled for the skip function,
regardless of the setting of the SKF bit.

NOTE

1 If G31 command is issued while tool nose radius
compensation is applied, an P/S alarm of No. 035 is
displayed. Cancel the cutter compensation with the G40
command before the G31 command is specified.

2 For the high—-speed skip option, executing G31 during
feed—per— rotation mode causes P/S alarm (No. 211) to be
generated.
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Examples

® The next block to G31 is an
incremental command

® The next block to G31 is an
absolute command for 1
axis

® The next block to G31 is an
absolute command for 2
axes

G31 W100.0 F100;
U50.0;

Skip signal is input here 50.0

100.0

z

ceeee----->e

Actual motion
Motion without skip signal

Fig.4.14 (a) The next block is an incremental command

G3l Z

200.00 F100;

X100.0; X100.0

Skip signal is input here

>0
B IR Y

® - -3

Z200.0

Actual motion

..... Motion without skip signal

Fig.4.14 (b) The next block is an absolute command for 1 axis

G31 G90X200.0 F100;
X300.0 2100.0;

100 4

Skip signal is input here
(100,300)

Actual motion
Motion without skip signal

Fig 4.14 (c) The next block is an absolute command for 2 axes
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4.15
MULTISTAGE SKIP
(G31)

Format

Explanations

e Correspondence to skip
signals

In a block specifying P1 to P4 after G31, the multistage skip function
stores coordinatesin acustom macro variablewhen askip signal (4—point
or 8—point ; 8—point when a high—speed skip signal is used) isturned on.
Then, the function skips the entire amount of remaining movement. In
ablock specifying Q1 to Q4 after G04, the function skips a dwell when
askip signa (4—point or 8—point; 8—point when a high—speed skip signal
is used) isturned on.

A skip signal from equipment such as a fixed—dimension size measuring
instrument can be used to skip programs being executed.

In plunge grinding, for example, a series of operations from rough
machining to spark—out can be performed automatically by applying a
skip signal each time rough machining, semi—fine machining,
fine-machining, or spark—out operation is completed.

For details of how to use this function, refer to the manuals supplied by
the machine tool builder.

Move command
G31IP_F_ P __

IP_: End point
F_: Feedrate
P_:P1-P4

Dwell
G4 X ((U,P)_ (Q_);

X(U, P)_: Dwell time
Q_:Q1-0Q4

Multistage skip is caused by specifying P1, P2, P3, or P4 in aG31 block.
For an explanation of selecting (P1, P2, P3, or P4), refer to the manual
supplied by the machine tool builder.

Specifying Q1, Q2, Q3, or Q4 in G04 (dwell command) enables dwell
skip in asimilar way to specifying G31. A skip may occur evenif Qis
not specified. For an explanation of selecting (Q1, Q2, Q3, or Q4), refer
to the manual supplied by the machine tool builder.

Parameter Nos. 6202 to 6205 can be used to specify whether the 4—point
or 8—point skip signa is used (when a high—speed skip signal is used).
Specification isnot limited to one-to—one correspondence. Itispossible
to specify that one skip signal correspond to two or more Pn's or Qn's
(n=1, 2, 3, 4). Also, bits0 (DS1) to 7 (DS8) of parameter No. 6206 can
be used to specify dwell.

CAUTION
Dwell is not skipped when Qn is not specified and
parameters DS1-DS8 (No. 6206#0—#7) are not set.
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4.16
TORQUE LIMIT SKIP
(G31 P99)

Format

Explanations

e G31 P99

e G31 P98

® Torque limit command

e Custom macro system
variable

Limitations

® Axis command

® Degree of servo error

® High—speed skip

With the motor torque limited (for example, by atorque limit command,
issued through the PM C window), amove command following G31 P99
(or G31 P98) can cause the same type of cutting feed aswith GO1 (linear
interpolation).

With the issue of a signal indicating a torque limit has been reached
(because of pressure being applied or for some other reason), a skip
occurs.

For details of how to use this function, refer to the manuals supplied by
the machine tool builder.

G31P99IP_F_:
G31P98IP_F_:

G31: One—shot G code (G code effective only in the block in which it
is issued)

If the motor torque limit is reached, or a SKIP signal is received during
execution of G31 P99, the current move command isaborted, and the next
block is executed.

If the motor torque limit is reached during execution of G31 P98, the
current move command is aborted, and the next block is executed. The
SKIP signal <X0004#7/Tool post 2 X0013#7> does not affect G31 P98.
Entering a SKIP signal during the execution of G31 P98 does not cause
askip.

If atorque limit is not specified before the execution of G31 P99/98, the
move command continues; no skip occurs even if a torque limit is
reached.

When G31 P99/98 is specified, the custom macro variables hold the
coordinates at the end of askip. (See Section 4.9.)

If a SKIP signal causes a skip with G31 P99, the custom macro system
variables hold the coordinates based on the machine coordinate system
when it stops, rather than those when the SKIP signal is entered.

Only one axis can be controlled in each block with G31 P98/99.
If two or moreaxesare specified to be controlledin such blocks, or no axis
command isissued, P/S alarm No. 015 is generated.

When a signal indicating that a torque limit has been reached is input
during execution of G31 P99/98, and the degree of servo error exceeds
32767, PIS darm No. 244 is generated.

With G31 P99, a SKIP signal can cause askip, but not a high—speed skip.



B—63524EN/01

PROGRAMMING 4. INTERPOLATION FUNCTIONS

e Simplified
synchronization and
slanted axis control

® Speed control

® Consecutive commands

Examples

G31 P99/98 cannot be used for axes subject to simplified synchronization
or the X—axis or Z—axis when under slanted axis control.

Bit 7 (SKF) of parameter No. 6200 must be set to disable dry run,
override, and auto acceleration or deceleration for G31 skip commands.

Do not use G31 P99/98 in consecutive blocks.

WARNING
Always specify a torque limit before a G31 P99/98
command. Otherwise, G31 P99/98 allows move

commands to be executed without causing a skip.

NOTE
If G31 is issued with tool nose radius compensation
specified, P/S alarm No. 035 is generated. Therefore,
before issuing G31, execute G40 to cancel tool nose radius
compensation.

00001 ;

MDD; _ The PMC specifies the torque limit
: through the window.
C31 P99 X200. F100; <——— Torque limit skip command

GOl X100. F500 : Move command for which a torque
. ' ' limit is applied

MAA ; < Torque limit canceled by the PMC

M30 ;

%
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! FEED FUNCTIONS
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5.1
GENERAL

® Feed functions

e Override

® Automatic acceleration/
deceleration

Thefeed functionscontrol thefeedrate of thetool. Thefollowingtwofeed
functions are available:

1. Rapid traverse
When the positioning command (G00) isspecified, thetool movesat!a
rapid traverse feedrate 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 switch on the machine operator’s panel.

To prevent amechanical shock, accel eration/decel erationisautomatically

applied when the tool starts and ends its movement (Fig. 5.1 (a)).

Rapid traverse rate
A

E Fr :Rapid traverse

R
rate

T Acceleration/
deceleration
time constant for
rapid traverse

rate
0 » Time
< —— P
Tr Tk
Feed rate
A
Fc Fc : Feedrate
/ Te: Acceleration/
/ deceleration time
/ \ constant for a cut-
/ \ ting feedrate
/ \
\
0 » Time
Te T

Fig. 5.1 (a) Automatic acceleration/deceleration (example)
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® Tool path in a cutting
feed

If the direction of movement changes between specified blocks during
cutting feed, a rounded—corner path may result (Fig. 5.1 (b)).

X

..... » Programmed path
Actual tool path

Fig. 5.1 (b) Example of Tool Path between Two Blocks

In circular interpolation, aradial error occurs (Fig. 5.1 (c)).

X
\ Ar:Error

Programmed path
A Actual tool path

\
f

:Z

0

Fig. 5.1 (c) Example of Radial Error in Circular Interpolation

Therounded—corner path showninFig. 5.1 (b) and theerror showninFig.
5.1 (c) depend on the feedrate. So, the feedrate needsto be controlled for
the tool to move as programmed.
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5.2
RAPID TRAVERSE
Format
GO0 IP_;

Explanations

GO0 : G code (group 01) for positioning (rapid traverse)
IP_; Dimension word for the end point

The positioning command (G0O) positions the tool by rapid traverse. In
rapid traverse, the next block is executed after the specified feedrate
becomes 0 and the servo motor reachesacertain range set by the machine
tool builder (in—position check).

A rapidtraverserateisset for each axisby parameter No. 1420, sonorapid
traverse feedrate need be programmed.

The following overrides can be applied to a rapid traverse rate with the
switch on the machine operator’s panel:FO, 25, 50, 100%

FO: Allowsafixed feedrateto be set for each axisby parameter No. 1421.
For detailed information, refer to the appropriate manual of the machine
tool builder.
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5.3
CUTTING FEED

Format

Explanations

® Tangential speed
constant control

® Feed per minute (G98)

Feedrate of linear interpolation (GO1), circular interpolation (G02, GO3),
etc. are commanded with numbers after the F code.

In cutting feed, the next block isexecuted so that thefeedrate changefrom
the previous block is minimized.

Two modes of specification are available:

1. Feed per minute (G98)
After F, specify the amount of feed of the tool per minute.

2. Feed per revolution (G99)
After F, specify the amount of feed of the tool per spindle revolution.

Feed per minute
G98; G code (group 05) for feed per minute
F_; Feedrate command (mm/min or inch/min)

Feed per revolution
G99; G code (group 05) for feed per revolution
F_; Feedrate command (mm/rev or inch/rev)

Cutting feed is controlled so that the tangential feedrate is always set at
aspecified feedrate.

X X
A A
Starting
End point point
F F
Start _
point Center End point
> Z >Z
Linear interpolation Circular interpolation

Fig. 5.3 (a) Tangential feedrate (F)

After specifying G98 (in the feed per minute mode), the amount of feed
of the tool per minuteisto be directly specified by setting anumber after
F. G98isamodal code. OnceaG98isspecified, itisvalid until G99 (feed
per revolution) is specified. At power—on, the feed per revolution mode
is set.

An override from 0% to 254% (in 1% steps) can be applied to feed per
minute with the switch on the machine operator’s panel. For detailed
information, see the appropriate manual of the machine tool builder.
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® Feed per revolution
(G99)

e Cutting feedrate clamp

Feed amount per minute

FL>| (mm/min or inch/min)

..
o

Fig. 5.3 (b) Feed per minute

WARNING

No override can be used for some commands such as for
threading.

After specifying G99 (in the feed per revolution mode), the amount of
feed of thetool per spindlerevolutionisto bedirectly specified by setting
anumber after F. G99isamodal code. OnceaG99isspecified, itisvalid
until G98 (feed per minute) is specified.

An override from 0% to 254% (in 1% steps) can be applied to feed per
revolution with the switch on the machine operator’s panel. For detailed
information, see the appropriate manual of the machine tool builder.

If bit 0 (NPC) of parameter No. 1402 has been set to 1, feed—per—rotation
commands can be specified even when aposition coder isnot being used.
(The CNC converts feed—per—rotation commands to feed—per—minute
commands.)

F Feed amount per spindle revolution
< > (mm/rev or inch/rev)

s
e

Fig. 5.3 (c) Feed per revolution

CAUTION
When the speed of the spindle is low, feedrate fluctuation
may occur. The slower the spindle rotates, the more
frequently feedrate fluctuation occurs.

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.
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® Reference

NOTE

An upper limitis set in mm/min or inch/min. 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:

See Appendix C for arange of feedrates that can be specified.




B—63524EN/01 PROGRAMMING 5. FEED FUNCTIONS

5.4
DWELL (G04)
Format
Dwell GO04 X _;o0orG04U_;orGO4P_;

X_: Specify atime (decimal point permitted)

U_: Specify atime (decimal point permitted)

P_: Specify atime (decimal point not permitted)
Explanations By specifying a dwell, the execution of the next block is delayed by the

specified time.
Bit 1 (DWL) of parameter No. 3405 can specify dwell for each rotation
in feed per rotation mode (G99).

Table 5.4 (a)
Command value range of the dwell time (Command by X or U)
Increment system Command value range Dwell time unit
IS-B 0.001 to 99999.999
s orrev
IS-C 0.0001 to 9999.9999
Table 5.4 (b)
Command value range of the dwell time (Command by P)
Increment system Command value range Dwell time unit
1IS-B 1 to 99999999 0.001 s or rev
IS-C 1 to 99999999 0.0001 s or rev
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REFERENCE POSITION

A CNC machine tool has a specia position where, generaly, the tool is
exchanged or the coordinate system is set, as described later. This
position isreferred to as a reference position.
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6.1
REFERENCE
POSITION RETURN

® Reference position

Thereference position is afixed position on a machine tool to which the
tool can easily be moved by the reference position return function.

For example, the reference position is used as a position at which tools
are automatically changed. Up to four reference positions can be
specified by setting coordinates in the machine coordinate system in
parameters (No. 1240 to 1243).

Y
A

2nd reference position

&

3rd reference position

)

Reference position

@

4th reference
position

O -

Machine zero point

Fig. 6.1 (a) Machine zero point and reference positions
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® Reference position
return

® Reference position
return check

Format

® Reference position
return

® Reference position
return check

Tools are automatically moved to the reference position via an
intermediate position along a specified axis. When reference position
return is completed, thelamp for indicating the compl etion of return goes
on.

X Intermediate position

A
'J Reference position

YN

Fig. 6.2 (b) Reference position return

The reference position return check (G27) is the function which checks
whether the tool has correctly returned to the reference position as
specifiedinthe program. If thetool hascorrectly returnedto thereference
position along a specified axis, the lamp for the axis goes on.

G28IP _; Reference position return
G30 P2IP _;2nd reference position return (P2 can

be omitted.)
G30 P3IP _;3rd reference position return

G30 P4 P _ ;4th reference position return

IP: Command specifying the intermediate position
(Absolute/incremental command)

G27 IP_;

IP: Command specifying the reference position
(Absolute/incremental command)
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Explanations

® Reference position
return (G28)

® 2nd, 3rd, and 4th
reference position return
(G30)

® Reference position
return check (G27)

Restrictions

® Status the machine lock
being turned on

® First return to the
reference position after
the power has been
turned on (without an
absolute position
detector)

® Reference position
return check in an offset
mode

® Lighting the lamp when
the programmed position
does not coincide with
the reference position

Reference

® Manual reference
position return

Positioning to theintermediate or reference positionsareperformed at the
rapid traverse rate of each axis.

Therefore, for safety, the tool nose radius compensation, and tool offset
should be cancelled before executing this command.

In a system without an absolute—position detector, the first, third, and
fourth reference position return functions can be used only after the
reference position return (G28) or manual reference position return (see
I11-3.1) ismade. The G30 commandisgenerally used whentheautomatic
tool changer (ATC) position differs from the reference position.

G27 command positionsthetool at rapid traverserate. If thetool reaches
the reference position, the reference position return lamp lights up.
However, if the position reached by thetool isnot the reference position,
an aarm (No. 092) is displayed.

Thelamp for indicating the completion of return does not go on when the
machinelock isturned on, even when the tool has automatically returned
to the reference position. Inthiscase, it is not checked whether the tool
has returned to the reference position even when a G27 command is
specified.

When the G28 command is specified when manual return to thereference
position has not been performed after the power has been turned on, the
movement from the intermediate point is the same asin manual return to
the reference position.

In this case, the tool moves in the direction for reference position return
specified in parameter ZMIx (bit 5 of No. 1006). Therefore the specified
intermediate position must be a position to which reference position
return is possible.

In an offset mode, the position to be reached by the tool with the G27
command is the position obtained by adding the offset value. Therefore,
if the position with the offset val ue added isnot the reference position, the
lamp does not light up, but an alarm isdisplayed instead. Usually, cancel
offsets before G27 is commanded.

When the machinetool isaninch system with metric input, the reference
position return lamp may also light up even if the programmed position
is shifted from the reference position by least input increment. Thisis
because the least input increment of the machineis smaller than itsleast
command increment.

Seelll-3.1.
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6.2

FLOATING
REFERENCE
POSITION RETURN
(G30.1)

Format

Explanations

® Floating reference
position

e Setting of floating
reference position

Examples

Tools ca be returned to the floating reference position.

A floating reference point is a position on a machine tool, and serves as
areference point for machine tool operation.

A floating reference point need not always be fixed, but can be moved as
required.

G30.11P;
IP_ : Command of the intermediate position of the floating reference
position
(Absolute command/incremental command)

On some machine tools, the cutting tools can be replaced at any position
unless they interfere with the workpiece or tail stock.

With these machines, the cutting tools should be replaced at a position as
close to the workpiece as possible so as to minimize the machine cycle
time. For this purpose, the tool change position is to be changed,
depending on the figure of the workpiece. This operation can easily be
performed using thisfunction. That is, atool change position suitablefor
theworkpieceismemorized asafloating reference point. Then command
G30. 1 can easily cause return to the tool change position.

TheG30.1 block first positionsthetoal at theintermediate point along the
specified axes at rapid traverse rate, then further movesthe tool from the
intermediate point to the floating reference point at rapid traverse rate.
Before using G30.1, cancel cutter compensation and tool offset.

A floating reference point becomes a machine coordinate position
memorized by pressing the soft key [SET FRP] on the current positions
display screen.

A floating reference point is not lost even if power isturned off.

(G30.1 X40.0 250.0;

Intermediate position (40, 50)
A )
Floating

reference
Workpiece position

> 7
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COORDINATE SYSTEM

By teaching the CNC adesired tool position, thetool can be moved to the
position. Such a tool position is represented by coordinates in a
coordinate system. Coordinates are specified using program axes.
When two program axes, the X—axis and Z—axis, are used, coordinates
are specified as follows:

X Z_
This command is referred to as a dimension word.

X

A

Zero point

Fig. 7 Tool Position Specified by XaZ

Coordinates are specified in one of following three coordinate systems:
(1) Machine coordinate system
(2) Workpiece coordinate system
(3) Local coordinate system
The number of the axes of a coordinate system varies from one machine
to another. So, in this manual, a dimension word is represented as | P_.
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7.1

MACHINE
COORDINATE
SYSTEM

Format

Explanations

® Selecting a machine
coordinate system (G53)

Restrictions

® Cancel of the
compensation function

® G53 specification
immediately after
power—on

Reference

The point that is specific to a machine and serves as the reference of the
machineisreferred to asthe machine zero point. A machinetool builder
sets a machine zero point for each machine.

A coordinate system with amachine zero point set asitsoriginisreferred
to as a machine coordinate system.

A machine coordinate system is set by performing manual reference
position return after power—on (see 111-3.1). A machine coordinate
system, once set, remains unchanged until the power is turned off.

G53 1P _;
IP _; Absolute dimension word

When a position has been specified as a set of machine coordinates, the
tool moves to that position by means of rapid traverse. G53, used for
selecting the machine coordinate system, is a one-shot G code. Any
commands based on the selected machine coordinate system are thus
effective only in the block containing G53. The G53 command must be
specified using absolute values. If incremental values are specified, the
G53 command is ignored. When the tool is to be moved to a
machine-specific position such as a tool change position, program the
movement in a machine coordinate system based on G53.

When the G53 command is specified, cancel the tool nose radius
compensation and tool offset.

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 isturned on. Thisis not necessary when an
absolute—position detector is attached.

When manual reference position return is performed after power—on, a
machine coordinate system is set so that the reference position is at the
coordinate values of (a, B) set using parameter No.1240.

A

Machine coordinate system

Machine zero

o

Reference position
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7.2
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 NC beforehand (setting a wor kpiece coor dinate system).

A machining program sets a workpiece coordinate system (selecting a
wor kpiece coor dinate system).

A set workpiece coordinate system can be changed by shifting itsorigin
(changing a wor kpiece coor dinate system).

7.2.1
Setting a Workpiece
Coordinate System

Format

® Setting a workpiece
coordinate system by G50

Explanations

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

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

(2) Automatic setting
If bit O of parameter No. 1201 is set beforehand, a workpiece
coordinate system is automatically set when manual reference
position return is performed (see 111-3.1.).

This function is, however, disabled when the workpiece coordinate
system option is being used.

(3) Input using the MDI panel
Six workpiece coordinate systems can be set beforehand using the
MDI panel.
Program commands G54 to G59 can be used to select the work axis
to beused. (seelll-11.4.10.)
When an absolute command is used, a workpiece coordinate system
must be established in any of the ways described above.

G50 IP_

A workpiece coordinate system is set so that a point on the tool, such as
thetool tip, isat specified coordinates. If IPisanincremental command
value, the work coordinate system is defined so that the current tool
position coincides with the result of adding the specified incremental
value to the coordinates of the previous tool position. If a coordinate
system is set using G50 during offset, a coordinate system in which the
position before offset matches the position specified in G50 is set.
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Examples
Example 1 Example 2 Base point

Setting the coordinate system by the

G50X128.72375.1; command (Diameter designation)

X

375.1

$128.7

BN

Start point

Zero point

Setting the coordinate system by the
G50X1200.02700.0; command (Diameter designation)

X
700.0 ?\
Start point
(standard point)
01200.0
O - - - - z

— 100 —
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7.2.2 The user can choose from set workpiece coordinate systems as described
Selecting a Workpiece below. (For information about the methods of setting, see Subsec.
11-7.2.1)

Coordinate System (1) G50 or automatic wor kpiece coor dinate system setting

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
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.

When bit 2 (G50) of parameter No. 1202 is set to 1, executing the G50
command results in the issue of P/S aarm No. 10. Thisis designed
to prevent the user from confusing coordinate systems.

Examples

G55 G00 X100.0 240.0;

XA
Workpiece coordinate system 2 (G55)

100.0 In this example, positioning is made to
positions (X=100.0, Z=40.0) in workpiece
coordinate system 2.

40.0

NY

Fig.7.2.2

— 101 —
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7.2.3
Changing Workpiece
Coordinate System

The six workpiece coordinate systems specified with G54 to G59 can be
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 (see I11-11.4.10)
(2) Programming by G10 or G50

(3) Using the external data input function
An external workpiece origin offset can be changed by using asignal
input to the CNC. For details, refer to the relevant manual supplied
by the machine tool builder.

Workpiece
coordinate

system 1 (G54)

A

Workpiece
coordinate
system 4 (G57)

Workpiece Workpiece
coordinate coordinate
system 2 (G55) | system 3 (G56)

> >

ZOFS1

Machine zero

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

>

\
Workpiece
coordinate
system 5 (G58)

>

A

Workpiece
coordinate
system 6 (G59)

P,

Fig. 7.2.3 Changing an external workpiece zero point offset value or workpiece zero point offset value

Format

® Changing by G10

® Changing by G50

G10L2Pp IP_;
p=0 : External workpiece zero point offset value

p=1to 6 : Workpiece zero point offset value correspond to
workpiece coordinate system 1to 6
IP: For an absolute command (G90), workpiece zero point off-
set for each axis.
For an incremental command (G91), value to be added to
the set workpiece zero point offset for each axis (the sum
is set as the new offset).

G0 IP _;

— 102 —



B—63524EN/01

PROGRAMMING 7. COORDINATE SYSTEM

Explanations

e Changing by G10

® Changing by G50

With the G10 command, each workpiece coordinate system can be
changed separately.

By specifying G50IP_;, aworkpiece coordinate system (selected with a
code from G54 to G59) is shifted to set a new workpiece coordinate
system so that the current tool position matchesthe specified coordinates
(IP).

If IPis an incremental command value, the work coordinate system is
defined so that the current tool position coincideswith theresult of adding
the specified incremental value to the coordinates of the previous tool
position. (Coordinate system shift)

Then, the amount of coordinate system shift isadded to all theworkpiece
zero point offset values. This means that all the workpiece coordinate
systems are shifted by the same amount.

Examples
X X
A A G54 workpiece coordinate system
If G50X1002100; is commanded when the tool
| 100F———— s is posmoneql at (200, 160) in G54 mod_e, work-
160 00 _GR Tool position piece coordinate system 1 (X’ — Z’) shifted by
| vector A is created.
I
|
60 | A > Z' New workpiece coordinate system
100
| | > z i . .
100 200 Original workpiece coordinate system

<G54 Workpiece coordinate system>

| >Z
1200.0

sz

B

X"—2Z" New workpiece coordinate system
X —Z Original workpiece coordinate system

A : Offset value created by G50

B : Workpiece zero point offset value in G54
C : Workpiece zero point offset value in G55

<G55 Workpiece coordinate system>

Suppose that a G54 workpiece coordi-
nate system is specified. Then, a G55
workpiece coordinate system where
the black circle on the tool (figure at
the left) is at (600.0,12000.0) can be
set with the following command if the
relative relationship between the G54
workpiece coordinate system and
G55 workpiece coordinate system is
set correctly:G50X600.0Z1200.0;Also,
suppose that pallets are loaded at two
different positions. If the relative rela-
7 tionship of the coordinate systems of
>~ the pallets at the two positions is cor-
rectly set by handling the coordinate
systems as the G54 workpiece coordi-
| nate system and G55 workpiece coor-
dinate system, a coordinate system
shift with G50 in one pallet causes the
same coordinate system shift in the
other pallet. This means that work-
pieces on two pallets can be ma-
chined with the same program just by
specifying G54 or G55.

X/
A

600.0

X* EZJ
|

1200.0

— 103 —
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7.2.4
Workpiece Coordinate
System Preset (G92.1)

Format

Explanations

The workpiece coordinate system preset function presets a workpiece
coordinate system shifted by manual intervention to the pre-shift
workpiece coordinate system. The latter system is displaced from the
machine zero point by aworkpiece zero point offset value.

There are two methods for using the workpiece coordinate system preset
function. One method uses aprogrammed command (G92.1). The other
uses MDI operations on the absolute position display screen, relative
position display screen, and overall position display screen (111 —11.1.4).

G92.11P0O; (G50.3 PO ; for G code system A)

IP O ; Specifies axis addresses subject to the workpiece
coordinate system preset operation. Axes that are
not specified are not subject to the preset operation.

When manual reference positionreturn operationisperformedinthereset
state, a workpiece coordinate system is shifted by the workpiece zero
point offset value from the machine coordinate system zero point.
Suppose that the manual reference position return operation isperformed
when a workpiece coordinate system is selected with G54. In this case,
a workpiece coordinate system is automatically set which has its zero
point displaced from the machine zero point by the G54 workpiece zero
point offset value; the distance from the zero point of the workpiece
coordinate systemto thereference position representsthe current position
in the workpiece coordinate system.

G54 workpiece coordinate system

G54 workpiece zero

point offset value .
_é_ Reference position
7

Reference positon "
e

Manual reference position return

If an absolute position detector is provided, the workpiece coordinate
system automatically set at power—up has its zero point displaced from
themachine zero point by the G54 workpiece zero point offset value. The
machine position at the time of power—up is read from the absolute
position detector and the current position in the workpiece coordinate
system is set by subtracting the G54 workpiece zero point offset value
from this machine position. The workpiece coordinate system set by
these operationsis shifted from the machine coordinate system using the
commands and operations listed next page.

(a) Manual intervention performed when the manual absolutesignal isoff

(b) Move command executed in the machine lock state

(c) Movement by handle interrupt

(d) Operation using the mirror image function

(e) Setting the local coordinate system using G52, or shifting the
workpiece coordinate system using G92
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Restrictions

® Cutter compensation,
tool length
compensation, tool
offset

® Program restart

® Prohibited modes

Inthe case of (a) above, theworkpiece coordinate systemisshifted by the
amount of movement during manual intervention.

G54 workpiece coordinate
system before manual

; 8 Po
intervention Amount of movement
during manual
Workpiece zero | WZo intervention

point offset y
Va“g/v

Pn
G54 workpiece coordinate

Machine zero point ! .
system after manual intervention

WZn

In the operation above, a workpiece coordinate system once shifted can
be preset using G code specification or MDI operation to a workpiece
coordinate system displaced by aworkpiece zero point offset value from
the machine zero point. This is the same as when manual reference
position return operation is performed on aworkpiece coordinate system
that has been shifted. In thisexample, such G code specification or MDI
operation has the effect of returning workpiece coordinate system zero
point WZn to the original zero point WZo, and the distance from WZo to
Pn is used to represent the current position in the workpiece coordinate
system.

Bit 3 (PPD) of parameter No. 3104 specifies whether to preset relative
coordinates (RELATIVE) as well as absolute coordinates.

When no workpiece coordinate system option (G54 to G59) is selected,
the workpiece coordinate system is preset to the coordinate system set by
automatic workpiece coordinate system setting. When automatic
workpiece coordinate system setting is not selected, the workpiece
coordinate system is preset with its zero point placed at the reference
position.

When using the workpiece coordinate system preset function, cancel
compensation modes: cutter compensation, tool length compensation,
and tool offset. If the function is executed without cancelling these
modes, compensation vectors are temporarily cancelled.

The workpiece coordinate system preset function is not executed during
program restart.

Do not use the workpiece coordinate system preset function when the
scaling, coordinate system rotation, programmable image, or drawing
copy mode is set.
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7.2.3 When the coordinate system actually set by the G50 command or the
Workpiece Coordinate ~ automaticsystem setting deviatesfrom the programmed work system, the
System Shift set coordinate system can be shifted (see 111-3.1).

Set the desired shift amount in the work coordinate system shift memory.

Explanations

X
X X—Z: Coordinate systemin programming
A. X—Z : Current set coordinate system with shift amount 0
, (coordinate system to be modified by shifting)
o,(I:)K B T e --»Z
Shift \_(; N _ _ B 7
o

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

Fig. 7.2.5 Workpiece Coordinate System shift

See Section 111-11.4.5 of Part 111 for how to specify the distance the work
coordinate system is shifted.
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7.3 When a program is created in a workpiece coordinate system, a child
workpiece coordinate system may be set for easier programming. Such
gCY)(S;'I)?\IIE_I\/(I:OOR DINATE achild coordinate system is referred to as alocal coordinate system.

Format
G52 IP _; Setting the local coordinate system
G52 IP 0 ; Canceling of the local coordinate system
IP _: Origin of the local coordinate system
Explanations By specifying G52IP_;, aloca coordinate system can be set in all the

workpiece coordinate systems (G54 to G59). The origin of each local
coordinate system is set at the position specified by IP_ intheworkpiece
coordinate system.

Oncealocal coordinate system isestablished, the coordinatesin thelocal
coordinate system are used in an axis shift command. The local
coordinate system can be changed by specifying the G52 command with
the zero point of a new local coordinate system in the workpiece
coordinate system.

To cancel thelocal coordinate system and specify the coordinate valuein
the workpiece coordinate system, match the zero point of the local
coordinate system with that of the workpiece coordinate system.

system 1) )
// GES' G56 G57 (Local coordinate system)
////// - (G59 : Workpiece coordinate system 6)
~ [

>

(Machine coordinate system)

Machine coordinate system origin

Reference point

Fig. 7.3 Setting the local coordinate system
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WARNING

1

2

3

4

The local coordinate system setting does not change the
workpiece and machine coordinate systems.

When G50 is used to define a work coordinate system, if
coordinates are not specified for all axes of a local
coordinate system, the local coordinate system remains
unchanged.

If coordinates are specified for any axis of a local coordinate
system, the local coordinate system is canceled.

G52 cancels the offset temporarily in tool nose radius
compensation.

Command a move command immediately after the G52
block in the absolute mode.

5 Whether the local coordinate system is canceled upon reset

depends on the specified parameters. The local coordinate
system is canceled upon reset when bit 6 (CLR) of
parameter No. 3402 or bit 3 (RLC) of parameter No. 1202
is setto 1.
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7.4 Select the planes for circular interpolation, tool nose radius
compensation, coordinate system rotation, and drilling by G—code.
PLANE SELECTION The following table lists G—codes and the planes selected by them.

Explanations
Table 7.4 Plane selected by G code

Selected

G code
plane

Xp Yp Zp

G17 Xp Yp plane .
pYpP X—axis or an Y-axis or an Z—axis or an

G18 Zp Xp plane axis parallel axis parallel axis parallel
to it to it to it

G19 Yp Zp plane

Xp, Yp, Zp are determined by the axis address appeared in the block in
which G17, G18 or G19 is commanded.

When an axisaddressis omitted in G17, G18 or G19 block, it isassumed
that the addresses of basic three axes are omitted.

Parameter No. 1022 specifies whether each axisis abasic axis (X—axis,
Y —axis, or Z—axis) or an axis parallel to abasic axis.

The plane is unchanged in the block in which G17, G18 or G19 is not
commanded.

When the power isturned on, G18 (ZX plane) is selected .

The movement instruction is irrelevant to the plane selection.

NOTE

1 U-, V-, and W-axes (parallel to a basic axis) can be used
with G—codes B and C.

2 Directdrawing dimension programming, chamfering, corner
R, multiple repetitive canned cycle, and simple canned
cycle are enabled only for the ZX plane.

Specifying these functions for other planes causes P/S
alarm No. 212 to be generated.

Examples Plane selection when the X—axis is parallel with the U-axis.
G17X_Y_; XY plane,
G17U_Y_; UY plane
G18X_Z_; ZX plane
X_Y_; Planeisunchanged (ZX plane)

G17; XY plane
G18; ZX plane
G17 U_; UY plane
G18Y_; ZX plane, Y axis moves regardless without any

relation to the plane.
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COORDINATE VALUE AND DIMENSION

This chapter contains the following topics.

8.1 ABSOLUTE AND INCREMENTAL PROGRAMMING (G90, G91)
8.2 INCH/METRIC CONVERSION (G20, G21)

8.3 DECIMAL POINT PROGRAMMING

8.4 DIAMETER AND RADIUS PROGRAMMING
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8.1

ABSOLUTE AND
INCREMENTAL
PROGRAMMING
(G90, G91)

Format
® G code system A

® G code system B or C

Examples

® Tool movement from point
P to point Q (diameter
programming is used for
the X—axis)

There are two ways to command travels of the tool; the absolute
command, and the incremental command. In the absolute command,
coordinate value of the end position is programmed; in the incremental
command, move distance of the positionitself isprogrammed. G90 and
G91 are used to command absolute or incremental command,
respectively.

Absolute programming or incremental programming is used depending
on the command used. See following tables.

G code system A BorC

Command method Address word G90, G91

Absolute command Incremental command

X axis move command
Z axis move command
Y axis move command
C axis move command

0O < N X
I<sSC

Absolute command G90IP_;
Incremental command G911P_;

G code system A G code system B or C

Absolute command X400.0 Z50.0 ; G90 X400.0 Z50.0 ;

Incremental command U200.0 W—400.0; G91 X200.0 Z-400.0 ;

(400, 50)

\ P

(200, 450)

400 ‘T;)ZOO

v 45_BI///

x. Q
-

NOTE

1 Absolute and incremental commands can be used together
in a block.
In the above example, the following command can be
specified :
X400.0 W—400.0 ;

2 When both X and U or W and Z are used together in a block,
the one specified later is effective.

3 Incremental commands cannot be used when names of the
axes are A and B during G code system A is selected.
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8.2
INCH/METRIC
CONVERSION

(G20, G21)
Format

Either inch or metric input can be selected by G code.

G20; Inch input

G215 mm input

This G code must be specified in an independent block before setting the
coordinate system at the beginning of the program. After the G code for
inch/metric conversion is specified, the unit of input data is switched to
theleastinch or metricinput increment of increment system IS-B or IS-C
(Section 11-2.3). The unit of datainput for degrees remains unchanged.
The unit systems for the following values are changed after inch/metric
conversion:

— Feedrate commanded by F code

— Positional command

—Work zero point offset value

—Tool compensation value

— Unit of scale for manual pulse generator

— Movement distance in incremental feed

— Some parameters

When the power isturned on, the G code is the same as that held before
the power was turned off.

WARNING

1 G20 and G21 must not be switched during a program.

2 When switching inch input (G20) to metric input (G21) and
vice versa, the tool compensation value must be re—set
according to the least input increment.

However, when bit 0 (OIM) of parameter 5006 is 1, tool
compensation values are automatically converted and
need not be re—set.

CAUTION
Movement from the intermediate point is the same as that
for manual reference position return. The direction in which
the tool moves from the intermediate point is the same as
the reference position return direction, as specified with bit
5 (ZMl) of parameter No. 1006.

NOTE

1 When the least input increment and the least command
increment systems are different, the maximum error is half
of the least command increment. This error is not
accumulated.

2 The inch and metric input can also be switched using setting
of data setting (111-11.4.7).
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8.3
DECIMAL POINT
PROGRAMMING

Explanations

Numerical values can be entered with a decimal point. A decimal point
can be used when entering adistance, time, or speed. Decimal pointscan
be specified with the following addresses:

X, Y, Z,U, VWA B C I JK, R adF

There are two types of decimal point notation: calculator—type notation
and standard notation.

When calculator-type decimal notation is used, a value without decimal
point isconsidered to be specified in millimeters. When standard decimal
notation is used, such avalueis considered to be specified in least input
increments. Select either cal culator-type or standard decimal notation by
using the DPI bit (bit O of parameter 3401).Values can be specified both
with and without decimal point in a single program.

Examples
Pocket c_alculat_or Standard type decimal
Program command | type decimal point oint brogrammin
programming P prog 9
X1000 1000mm 1mm
Comm?”d valu_e with- | Unit: mm Unit : Least input increment
out decimal point (0.001 mm)
X1000.0 1000mm 1000mm
Command value with | Unit: mm Unit : mm
decimal point
WARNING

In a single block, specify a G code before entering a value. The position of decimal point may

depend on the command.

Examples:

G20; Inputin inches

X1.0 G04; X1.0 is considered to be a distance and processed as X10000. This command
is equivalent to GO4 X10000. The tool dwells for 10 seconds.

G04 X1.0; Equivalent to GO4 X1000. The tool dwells for one second.

NOTE
1 Fractions less than the least input increment are truncated.
Examples:
X1.23456; Truncated to X1.234 when the least input increment is 0.001 mm.
Processed as X1.2345 when the least input increment is 0.0001 inch.

2 When more than eight digits are specified, an alarm occurs. If a value is entered with a decimal
point, the number of digits is also checked after the value is converted to an integer according
to the least input increment.

Examples:

X1.23456789; P/S alarm 003 occurs because more than eight digits are specified.

X123456.7; If the least input increment is 0.001 mm, the value is converted to integer
123456700. Because the integer has more than eight digits, an P/S alarm 003
occurs.
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8.4 Since the work cross section is usualy circular in CNC lathe control
programming, its dimensions can be specified in two ways :

DIAMETER AND Diameter and Radius

RADIUS When the diameter is specified, it is called diameter programming and

PROGRAMMING when the radius is specified, it is called radius programming.

A
e _L
R2
R1
- - - - - Dl Yy
D2
X axis

D,, D, : Diameter programming
R, Ry : Radius programming

|_ Z axis

Explanations

® Notes on diameter
programming/radius
programming for each

Radius programming or diameter programming can be specified by
parameter DIA (N0.1006#3). When using diameter programming, note
the conditions listed in the table 8.4.

command

Table 8.4 Notes on specifying diameter value

Item

Notes

X axis command

Specified with a diameter value

Incremental command

Specified with a diameter value
In the above figure, specifies D2 minus
D1 for tool path B to A.

Coordinate system setting (G50)

Specifies a coordinate value with a diam-
eter value

Component of tool offset value

Parameter (No.5004#1) determines either
diameter or radius value

Parameters in canned cycle,
such as cutting depth along X
axis. (R)

Specifies a radius value

Radius designation in circular in-
terpolation (R, I, K, and etc.)

Specifies a radius value

Feedrate along axis

Specifies change of radius/rev. or change
of radius/min.

Display of axis position

Displayed as diameter value
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SPINDLE SPEED FUNCTION

The spindle speed can be controlled by specifying a value following
address S.

In addition, the spindle can be rotated by a specified angle.

This chapter contains the following topics.

9.1 SPECIFYING THE SPINDLE SPEED WITH A CODE

9.2 SPECIFYING THE SPINDLE SPEED VALUE DIRECTLY
(S5-DIGIT COMMAND)

9.3 CONSTANT SURFACE SPEED CONTROL (G96, G97)

9.4 SPINDLE SPEED FLUCTUATION DETECTION FUNCTION
(G25, G26)

9.5 SPINDLE POSITIONING FUNCTION
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9.1

SPECIFYING THE
SPINDLE SPEED
WITH A CODE

9.2

SPECIFYING THE
SPINDLE SPEED
VALUE DIRECTLY
(S5-DIGIT
COMMAND)

9.3

CONSTANT
SURFACE SPEED
CONTROL

(G96, G97)

Format

® Constant surface speed
control command

® Constant surface speed
control cancel command

e Clamp of maximum
spindle speed

Specifying a value following address S sends code and strobe signals to
the machine. On the machine, the signals are used to control the spindle
speed. A block can contain only one S code. Refer to the appropriate
manual provided by the machine tool builder for details such as the
number of digits in an S code or the execution order when a move
command and an S code command are in the same block.

The spindle speed can be specified directly by address S followed by a
five—digit value (min~1). The unit for specifying the spindle speed may
vary depending on the machine tool builder. Refer to the appropriate
manual provided by the machine tool builder for details.

Specify the surface speed (rel ative speed between the tool and workpiece)
following S. The spindle is rotated so that the surface speed is constant
regardless of the position of the tool.

G96 SOOOOO ;
TSurface speed (m/min or feet/min)

Note : This surface speed unit may change according to
machine tool builder’s specification.

697 SOO000 ;
TSpindle speed (min~1)

Note : This surface speed unit may change according to
machine tool builder’s specification.

G50 S_; The maximum spindle speed (min—1) follows S.
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Explanations

® Constant surface speed
control command (G96)

® Setting the workpiece
coordinate system for

constant surface speed

control

G96 (constant surface speed control command) isamodal G code. After
a G96 command is specified, the program enters the constant surface
speed control mode (G96 mode) and specified Svalues are assumed asa
surface speed. A G96 command must specify the axis along which
constant surface speed control is applied. A G97 command cancels the
G96 mode.When constant surface speed control is applied, a spindle
speed higher than the value specified in G50S_; (maximum spindle
speed) is clamped at the maximum spindle speed. When the power is
turned on, the maximum spindle speed is not yet set and the speed is not
clamped.S (surface speed) commands in the G96 mode are assumed as S
=0 (the surface speed is 0) until MO3 (rotating the spindlein the positive
direction) or M04 (rotating the spindle in the negative direction) appears
in the program.

The spindle speed (min—1) almost
Spindle speed (min-l) coincides with the surface speed
(m/min) at approx. 160 mm (radius).

RERE BN

Surface speed

S is 6800 m/min.

---------------

E no 106 1es  imn zra o o
radius {mrm)

Fig. 9.3 (a) Relation between workpiece radius, spindle speed
and surface speed

To execute the constant surface speed control, it is necessary to set the
work coordinate system, Z axis, (axisto which the constant surface speed
control applies) becomes zero.

ol

Fig. 9.3 (b) Example of the Workpiece Coordinate
System for Constant Surface Speed Control
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® Surface speed specified
in the G96 mode

Restrictions

e Constant surface speed
control for threading

G96 mode G97 mode

Specify the surface speed in m/min
(orfeet/min)

G97 command

Store the surface speed in m/min
(orfeet/min)

¢ Specified

The specified
spindle speed
(min~1) is use

Command for

the spindle

o

speed

Not specified

The surface speed (m/min or
feet/min) is converted to the
spindle speed (min—1)

| Commands other than G96 |

| | G96command

Specified

Command
for the surface
speed

The specified
surface
speed is used

Not specified

The stored surface speed (m/min or
feet/min) is used. If no surface speed is
stored, 0 is assumed.

The constant surface speed control is aso effective during threading.
Accordingly, it is recommended that the constant surface speed control
beinvalidated with G97 command before starting the scroll threading and
taper threading, because the response problem in the servo system may
not be considered when the spindle speed changes.
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e Constant surface speed
control for rapid traverse

In arapid traverse block specified by GO0, the constant surface speed
control isnot made by calculating the surface speed to atransient change

(G00) of thetool position, but ismade by cal culating the surface speed based on
the position at the end point of the rapid traverse block, on the condition
that cutting is not executed at rapid traverse.

Radius value
Programmed path
Tool path after offset
1
2
' —1— 7
— T
N : —T— 600
» 3 ,L'_I li ___________ — 500
N11 s !
. - Lo | 400
--:,1---,-4 ........... [ 375
L 1 300
—f----- - LT ~— 200
: : : —T— 100
0600 - - ' z - - : . - - -
T T e A 2
300 400 500 600 700 800 900 1000I 1100 1200 1300 1400 1500
' 1475
1050
Example N8 GO0 X1000.021400.0 ;

N9 T33;

N11 X400.0Z21050.0;

N12 G50S3000 ; (Designation of max. spindle speed)

N13 G96S200 ; (Surface speed 200 m/min)

N14 GO1 Z 700.0F1000 ;

N15 X600.0Z 400.0;

N16Z ...;

The CNC calculates the spindle speed which is proportional to the
specified surface speed at the position of the programmed coordinate
value on the X axis. Thisis not the value calculated according to the X
axis coordinate after offset when offset isvalid. At theend point N15in
the example above, the speed at 600 dia. (Which is not the turret center
but the tool nose) is 200 m/min. If X axis coordinate value is negative,
the CNC uses the absolute value.
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9.4

SPINDLE SPEED
FLUCTUATION
DETECTION
FUNCTION

(G25, G26)

Format

With thisfunction, an overheat alarm (No. 704) israised 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.

G26 Pp QqRr; Spindle fluctuation detection on
G25; Spindle fluctuation detection off

p : Time (in ms) from the issue of a new spindle rotation command (S
command) to the start of checking whether the actual spindle speedis
so fast that an overheat can occur.

When aspecified speed isreached within the time period of P, spindle
speed is checked at that time.

g : Tolerance (%) of a specified spindle speed

_ l-actual spindle speed

A = Specified spindie speed < -0

If a specified spindle speed lies within this range, it is regarded as
having reached the specified value. Then, an actual spindle speed is
checked.

r : Spindle speed fluctuation (%) at which the actual spindle speed is so
fast that an overheat can occur

= 1-speed that can cause overheat

secified spindle speed < 10

G26 enables the spindle speed fluctuation detection function, and G25
disables the spindle speed fluctuation detection.
Evenif G25is specified, p, g, and r are not cleared.
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Explanations

The fluctuation of the spindle speed is detected as follows:

1. When an alarm is issued after a specified spindle speed is reached

Spindle speed
A

Specified
T __}_d__%'__. speed

— |
7

Check | No check Check

Actual speed

. P Time
Specification of  Start of check Alarm

another speed

2. When an alarm is issued before a specified spindle speed is reached

Spindle speed
A

r

q d ®  Specified

q d speed
'

/]
P Actual speed
Check No check Check

P » 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
p : Time elapses since the specified speed changes until a check starts.
q: (Percentagetolerance for a check to start) x (specified speed)

r: (Percentage fluctuation detected as an alarm condition) x (specified
Speed)

d : Fluctuation detected as an alarm (specified in parameter 4913)

An aarm isissued when the difference between the specified speed and
the actual speed exceeds both r and d.
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NOTE
1 When an alarm is issued in automatic operation, a single

w

block stop occurs. The spindle overheat alarm is indicated
on the CRT screen, and the alarm signal “SPAL” is output
(setto 1 for the presence of an alarm). This signal is cleared
by resetting.

Even when reset operation is performed after an alarm
occurs, the alarm is issued again unless the cause of the
alarm is corrected.

No check is made during spindle stop state (*SSTP = 0).
By setting the parameter (No. 4913), an allowable range of
speed fluctuations can be set which suppresses the
occurrence of an alarm. However, an alarm is issued one
second later if the actual speed is found to be 0 min—1.
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9.5

SPINDLE
POSITIONING
FUNCTION

Inturning, the spindle connected to the spindlemotor isrotated at acertain
speed to rotate the workpiece mounted on the spindle. The spindle
positioning function turns the spindle connected to the spindle motor by
a certain angle to position the workpiece mounted on the spindle at a
certain angle. The spindle is positioned about the C—axis.

The spindle positioning function involvesthe following three operations:

1. Canceling the spindle rotation mode and entering the spindle
positioning mode (spindle orientation)

2. Positioning the spindle in the spindle positioning mode
3. Canceling the spindle positioning mode, and entering the spindle
rotation mode

95.1
Spindle Orientation

When spindlepositioningisfirst performed after the spindlemotor isused
for normal spindle operation, or when spindle positioning is interrupted,
the spindle orientation is required.

Orientation permits the spindle to stop at a predetermined position.
Orientation is directed by the M code set in parameter No. 4960. The
direction of orientation can be set with a parameter. For the analog
spindle, the direction is set in ZMIx (bit 5 of parameter 1006).

For the serial spindle, it isset in RETRN (bit 5 of parameter 4005).

9.5.2
Spindle Positioning

e Positioning with a
semi—fixed angle
specified by an M code

Thespindlecan be positioned with an arbitrary angle or semi—fixed angle.

Address M isfollowed by a2—digit numeric. The specifiable value may
be one of the six values from Mo to M (o+5). Value oo must be set in
parameter No. 4962 beforehand. The positioning angles corresponding
to Mo to M (o+5) arelisted below. Value f must be set in parameter No.
4963 beforehand.

M-code Positioning angle (Ex.)B=30°
Mot B 30°
M(oi+1) 2B 60°
M(oi+2) 3B 90°
M(a+3) 4B 120°
M(o+4) 58 150°
M(o+5) 6B 180°

Specify the command with incremental values. The direction of rotation
can be specified in parameter IDM (bit 1 of parameter 4950).
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® Positioning with a given
angle specified by
address Cor H

® Program reference
position

® Feedrate for positioning

Specify the position using address C or H followed by a signed numeric
valueor numeric values. Addresses C and H must be specified inthe GOO
mode.
(Example) C-1000

H4500
The end point must be specified with a distance from the program
referenceposition (in absolute mode) using address C. Alternatively, the
end point must also be specified with adistance from the start point to the
end point (in incremental mode) using address H.
A numeric with the decimal point can be entered.
The value must be specified in degrees.
(Example) C35.0=C35 degrees

The position to which the spindle is oriented is assumed as the program
reference position. The program reference position can be changed by
setting of acoordinate system (G50) or automatic setting of a coordinate
system (#OZPR of parameter 1202).

Program reference
. position
90°
A
180°
B
G code A GcodeBandC
Command | Addres | Command
Command format Addres | A-Binthe | sused | A-Bin the
s used above and G above
figure code figure
Specify the
end point
Absolute with a dis-
tance from C C180.0; G90,C | G90C180.;
command
the program
reference
position.
Specify a dis-
Incremental tance from
the start H H90.0; G91,C G90C90. ;
command ;
point to the
end point.
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® Feedrate during
positioning

® Speed during orientation

Thefeedrate during positioning equals the rapid traverse speed specified
in parameter No. 1420. Linear acceleration/deceleration is performed.
For the specified speed, an override of 100%, 50%, 25%, and FO
(parameter No. 1421) can be applied.

Thetool movesat therapid traverse speed set in parameter N0.1420 until
a sufficient speed for orientation is attained. After the speed for
orientation has been attained, orientation is performed at the speed set in
parameter No. 1425.

9.5.3
Canceling Spindle
Positioning

When modes are to be switched from spindle positioning to normal
spindle rotation, the M code set in parameter No. 4961 is specified.

WARNING

1 Feed hold, dry run, machine lock, and auxiliary function lock
cannot be performed during spindle positioning.

2 Parameter No. 4962 must always be set even when
positioning with a semi—fixed angle specified in an M—code
is not performed. If the parameter is not set, M—codes from
the MOO to MO5 do not function properly.

NOTE

1 Specify spindle positioning alone in a block. A move
command for the X or Z axis cannot be specified within the
same block.

2 When emergency stop is applied during spindle positioning,
spindle positioning stops. To resume it, restart with the
orientation step.

3 The serial spindle Cs—axis contour control function and the
spindle positioning function cannot be used at atime. If both
options are specified, the spindle positioning function has
priority.

4 The spindle positioning axis is indicated in pulses in the
machine coordinate system.
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TOOL FUNCTION (T FUNCTION)

Two tool functions are available. Oneis the tool selection function, and
the other is the tool life management function.
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10.1
TOOL SELECTION

Explanations

By specifying a 2—digit/4—digit numerical value following address T, a
code signal and a strobe signal are transmitted to the machine tool. This
ismainly used to select tools on the machine.

One T code can be commanded in a block. Refer to the machine tool
builder’s manual for the number of digits commandable with address T
and the correspondence between the T codes and machine operations.
When amove command and aT code are specified in the same block, the
commands are executed in one of the following two ways:

1. Simultaneous execution of the move command and T function
commands.

2. Executing T function commands upon compl etion of move command
execution.

The selection of either sequence depends on the machine tool builder’s
specifications. Refer to the machine tool builder’s manual for details.

1. Last one digit of T-code designates the offset number.
T OO

W T Tool offset number
Tool selection

2. Last two digits of T—code designate the offset number.

T OO OO
I T Tool offset number
Tool selection

The value after the T code indicates the desired tool. Part of the values
isalso used asthe offset number indicating the compensation amount for
tool offset.

Refer to the machine tool builder’s manual for correspondence between
the T—code and the tool and the number of digit to specify tool selection.
Example (T2+2)

N1G00X 100021400

N2T0313; (Select Tool No. 3 and Offset value No. 13)

N3X400Z1050;

Some machines use a 1-digit value to specify tool selection.
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10.2
TOOL LIFE
MANAGEMENT

Tools are classified into some groups. For each group, atool life (time
or frequency of use) is specified. Each time atool isused, thetimefor
which the tool is used is accumulated. When the tool life has been
reached, the next tool previously determined in the same group is used.
Thisfunction is called the tool life management function.

With 2—path control, tool life management is performed for each tool post
separately. So tool life management datais also set for each tool post.

10.2.1
Program of Tool Life
Data

Format

Tools used sequentially in each group and their tool life areregisteredin
the CNC as following program format of table 10.2.1 (a).

Table 10.2.1 (a) Program format of life management

Tape format Meaning
o____ Program number
G10L3; Start of setting tool life data
P__ _L____ ;| P__ :Groupnumber (1to128)
L :Tool life (1 to 9999)
T Q) T._____ Tool number
T____ 2
Tools are selected from
(n) (Dto (2)to ... to (n).
P__ L
T _ Data for the next group
i
G11; End of setting tool life data
M02(M30); End of program

For the method of registering tool life data in CNC, refer to Subsec.
111-11.4.14.
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Explanations

® Specification by duration
or number of times the
tool has been used

® Maximum number of
groups and tools

A tool life is specified either as the time of use (in minutes) or the
frequency of use, which depends on the parameter setting parameter No.
6800#2 (LTM) .

Up to 4300 minutes in time or 9999 times in frequency can be specified
for atool life.

The number of groupsto be registered and the number of toolsregistered
per group can be combined in three ways. One of the three combinations
is set by a parameter No. 6800#0, #1 (Each GS1 and GS2).

Table 10.2.1 (b) The max. number of groups and tools that can be registered

The Max. number of groups and tools The Max. number of groups and tools
GS2 GS1 without optional function of 128 tool pairs | with optional function of 128 tool pairs
(No.6800#1) | (No.6800#0)
Number of group Number of tool Number of group Number of tool
0 0 16 16 16 32
0 1 32 8 32 16
1 0 64 4 64 8
1 1 16 16 128 4

® A T code for registering
tools

In each of the caseslisted above, the maximum number of toolswhich can
beregistered is512 or 256 depending, respectively, on whether theoption
for 128tool lifecontrol groupsisused or not. When theoptionisnot used,
set the parameters as follows: For up to 16 groups, with up to 16 tools
in each group, set GS1 =0 and GS2 = 0. For up to 32 groups, with up to
8 tools in each group, set GS1 = 0 and GS2 = 1. To change the
combination, changethe parameter, then set program isexecuted with the
old tool group combination set in the NC. Whenever the parameter is
changed, be sure to reexecute the group setting program.

The sametool number may appear anywhere any timesin the program of
tool life data.

A T code for registering tools can usually consist of up to four digits.
When the option for 128 tool life control groupsis used, however, it can
consist of up to six digits.

T 0000 OO

T— Tool offset number

Tool selection

When using the tool life control function, do not use tool position offset
parameters LD1 and LGN (bits 0 and 1 of parameter No. 5002).
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Example

Explanations

00001 ;
G10L3;
P001L0150 ;
TOO11 ;
TO132;
T0O068 ;
P002L1400 ;
TO061;
T0241 ;
TO134;
TOO74;
P0O03L0700 ;
TO012
T0202 ;
G11;

MO02 ;

} Data of group 1

Data of group 2

} Data of group 3

The group numbers specified in P need not be serial. They need not be

assigned to al groups, either. When using two or more offset numbers
for the same tool in the same process, set as follows;

Tape format

Meaning

P004L0500;
T0101,
T0105;
TO108;
T0206;
T0203;
T0202;
T0209;
TO304,
TO309;
PO05L1200;
TO405;

The tools in group 4 are used from (1)
to (2) to (3).
(1) Each tool is used 500 times (or for
500 minutes).
When this group is specified three
times in one process, the offset num-
(2) bers are selected in the following or-
ders:
Tools (1): 01-05—08
(3) Tools (2): 06—03—02—09
Tools (3): 04—09

— 130 —



B—63524EN/01

PROGRAMMING 10. TOOL FUNCTION (T FUNCTION)

10.2.2
Counting a Tool Life

Explanation

® \When atool life is
specified as the time of
use (in minutes)

e When atool life is
specified as the
frequency of use

Between TAA99(AA=Tool group number) and TAA88 in a machining
program, thetimefor which thetool isused in the cutting modeis counted
at intervals of 4 seconds. Thetime taken for single-block stoppage, feed
hold, rapid traverse, dwelling, and FIN wait isignored.

Up to 4300 minutes can be specified for alife.

Counting is performed for each processthat isinitiated by the cycle start
of amachining program and ended when the NC is reset by the M02 or
MO3 command. The counters for tool groups used in a process are
incremented by one. Even when the same group is specified more than
oncein one process, the counter isincremented only by one. Up to 9999
can be set for atool life.

Counting of atool life is performed for each group. The life counter
contents are not erased even when the power of CNC is cut off.

When alife is specified as the frequency of use, apply an external reset
(ERS) signal to the CNC when M02 or M30 is executed.
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10.2.3 In machining programs, T codes are used to specify tool groups as
Specifying a Tool follows:
Group in a Machining
Program Tape format Meaning
TAA99; Ends the tool used by now, and starts to use the tool of
: the AAgroup. “99” distinguishes this specification
: from ordinary specification.
TA‘A88; Cancels the offset of the tool of the group. “88” distin—
: guishes this specification from ordinary specification.
M0'2(M300); Ends the machining program.

Explanations

Tape format Meaning

T0199; Ends the previous tool, and starts to use the tool of
. the 01 group.

T0188; Cancels the offset of the tool of the 01 group.

TOéOB; Ends the tool of the 01 group. Selects tool number
. 05 and offset number 08.

TO500; Cancels the offset of tool number 05.

T02-99; Ends tool number 05, and starts to use the tool of
. the 02 group.

T0199; Ends the tool of the 02 group, and starts to use the
. tool of the 01 group. If more than one offset number

is specified for the tool, the second offset number is
selected. Otherwise, the previous offset number is
used.
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AUXILIARY FUNCTION

There are two types of auxiliary functions; miscellaneous function (M
code) for specifying spindle start, spindle stop program end, and so on,
and secondary auxiliary function (B code).

When amove command and miscellaneous function are specified in the
sameblock, thecommands are executed in one of thefollowing 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 machine tool builder’'s
specification. Refer to the manual issued by the machine tool builder for
details.
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11.1
AUXILIARY
FUNCTION

(M FUNCTION)

Explanations

e M02,M03
(End of program)

e MOO
(Program stop)

e MO1
(Optional stop)

e M98
(Calling of subprogram)

e M99
(End of subprogram)

e M198
(Calling a subprogram)

When address M followed by a number is specified, a code signal and
strobe signal aretransmitted. Thesesignalsareused for turning on/off the
power to the machine.

In general, only one M code is valid in a block but up to three M codes
can be specified in ablock (although some machines may not allow that).
The correspondence between M codes and functionsis up to the machine
tool builder.

All M codes are processed in the machine except for M98, M99,M 198,
M codes for calling a subprogram (parameters Nos. 6071 to 6079), and
M codes for caling a custom macro (parameters Nos. 6080 to 6089).
Refer to the appropriate manual issued by the machine tool builder.

The following M codes have special meanings.

This indicates the end of the main program

Automatic operation is stopped and the CNC unit isreset. This differs
with the machine tool builder. After a block specifying the end of the
program is executed,control returnsto the start of the program. Bit 5 of
parameter No. 3404 (M02) or bit 4 of parameter No. 3404 (M03) can be
used to disable M02 or M03 from returning control to the start of the
program.

Automatic operation isstopped after ablock containing M 00 isexecuted.
When the program is stopped, al existing modal information remains
unchanged. The automatic operation can be restarted by actuating the
cycle operation. This differs with the machine tool builder.

Similarly to M0O, automatic operation is stopped after ablock containing
MO1 is executed. This code is only effective when the Optiona Stop
switch on the machine operator’s panel has been pressed.

This codeis used to call asubprogram. The code and strobe signals are
not sent. See the subprogram section 11-13.3 for details.

This code indicates the end of a subprogram.
M99 execution returns control to the main program. No code or strobe
signal is sent. See the subprogram section 11-13.3 for details.

Thiscodeisusedto call asubprogram of afileintheexternal input/output
function. Seethe description of the subprogram call function (111-4.5) for
details.

NOTE
A block immediately after an MOO, MO1, M02, or MO3 block
is not buffered. Similarly, ten M codes which do not buffer
can be set by parameters (Nos. 3411 to 3421). Refertothe
machine tool builder’s instruction manual for these M codes.
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11.2

MULTIPLE M
COMMANDS IN A
SINGLE BLOCK

Explanations

Examples

So far, one block has been able to contain only one M code. Up to three
M codes can be specifiedin asingle block when bit 7 (M 3B) of parameter
No. 3404 isset to 1.

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.

CNC allows up to three M codesto be specified in one block. However,
some M codes cannot be specified at the same time due to mechanical
operation restrictions. For detailed information about the mechanical
operation restrictions on simultaneous specification of multiple M codes
in one block, refer to the manual of each machine tool builder.

MO00, M01, M02, M30, M98, M99, or M198 must not be specified
together with another M code.

Some M codes other than M00, M01, 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
operationsin addition to sending the M codes themsel vesto the machine.
To be specified, such M codes are M codesfor calling program numbers
9001 to 9009 and M codes for disabling advance reading (buffering) of
subsequent blocks. Meanwhile, multiple of M codesthat direct the CNC
only to send the M codes themselves (without performing internal
operations) can be specified in a single block.

One M command in a single block Multiple M commands in a single

block
M40 ; M40M50M60 ;
M50 ; G28G91X0Z0 ;
M60 ; :

G28G91X0Z0
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11.3
M CODE GROUP
CHECK FUNCTION

Explanations

® M code setting

® Group numbers

TheM code group check function checksif acombination of multiple M
codes (up to three M codes) contained in ablock is correct.
Thisfunction hastwo purposes. Oneisto detect if any of the multiple M
codes specified in ablock includean M codethat must be specified alone.
The other purposeisto detect if any of the multiple M codes specifiedin
ablock include M codesthat belong to the same group. In either of these
cases, P/S alarm No. 5016 is issued.

For details on group data setting, refer to the manual available from the
machine tool builder.

Up to 500 M codes can be specified. In general, MO to M99 are always
specified. M codes from M 100 and up are optional .

Group numberscan beset from0to 127. Note, however, that Oand 1 have
specia meanings. Group number O represents M codes that need not be
checked. Group number 1 represents M codes that must be specified
alone.
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11.4

THE SECOND
AUXILIARY
FUNCTIONS
(B CODES)

Explanations
e Command range

e Command method

Restrictions

Indexing of the table is performed by address B and afollowing 8—digit
number. The relationship between B codes and the corresponding
indexing differs between machine tool builders.

Refer to the manual issued by the machine tool builder for details.

0 to 99999999

1

The decimal point can be used for input.
Command Output value

B10. 10000

B10 10

It is possible to change over the scale factor of B output, 1000 or 1
when thedecimal point input isomitted, using the parameter DPI (No.
3401#0).

Command Output value

When DPl is1: B1 1000

When DPlisO: B1 1

Itispossibleto changeover the scalefactor of B output 1000 or 10000
whenthedecimal point input isomitted intheinchinput system, using
the parameter AUX (No. 3405#0) When DPI=1.

Command Output value

When AUX is1:B1 10000

When AUX is0:B1 1000

When this functionsis used, the B address specifying an axis movement
disabled.
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PROGRAM CONFIGURATION

General

® Main program and
subprogram

There are two program types, main program and subprogram. Normally,
the CNC operates according to the main program. However, when a
command calling a subprogram is encountered in the main program,
control is passed to the subprogram. When a command specifying a
return to the main program is encountered in a subprogram, control is
returned to the main program.

Main program Subprogram
Instruction 1 Instruction 1’
Instruction 2 Instruction 2’
v :
Follow the dilrection of the E
subprogram '
Instruction n Y
Instruction n+1 :
" '
: Return to the main program

Fig. 12 (a) Main program and Subprogram

The CNC memory can hold up to 400 main programs and subprograms
(63 as standard). A main program can be selected from the stored main
programsto operatethe machine. Seelll-10 and 111-9.3 for the methods
of registering and selecting programs.
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® Program components

® Program section
configuration

A program consists of

the following components:

Table 12 Program components

Components

Descriptions

Tape start

Symbol indicating the start of a program file

Leader section

Used for the title of a program file, etc.

Program start

Symbol indicating the start of a program

Program section

Commands for machining

Comment section

Comments or directions for the operator

Tape end

Symbol indicating the end of a program file

.I.— Leader section

Tape start |
.

Program section {

) TITLE; -
00001 ;

— Program start

(CO.MMENT) <——— Comment section

% = Tape end

Fig.

12 (b) Program configuration

A program section consists of several blocks. A program section starts
with a program number and ends with a program end code.

Program section

Program section

configuration
Program number
Block 1

Block 2

Block n
Program end

00001 ;
N1 G91 GO0 X120.0 Y80.0 ;
N2 G43 Z2-32.0 HO1 ;

Nn- Z0;
M30 ;

A block contains information necessary for machining, such as a move
command or coolant on/off command.Specifying a value following a
dlash (/) at the start of ablock disables the execution of some blocks (see
“optional block skip” in Section 11-12.2).
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12.1 This section describes program components other than program sections.
PROGRAM See Section [1-12.2 for a program section.

COMPONENTS — Leader section
OTHER THAN Tape start —»% TIT'LE ; <—— Program start
PROGRAM (| oooo1;

SECTIONS 1

Program section 4 (COMMENT) <« Comment section

=~ Tape end

Fig. 12.1 Program configuration

Explanations

® Tape start The tape start indicates the start of afile that contains CNC programs.
The mark is not required when programs are entered using SY STEM P
or ordinary persona computers. Themark isnot displayed on thedisplay
screen. However, if the fileis output,the mark isautomatically output at
the start of thefile.

Table 12.1 (a) Code of atape start

ISO EIA

Name Notation in this manual
code | code
Tape start % ER %
® | eader section Data entered before the programsin a file constitutes a leader section.

When machining is started, the label skip state is usually set by turning
on the power or resetting the system. In the label skip state, all
information isignored until the first end—of—block codeisread. When a
file is read into the CNC unit from an I/O device, leader sections are
skipped by the label skip function.

A leader section generally contains information such as a file header.
When a leader section is skipped, even a TV parity check is not made.
So aleader section can contain any codes except the EOB code.

® Program start Theprogram start codeisto be entered immediately after aleader section,
that is, immediately before a program section. This code indicates the
start of a program, and is always required to disable the label skip
function.
With SY STEM P or ordinary personal computers, thiscodecanbeentered
by pressing the return key.

Table 12.1 (b) Code of a program start

Name ISO EIA Notation in this manual
code | code

Program start LF CR
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e Comment section

NOTE
If one file contains multiple programs, the EOB code for
label skip operation must not appear before a second or
subsequent program number. However, an program start
is required at the start of a program if the preceding program
ends with %.

Any information enclosed by the control—out and control-in codes is
regarded as a comment and skipped by the CNC. The user can enter a
header, comments, directionsto the operator, etc. Thereisno limit onthe
length of a comment section.

Table 12.1 (c) Codes of a control—-in and a control—out

Name 1ISO EIA Notation in this Meaning
code | code manual
Control-out ( 2-4-5 ( Start of comment section
Control-in ) 2-4-7 ) End of comment section

When a program is read into memory for memory operation, comment
sections, if any, are not ignored but are also read into memory. Note,
however, that codes other than those listed in the code table in Appendix
F areignored, and thus are not read into memory. When the programin
this memory is output to an external input/output device (see Section
[11-8), any comments are also output.

When aprogram isdisplayed on the screen, its comment sectionsare also
displayed. However, those codes that were ignored when read into
memory are not outputted or displayed.

During memory operation or DNC operation, all comment sections are
ignored.

The TV check function can be used for a comment section by setting
parameter CTV (bit 1 of No. 0100).

CAUTION
If a long comment section appears in the middle of a
program section, a move along an axis may be suspended
for a long time because of such a comment section. So a
comment section should be placed where movement
suspension may occur or no movement is involved.

NOTE

1 If only a control-in code is read with no matching
control-out code, the read control—in code is ignored.

2 The EOB code cannot be used in a comment.
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® Tape end

A tape end is to be placed at the end of afile containing NC programs.
If programs are entered using the automatic programming system, the
mark need not be entered. The mark isnot displayed on the CRT display
screen. However, when afileis output, the mark is automatically output
at the end of thefile.

If an attempt is made to execute % when M02 or MO3 is not placed at the
end of the program, the P/S alarm (No. 5010) is occurred.

Table 12.1 (d) Code of atape end

Name 1ISO EIA Notation in this
code code manual
Tape end % ER %
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12.2

PROGRAM SECTION
CONFIGURATION

® Program number

This section describeselementsof aprogram section. See Section|1-12.1
for program components other than program sections.

% ; TITLE ; Program number
(| 00001 ;
N1...;
% : Sequence number
. (COMMENT)
Program section { '
)
i ' Program end
\ M30 ;
%

Fig. 12.2 (a) Program configuration

A program number consisting of address O followed by a four—digit
number is assigned to each program at the beginning registered in
memory to identify the program.

When the 8—digit program number option isused, however, specify eight
digits for the program number (see Section 11.12.4).

In SO code, the colon ( ;) can be used instead of O.

When no program number is specified at the start of a program, the
sequence number (N....) at the start of the program is regarded as its
program number. If afive—digit sequence number isused, the lower four
digitsareregistered as aprogram number. If the lower four digitsare all
0, the program number registered immediately before added to 1 is
registered as a program number. Note, however, that NO cannot be used
for a program number.

If there is no program number or sequence number at the start of a
program, aprogram number must be specified using the MDI panel when
the program is stored in memory (See Section 8.4 or 10.1in Part 111.).

NOTE
Program numbers 8000 to 9999 may be used by machine
tool builders, and the user may not be able to use these
numbers.
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® Sequence number and
block

® TV check (Vertical parity
check along tape)

A program consists of several commands. One command unit is called
ablock. Oneblock isseparated from another with an EOB of end of block
code.

Table 12.2 (a) EOB code

Name 1ISO EIA Notation in this
code code manual
End of block (EOB) LF CR

At the head of a block, a sequence number consisting of address N
followed by a humber not longer than five digits (1 to 99999) can be
placed. Sequence numbers can be specified in arandom order, and any
numbers can be skipped. Seguence numbers may be specified for al
blocks or only for desired blocks of the program. In general, however, it
is convenient to assign sequence numbers in ascending order in phase
with the machining steps (for example, when a new tool is used by tool
replacement, and machining proceeds to a new surface with table
indexing.)

N300 X200.0 Z300.0 ; A sequence number is underlined.

Fig. 12.2 (b) Sequence number and block (example)

NOTE
NO must not be used for the reason of file compatibility with
other CNC systems.
Program number O cannot be used. So 0 must not be used
for a sequence number regarded as a program number.

A parity check ismadefor ablock on input tapevertically. If the number
of charactersin one block (starting with the code immediately after an
EOB and ending with the next EOB) is odd, an P/S alarm (N0.002) is
output. No TV check ismade only for those parts that are skipped by the
label skip function. Bit 1 (CTV) of parameter No. 0100 can be used to
specify whether the characters constituting comments, enclosedin® (" and
“)”, are counted when obtaining the number of charactersfor TV check.
The TV check function can be enabled or disabled by setting on the MDI
unit (See subsec. 11.4.7 in Part 111.).
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® Block configuration
(word and address)

A block consists of one or more words. A word consists of an address
followed by anumber somedigitslong. (Theplussign (+) or minussign
() may be prefixed to a number.)

Word = Address + number (Example : X-1000)

For an address, one of the letters (A to Z) isused ; an address definesthe
meaning of a number that follows the address. Table 12.2 (b) indicates
the usable addresses and their meanings.

The same address may have different meanings, depending on the
preparatory function specification.

Table 12.2 (b) Major functions and addresses

Function Address Meaning
Program number o® Program number
Sequence number N Sequence number
Preparatory function G Specifies a motion mode (linear, arc,
etc.)
Dimension word X,Y, Z,U,V, | Coordinate axis move command
W, A /B, C
1,J,K Coordinate of the arc center
R Arc radius
Feed function F Rate of feed per minute,
Rate of feed per revolution
Spindle speed function S Spindle speed
Tool function T Tool number
Auxiliary function M On/off control on the machine tool
B Table indexing, etc.
Dwell P, X, U Dwell time
Program number P Subprogram number
designation
Number of P Number of subprogram repetitions
repetitions
Parameter P, Q Canned cycle parameter
NOTE

In ISO code, the colon (:) can also be used as the address
of a program number.

N_ G_ X_ Z_ F_ S_ T_ M_ :
Se- Preparatory Dimension Feed— gpéréoclile Tool Miscella-
quence  function word function fLE)I‘IC'[iOH func- neous func-
number tion tion

Fig. 12.2 (c) 1 block (example)
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® Major addresses and

ranges of command
values

Major addresses and the ranges of values specified for the addresses are
shown below. Note that these figures represent limits on the CNC side,
which are totally different from limits on the machine tool side. For
example, the CNC dlows a tool to traverse up to about 100 m (in
millimeter input) along the X axis.

However, an actua stroke along the X axis may be limited to 2 m for a
specific machine tool.

Similarly, the CNC may be able to control acutting federate of up to 240
m/min, but the machine tool may not allow more than 3 m/min. When
developing a program, the user should carefully read the manuals of the
machinetool aswell asthismanual to befamiliar with therestrictionson
programming.

Table 12.2 (¢) Major addresses and ranges of command values

Function Address Inputin mm Inputininch
Program number oM |1-9999 1-9999
Sequence number N 1-99999 1-99999
Preparatory function G 0-99 0-99
Dimen- | Increment X, Y, Z, [-99999.999 to —9999.9999 to
sion system IS-B | U, V, W, |+99999.999 +9999.9999
word A B,C |,

Increment J K R |79999.9999 to —999.99999 to
system IS-C "7 1 49999.9999 +999.99999
Feed Increment F 1 to 240000 0.01 to 9600.00
per system IS-B mm/min inch/min
minute
Increment 1 to 100000 0.01 to 4000.00
system IS-C mm/min inch/min
Feed per revolution F 0.0001 to 0.000001 to
500.0000 9.999999
mm/rev inch/rev
Spindle speed function S 0 to 20000 0 to 20000
Tool function T 0 to 99999999 0 to 99999999
Auxiliary function M 0 to 99999999 0 to 99999999
B 0 to 99999999 0 to 99999999
Dwell Increment P, X, U |0 to99999.999s 0 to 99999.999s
system IS—-B
Increment 0 to 9999.9999s 0 to 9999.9999s
system IS-C
Designation of a P 1to 9999 1to 9999
program number
Number of repetitions P 1t0 999 1t0 999

NOTE
In ISO code, the colon (:) can also be used as the address
of a program number.
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e Optional block skip

When adlash followed by anumber (/n (n=1t0 9)) isspecified at the head
of ablock, and optional block skip switch non the machine operator panel
is set to on, the information contained in the block for which /n
corresponding to switch number nisspecifiedisignored in tape operation
or memory operation.
When optional block skip switch nisset to off, theinformation contained
intheblock for which/nisspecifiedisvalid. Thismeansthat the operator
can determine whether to skip the block containing /n.
Number 1 for /1 can be omitted. However, when two or more optional
block skip switches are used for one block, number 1 for /1 cannot be
omitted.
Example)

(Incorrect) (Correct)

/I3 G00X10.0; /1/3 G00X10.0;
Thisfunctionisignored when programs areloaded into memory. Blocks
containing /n are aso stored in memory, regardless of how the optional
block skip switch is set.
Programs held in memory can be output, regardiess of how the optional
block skip switches are set.
Optional block skip is effective even during sequence number search
operation.
Depending on the machine tool, all optional block skip switches (1 to 9)
may not be usable. Refer to manuals of the machine tool builder to find
which switches are usable.

WARNING

1 Position of a slash
A slash (/) must be specified at the head of a block. If aslash
is placed elsewhere, the information from the slash to
immediately before the EOB code is ignored.

2 Disabling an optional block skip switch
Optional block skip operation is processed when blocks are
read from memory or tape into a buffer. Even if a switch is
set to on after blocks are read into a buffer, the blocks
already read are not ignored.

NOTE
TV and TH check
When an optional block skip switch is on. TH and TV checks
are made for the skipped portions in the same way as when
the optional block skip switch is off.
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® Program end Theend of aprogramisindicated by punching one of thefollowing codes
at the end of the program:

Table 12.2 (d) Code of a program end

Code Meaning usage

MO02 For main program
M30

M99 For subprogram

If one of the program end codes is executed in program execution, the
CNC terminates the execution of the program, and the reset state is set.
When the subprogram end code is executed, control returns to the
program that called the subprogram.

WARNING
A block containing an optional block skip code such as /M02
;,/IM30;, or /M99 ; is not regarded as the end of a program,
if the optional block skip switch on the machine operator’s
panel is set to on.
(See item “Optional block skip”.)
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12.3
SUBPROGRAM
(M98, M99)

Format

® Subprogram
configuration

® Subprogram call (M98)

Explanations

If aprogram containsafixed sequenceor frequently repeated pattern, such
aseguenceor pattern can bestored asasubprograminmemory tosimplify
the program.

A subprogram can be called from the main program.

A called subprogram can also call another subprogram.

One subprogram

O DO | subprogram number
(or the colon (:) optionally in the case of ISO)

M99 ; Program end

M99 need not constitute a separate block as indicated below.

Example) X100.0 Y100.0 M99 ;

MIg P OOO0O OO00;
T T
Number of times Subprogram
the subprogramis number
called repeatedly

When no repetition data is specified, the subprogram is called just once.

When the main program calls asubprogram, it isregarded as a one-level
subprogram call. Thus, subprogram calls can be nested up to four levels
as shown below.

Main program

00001

M30;

M98P1000(;

Subprogram Subprogram Subprogram Subprogram

<

01000

M98P2000j; M98P3000 M98P4000j;

M99 ;

02000 03000 04000

VL

N N N

M99 ; M99 ; M99 ;

(One—levelnesting)  (Two—levelnesting) (Three—levelnesting) (Four—levelnesting)

Reference item

A singlecall command can repeatedly call asubprogram upto 9999 times.
For compatibility with automatic programming systems, in the first
block, Nxxxx can be used instead of a subprogram number that follows
O(or:). A sequencenumber after N isregistered asasubprogram number.

See Chapter 10 in Part I11 for the method of registering a subprogram.
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Examples

Special Usage

® Specifying the sequence
number for the return
destination in the main
program

NOTE

1 The M98 and M99 signals are not output to the machine
tool.

2 Ifthe subprogram number specified by address P cannot be
found, an alarm (No. 078) is output.

Y M98 P51002 ;

This command specifies “Call the subprogram (number 1002) five times
in succession.” A subprogram call command (M98P_) can be specified
in the same block as a move command.

Y X1000.0 M98 P1200 ;

This example calls the subprogram (number 1200) after an X movement.

Y% Execution sequence of subprograms called from a main program

Main program 12 3 Subprogram
NO010 ; 01010;
N0020 ; N1020 ;
NO030 M98 P21010 ; N1030 ;
NO0040 ; N1040 ;
NO050 M98 P1010 ; N1050 ;
NOO060 ; N1060 M99 ;

A subprogram can call another subprogram in the same way as a main
program calls a subprogram.

If Pis used to specify a sequence number when a subprogram is
terminated, control does not return to the block after the calling block, but
returns to the block with the sequence number specified by P. Note,
however, that Pisignoredif themain programisoperating inamode other
than memory operation mode.
Thismethod consumesamuch longer timethan the normal return method
to return to the main program.

Main program Subprogram
NO0010 ... ; 00010 ... ;

N0020 ... ; N1020 ... ;

NO030 M98 P1010 ; N1030...;

N0040 ... ; N1040 ... ;

NO050 ... ; N1050 ... ;

NO060 ...; = N1060 M99 P0060 ;

— 150 —




B—63524EN/01

PROGRAMMING 12. PROGRAM CONFIGURATION

® Using M99 in the main
program

® Using a subprogram only

If M99 is executed in amain program, control returns to the start of the
main program. For example, M99 can be executed by placing /M99 ; at
an appropriatelocation of the main program and setting the optional block
skip function to off when executing the main program. When M99 is
executed, control returnsto the start of the main program, then execution
is repeated starting at the head of the main program.

Execution is repeated while the optional block skip functionis set to off.
If the optional block skip functionisset to on, the/M99; block isskipped;
control is passed to the next block for continued execution.

If/M99Pn ; is specified, control returns not to the start of the main
program, but to sequence number n. Inthiscase, alonger timeisrequired
to return to sequence number n.

N0010 ... ;
N0020 ... ;
N0030 ... ;
{:T NO0040 ... ;
- i NO0O50 ... ;
8EE°”aImOCkSMp / N0060 M99 P0030 ; Optional block
N0070 ... ; -« 1 skip
NO0080 MO02 ; ON

A subprogram can be executed just like amain program by searching for
the start of the subprogram with the MDI.

(See Section 9.4 in Part I11 for information about search operation.)
Inthiscase, if ablock containing M99 is executed, control returnsto the
start of the subprogram for repeated execution. If a block containing
M99Pn is executed, control returns to the block with sequence number n
in the subprogram for repeated execution. To terminate this program, a
block containing /M02 ; or /M30 ; must be placed at an appropriate
location, and the optional block switch must be set to off ; this switchis
to be set to on first.

N1010 ...,

N1020 ...,

N1030 ... ;

N1040 M02 ; Optional block skip
/ N1050 M99 P1020 ; ON
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12.4
8-DIGIT PROGRAM
NUMBER

Explanations

® Inhibiting editing of
programs

® File name

® Special programs

The 8-digit program number function enables specification of program
numbers with eight digits following address O (O00000001 to
099999999).

Editing of subprograms O00008000 to O00008999, O00009000 to
000009999, 080000000 to 089999999, and ©90000000 to 099999999
can be inhibited.

Parameter Program numbers for which editing is disabled
NE8(N0.3202#0) 000008000 to O00008999
NE9(N0.3202#4) 000009000 to O00009999

PRGB8E(N0.3204#3) 080000000 to 089999999
PRGOYE(N0.3204#4) 090000000 to 099999999
NOTE

When a wrong password has been specified for the
password function (see I11-9.9), the settings of NE9 (bit 3 of
parameter No. 3202) and PQE (bit 4 of parameter No. 3204)
cannot be changed.

For program punch by specifying arange, files are named as follows:
When punching by specifying O00000001 and O00123456:
“(O00000001-G”

When punching by specifying 012345678 and O45678900:
“012345678-G”

When 2—path control is being applied, the file name for the first path is
suffixed with “—1" and that for the second path is suffixed with “-2.”

Specia subprogram numbers can be changed by using bit 5 (SPR) of
parameter No. 3204.

1) Macro cal using G code

Program number
Parameter used to
specify G code When SPR =0 When SPR = 1
No0.6050 000009010 090009010
No.6051 000009011 090009011
No0.6052 000009012 090009012
No0.6053 000009013 090009013
No.6054 000009014 090009014
No0.6055 000009015 090009015
No0.6056 000009016 090009016
No.6057 000009017 090009017
No0.6058 000009018 090009018
No0.6059 000009019 090009019
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2) Macro cal using M code

Program number
Parameter used to
specify M code When SPR =0 When SPR = 1
No0.6080 000009020 090009020
No.6081 000009021 090009021
No0.6082 000009022 090009022
No0.6083 000009023 090009023
No0.6084 000009024 090009024
No0.6085 000009025 090009025
No.6086 000009026 090009026
No.6087 000009027 090009027
No.6088 000009028 090009028
No0.6089 000009029 090009029

3) Subprogram call using M code

Program number
Parameter used to
specify M code When SPR =0 When SPR = 1
No.6071 000009001 090009001
No0.6072 000009002 090009002
No0.6073 000009003 090009003
No.6074 000009004 090009004
No0.6075 000009005 090009005
No0.6076 000009006 090009006
No.6077 000009007 090009007
No0.6078 000009008 090009008
No0.6079 000009009 090009009

4) Macro cal using T code

Parameter used to

Program number

specify T code

When SPR =0

When SPR =1

TCS(N0.6001#5)

000009000

090009000

5) Macro call using ASCII code

Parameter used to

Program number

specify ASCIl code

When SPR =0 When SPR=1
No0.6090 000009004 090009004
No.6091 000009005 090009005
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e External program
number search

Limitations

® Subprogram call

e DNC

6) Pattern datafunction

Program numaber
When SPR =0 When SPR =1
000009500 090009500
000009501 090009501
000009502 090009502
000009503 090009503
000009504 090009504
000009505 090009505
000009506 090009506
000009507 090009507
000009508 090009508
000009509 090009509
000009510 090009510

External input signals can be used to search for a program number. A
program stored in CNC memory can be selected by externally inputting
a program number, between 1 and 99999999, to the CNC. For details,
refer to the appropriate manual supplied from the machine tool builder.

This function disables subprogram call unless FS15 tape format (see
[1-19) is used. This restriction also applies to calling a program in
external 1/O devices (M198).

(Example)

M98 P12345678 ;
[ Subprogram number only
The repetition count is not included.

O8—digit program number can not be used in DNC1, DNC2, ethernet,

data server, OPEN CNC, CONVERSATIONAL AUTOMATIC
PROGRAMMING FUNCTION.
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General

FUNCTIONS TO SIMPLIFY PROGRAMMING

This chapter explains the following items:

13.1 CANNED CYCLE (G90, G92, G94)

13.2 MULTIPLE REPETITIVE CYCLE (G70-G76)
13.3 CANNED CYCLE FOR DRILLING (G80-G89)

13.4 CANNED GRINDING CYCLE
(FOR GRINDING MACHINE)

13.5 CHAMFERING AND CORNER R

13.6 MIRROR IMAGE FOR DOUBLE TURRET (G68, G69)
13.7 DIRECT DRAWING DIMENSIONS PROGRAMMING
13.8 RIGID TAPPING

13.9 THREE-DIMENSIONAL COORDINATE CONVERSION
(G68.1, G69.1)

NOTE
Explanatory diagrams in this chapter uses diameter
programming in X axis.
In radius programming, changes U/2 with U and X/2 with X.
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13.1
CANNED CYCLE
(G90, G92, G94)

There are three canned cycles : the outer diameter/internal diameter
cutting canned cycle (G90), thethread cutting canned cycle(G92), andthe
end face turning canned cycle (G94).

13.1.1
Outer Diameter /

Internal Diameter
Cutting Cycle (G90)

e Straight cutting cycle

GI0X (U)_Z (W)_F__; R...... Rapid traverse

F...... Specified by F code

X axis
A
-

A AR

?3(F) 2(F) 1R) |ur2

€ - -=-=-=—="o o= Y

X/2

co— - i ; SN 2 - - Z axis

Fig. 13.1.1 (a) Straight Cutting Cycle

In incremental programming, the sign of the numbers following address
U and W depends on the direction of paths 1 and 2. In the cycle of 14.
11 (a), thesignsof U and W are negative.

In single block mode, operations 1, 2, 3 and 4 are performed by pressing
the cycle start button once.
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® Taper cutting cycle

GIOX(U)_zZW)_R_F__; R...Rapid traverse
F...Specified by F code
X axis
4(R)
ﬁ—f ---------------- 1
uz | 36 1(R) .
I Ly
i - 20 R
2. w 5
Nz 1
Z axis
Fig. 13.1.1 (b) Taper Cutting Cycle
® Signs of numbers In incremental programming, the relationship between the signs of the
specified in the taper numbersfollowing addressU, W, and R, and thetool pathsareasfollows:
cutting cycle
1. U<0O,W<0,R<0 2.U>0,W<0,R>0
- X
z I—» z W
4R) g
2(F R
U2 3(F) 1(R) © R
iR urz| |3 1(R)
2(F)
- AR)
3. U<0,W<0,R>0 4. U>0,W<0,R<0
at|R|= | 7| at|R| = | Y|
- "
z ﬁ zZ w
4(R) N ] )
1R) 2(F) IR
Uzl |3(F) u/2 3(F)
2(F) IR 1(R)
- W 4(R) E]
:

— 157 —



13. FUNCTIONS TO SIMPLIFY
PROGRAMMING

PROGRAMMING B—63524EN/01

13.1.2
Thread Cutting Cycle
(G92)

G92X(U) _ zZ(W)__F__ ; Lead (L) is specified.

X axis

AR) .

G .

/—:\( : 1(R) ,

’, ‘\ ) 1

g 0 ;
— X/2

Z axis

R...... Rapid traverse
AVAVAV AR Specified by
F code
L

(The chamfered angle in the left figure
is 45 degrees or less because of the
delay in the servo system.

Approx. 45°

Detailed chamfered thread

Fig. 13.1.2 (a) Straight Thread Cutting

Inincremental programming, the sign of numbersfollowing addresses U
and W depends on thedirection of paths1and 2. Thatis, if the direction
of path 1 isthe negative along the X axis, the value of U is negative.
The range of thread leads, limitation of spindle speed, etc. are the same
asin G32 (thread cutting). Thread chamfering can be performed in this
thread cutting cycle. A signa from the machine tool, initiates thread
chamfering. The chamfering distance is specified in arange from 0.1L
to 12.7L in 0.1L increments by parameter (No. 5130). (In the above
expression, L isthe thread lead.)

In the single block mode, operations 1, 2, 3, and 4 are performed by
pressing cycle start button once.
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WARNING
Notes on this thread cutting are the same as in thread
cutting in G32. However, a stop by feed hold is as follows;
Stop after completion of path 3 of thread cutting cycle.

CAUTION
The tool retreats while chamfering and returns to the start
point on the X axis then the Z axis, as soon as the feed hold
status is entered during thread cutting (motion 2) when the
“Thread Cutting Cycle retract” option is used.

— Ordinary cycle
...... Motion at feed hold

Stop point

Rapid traverse

Feed hold is effected here.

Another feed hold cannot be made during retreat. The
chamfered amount is the same as that at the end point.
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® Taper thread cutting
cycle

G92X(U) _ zZ(W)_R__F__;Lead (L) is specified.

X axis
A
Z
; 4R) . (R) ORapid traverse
u/2 ' ' (F) OSpecified by
: 3(R) MR T g code
—
-y
- - Z axis

(The chamfered angle in the left figure
is 45 degrees or less because of the
delay in the servo system.

+ Approx. 45°

Detailed chamfered thread

Fig. 13.1.2 (b) Taper thread cutting cycle

— 160 —




B—63524EN/01

13. FUNCTIONS TO SIMPLIFY
PROGRAMMING PROGRAMMING

13.1.3
End Face Turning
Cycle (G94)

® Face cutting cycle

GoMAXU)__zW)_F__;

. R)...... Rapid traverse
®...... Specified by F code

- - Z axis

Fig. 13.1.3 (a) Face Cutting Cycle

Inincremental programming, the sign of numbersfollowing addresses U
and W depends on the direction of paths 1 and 2. Thatis, if the direction
of the path is in the negative direction of the Z axis, the value of W is
negative.

In single block mode, operations 1, 2, 3, and 4 are performed by pressing
the cycle start button once.
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® Taper face cutting cycle

X axis
1\
1(R)
e (R)-Rapid traverse
, (F) -Specified by F code
< 2(F v4R
u/2 ‘\( : AR
1 3(F) !
N~
X/2 R W,
| , . B _ - Z axis
Fig. 13.1.3 (b)

In incremental programming, the relationship between the signs of the

® Signs of numbers
numbersfollowing addressU, W, and R, and the tool pathsareasfollows:

specified in the taper
cutting cycle

1. U<0O,W<0,R<0 2. U>0,W<0,R<0
T i
1(R) R
] . z w
u/2 2(F) f4R) 3(F)
u/2 2(F) 4(R)
3(F)
R w 1(R)
3. U<0,W<0,R> 0 4. U>0,W<0,R<0
at|R| = |w] at |R| =1[w]
X X
L., 1= o "
z z ‘—ﬁ
1ER) 3(F)
ur2 2(F) 4(R) u/2 2(F) 4R)
3(F) 1(R)
o LR
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NOTE

1 Since data values of X (U), Z (W) and R during canned cycle are
modal, if X (U), Z (W), or R is not newly commanded, the previously
specified data is effective. Thus, when the Z axis movement
amount does not vary as in the example below, a canned cycle can
be repeated only by specifying the movement commands for the
X-axis.
However, these data are cleared, if a one—shot G code expect for
GO04 (dwell) or a G code in the group 01 except for G90, G92, G94
is commanded.

(Example)
X axis
66
o
810
16

/Workpiece

0 Z axis

The cycle in the above figure is executed by the following program.
NO30 G90 U-8.0 W-66.0 F0.4 ;

NO31 U-16.0;
N032 U-24.0;
NO033 U-32.0;

2 The following two applications can be performed.

(1) If an EOB or zero movement commands are specified for the
block following that specified with a canned cycle, the same
canned cycle is repeated.

(2) If the M, S, T function is commanded during the canned cycle
mode, both the canned cycle and M, S, or T function can be
performed simultaneously. If this is inconvenient, cancel the
canned cycle once as in the program examples below (specify
GO0 or G01) and execute the M, S, or T command. After the
execution of M, S, or T terminates, command the canned cycle
again.

(Example)
NO003 T0101 ;

NO10 G90 X20.0 Z10.0 FO.2;
NO11 GO0 T0202 ;
NO012 G90 X20.5710.0;
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13.1.4 An appropriate canned cycle is selected according to the shape of the
How to Use Canned material and the shape of the product.

Cycles (G90, G92, G94)

® Straight cutting cycle
(G90)

Shape of material

N

Shape of product

® Taper cutting cycle (G90)

Shape of material
—

b

Shape of product
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® Face cutting cycle (G94)

. — Shape of material

Shape of product A

® Face taper cutting cycle

(G94)

.— Shape of material

Shape of product A
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13.2
MULTIPLE
REPETITIVE CYCLE
(G70-G76)

Thisoption canned cyclesto make CNC programming easy. For instance,
the data of the finish work shape describes the tool path for rough
machining. And also, acanned cyclesfor thethread cutting is available.

13.2.1
Stock Removal in
Turning (G71)

® Type |

There are two types of stock removalsin turning : Type |l and I1.

If afinished shape of A to A’ to B is given by a program asin the figure
below, the specified areaisremoved by Ad (depth of cut), with finishing
allowance Au/2 and Aw |eft.

Program command

v
(F) : Cutting feed _ Au/2

(R) : Rapid traverse +
A AW

G71U (ad) R (e) ;
G71P (ns) Q (nf) U (Au) W (Aw) F(f) S(s) T (1)

N (ns) ...........

........ F The move command between A and B is
S specified in the blocks from sequence
T number ns to nf.

N (nf)-o

Ad : Depth of cut (radius designation)
Designatewithout sign. The cutting direction depends on the direction AA”. This
designation is modal and is not changed until the other value is designated. Also
this value can be specified by the parameter (No. 5132), and the parameter is
changed by the program command.

e : Escapingamount
This designation is modal and is not changed until the other value is designated.
Also this value can be specified by the parameter (No. 5133), and the parameter
is changed by the program command.

ns : Sequence number of the first block for the program of finishing shape.

nf : Sequence number of the last block for the program of finishing shape.

Au : Distance and direction of finishing allowance in X direction (diameter / radius
designation).

Aw : Distance and direction of finishing allowance in Z direction.

f,s,t : AnyF, S, or T function contained in blocks ns to nfin the cycle isignored, and the
F, S, or T function in this G71 block is effective.

Fig. 13.2.1 (a) Cutting Path in Stock Removal in Turning (Type I)
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NOTE

1 While both Ad and Au, are specified by address U, the
meanings of them are determined by the presence of
addresses P and Q.

2 The cycle machining is performed by G71 command with P
and Q specification.
F, S, and T functions which are specified in the move
command between points A and B are ineffective and those
specified in G71 block or the previous block are effective.

When an option of constant surface speed control is
selected, G96 or G97 command specified in the move
command between points A and B are ineffective, and that
specified in G71 block or the previous block is effective.
The following four cutting patterns are considered. All of
these cutting cycles are made paralleled to Z axis and the
sign of Au and Aw are as follows:

+X

U(+)...W(+)

U()...W()

A A \ Both linear and cir-
AN A / cular interpolation
are possible

U(-)...W(+)

The tool path between A and A’ is specified in the block with
sequence number “ns” including GO0 or GO1, and in this
block, a move command in the Z axis cannot be specified.
The tool path between A" and B must be steadily increasing
or decreasing pattern in both X and Z axis. When the tool
path between A and A’ is programmed by G00/G01, cutting
along AA’ is performed in GOO/G01 mode respectively.

3 The subprogram cannot be called from the block between

sequence number “ns” and “nf".
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® Type ll Type |l differsfrom type | in the following : The profile need not show
monotone increase or monotone decrease along the X axis, and it may
have up to 10 concaves (pockets).

Fig. 13.2.1 (b) Number of Pockets in Stock Removal in Turning (Type Il)

Note that, however, the profile must have monotone decrease or increase
along the Z axis. The following profile cannot be machined:

N

Monotone change is not
observed along the Z axis

Fig. 13.2.1 (c) Figure Which Cannot Be Machined in Stock Removal in
Turning (Type I1)

The first cut portion need not be vertical ; any profile is permitted if
monotone change is shown along the Z axis.

\_/

Fig. 13.2.1 (d) Figure Which Can Be Machined (Monotonic change) in
Stock Removal in Turning (Type Il)

After turning, a clearance is provided by cutting along the workpiece
profile.
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® Distinction between type
I and type Il

e (set by a parameter)

Fig. 13.2.1 () Chamfering in Stock Removal in Turning (Type Il)

The clearance e (specified in R) to be provided after cutting can also be
set in parameter No. 5133.
A sample cutting path is given below:

Fig. 13.2.1 (f) Cutting Path in Stock Removal in Facing

The offset of the tool tip radiusis not added to finishing alowances

Au and Aw. In turning, the offset of the tool tip radius is assumed to be
zero.

W=0 must be specified ; otherwise, thetool tip may cutinto onewall side.
For thefirst block of arepetitive portion, two axes X (U) and Z (W) must
be specified. When Z motion is not performed, WO is also specified.

When only one axisis specified in the first block of a repetitive portion
-- Typel
When two axes are specified in the first block of arepetitive portion
-- Typell
When the first block does not include Z motion and type Ilisto be used,
WO must be specified.
(Example)
TYPE | TYPE I
G71V10.0R5.0; G71V10.0R50;
G71P100Q200...; G71P100Q200........;
N100X (U)__;  N100X (U)__ Z(W)__;
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13.2.2
Stock Removal in
Facing (G72)

® Signs of specified
numbers

As shown in the figure below, this cycle is the same as G71 except that
cutting is made by a operation parallel to X axis.

Ad
-«
A = c
A
Tool path
(]
(R)
e
(R)
45°
)
®\| |
Program command N Au/2
® Ll |
AW f€—
G72 W(Ad) R(e) ;
G72 P(ns) Q(nf) U(Au) W(Aw) F(f) S(s) T(t) ;
The meanings of Ad, e, ns, nf, Au,Aw, T, s, and t are the same as
those in G71.

Fig. 13.2.2 (a) Cutting Path in Stock Removal in Facing

The following four cutting patterns are considered. All of these cutting
cyclesaremadeparallel to X axisandthesign of Auand Aw areasfollows:

+X

B B
+Z

U)...W(+)... U@)...W()...

Both linear and circular

A’ A £ interpolation are possible
A A A A
O O
U()...W(+)... U+)...W()...
B B
Fig. 13.2.2 (b)

Signs of Numbers Specified with U and W in Stock Removal in Facing

Thetool path between A and A’ is specified in the block with sequence
number “ns” including GOO or GO1, and in this block, a move command
in the X axis cannot be specified. The tool path between A” and B must
be steadily increasing and decreasing pattern in both X and Z axes.
Whether the cutting along AA” is GO0 or GO1 mode is determined by the
command between A and A’, as described in item 13.2.1.
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13.2.3
Pattern Repeating
(G73)

This function permits cutting a fixed pattern repeatedly, with a pattern
being displaced bit by bit. By thiscutting cycle, itispossibletoefficiently
cut work whose rough shape has already been made by a rough
machining, forging or casting method, etc.

-
Ai+Au/2

Aw
The pattern commanded in the program should be as follows.

A—-A'—B
G73 U (Ai) W (Ak) R (d);

G73P (ns) Q (nf) U (Au) W(Aw) F(f) S(s) T

N (ns) ...........

"""""""" The move command between A and B is
g— specified in the blocks from sequence
T number ns to nf.

N (f)eerveeerss ;

Ai : Distance and direction of relief in the X axis direction (Radius designation).
This designation is modal and is not changed until the other value is designated.
Also this value can be specified by the parameter No. 5135, and the parameter
is changed by the program command.

Ak : Distance and direction of relief in the Z axis direction.
This designation is modal and is not changed until the other value is designated.
Also this value can be specified by the parameter No. 5136, and the parameter
is changed by the program command.

d : The number of division
Thisvalue is the same as the repetitive count for rough cutting. This designation
is modal and is not changed until the other value is designated. Also, this value
can be specified by the parameter No. 5137, and the parameter is changed by
the program command.

ns : Sequence number of the first block for the program of finishing shape.

nf : Sequence number of the last block for the program of finishing shape.

Au : Distance and direction of finishing allowance in X direction (diameter/radius
designation)

Aw : Distance and direction of finishing allowance in Z direction

f,s,t 1 Any F, 'S, and T function contained in the blocks between sequence number “ns”
and “nf”areignored, and the F, S, and T functions in this G73 block are effective.

Fig. 13.2.3 Cutting path in Pattern Repeating
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NOTE

1 While the values Ai and Ak, or Au and Aw are specified by
address U and W respectively, the meanings of them are
determined by the presence of addresses P and Q in G73
block. When P and Q are not specified in a same block,
addresses U and W indicates Ai and Ak respectively. When
P and Q are specified in a same block, addreses U and W
indicates Au and Aw respectively.

2 The cycle machining is performed by G73 command with P
and Q specification.
The four cutting patterns are considered. Take care of the
sign of Au, Aw, Ak, and Ai.
When the machining cycle is terminated, the tool returns to
point A.

13.24
Finishing Cycle (G70)

Format

After rough cutting by G71, G72 or G73, thefollowing command permits
finishing.

G70P (ns) Q (nf) ;
(ns) : Sequence number of the first block for the program of
finishing shape.

(nf) : Sequence number of the last block for the program of
finishing shape.

NOTE

1 F S, and T functions specified in the block G71, G72, G73
are not effective but those specified between sequence
numbers “ns” and “nf” are effective in G70.

2 When the cycle machining by G70 is terminated, the tool is
returned to the start point and the next block is read.

3 In blocks between “ns” and “nf’ referred in G70 through
G73, the subprogram cannot be called.
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Examples

Stock Removal In Facing (G72)

X axis

»l
vl

7 -1 : Start point

88| 110

_ _ 1 ] - Y - - » Z axis

% $160 0120 | ¢80 | ¢a0

190

(Diameter designation, metric input)
NO10 G50 X220.0 Z190.0 ;
NO11 GO0 X176.0 Z132.0;
NO012 G72 W7.0R1.0;
NO013 G72 P014 Q019 U4.0 W2.0 F0.3 S550 ;
NO14 GO0 Z58.0 S700 ;
NO15 GO1 X120.0 W12.0 F0.15;
NO16 W10.0;
NO17 X80.0 W10.0;
NO018 W20.0;
NO19 X36.0 W22.0;
N020 G70 P014 Q019 ;
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Pattern Repeating (G73)

» Z axis

16
B T
ﬁy

X axis I
16
AN 110 |13d
14
y o~ o180 oiep “drzo| T esd] | ) ) )
2l 14
/\
20
\
e <

220

(Diameter designation, metric input)
NO010 G50 X260.0 Z220.0 ;
NO11 GO0 X220.0 Z160.0 ;
NO012 G73 U14.0 W14.0 R3;
N013 G73 P014 Q019 U4.0 W2.0 F0.3 S0180 ;
NO014 GO0 X80.0 W—40.0;
NO15 G01 W-20.0 F0.15 S0600 ;
N017 W-20.0 S0400 ;
N018 G02 X160.0 W—20.0 R20.0 ;
NO19 GO1 X180.0 W-10.0 S0280 ;
N020 G70 P014 Q019 ;

— 174 —




B—63524EN/01

13. FUNCTIONS TO SIMPLIFY
PROGRAMMING PROGRAMMING

13.2.5

End Face Peck Drilling

Cycle (G74)

The following program generates the cutting path shown in Fig. 13.2.5.
Chip breaking is possiblein thiscycle as shown below. If X (U) and Pare
omitted, operation only in the Z axis results, to be used for drilling.

kA_k,TLTLTA—kTLkT
Did é 1A
T — — — =7
/ | Al [[0<AK'=AK]
G (R) R) R (R 1{(R)
= — — — U2
®m ® ©®  ® 0w
oA
' |

[0<AT = Al]

l_ll_ll_ll_l)%ﬁx
B

z |

@

G74R (e) ;
G74X(U)_ Z(W)_ P(Ai) Q(AK) R(Ad) F (f) ;

e : Returnamount
This designation is modal and is not changed until the other value is
designated. Also this value can be specified by the parameter No. 5139, and
the parameter is changed by the program command.

X : X component of point B

U : Incremental amount from Ato B

Z : Zcomponent of point C

W : Increment amount from Ato C

Ai - : Movement amountin X direction (without sign)

Ak : Depth of cutin Z direction (without sign)

Ad : Reliefamount of the tool at the cutting bottom. The sign of Ad is always plus
(+). However, if address X (U) and Ai are omitted, the relief direction can be
specified by the desired sign.

f : Feedrate

Fig. 13.2.5 Cutting Path in End Face Peek Drilling Cycle
NOTE

1 While both e and Ad are specified by address R, the
meanings of them are determined by the present of address
X (U). When X(U) is specified, Ad is used.

2 The cycle machining is performed by G74 command with X
(V) specification.
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13.2.6
Outer Diameter /

Internal Diameter
Drilling Cycle (G75)

The following program generates the cutting path shown in Fig. 13.2.6.
Thisisequivaent to G74 except that X isreplaced by Z. Chip breaking
ispossibleinthiscycle, and groovingin X axisand peck drillingin X axis
(inthiscase, Z, W, and Q are omitted) are possible.

R

=
. 1| ®[L

)

J_ R

A

Je;vAi
!

A

J_ _________ J_ ur2
(F)
Il 1 | ®[1
(F)
Il [ | ®]
(F)
Ak ] F A X
z W
G75R @;

G75X(VU)_ Z(W)_ P(Ai) Q(AK) R(Ad) F(f) ;

Fig. 13.2.6

Cutting Path in Outer Diameter / Internal Diameter Drilling Cycle

Both G74 and G75 are used for grooving and drilling, and permit the tool
to relief automatically. Four symmetrical patterns are considered,

respectively.
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13.2.7 The thread cutting cycle as shown in Fig.13.2.7 is programmed by the
Multiple Thread Cutting ~ ©76 command.
Cycle (G76)
5 R) A
U2

R

/B
Ad

O]

[

7

[ !

! ( 0
x

Fig. 13.2.7 Cutting Path in Multiple thread cutting cycle

— 177 —



13. FUNCTIONS TO SIMPLIFY
PROGRAMMING

PROGRAMMING B—63524EN/01

/ Tool tip

G76P (m) (r) (a) Q (Ad min) R(d);
G76X (u) _ Z(W) _R(i) P(k) Q(Ad) F(L) ;

m ; Repetitive count in finishing (1 to 99)
This designation is modal and is not changed until the other value is
designated. Also this value can be specified by the parameter No.
5142, and the parameter is changed by the program command.

r : Chamfering amount
When the thread lead is expressed by L, the value of L can be set from
0.0L t0 9.9L in 0.1L increment (2—digit number from 00 to 90).
This designation is modal and is not changed until the other value is
designated. Also this value can be specified by the parameter No.
5130, and the parameter is changed by the program command.

a : Angle of tool tip
One of six kinds of angle, 80s, 60s, 555, 305, 295, and Os, can be
selected, and specified by 2—digit number.
This designation is modal and is not changed until the other value is
designated. Also this value can be specified by the parameter No.
5143, and the parameter is changed by the program command.

m, r, and a are specified by address P at the same time.

(Example)
Whenm=2, r=1.2L, a=60°, specify as shown below (L is lead of thread).
p 02 12 60
m T a

Admin : Minimum cutting depth (specified by the radius value)
When the cutting depth of one cycle operation (Ad— Ad —1) becomes
smaller than this limit, the cutting depthis clamped at this value. This
designation is modal and is not changed until the other value is
designated. Also this value can be specified by parameter No.
5140, and the parameter is changed by the program command.

d : Finishing allowance
This designation is modal and is not changed until the other value

is designated. Also this value can be specified by parameter No.
5141, and the parameter is changed by the program command.
i : Difference of thread radius If i = 0, ordinary straight thread cutting

can be made.
k : Height of thread

This value is specified by the radius value.
Ad : Depth of cut in 1st cut (radius value)
L : Lead of thread (same as G32).

Fig. 13.2.7 (b) Detail of cutting
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® Thread cutting cycle When feed hold is applied during threading in the multiple thread cutting
retract cycle (G76), the tool quickly retracts in the same way as in chamfering

performed at the end of the thread cutting cycle. The tool goes back to
the start point of the cycle. When cycle start is triggered, the multiple
thread cutting cycle resumes.

Without this retraction function, when feed hold is applied during
threading, the tool goes back to the start point of the cycle after threading
is completed.

Seenotesin 13.1.2.

NOTE

1 The meanings of the data specified by address P, Q, and R
determined by the presence of X (U) and X (W).

2 The cycle machining is performed by G76 command with X
(V) and Z (W) specification.
By using this cycle , one edge cutting is performed and the
load on the tool tip is reduced.
Making the cutting depth Ad for the first path, and Adn for
the nth path, cutting amount per one cycle is held constant.
Four symmetrical patterns are considered corresponding to
the sign of each address.
The internal thread cutting is available. In the above figure,
the feed rate between C and D is specified by address F, and
in the other path, at rapid traverse. The sign of incremental
dimensions for the above figure is as follows:
U, W : minus (determined by the direction of the tool path

AC and CD.)

R: minus (determined by the direction of the tool path
AC)

P: plus (always)

Q: plus (always)

3 Notes on thread cutting are the same as those on G32
thread cutting and G92 thread cutting cycle.

4 The designation of chamfering is also effective for G92
thread cutting cycle.

5 The tool returns to the cycle start point at that time (cutting
depth Adn) as soon as the feed hold status is entered during
thread cutting when the “Thread Cutting Cycle retract”
option is used.

— 179 —



13. FUNCTIONS TO SIMPLIFY
PROGRAMMING

PROGRAMMING B—63524EN/01

Examples
Multiple repetitive cycle (G76)
X axis
0 |
T T 1.8
¥68 ©60.64
Z axis
\7AY4
G80 X80.0 Z130.0;
4 —l 6 — G76 P011060 Q100 R200 ;
N G76 X60640 225000 P3680 Q1800 F6.0 ;
25 105

® Staggered thread cutting

Specifying P2 can perform staggered thread cutting with aconstant depth
of cut.

Example: G76 X60640 225000 K3680 D1800 F6.0 A60 P2;

For staggered thread cutting, always use the FS15 tape format (see
Section 18.5).

If the depth of cut in one cycleislessthan dmin (specified in parameter
No. 5140), the depth of cut is clamped at Admin.

NOTE
Multiple repetitive cycle Il is required.

Tool nose

/ (j2/4 D2 (/4 /6) D2

/ /
/ /
4 14

Hn

H6 - -

HE H7 _

| (Finishing allowance),

H9
Staggered thread cutting with a constant depth of cut
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13.2.8

Notes on Multiple
Repetitive Cycle
(G70-G76)

. Inthe blocks where the multiple repetitive cycle are commanded, the

addressesP, Q, X, Z, U, W, and R should be specified correctly for each
block.

. Intheblock whichis specified by address P of G71, G72 or G73, GOO

or GO1 group should be commanded. If it is not commanded, P/S
alarm No. 65 is generated.

. InMDI mode, G70, G71, G72, or G73 cannot be commanded. If itis

commanded, P/S alarm No. 67 isgenerated. G74, G75, and G76 can
be commanded in MDI mode.

. In the blocks in which G70, G71, G72, or G73 are commanded and

between the sequence number specified by Pand Q, M98 (subprogram
call) and M99 (subprogram end) cannot be commanded.

. Inthe blocks between the sequence number specified by Pand Q, the

following commands cannot be specified.

-One shot G code except for G04 (dwell)

-01 group G code except for GO0, G01, G02, and GO3
-06 group G code

-M98/ M99

. While amultiple repetitive cycle (G70AG76) is being executed, it is

possibleto stop the cycle and to perform manual operation. But, when
the cycle operation is restarted, the tool should be returned to the
position where the cycle operation is stopped.

If thecycleoperationisrestarted without returning to the stop position,
the movement in manual operation is added to the absolute value, and
thetool path is shifted by the movement amount in manual operation.

. When G70, G71, G72, or G73 is executed, the sequence number

specified by address P and Q should not be specified twice or morein
the same program.

. The blocks between the sequence number specified by P and Q on the

multiple repetitive cycle must not be programmed by using “Direct
Drawing Dimensions Programming” or “Chamfering and Corner R”.

. G74, G75, and G76 aso do not support the input of a decimal point

for Por Q. Theleast input increments are used as the unitsin which
the amount of travel and depth of cut are specified.

10.When #1 = 2500 is executed using a custom macro, 2500.000 is

assigned to #1. In such acase, P#1 is equivalent to P2500.

11.Tool nose radius compensation cannot be applied to G71, G72, G73,

G74, G75, G76, or G78.

12.The multiple repetitive cycle cannot be executing during DNC

operation.

13.Interruption type custom macro cannot be executed during executing

the multiple repetitive cycle.

14.The multiple repetitive cycle cannot be executing during Advanced

Preview Control mode.
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13.3

CANNED CYCLE FOR
DRILLING (G80-G89)

The canned cycle for drilling simplifies the program normally by
directing the machining operation commanded with afew blocks, using
one block including G code.

This canned cycle conformsto JIS B 6314.

Following is the canned cycle table.

Table 13.3 (a) Canned Cycles

G code | Drilling Hole machining Operation in the Retraction operation Applications
axis operation (—direction) | bottom hole position (+direction)

G80 o - - o Cancel

G83 Z axis Cutting feed/ intermittent Dwell Rapid traverse Front drilling cycle
G84 Z axis Cutting feed Dwell—spindle CCW Cutting feed Front tapping cycle
G85 Z axis Cuttingfeed - Cuttingfeed Front boring cycle
G87 X axis Cutting feed/ intermittent Dwell Rapid traverse Side drilling cycle
G88 X axis Cutting feed Dwell—Spindle CCW Cutting feed Side tapping cycle
G89 X axis Cutting feed Dwell Cutting feed Side boring cycle

In general, the drilling cycle consists of the following six operation

sequences.

Operation 1
Operation 2
Operation 3
Operation 4
Operation 5
Operation 6

Positioning of X (Z) and C axis
Rapid traverse up to point R level
Hole machining

Operation at the bottom of ahole
Retraction to point R level

Rapid traverse up to the initial point

Operation 1

Operation 2

—_—

»0O O <—— Initial level

~— Operation 6

Point R level H} ?
—

Operation3 —

Operation 4

¢

Operation 5

/ - - - - Rapid traverse

—> Feed

Fig. 13.3 Drilling Cycle Operation Sequence
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Explanations

® Positioning axis and

drilling axis

e Drilling mode

® Return point level
G98/G99

A drilling G code specifies positioning axes and adrilling axis as shown
below. The C-axisand X— or Z—axis are used as positioning axes. The
X—or Z—axis, which isnot used asa positioning axis, isused asadrilling
axis.

Although canned cycles include tapping and boring cycles as well as
drilling cycles, in this chapter, only the term drilling will be used torefer
to operations implemented with canned cycles.

Table13.3 (b) Positioning axis and drilling axis

G code Positioning plane Drilling axis
G83, G84, G85 X axis, C axis Z axis
G87, G88, G389 Z axis, C axis X axis

G83 and G87, G84 and G88, and G85 and G89 have the same function
respectively except for axes specified as positioning axes and a drilling
axis.

GB83AG85 / G87A89 are modal G codes and remain in effect until
canceled. When in effect, the current state is the drilling mode.

Once drilling data is specified in the drilling mode, the data is retained
until modified or canceled.

Specify al necessary drilling dataat the beginning of canned cycles, when
canned cycles are being performed, specify data modifications only.

In G code system A, the tool returns to the initial level from the bottom
of ahole. In G code system B or C, specifying G98 returnsthetool to the
initial level from the bottom of ahole and specifying G99 returnsthetool
to the point—R level from the bottom of a hole.

The following illustrates how the tool moves when G98 or G99 is
specified. Generally, G99 is used for the first drilling operation and G98
is used for the last drilling operation.

Theinitial level does not change even when drilling is performed in the
G99 mode.

G98 (Return to initial level) G99 (Return to point R level)

Initial level
-

A _____

oint R level

|

|
|
| P
| A
| |
| |
| |
(@) O
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® Number of repeats

® M code used for C—-axis
clamp/unclamp

e Cancel

® Symbols in figures

To repeat drilling for equally—spaced holes, specify the number of repeats
inK_.

K is effective only within the block where it is specified.

Specify the first hole position in incremental mode.

If itisspecifiedin absolutemode, drilling isrepeated at the sameposition.

Number of repeats K The maximum command value = 9999

When KO is specified with parameter KOE (parameter No. 5102 #4) set
to O, drilling is performed once.

When KO is specified with parameter KOE (parameter No. 5102 #4) set
to 1, drilling datais just stored without drilling being performed.

When an M code specified in parameter No. 5110 for C—axis clamp /
unclamp is coded in a program, the CNC issues the M code for C—axis
clamp after thetool ispositioned and beforethetool isfedin rapidtraverse
tothepoint—R level. The CNC alsoissuestheM codefor C—axisunclamp
(the M code for C—axis clamp +1) after the tool retracts to the point—-R
level. Thetool dwells for the time specified in parameter No. 5111.

To cancel acanned cycle, use G80 or agroup 01 G code.

Group 01 G codes

GO0 : Positioning (rapid traverse)
GO1 : Linear interpolation

G02 : Circular interpolation (CW)
G03 : Circular interpolation (CCW)

Subsequent sections explain the individual canned cycles. Figures in
these explanations use the following symbols:

——-—3» Positioning (rapid traverse G00)
—> Cultting feed (linear interpolation G01)

—~—~—~y Manual feed

P1 Dwell specified in the program
P1 Dwell specified in parameter No.5111
Mo Issuing the M code for C—axis clamp

(The value of a is specified with parameter No. 5110.)
M (oi+1) Issuing the M code for C—-axis unclamp
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CAUTION

® In each canned cycle,
R_ (distance between the initial level and point R) is always
handled as a radius.
Z_ or X_ (distance between point R and the bottom of the
hole) is, however, handled either as a diameter or radius,
depending on the specification.

® Forthe B or C G—code system, G90 or G91 can be used to
select an incremental or absolute command for hole
position data (X, C or Z, C), the distance from point R to the
bottom of the hole (Z or X), and the distance from the initial
level to the point R level (R).
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13.3.1

Front Drilling Cycle
(G83) / Side Drilling
Cycle (G87)

® High—speed peck
drilling cycle (G83, G87)
(parameter RTR
(No. 5101#2) =0)

Format

The peck drilling cycle or high-speed peck drilling cycle is used
depending on the setting in RTR, bit 2 of parameter No. 5101. If depth
of cut for each drilling is not specified, the normal drilling cycleis used.

Thiscycle performs high—speed peck drilling. Thedrill repeatsthe cycle
of drilling at the cutting feedrate and retracting the specified retraction
distance intermittently to the bottom of a hole. The drill draws cutting
chips out of the hole when it retracts.

G83 X(U)_CH) ZMW) R Q P_F K _M_;

or
G87 Z(W) _CH)_X(U)_R_Q P F K M_;
X_C_orZ_C_ : Hole position data
Z_or X_ : Thedistance from point R to the bottom of the hole
R_ : The distance from the initial level to point R level
Q_ : Depth of cut for each cutting feed
P_ : Dwell time at the bottom of a hole
F_ : Cutting feedrate
K_ : Number of repeats (When it is needed)
M_ : M code for C—axis clamp (When it is needed.)
G83 or G87 (G98 mode) G83 or G87 (G99 mode)
Mo it Mo
_>? Initial level —>C|)
| I I
I I I
| | | M (a+1), P2
Point R M (o+1) ] PointR Y Point R
y P2 A
q ! q i
VYW I
A I d A 1 d |
L I Y A |
| I
I
9 Al tq | a KT ta
| I
q | q I
\ I \ I
AN | \ |
\ N\ |
N \I |
] | I
PL Y Pointz p1 Y Pointz
Mo, : M code for C—axis clamp
M(a+1) : M code for C—axis unclamp
P1 . Dwell specified in the program
P2 . Dwell specified in parameter No. 5111
d . Retraction distance specified in parameter No. 5114
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® Peck drilling cycle
(G83, G87) (parameter
No. 5101#2 =1)

Format
G83X(U) CH)_zZW) R _Q P F K M_;
or
G87 Z(W)_CH)_X(U)_R_Q P F K M_;
X_C_orZ_C_ : Hole position data
Z_or X_ : Thedistance from point R to the bottom of the hole
R_ : The distance from the initial level to point R level
Q_ : Depth of cut for each cutting feed
P_ : Dwell time at the bottom of a hole
F_ : Cutting feedrate
K_ : Number of repeats (When it is needed.)
M_ : M code for C—axis clamp (When it is needed.)
G83 or G87 (G98 mode) G83 or G87 (G99 mode)
Mo nitial level Mo
- >0 \ - >0
; ' ' M (a+1), P2
Point R¥ . M (a+1), Point R¥ Point R
A A VP2 W _—
q LY ey q LYy
1 : : : d ! : : 1 d
1 ' ' ﬁ 1 0 : %
q i A q Y
] ' d ] : d
1 A
q ' _ q : .
g '+ PointZ g . PointZ
P1 P1
Mo : M code for C—axis clamp
M(o+1) : M code for C—axis unclamp
P1 . Dwell specified in the program
P2 . Dwell specified in parameter No. 5111
d . Retraction distance specified in parameter No. 5114
Examples M51 ; Setting C—axis index mode ON
M3 S2000 ; Rotating the drill
GO00 X50.0 C0.0; Positioning the drill along the X—and
C-axes
G83 Z-40.0 R-5.0 Q5000 F5.0 M31;  Drilling hole 1
C90.0 Q5000 M31; Drilling hole 2
C180.0 Q5000 M31 ; Drilling hole 3
C270.0 Q5000 M31 ; Drilling hole 4
G80 M05 ; Canceling the drilling cycle and
stopping drill rotation
M50 ; Setting C—axis index mode off
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e Drilling cycle
(G83 or G87)

Format

NOTE
If the depth of cut for each cutting feed (Q) is not
commanded, normal drilling is performed. (See the
description of the drilling cycle.)

I depth of cut is not specified for each drilling, the normal drilling cycle
isused. Thetool isthen retracted from the bottom of the hole in rapid
traverse.

G83 X(U)_CMH)_ZW)_R_P_F_K_M_;
or
G87 Z(W)_C(H)_X(U)_R_P_F_K_M_;

X_C_orZ_C_ : Hole position data

Z_or X_ : Thedistance from point R to the bottom of the hole
. The distance from the initial level to point R level

P_ : Dwell time at the bottom of a hole

F_ : Cutting feedrate

K_ : Number of repeats (When it is needed.)

M_ : M code for C—axis clamp (When it is needed.)

G83 or G87 (G98 mode) G83 or G87 (G99 mode)

———»0 o© ———
Mo flnitial level )lﬁl)oc

Point R level

M (a+1), P2 M (a+1), P2

O——1»0———

x Point R level
i
I
I
(@]

O€—f—O<€——

Point Z Point Z
P1

Mo, : M code for C—axis clamp

M(a+1) : M code for C—axis unclamp

P1 . Dwell specified in the program

P2 . Dwell specified in parameter No. 5111
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Examples M51 ; Setting C—axis index mode ON
M3 S2000 ; Rotating the drill
GO00 X50.0 C0.0; Positioning the drill along the X—and
C-axes
G83 Z-40.0 R-5.0 P500 F5.0 M31 ;  Drilling hole 1
C90.0 M31 ; Drilling hole 2
C180.0 M31; Drilling hole 3
C270.0 M31 ; Drilling hole 4
G80 M05 ; Canceling the drilling cycle and
stopping drill rotation
M50 ; Setting C—axis index mode off
13.3.2 This cycle performs tapping.

In this tapping cycle, when the bottom of the hole has been reached, the

Front Tapping Cycle spindle is rotated in the reverse direction.

(G84) / Side Tapping
Cycle (G88)

Format

G84 X(U)_CH)_ZW)_R_P_F_K_M_;
or
G88 Z(W)_C(H)_X(U)_R_P_F_K_M_;

X_C_orZ_C_ : Hole position data

Z_ or X_ : The distance from point R to the bottom of the hole
R_ : The distance from the initial level to point R level

P_ : Dwell time at the bottom of a hole

F_ : Cutting feedrate

K_ : Number of repeats (When it is needed.)

M_ : M code for C—axis clamp (when it is needed.)

G84 or G88 (G98 mode) G84 or G88 (G99 mode)

Mo nitial level

ok

| I Spindle CW
| | SpindleCW | M (a+1), P2

Point R% i’/M (0+1), P2 Point R % ? P0|nt R level
i lPointz & l Point Z
Pl\ Pl\

Spindle CCW Spindle CCW

Tappingisperformed by rotating the spindle clockwise. Whenthebottom
of the hole hasbeen reached, the spindleisrotated inthe reverse direction
for retraction. This operation creates threads.

Feedrate overrides areignored during tapping. A feed hold does not stop
the machine until the return operation is completed.

Explanations
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NOTE
Bit 6 (M5T) of parameter No. 5101 specifies whether the
spindle stop command (MO05) is issued before the direction
in which the spindle rotates is specified with MO3 or MO4.
For details, refer to the operator’s manual created by the
machine tool builder.

Examples M51 ; Setting C—axis index mode ON

M3 S2000 ; Rotating the drill

GO00 X50.0 C0.0; Positioning the drill along the X—and
C- axes

G83 Z-40.0 R-5.0 P500 F5.0 M31 ;  Drilling hole 1

C90.0 M31 ; Drilling hole 2

C180.0 M31; Drilling hole 3

C270.0 M31 ; Drilling hole 4

G80 M05 ; Canceling the drilling cycle and
stopping drill rotation

M50 ; Setting C—axis index mode off
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13.3.3

Front Boring Cycle
(G85) / Side Boring
Cycle (G89)

Format

Explanations

Examples

Thiscycleis used to bore a hole.

or

F_ : Cutting feedrate

G85 X(U)_CH)_ZW)_R_P_F_K_M_;

G89 Z(W)_C(H)_X(U)_R_P_F_K_M_;

X_C_orZ_C_ : Hole position data

Z_or X_ : Thedistance from point R to the bottom of the hole
. The distance from the initial level to point R level

P_ : Dwell time at the bottom of a hole

K_ : Number of repeats (When it is needed.)
M_ : M code for C—axis clamp (When it is needed.)

G85 or G89 (G98 mode)

G85 or G89 (G99 mode)

Q N iﬂ% Iinmal level

Point R M ((X + 1), P2

) Point R level
Point R % ? M (a+1), P2

|
.

t Lo

P1

After positioning, rapid traverse is performed to point R.
Drilling is performed from point R to point Z.
After the tool reaches point Z, it returnsto point R at afeedrate twice the

cutting feedrate.

M5 1;
M3 S2000 ;
GO00 X50.0 C0.0;

G83 Z-40.0 R-5.0 P500 F5.0 M31 ;
C90.0 M31 ;

C180.0 M31;

C270.0 M31;

G80 M05 ;

M50 ;
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13.34
Canned Cycle for
Drilling Cancel (G80)

Format

Explanations

Examples

G80 cancels canned cycle.

G80;

Canned cyclefor drilling is canceled to perform normal operation.
Point R and point Z are cleared. Other drilling data is also canceled
(cleared).

M51 ; Setting C—axis index mode ON

M3 S2000 ; Rotating the drill

GO00 X50.0 C0.0; Positioning the drill along the X—and
C-axes.

G83 Z-40.0 R-5.0 P500 F5.0 M31 ;  Drilling hole 1

C90.0 M31 ; Drilling hole 2

C180.0 M31; Drilling hole 3

C270.0 M31 ; Drilling hole 4

G80 M05 ; Canceling the drilling cycle and
stopping drill rotation

M50 ; Setting C—axis index mode off

— 192 —



B—63524EN/01

13. FUNCTIONS TO SIMPLIFY
PROGRAMMING PROGRAMMING

13.3.5
Precautions to be
Taken by Operator

® Reset and emergency
stop

® Single block

® Feed hold

e Override

Even when the controller is stopped by resetting or emergency stopinthe
courseof drilling cycle, thedrilling modeand drilling dataare saved ; with
this mind, therefore, restart operation.

When drilling cycleis performed with a single block, the operation stops
at the end points of operations 1, 2, 6 in Fig. 13.3 (a).

Consequently, it follows that operation is started up 3 timesto drill one
hole. Theoperation stopsat the end pointsof operations 1, 2 withthefeed
hold lamp ON. The operation stopsin thefeed hold conditions at the end
point of operation 6 if the repeat remains, and it stops in stop conditions
in other cases.

When “Feed Hold” is applied between operations 3 and 5 by G84/G88,
thefeed hold lamp lights up immediately if thefeed hold isapplied again
to operation 6.

During operation with G84 and G88, the feedrate override is 100%.
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13.4

CANNED GRINDING
CYCLE

(FOR GRINDING
MACHINE)

Therearefour grinding canned cycles: thetraversegrinding cycle (G71),
traverse direct fixed—dimension grinding cycle, oscillation grinding

cycle, and oscillation direct fixed—dimension grinding cycle.

With amachinetool that allows canned cyclesfor grinding to be used, the

multiple repetitive canned cycle for turning cannot be used.

13.4.1
Traverse Grinding
Cycle (G71)

Format

Explanations

G71A_B_W_U_|_K_H_;

A : First depth of cut
B : Second depth of cut
W : Grinding range

| : Feedrate of A and B
K : Feedrate of W
H : Number of repetitions Setting value : 1 to 9999

X A L W
—5 F(l) (1)
A l @) (3) (K)
; U(dwell) (CI0)]
B  (5)(dwell)
l (6) (K)
Z

U : Dwell time Maximum specification time : 99999.999 seconds

The specification ranges and units of the canned cycle for grinding are

described below.
Move command Range : +8 digits
Units: 1 um/0.0001 inch
Feedrate Range
Feed per minute : 0.001 to 240000 mm/min
0.0001 to 9600 inch/min
(for 1 um/0.0001 inch)
Feed per revolution :  0.00001 to 500 mm/rev
0.00001 to 9 inch/rev

A, B, and W are to be specified in an incremental mode.

In the case of a single block, the operations 1, 2, 3, 4, 5, and 6 are

performed with one cycle start operation.
A=B=0 results in a spark—out.
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13.4.2
Traverse Direct

Fixed—dimension
Grinding Cycle (G72)

Format

Explanations

® Operation at the time of
skip signal input

G72P_A_B_W_U_I_K_H_;

P : Gauge number (1 to 4)

A : First depth of cut

B : Second depth of cut

W : Grinding range

U : Dwell time Maximum specification time : 99999.999seconds
| : Feedrate of A and B

K': Feedrate of W

H : Number of repetitions Setting value : 1 to 9999

When the multistage skip operation is used, a gauge number can be
specified. The method of gauge number specification is the same asthe
method of multistage skip function. When the multistage skip operation
is not used, the conventional skip signal isvalid.

The same specifications as G71 apply except for gauge number
specification.

1. When the tool moves along the Z—axisto grind aworkpiece, if askip
signal is input, the tool returns to the Z coordinate where the cycle
started after the tool reaches the end of the specified grinding area.

l l

o

2. When the tool cuts a workpiece along the X—axis, if askip signal is
input, the tool stops cutting immediately and returns to the Z
coordinate where the cycle started.

(Skip signal)

(Tetmination) (Skip signal)

.....................

3. The skip signa is valid during dwell, without being affected by
parameters DS1 to DS8 (No. 6206#0 to #7). Dwell is immediately
stopped for return to the Z axis coordinate where the cycle started.
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13.4.3
Oscillation Grinding
Cycle (G73)
Format
G73A_(B)W_U_K_H_;
ZA
W
(1) 2) (K
Al U (dwell) @& U (dwell)
3
® 3)
4) (K)
X

A : Depth of cut

B : Depth of cut

W : Grinding range

U : Dwell time

K': Feedrate

H : Number of repetitions Setting value : 1A9999
Explanations A, B, and W are to be specified in an incremental mode.

In the case of asingle block, the operations 1, 2, 3, and 4 are performed
with one cycle start operation.

The specification of B is valid only for a specified block. This is not
associated with B of the G71 or G72 cycle.
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13.4.4
Oscillation Direct
Fixed—Dimension
Grinding Cycle

Format

Explanations

® Operation at the time of
skip signal input

G74P_A_(B)OW_U_K_H_;

P : Gauge number (1 to 4)

A : Depth of cut

B : Depth of cut

W : Grinding range

U : Dwell time

K': Feedrate of W

H : Number of repetitions Setting value : 1 to 9999

When the multistage skip operation is used, a gauge number can be
specified. The method of gauge number specification is the same asthe
method of multistage skip function. When the multistage skip operation
is not used, the conventional skip signal isvalid.

The same specifications as G73 apply to the other items.

1. When the tool moves along the Z—axisto grind aworkpiece, if askip
signal is input, the tool returns to the Z coordinate where the cycle
started after the tool reaches the end of the specified grinding area.

Skip signal

\l — — Sklp SIgnaI
-~ = (Termination)
(Termination) zs _

2. The skip signa is valid during dwell, without being affected by
parameters DS1 to DS8 (No. 6206#0 to #7). Dwell is immediately
stopped for return to the Z axis coordinate where the cycle started.

NOTE

1 The dataitems A, B, W, |, and K in a canned cycle are modal
values common to G71 through G74. The data items A, B,
W, U, | and K are cleared when a one-shot G code other
than GO4 or a 01 group G code other than G71 to G74 is
specified.

2 No B code can be specified in the canned cycle mode.
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13.5
CHAMFERING AND
CORNERR

® Chamfering
Z—->X

e Chamfering
X—>Z

® Corner R
Z—> X

A chamfer or corner can be inserted between two blocks which intersect
a aright angle asfollows :

Format Tool movement
GO01 Z(W) _ 1 (C) +i; +X
. . A
Specifies movement to point '
b with an absolute or incremental 450 :
command in the figure on the &
right. a d i
— > b
Start point _j
g 0 ©
Moves as Y
a—d—c X
(For =X movement, —i)
Fig. 13.5 (a) Chamfering (Z—X)
Format Tool movement
GO1 X(U) _K (C) k ; Startpoint
- p— Moves as
Specifies movement to point a—d—c
b with an absolute or incremental
command in the figure on the
right.
- - -tz
(For—Z movement, —k)
Fig. 13.5 (b) Chamfering (X—Z2)
Format Tool movement
GO01 Z(W) _R4r; +X
- . A
Specifies movement to point '
b with an absolute or incremental r X
command in the figure on the 8 c

right.

Start point

- '

Moves as Y
a—d—c X
(For —X movement, —r)

Fig. 13.5 (c) Corner R (Z—X)
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® Corner R
X—>7Z

Explanations

Examples

Format

Tool movement

GO1 X(U) _ R #r ;

Specifies movement to point

b with an absolute or incremental
command in the figure on the
right.

(For—x movement,

_r)

Start point
P a

Moves as
a—d—c

Fig. 13.5 (d) Corner R (X—2Z2)

The movement for chamfering or corner R must be a single movement
along the X or Z axis in GO1 mode. The next block must be a single
movement along the X or Z axis perpendicular to the former block.

| or K, and R always specify aradius value.
Note that the start point for acommand specified in ablock following a
chamfering or corner—R block is not point ¢ but point b shown in Figs.
13.5(a) to(d). Inincremental programming, specify adistancefrom point

b.

N1Z270.0R6.0;
N2X860.0K-3.0;

X
1 530.0 N3Z0;
270.0
>~ C3
N3
N
N2
R6
v
|
0860 0268
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NOTE

1 The following commands cause an alarm.

1) One of |, K, or R is commanded when X and Z axes are
specified by GO1.

(P/S alarm No. 054)

2) Move amount of X or Z is less than chamfering value and
corner R value in the block where chamfering and corner
R are specified. (P/S alarm No. 055)

3) Next block to the block where chamfering and corner R
were specified, has not GO1 command. (P/S alarm No.
051, 052)

4) If more than one of |, K, and R are specified in GO1, P/S
alarm No. 053 is issued.

2 A single block stops at point ¢ in Fig. 13.5 (a) — (d) not at
point d.

3 Chamfering and corner R cannot be applied to a thread
cutting block.

4 Ccanbe usedinstead of | or K as an address for chamfering
on the system which does not use C as an axis name. To
use C for an address for chamfering, fix parameter CCR No.
3405#4 to 1.

5 If both C and R are specified with GO1 in a block, the
address specified last is valid.

6 Neither chamfering nor corner-R machining can be
specified in direct drawing dimension programming.
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13.6

MIRROR IMAGE FOR
DOUBLE TURRET
(G68, G69)

Format

Explanations

Examples

® Double turret
programming

G68 : Double turret mirror image on
G69 : Mirror image cancel

Mirror image can be applied to X—axis with G code.

When G68 is designated, the coordinate system is shifted to the mating
turret side, and the X—axis sign is reversed from the programmed
command to perform symmetrical cutting. To use this function, set the
distance between the two turrets to a parameter (No. 1290).

X Offset value of ¥ [ ©
tool post A
(e} s Tool post A
3 . o
60 B
hoo|| 800 T(1)
= — | 400 - . 7
120¢180 - L
) - H= 0
.- (0]
d .
° n
Offset value of [ © ]
tool post B Tool post B
X40.02180.0 T0101 ; Position turret A at (1)
G68; Shift the coordinate system by the distance Ato B
(120mm), and turn mirror image on.
X80.0 2120.0 T0202 ; Position turret B at (2)
G69; Shift the coordinate system by the distance B to A,
and turn mirror image cancel.
X120.0 Z60.0 T0101 ; Position turret A at (3)
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13.7

DIRECT DRAWING
DIMENSIONS
PROGRAMMING

Format

Angles of straight lines, chamfering value, corner rounding values, and
other dimensional values on machining drawings can be programmed by
directly inputting these values. In addition, the chamfering and corner
rounding can beinserted between straight lines having an optional angle.
This programming is only valid in memory operation mode.

Table 13.7 Commands table

Commands Movement of tool
X
Xo_(Z2),A_;
(X2,2Z5)
1
A
(X1,21) _
Z
A X
X3_Z3_ Ao_; (X3,2Z3)
As
2 A
(X2, 2) !
(X1,21)
Z
Xo Zp ,Ry_ X
X3_Z3_; X3,Z
o (X3,2Z3)
A1 Ri_ Ao
X3_Z3_, Az R
3 1
Ag
X2,2Z2
X1,2
Xy, 2Z1) .
X
Xo_Zp ,Cy
X3_ 23_ (X3 ’ 23)
or Ar
AL Cy
4 X3_Z3_, Az
Cl Al
(X2,2Z5)
(X1,21) 2
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Commands Movement of tool
Xo_Zp ,Ry_; (Xa,Z4)
Xs_Z3_,Ry_; (X3, Z3)
X4_ 24_ )
or
ARy,

Xy, 2Z9)

Xy, 2Z1)

(X4, Z4)

(X2, 2)

Xo_Zy ,Cq_;
X3_Z3_,Ro_;
X4_ 24_ )

A1, Cp_;
X3_Z3_,Az2_,Ro_;
X4_ 24_ )

(X3,23)

Xy, 2Z1)
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Explanations

A program for machining along the curve shown in Fig. 13.7 (a) is as
follows :

X(x2)Z(z5) . C(Cy)
X(x3) Z(z3) . R (1) ;
X (*a) Z (24) ;

+X
as L
'/();3, Zh +Z
(X4, 24) A

(0] ry
Alag) , C (c);
X(x3) Z(z3) . A (32) . R(r2) ;
X (xa) Z (24) ;

(X1, 21)

Start point

Fig. 13.7 Machining Drawing (example)

For command a straight line, specify one or two out of X, Z, and A.
If only one is specified, the straight line must be primarily defined by a
command in the next block.
To command the degree of a straight line or the value of chamfering or
corner R, command with acomma (,) asfollows:

VA

, C

yR_
By specifying 1 to parameter CCR No. 3405#4 on the system which does
not use A or C as an axis name, the degree of a straight line or the value
of chamfering or corner R can be commanded without a comma (,) as
follows:

— 204 —



B—63524EN/01

13. FUNCTIONS TO SIMPLIFY
PROGRAMMING PROGRAMMING

NOTE
1 The following G codes are not applicable to the same block
as commanded by direct input of drawing dimensions or
between blocks of direct input of drawing dimensions which
define sequential figures.
1) G codes (other than G04) in group 00.
2) G02, G03, G90, G92, and G94 in group 01.
Corner rounding cannot be inserted into a threading block.
Chamfering and corner R using the direct input of drawing
dimensions cannot be used simultaneously with the
chamfering and corner R described in Section 13.5. (The
option for chamfering and corner R and that for the direct
input of drawing dimensions cannot be selected
simultaneously.)

4 When the end point of the previous block is determined in
the next block according to sequential commands of direct
input of drawing dimensions, the single block stop is not
done, but the feed hold stop is done at the end point of the
previous block.

5 The angle allowance in calculating the point of intersection
in the program below is £1°.

(Because the travel distance to be obtained in this

calculation is too large.)

1) X_,A_; (Ifavalue within 0°£1°0or 180°+1°is specified for
the angle instruction, the P/S alarm No.057 occurs.)

2) Z_, A_; (If a value within 90°t1°0or 270°+1°is specified
for the angle instruction, the P/S alarm No. 057 occurs.)

6 An alarm occurs if the angle made by the 2 lines is within
+1°when calculating the point of intersection.

7 Chamfering or corner % is ignored if the angle made by the
2 lines is within +1°.

8 Both a dimensional command (absolute programming) and
angle instruction must be specified in the block following a
block in which only the angle instruction is specified.

w N

(Example)
N1X ,A ,R_;
N2, A_;
N3X_Z ,A_;

(In addition to the dimentional command, angle instruction
must be specified in block No. 3.)
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Examples

>

/ \ R20 !
R15 R6

¥ 300

/100

//%joo

30
>< 180
s

22°

1x45°

(Diameter specification, metric input)

NOO1 G50 X0.0 Z0.0;

N002 GO1 X60.0, A90.0, C1.0 F80;
NO03 Z-30.0, A180.0, R6.0;

NO004 X100.0, A90.0;

NO05 ,A170.0, R20.0;

NO06 X300.0 Z-180.0, A112.0, R15.0;
NOO7 Z-230.0, A180.0;
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13.8
RIGID TAPPING

Front face tapping cycles (G84) and side face tapping cycles (G88) can
be performed either in conventional mode or rigid mode.

In conventional mode, the spindle is rotated or stopped, in
synchronization with the motion along the tapping axis according to
miscellaneous functions M 03 (spindle CW rotation), M04 (spindle CCW
rotation), and M05 (spindle stop).

Inrigid mode, the spindle motor iscontrolled in the sameway asacontrol
motor, by the application of compensation to both motion aong the
tapping axis and that of the spindle.

For rigid tapping, each turn of the spindle correspondsto acertain amount
of feed (screw lead) along the spindle axis. This also applies to
accel eration/decel eration. Thismeansthat rigid tapping doesnot demand
the use of float tappers as in the case of conventional tapping, thus
enabling high—speed, high—precision tapping.

When the system is equipped with the optional multispindle control
function, the second spindle can be used for rigid tapping.
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13.8.1

Front Face Rigid
Tapping Cycle (G84) /
Side Face Rigid
Tapping Cycle (G88)

Format

Explanations

® Rigid mode

Controlling the spindle motor in the same way as a servo motor in rigid
mode enables high—speed tapping.

G84 X(U)_ CH)_zZW) R_P_F_M_K_;
or
G882Z(W) C(H) X(U_R_P F M_K_;
X_C_orZ_C_ : Hole position data
Z_orX_ : The distance from point R to the bottom of the hole
R_: The distance from the initial level to point R level
P_ : Dwell time at the bottom of a hole
F_ : Cutting feedrate
K_ : Number of repeats (When it is needed.)
M_ : M code for C—axis clamp (when it is needed.)
G84 or G88 (G98 mode) G84 or G88 (G99 mode)
Spindle stop Spindle stop
/ Initial level /
—_—— O— — — —
peratlon 1).? ] >?
Operation 2| : Operation 6 Splndle cw Spindle stop
Spindle
Spindle CW._. x E/ stop x R
Point R Point R Point R level
Operation 3 Operation 5
g Point Z Y Point Z
P
/O’peration / \
Spindle stop Spindle CCW Spindle stop Spindle CCW

Once positioning for the X—axis (G84) or Z-axis (G88) has been
completed, the spindle is moved, by rapid traverse, to point R. Tapping
is performed from point R to point Z, after which the spindle stops and
observes adwell time. Then, the spindle starts reverse rotation, retracts
to point R, stopsrotating, then movestotheinitial level by rapid traverse.
During tapping, the feedrate override and spindle override are assumed
to be 100%. For retraction (operation 5), however, afixed override of up
to 2000% can be applied by setting parameter No. 5211 (RGOVR), bit 4
(DOV) of parameter No. 5200, and bit 3 (OV U) of parameter of No. 5201.

Rigid mode can be specified by applying any of the following methods:
® Specifying M29S***** hefore a tapping block
® Specifying M29S***** within a tapping block

® Handling G84 or G88 asa G codefor rigid tapping (Set bit 0 (G84) of
parameter No. 5200 to 1.)
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® Thread lead

Limitations

® S commands

® F commands

e M29

® Rigid tapping command
M code

® Maximum position
deviation during
movement along the
tapping axis

o R

® Cancellation

® Tool position offset

® Units for F

Infeed per minute mode, thefeedrate divided by the spindle speedisequal
to the thread lead. In feed per rotation mode, the feedrate is equal to the
thread lead.

When avalue exceeding the maximum rotation speed for the gear being
used is specified, P/S alarm No. 200 is issued. For an analog spindle,
when a command is specified such that more than 4095 pulses are
generated during 8 ms (detection unit), P/ISaarm No. 202 isissued. For
aseria spindle, when acommand is specified such that more than 32767
pulses are generated during 8 ms (detection unit), P/S alarm No. 202 is
issued.
<Example>
For a built—in motor equipped with a detector having a resolution of
4095 pulses per rotation, the maximum spindle speed during rigid
tapping is as follows:

For an analog spindle
(4095x1000+8x60)+4095 = 7500 (rpm)
For a serial spindle
(32767x1000+8x60)+4095 = 60012 (rpm) [Note: Ideal value]

Specifying avalue larger than the upper limit for cutting feed will cause
P/S alarm No. 201 to be issued.

Specifying an S command or axis movement between M 29 and M 84 will
cause P/S alarm No. 203 to be issued. Specifying M29 during atapping
cyclewill cause P/S alarm No. 204 to be issued.

TheM code used to specify rigid tapping modeisusually setin parameter
No. 5210. To set avalue of more than 255, however, use parameter No.
5212.

The maximum position deviation during movement along the tapping
axis in rigid tapping mode is usually set in parameter No. 5310. Use
parameter No. 5314, however, when setting a value of more than 32767,
for example, according to the resolution of the detector being used.

The value of R must be specified in ablock which performs drilling. 1f
thevalueis specified in ablock which does not perform drilling, it is not
stored as modal data

GO0 to GO3 (G codes in group 01) must not be specified in a block
containing G84 or G88. If specified, G84 or G88inthat block iscanceled.

Any tool position offset isignored in canned cycle mode.

Metric input Inch input Remark
G98 1 mm/min 0.0%inch/min Decimal point allowed
G99 0.01mm/rev 0.0001linch/rev | Decimal point allowed

— 209 —



13. FUNCTIONS TO SIMPLIFY
PROGRAMMING

PROGRAMMING B—63524EN/01

Examples

Tapping axis feedrate: 1000 mm/min
Spindle speed: 1000 min—1
Screw lead: 1.0 mm

<Programming for feed per minute>

G98 ; Command for feed per minute
GO0 X100.0; Positioning
M?29 S1000 ; Command for specifying rigid mode

G84 Z-100.0 R-20.0 F1000 ; Rigid tapping
<Programming for feed per rotation>

G99; Command for feed per rotation
GO0 X100.0; Positioning
M?29 S1000 ; Command for specifying rigid mode

G84 Z-100.0 R-20.0 F1.0; Rigid tapping
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13.9

THREE-
DIMENSIONAL
COORDINATE
CONVERSION
(G68.1, G69.1)

Format

Explanations

e Command for
three—dimensional
coordinate conversion
(program coordinate
system)

Coordinate conversion about an axis can be carried out if the center of
rotation, direction of the axis of rotation, and angular displacement are
specified. Thisfunctionisvery useful for three—-dimensional machining
such as B—axis machining. For example, if a program specifying
machining on the ZX plane is converted by the three-dimensional
coordinate conversion function, the identical machining can be executed
on adesired plane in three-dimensional space.

X*

z*

Surface to
be machined
A

Machining such as milling, pocketing, and
drilling is performed.

<

G68.1 Xp X1 Yp Y1 Zp 21 1i1J j1 KKy R ; Starting three—dimensional
. coordinate conversion

Three—dimensional coordi-
nate conversion mode

G69.1; Canceling three—dimensional
coordinate conversion

Xp, Yp, Zp: Center of rotation (absolute coordinates) on the X, Y, and Z
axis or parallel axes

1,J,K: Direction of the axis of rotation

R : Angular displacement

N1 G68.1 Xpx1YpylZpzl lil Jj1 KKL Ry;
N2 G68.1 Xpx2Ypy2Zpz2 |i2 Jj2 Kk2 Rp;
N3

Nn G69.1;
Three-dimensional coordinate conversion can be executed twice.
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In the N1 block, specify the center, direction of the axis of rotation, and
angular displacement of the first rotation. When this block is executed,
the center of the original coordinate system is shifted to (x4, y1, z1), then
rotated around the vector (i1, j1, K1) by angular displacement ,. The new
coordinate systemiscaled X'Y'Z'. Inthe N2 block, specify the center,
direction of the axis of rotation, and angular displacement of the second
rotation. In the N2 block, specify coordinates and the angle with the
coordinate system formed after the N1 block in Xp, Yp, Zp, 1, J, K, and
R. When the N2 block is executed, the X’'Y’Z’ coordinate system is
shifted to (X2, Yo, Z2), then rotated around the vector (io, j2, ko) by angular
displacement g . Thenewest coordinatesystemiscaled X' Y"Z". Inthe
subsequent N3 block, coordinatesinthe X' Y’ Z" coordinate system are
specifiedwith Xp, Yp,and Zp. The X Y” Z" coordinate systemiscalled
the program coordinate system.

If (Xp, Yp, Zp) is not specified in the N2 block, (Xp, Yp, Zp) inthe N1
block is assumed to be the center of the second rotation (the N1 and N2
blocks have a common center of rotation). If the coordinate systemisto
be rotated only once, the N2 block need not be specified.

Example) G68.1 Xxg Yyg 2210 JO K1 Ra;
G68.1 11J0KORB;

X

Y,Z : Workpiece coordinate system

Y',Z: Coordinate system formed after the first conversion

Y",zZ" Coordinate system formed after the second conversion
Angular displacement of the first rotation

: Angular displacement of the second rotation

O (X0, Yo, 20):  Center of rotation

P(x,y,2) . Coordinates in the X"Y"Z" coordinate system (program

coordinate system)
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® Format error

® Center of rotation

® Equation for
three—dimensional
coordinate conversion

If one of thefollowing format errorsis detected, P/S darm No. 5044 occurs:

1. When, J, or K isnot specified in a block with G68.1
(aparameter of coordinate system rotation is not specified)

2. When, J,and K are al set to 0in ablock with G68.1
3. When R is not specified in a block with G68.1

Specify absolute coordinates with Xp, Yp, and Zp in the G68.1 block.

The following equation shows the general relationship between (x, y, 2)
in the program coordinate system and (X, Y, Z) in the original coordinate
system (workpiece coordinate system).

(1) (o)) - (8)

When conversion is carried out twice, the relationship is expressed as follows:

()= ()()C2) - ()C8) - (3)

X,Y,Z : Coordinates in the original coordinate system
(workpiece coordinate system or machine coordinate system)

X, Y, Z . Programmed value
(coordinates in the program coordinate system)

X1, Y1, 21 : Center of rotation of the first conversion

X2, Y2, Z2 . Center of rotation of the second conversion
(coordinates in the coordinate system formed after the
first conversion)

My . First conversion matrix

M, . Second conversion matrix

M1 and M2 are conversion matrices determined by an angular displacement and
rotation axis. Generally, the matrices are expressed as shown below:

Ny Ny (1-cosB)+n3 sin®  ny2+(1-n,2) cos ny n3 (1-cosB)—n; sin®

< n12+(1-n12) cosO NN, (1-cosB)—n3sin®  nqn3 (1-cos8)+n,sind >
ny N3 (1-cosB)—n, sin®@  ny n3 (1-cosb)+ny sin®  n32+(1-n32) cose

n; : Cosine of the angle made by the rotation axis and X—axisL|O

n, : Cosine of the angle made by the rotation axis and Y—axis%

n3 : Cosine of the angle made by the rotation axis and Z—axis—ls
6: Angular displacement
Value p is obtained by the following:
p = Ji2+j2+k?

Conversion matrices for rotation on two—dimensional planes are shown below:
(1) Coordinate conversion on the XY plane

cosb -sind 0
M= sin® coso 0
0 0 1
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® Three basic axes and
their parallel axes

® Specifying the second
conversion

® Angular displacement R

(2) Coordinate conversion on the ZY plane

1 0 0
M= < 0 cos®  —sin®

0 sin® coso

(3) Coordinate conversion on the ZX plane

cos6 O sin®
M= 0 1 0
-sind 0 cos6

Three—dimensiona coordinate conversion can be applied to a desired
combination of threeaxes sel ected out of thebasicthreeaxes(X, Y, Z) and
their paralel axes. The three—dimensional coordinate system subjected
to three-dimensional coordinate conversion is determined by axis
addresses specified in the G68.1 block. If Xp, Yp, or Zpisnot specified,
X, Y, or Z of the basic three axesis assumed. However, if the basic three
axes are not specified in parameter 1022, P/S alarm No. 048 occurs.
In asingle G68.1 block, both a basic axis and a parallel axis cannot be
specified. If thisis attempted, P/S alarm N0.047 occurs.

(Example)

When U-axis, V—axis, and W-axis are parallel to the X—axis, Y—axis, and

Z-axis respectively (when G code system B or C is used.)

G68.1 X_I_J K_R_; XYZ coordinate system
G68.1 U V_Z | _J K_R_; UVZcoordinate system
G681 W_I_J K R ; XYW coordinate system

Three-dimensional coordinate conversion can be executed twice. The
center of rotation of the second conversion must be specified withtheaxis
addresses specified for the first conversion. If the axis addresses of the
second conversion are different from the axis addresses of the first
conversion, the different axis addresses are ignored. An attempt to
execute three-dimensional coordinate conversion three or more times
causes P/S alarm No.5043.

A positive angular displacement R indicates a clockwise rotation along
the axis of rotation. Specify angular displacement R in 0.001 degrees
within the range of —360000 to 360000.
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® G codes that can be
specified

® Rapid traverse rate in
drilling of a canned cycle
for drilling

® Compensation functions
(tool nose radius
compensation)

® Relationship between
three—dimensional and
two—dimensional
coordinate conversion
(G68.1, G69.1)

e Custom macro system
variables

The following G codes can be specified in the three—dimensional
coordinate conversion mode:

GO0 Positioning

GO1 Linear interpolation

G02 Circular interpolation (clockwise)

GO03 Circular interpolation (counterclockwise)

G04 Dwell

G10 Data setting

G17 Plane selection (XY)

G18 Plane selection (ZX)

G19 Plane selection (YZ)

G28 Reference position return

G29 Return from the reference position

G30 Return to the second, third, or fourth reference position

G40 Canceling tool nose radius compensation

G4l Tool nose radius compensation to the left

G42 Tool nose radius compensation to the right

G53 Selecting the machine coordinate system

G65 Custom macro calling

G66 Continuous—state custom macro calling

G67 Canceling continuous—state custom macro calling

G80 Canceling a drilling cycle

G83to G89 Dirilling cycle

G90 Absolute mode (when G code system B or C is used.)

Gol Incremental mode (when G code system B or C is used.)

Go4 Feed per minute (when G code system B or C is used.)

G95 Feed per rotation (when G code system B or C is used.)

G98 Canned cycle (return to the initial level) (when G code system B or
Cisused.)

G99 Canned cycle (return to the level of point R) (when G code system B
or Cis used.)

In three—dimensional coordinate conversion mode, rapid traverseratein
drilling by acanned cyclefor drilling equal sthe cutting feedrate specified
in parameter 5412. If the parameter is set to 0, the rapid traverse rate
equal s the maximum cutting feedrate.

If tool nose radius compensation is specified with three-dimensional
coordinate conversion, compensation is performed first, followed by
three—dimensional coordinate conversion.

Three—dimensional and two—dimensional coordinate conversion use
identical G codes (G68.1 and G69.1). A G code specified with I, J, and
K is processed as the command for three-dimensional coordinate
conversion. A G code not specified with I, J, and K is processed as the
command for two—dimensional coordinate conversion.

Coordinates on the workpiece coordinate system are assigned to system
variables #5041 to #5048 (current position on each axis).
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® Reset

® Three—dimensional rigid
tapping

Limitations

® manual intervention

® Positioning in the
machine coordinate
system

® Specifying rapid traverse

® Block with G68.1 or
G69.1

® Mirror image

® Position display and
compensation

® Three—-dimensional
coordinate conversion
and other
continuous—state
commands

If areset occurs during three—dimensional coordinate conversion mode,
the mode is canceled and the continuous—state G code is changed to
G69.1.

The D3R bit (bit 2 of parameter 5400) determineswhether just the G69.1
codeisusedto cancel thethree—dimensional coordinate conversion mode
(G68.1). When this setting is selected, a CNC reset by areset operation
or by aninput signal from the PMC will not cancel the three-dimensional
coordinate conversion mode.

By specifying the rigid tapping command in three-dimensional
coordinate conversion mode, tapping can be executed in the direction of
the angle programmed by the three-dimensional coordinate conversion
command.

In three—dimensiona coordinate conversion mode, " Position Error Z”,
displayed on the spindle adjustment screen, istaken from thelongitudinal
tapping axis after three—dimensional conversion.

Positioning in three-dimensional coordinate conversion mode must be
linear interpolation positioning (the LRP bit (bit 1 of parameter 1401) is
set to 1).

Three—dimensional rigid tapping cannot be executed for an axis under
simple synchronous control.

Three—dimensional coordinate conversion does not affect the degree of
manual handle interrupt.

Three—dimensional coordinate conversion does not affect positioning in
the machine coordinate system (e.g. specified with G28, G30, or G53).

Specify linear rapid traverse when three-dimensiona coordinate
conversion isexecuted. (Set the LRP bit, bit 1 of parameter N0.1401, to
1)

In a block with G68.1 or G69.1, other G codes must not be specified.
G68.1 must be specified with I, J, and K.

External mirror image (mirror image by the mirror image signal or
setting) cannot be specified.

To display the absolute position when three-dimensional coordinate
conversionisexecuted, set bits4to 7 of parameter DRL, DRC, DAL, and
DAC No0.3104 to 0.

Canned cycles G41 or G42 must be nested between G68.1 and G69.1.

(Example)
- G68.1 X100. Y100. Z100. 10. JO. K1. R45. ;

F-GALX_Z 1 K_;
- G40;

- G69.1;
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® Relationship between
three—dimensional
coordinate conversion
and tool offset

® PMC axis control

e Manual operation

e \Workpiece coordinate
system

® Manual reference
position return

® Cs contour axis

When using atool offset command, nest the tool offset command within
the three—-dimensional coordinate conversion mode.

(Example)
- - - - G68.1 X100. Y100. Z100. 10. JO. K1. R45. ;

- T0101 :
. T0100 :
. G69.1:

In the three-dimensional coordinate conversion mode, PM C axis control
cannot be performed for the three axes related to the conversion (P/S
alarm).

When manual feeding is performed during a three—dimensional
coordinate conversion, the tangent vel ocity in the coordinate system after
conversion (program coordinate system) equals the lowest feedrate of
those on the selected axes.

Avoid changing the workpiece coordinate system in the three-dimensiona
coordinate conversion mode.

Avoid making a manud reference position return in the three-dimensiona
coordinate conversion mode.

When specifying the Cs contour axis and rapid traverse at the sametime
in the three—dimensional coordinate conversion mode, make areference
position return on the Cs contour axisin advance. If areference position
return is made in the first rapid traverse after the Cs contour axis is
selected (bit NRF (bit 1 of parameter 3700) is set to 0), avoid specifying
the reference position return command in the three—dimensional
coordinate conversion mode.
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Examples

An example of G code system B is described below.

N1G90X0Y0Z0; Carries out positioning to zero point H.

N2 G68.1 X10. YOZOI0J1KOR30.;  Forms new coordinate system X'Y'Z'.

N3 G68.1 X0 Y-10. Z010J0 K1 R-90.; Forms other coordinate system X"Y"Z".
The origin agrees with (0, —10, 0) in
coordinate system X'Y'Z.

N4 G90 X0Y0Z0; Carries out positioning to zero point H” on
coordinate system X"Y"Z".
N5 X10. Y10. Z0; Carries out positioning to (10, 10, 0) on

coordinate system X"Y"Z".
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COMPENSATION FUNCTION

This chapter describes the following compensation functions:

14.1 TOOL OFFSET

14.2 OVERVIEW OF TOOL NOSE RADIUS COMPENSATION
14.3 DETAILSOF TOOL NOSE RADIUS COMPENSATION

14.4 CORNER CIRCULAR INTERPOLATION FUNCTION (G39)

145 TOOL COMPENSATION VALUES, NUMBER OF
COMPENSATION VALUES, AND ENTERING VALUES FROM
THE PROGRAM (G10)

146 AUTOMATIC TOOL OFFSET (G36, G37)
14.7 COORDINATE ROTATION (G68.1, G69.1)
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14.1 Tool offset isused to compensatefor the difference when thetool actually
used differs from the imagined tool used in programming (usualy,
TOOL OFFSET standard tool).

Standard tool

/ Actual tool

Offset amount
on X axis

Offset amount
on Z axis

Fig. 14.1 Tool offset

In this unit, thereis no G code to specify tool offset.
Thetool offset is specified by T code.

14.1.1 Tool geometry offset and tool wear offset are possible to divide the tool

Tool Geometry Offset offset 'Fo the tc_)ql geometry offset for compensating the tc_)ol shape or tool
W Offset mounting position and thetool wear offset for compensating thetool nose

and Tool Wear wear.

Total value of tool geometry offset value and tool wear offset valueis set

as the tool wear offset value without option.

NOTE
Tool geometry offset and tool wear offset are optioned.
Point on the program Point on the program
\ \
Imaginary tool \
X axis \
geometry Offset \
offset amount
value on X axis
. [ ]l
X axis |
wear - Actual
offset 1l tool
value Z axis ZT—J Z axis
wear geometry | Offset
offset — |le_of offset ' amount
value value on Z axis
Fig. 14.1.1 (a) Differencethe Fig. 14.1.1 (b) Not difference the
tool geometry offset from tool tool geometry offset from tool
wear offset wear offset
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14.1.2
T Code for Tool Offset

Format

® Lower digit of T code
specifies geometry and
wear offset number

® Lower digit of T code
specifies wear offset
number and higher digit
number specifies tool
selection number and
geometry offset number

There are two methods for specifying a T code as shown in Table 14.1.2
(8) and Table 14.1.2 (b).

Table 14.1.2 (a)

KTIT:gc?é Meaning of T code Parameter s%tft]lggtfﬁgrspemfymg of
2—digit TOO When LD1, bit 0 of | When LGN, bit 1
command A parameter of parameter

Tool wear and tool | No.5002, is setto | N0.5002, is set to
geometry offset 1, a tool wear off- |0, the tool geome-
number set number is spe- | try offset number
Tool selection cified with the last | and tool wear off-
digit of a T code. |set number speci-
fied for a certain
4—digit T OO OO When LD1, bit 0 of | tool are the same.
command parameter
Tool wear and tool | No.5002, is set to
geometry offset 0, a tool wear off-
number set number is spe-
Tool selection cified with the last
two digitsofa T
code.
Table 14.1.2 (b)

KTIT:gc?é Meaning of T code Parameter s%tft]lggtfﬁgrspemfymg of
2—digit TOO When LD1, bit 0 of | When LGN, bit 1
command parameter of parameter

Tool wear offset No0.5002, is setto | N0.5002, is set to
number 1, a tool wear off- |1, the tool geome-
Tool selection and tool | €t number is spe- | try offset number
geometry offset num- cified with the last | and tool wear off-
ber digit of a T code. |set number speci-
fied for a certain
4—digit TOO OO When LD1, bit 0 of | tool are the same.
command S parameter
Tool wear offset | o 5002, is set to
Too snglreflc?ﬁ)rn and 0, a tool wear off-
tool geometry offset set number is spe-
number cnfled_vv_lth the last
two digitsofa T
code.

14.1.3
Tool Selection

Tool selectionismade by specifying the T code corresponding to the tool
number. Refer to the machine tool builder’s manual for the relationship
between the tool selection number and the tool.

14.1.4
Offset Number

Tool offset number has two meanings.
It is specifies the offset distance corresponding to the number that is
selected to begin the offset function. A tool offset number of 0 or 00
indicates that the offset amount is 0 and the offset is cancelled.

— 221 —




14. COMPENSATION FUNCTION

PROGRAMMING B—63524EN/01

14.1.5
Offset

Explanations

® Tool wear offset

e Offset vector

e Offset cancel

Therearetwo typesof offset. Oneistool wear offset and the other istool
geometry offset.

The tool path is offset by the X, Y, and Z wear offset values for the
programmed path. The offset distance corresponding to the number
specified by the T code is added to or subtracted from the and position of
each programmed block.

Tool path after offset

/
This block contains the offset /
command with T code

Programmed path

Compensation by offset X, Z (offset vector)

Fig. 14.1.5 (a) Movement of offset (1)

In Fig. 14.1.5 (8), the vector with offset X, Y, and Z is called the offset
vector. Compensation is the same as the offset vector.

Offset iscancelled when T code offset number 0 or 00 isselected. At the
end of the cancelled block, the offset vector becomes 0.

N1 X50.0 Z100.0 TO202 ; Creates the offset vector corresponding
to offset number 02
N2 X200.0;

N3 X100.0 Z250.0 T0200 ; Specifying offset number 00 deletes the
offset vector.

Tool path after offset

L _

N2

Programmed path

Fig. 14.1.5 (b) Movement of offset (2)

When the power isfirst turned on, and the reset key on the MDI unitsis
pushed or the reset signal isinput to the CNC from the machine tool, the
offset is cancelled.

Parameter LVK (No. 5003#6) can be set so that offset will not becancelled
by pressing the reset key or by reset input.
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® Only T code

® Tool geometry offset

e Offset cancel

Whenonly aT codeis specified in ablock, thetool is moved by the wear
offset value without a move command. The movement is performed at
rapid traverse rate in the GOO mode . It is performed at feedrate in other
modes.

WhenaT codewith offset number 0 or 00is specified by itself, movement
is performed to cancel the offset.

WARNING
When G50 X_Z T_; is specified
Tool is not moved.
The coordinate system in which the coordinate value of the
tool position is (X,Z) is set. The tool position is obtained by
subtracting the wear offset value corresponding to the offset
number specified in the T code.

With the tool geometry offset, the work coordinate system is shifted by
the X, Y, and Z geometry offset amounts. Namely, the offset amount
corresponding to the number designated with the code is added to or
subtracted from the current position.

Programmed path after work Absolute command

coordinate systemshift =~ =z Em————

/
Offset amount by tool // Tool path after offset
geometry offsetin X, Z

axis (offset vector

-

Programmed path before
work coordinate system shift

Fig. 14.1.5 (c) Movement of tool geometry offset

NOTE
As well as wear offset, the tool can be compensated by
parameter setting LGT(N0.5002#4) to add or subtract the
programmed end point of each block.

Specifying offset number 0, 00, or 0000 cancels offset.

NOTE
When LGC, bit 5 of parameter No0.5002, is set to O,
specifying offset number 0 or 00 does not cancel offset.

— 223 —



14. COMPENSATION FUNCTION

PROGRAMMING B—63524EN/01

Examples

1. When atool geometry offset number and tool wear offset number are
specified with the last two digits of a T code
(when LGN, bit 1 of parameter No. 5002, is set 0),
N1 X50.0 Z100.0 T0202 ; Specifies offset number 02
N2 Z200.0;
N3 X100.0 2250.0 T0200 ; Cancels offset

Absolute command Offset cancel

Programmed
path after work
coordinate

system shift

NOTE
When LGC, bit 5 of parameter No0.5002, is set to O,

specifying offset number 0 does not cancel tool geometry
offset.

2. Assume that geometry offset is not cancelled with offset No. O
(Set the parameter (No. 5002#1).)
N1 X50.0 Z100.0 TO202 ; Tool selection number (specified tool
geometry offset number 02)
N2 Z200.0;
N3 X100.0 2250.0 T0000 ; Cancels offset

Offset cancel

Programmed
path after work
coordinate

system shift
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14.1.6

G53, G28, G30, and
G30.1 Commands
When Tool Position
Offset is Applied

Explanations

® Reference position

return (G28) and G53

command when tool

position offset is applied

This section describes the following operations when tool position offset
is applied: Gb53, G28, G30, and G30.1 commands, manual reference
position return, and the canceling of tool position offset with a TOO
command.

Executing reference position return (G28) or a G53 command when tool
position offset is applied does not cancel the tool position offset vector.
The absolute position display is as follows, however, according to the
setting of bit 4 (LGT) of parameter No. 5002.

LGT = 0 (Tool geometry compensation is based on shift of the coordinate system.)

Tool position offset
(without option)

Tool geometry
compensation

Tool wear
compensation

The vector is not reflected.
The coordinates are dis-
played as if the offset had
been temporarily can-
celed.

The shift is reflected.
Coordinates shifted ac-
cording to the tool geome-
try compensation are dis-
played.

The vector is not reflected.
The coordinates are dis-
played as if the offset had
been temporarily can-
celed.

The vector is reflected.

Coordinates shifted ac-
cording to the tool geome-
try compensation are dis-
played.

The vector is reflected.

LGT =1 (Tool geometry compensation is based on tool movement.)

Tool position offset
(without option)

Tool geometry
compensation

Tool wear
compensation

The vector is not reflected.
The coordinates are dis-
played as if the offset had
been temporarily can-
celed.

The vector is not reflected.
The coordinates are dis-
played as if the offset had
been temporarily can-
celed.

The vector is not reflected.
The coordinates are dis-
played as if the offset had
been temporarily can-
celed.

The vector is reflected.

The vector is reflected.

The vector is reflected.

Absolute Block for reference
position position return or
coordinate | G53 command
display

Next block
Absolute Block for reference
position position return or
coordinate | G53 command
display

Next block

NOTE

Bit 6 (DAL) of parameter No. 3104 is set to O (the actual positions to which the tool position offset
is applied are displayed in the absolute position display).
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e Manual reference

position return when tool
position offset is applied

Executing manual reference position return when tool position offset is
applied does not cancel the tool position offset vector. The absolute
position display is as follows, however, according to the setting of bit 4

(LGT) of parameter No. 5002.

LGT = 0 (Tool geometry compensation is based on shift of the coordinate system.)

Tool position offset
(without option)

Tool geometry
compensation

Tool wear
compensation

Absolute
position
coordinate
display

Upon manual refer-
ence position return

The vector is not reflected.
The coordinates are dis-
played as if the offset had
been temporarily can-
celed.

The shift is reflected.
Coordinates shifted ac-
cording to tool geometry
compensation are dis-
played.

The vector is not reflected.
The coordinates are dis-
played as if the offset had
been temporarily can-
celed.

Next block

The vector is reflected.

Coordinates shifted ac-
cording to tool geometry
compensation are dis-
played.

The vector is reflected.

LGT =1 (Tool geometry compensation is based on tool movement.)

Tool position offset
(without option)

Tool geometry
compensation

Tool wear
compensation

Absolute
position
coordinate
display

Upon manual refer-
ence position return

The vector is not reflected.
The coordinates are dis-
played as if the offset had
been temporarily can-
celed.

The vector is not reflected.
The coordinates are dis-
played as if the offset had
been temporarily can-
celed.

The vector is not reflected.
The coordinates are dis-
played as if the offset had
been temporarily can-
celed.

Next block

The vector is reflected.

The vector is reflected.

The vector is reflected.

NOTE

Bit 6 (DAL) of parameter No. 3104 is set to O (the actual positions to which the tool position offset
is applied are displayed in the absolute position display).
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e Canceling tool position
offset with TOO

Whether specifying TOO alone, while tool position offset is applied,
cancels the offset depends on the settings of the following parameters:

When the tool geometry/wear compensation option is selected

LGN=0

LGN (No0.5002#1)

LGT (No.5002#4)

LGC (No0.5002#5)

The geometry offset number is:

0: Same as the wear offset
number

1: Same as the tool selection
number

Geometry compensation is applied:
0: Based on shift of the

coordinate system
1: Based on movement of the tool

The geometry offset is:
0: Not canceled with TOO
1: Canceled with TOO

Result

LGT=0

LGT=0

LGC=0
LGC=1

Not canceled
Canceled

LWM (N0.5002#6)

Tool position offset is applied:

0: By means of T code

1: By means of movement
along axis

LGT=1

LWM=0
LWM=1

Canceled
Not canceled

NOTE

1 When LGT=0, LWM is unrelated.
2 When LGT=1, LGC is unrelated, even when LGN = 0.

LGN =1

LGN (No0.5002#1)

LGT (No.5002#4)

LGC (No0.5002#5)

The geometry offset number is: | Geometry compensation is applied: | The geometry offset is: Result
0: Same as the wear offset 0: Based on shift of the 0: Not canceled with TOO
number coordinate system 1: Canceled with TOO
1: Same as the tool selection 1: Based on movement of the tool
number
LGT=0 LGT=0 LGC is unrelated. Canceled
LWM (No.5002#6)
Tool position offset is applied:
0: By means of T code
1: By means of movement
along axis
LGT=1 LWM=0 Canceled
LWM=1 Not canceled

NOTE

1 When LGT =0, LWM is unrelated.
2 When LGT =1, LGC is unrelated.
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When the tool geometry/wear compensation option is not selected

LGN (No0.5002#1)

LGT (No.5002#4)

LGC (No0.5002#5)

The geometry offset number is: Geometry compensation is The geometry offset is: Result
0: Same as the wear offset applied: 0: Not canceled with TOO
number 0: Based on shift of the 1: Canceled with TOO
1: Same as the tool selection coordinate system
number 1: Based on movement of the
tool
LGN is unrelated. LGT is unrelated. LGC is unrelated.
The tool position offset number Tool position offset is always LWM (No0.5002#6)
always uses the low—order digits. | applied based on the movement
of the tool. Tool position offset is applied:
0: By means of T code
1: By means of movement
along axis
LWM=0 Canceled
LWM=1 Not canceled
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14.2

OVERVIEW OF TOOL
NOSE RADIUS
COMPENSATION

Itisdifficult to producethe compensation necessary toform accurate parts
when using only the tool offset function due to tool nose roundness in
taper cutting or circular cutting. The tool nose radius compensation
function compensates automatically for the above errors.

Workpiece Tool path without compensation

Tool path with compensation

Insufficient
depth of
cutting

Tool nose

Shape processed without tool
nose radius compensation

Fig 14.2 Tool path of tool nose radius compensation

14.2.1
Imaginary Tool Nose

The tool nose at position A in following figure does not actually exist.
Theimaginary tool noseisrequired becauseit isusually moredifficult to
set the actual tool nose radius center to the start position than the
imaginary tool nose (Note).

Also when imaginary tool noseis used, the tool nose radius need not be
considered in programming.

Theposition relationship when thetool isset to the start positionisshown
in the following figure.

A
r ition % 3 "
Start positio Start position
When programmed using the When programmed using the
tool nose center imaginary tool nose

Fig. 14.2.1 (a) Tool nose radius center and imaginary tool nose
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CAUTION

In a machine with reference positions, a standard position like the turret center can be placed
over the start position. The distance from this standard position to the nose radius center or
the imaginary tool nose is set as the tool offset value.

Setting the distance from the standard position to the tool nose radius center as the offset
value is the same as placing the tool nose radius center over the start position, while setting
the distance from the standard position to the imaginary tool nose is the same as placing the
imaginary tool nose over the standard position. To set the offset value, it is usually easier to
measure the distance from the standard position to the imaginary tool nose than from the
standard position to the tool nose radius center.

OFX OFX
(Tool offset (Tool offset
in X axis) in X axis)
OFZ OFZ
(Tool offset (Tool offset
» in Z axis) P in Z axis)
Setting the distance from the standard position Setting the distance from the standard position to
to the tool nose center as the tool offset value the imaginary tool nose center as the tool offset
value Q
The start position is placed over the tool nose center The start position is placed over the imaginary tool
nose

Fig. 14.2.1 (b) Tool offset value when the turret center is placed over the start position

Unless tool nose radius compensation is If tool nose radius compensation is used, accu-
performed, the tool nose center path is the rate cutting will be performed.
same as the programmed path.

| Start—

| start—
Tool nose center path | Start
.

Tool nose center path |
~

Programmed path Programmed path

Fig. 14.2.1 (c) Tool path when programming using the tool nose center

Without tool nose radius compensation, the With tool nose radius compensation, accurate
imaginary tool nose path is the same as the cutting will be performed.

programmed path. Q

_ Imaginary tool
Imaginary tool nose path N
/

nose path Start— Start—
| / up
&)

Programmed path Programmed path

Fig. 14.2.1 (d) Tool path when programming using the imaginary tool nose
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14.2.2
Direction of Imaginary
Tool Nose

Thedirection of theimaginary tool nose viewed from the tool nose center
is determined by the direction of the tool during cutting, so it must be set
in advance as well as offset values.

The direction of the imaginary tool nose can be selected from the eight
specifications shown in the Fig. 14.2.2 below together with their
corresponding codes.

This Fig 14.2.2 illustrates the relation between the tool and the start
position. The following apply when the tool geometry offset and tool
wear offset option are selected.

X
L» / AN
Z / @\
Imaginary tool nose number 1 Imaginary tool nose number 2
/ AN
/ AN
Imaginary tool nose number 3 Imaginary tool nose number 4
I
I
Imaginary tool nose number 5 Imaginary tool nose number 6
Imaginary tool nose number 7 Imaginary tool nose number 8

Fig. 14.2.2 Direction of imaginary tool nose
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Limitations

® Plane selection

Imaginary tool nose numbers 0 and 9 are used when the tool nose center
coincides with the start position. Set imaginary tool nose number to
address OFT for each offset number.

Bit 7 (WNP) of parameter No. 5002 is used to determine whether thetool
geometry offset number or the tool wear offset number specifies the
direction of the virtual tool nose for tool nose radius compensation.

Imaginary tool nose number 0 to 9

Virtual tool nosedirections1to 8 can beused only inthe G18 (Z—X) plane.
For virtual tool nose 0 or 9, compensation is applied in both the G17 and
G19 planes.

14.2.3
Offset Number and
Offset Value

Explanations

o Offset number and offset
value

Tool nose radius compensation value

(Tool nose radius value)

Thisvaueis set from the MDI according to the offset number.
When the options of tool geometry compensation and tool wear
compensation are selected, offset values become as follows :

Table 14.2.3 (a) Offset number and offset value

OFR
OFX OFz (Tool nose (DiSe'(::Iion OFY
Offset (Offset (Offset radius of imadi- (Offset
number | valueon X | valueon Z com- nar tc?ol valueon Y
axis) axis) pensation nc)nlse) axis)
value)
01 0.040 0.020 0.20 1 0.030
02 0.060 0.030 0.25 2 0.040
98 0.050 0.015 0.12 6 0.025
99 0.030 0.025 0.24 3 0.035
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® Tool nose radius
compensation

® Imaginary tool nose

direction

e Command of offset value

When the options of tool geometry compensation and tool wear
compensation are selected, the offset values become as follows :

Table 14.2.3 (b) Tool geometry offset

Geome- OFG)_( OFG_Z OFGR OFT OFG\_(
try (X—axis (z—axis (Toc_JI nose (Imaginary (Y—axis
geometry | geometry | radius ge- geometry
offset tool nose
number offset offset ometry off- direction) offset
amount) amount) | setvalue) amount)
GO01 10.040 50.020 0 1 70.020
G02 20.060 30.030 0 2 90.030
GO03 0 0 0.20 6 0
Go4 . . : . .
GO05
Table 14.2.3 (c) Tool wear offset
wear | OFOX | ooz | (0 T orr T oroy
offset (X—axis (Z—axis radius (Imaginary (Y-axis
number | Wear offset | wear offset wear offset tc_)ol nose |wear offset
amount) amount) direction) amount)
value)
wo1 0.040 0.020 0 1 0.010
W02 0.060 0.030 0 2 0.020
W03 0 0 0.20 6 0
W04 . . : . .
W05

In this case, the tool nose radius compensation value is the sum of the

geometry or the wear offset value.

OFR=OFGR+OFWR

The imaginary tool nose direction may be set for either the geometry
offset or the wear offset.
However, the last designated direction later is effective.

A offset number is specified with the same T code as that used for tool
offset. For details, see Subsec. 11-14.1.2.

NOTE

When the geometry offset number is made common to the
tool selection by the parameter LGT(No0.5002#1)setting
and a T code for which the geometry offset and wear offset
number differ from each other is designated, the imaginary
tool nose direction specified by the geometry offset number

is valid.

Example)

T0102

OFR=RFGR;+OFWR,
OFT=0OFT 01
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® Setting range of offset Therange of the offset valueis an follows :
value )
Increment system metric system Inch system
IS-B 0to £999.999 mm 0to £99.9999 inch
IS-C 0to £999.9999 mm [Oto +99.99999 inch

The offset value corresponding to the offset number 0 is always 0.
No offset value can be set to offset number 0.

14.2 .4 In tool nose radius compensation, the position of the workpiece with
Work Position and respect to the tool must be specified.
Move Command G code | Workpiece position Tool path
G40 |(Cancel) Moving along the programmed path
G41 |Rightside Moving on the left side the programmed
path
G42 | Leftside Moving on the right side the programmed
path

Thetool is offset to the opposite side of the workpiece.

G42 X axis

|— Z axis

Workpiece

G4l

The imaginary tool nose is

/ on the programmed path.
G40

Imaginary tool nos Imaginary tool
number 1 to 8 nose number 0
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® Tool movement when the
workpiece position does
not change

The workpiece position can be changed by setting the coordinate system
as shown below.

Z axis
G41 (the workpiece is
on the left side)
X axis
Workpiece
G42 (the workpiece is
Note on the right side)

NOTE
If the tool nose radius compensation value is negative, the

workpiece position is changed.

G40, G41, and, G42 are modal.
Don't specify G41 whilein the G41 mode. If you do, compensation will

not work properly.
Don't specify G42 while in the G42 mode for the same reason.
G41 or G42 mode blocks in which G41 or G42 are not specified are

expressed by (G41) or (G42) respectively.

When the tool is moving, the tool nose maintains contact with the
workpiece.

,/ (G42> (G“ZM

(G42)  (G42)

Enlarged
AN diagram
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® Tool movement when the
workpiece position
changes

e Start—up

The workpiece position against the toll changes at the corner of the
programmed path as shown in the following figure.

A
C Workpiece !
position <):I | GAl

G42 @

Workpiece
position

B
A G4l G42 c

Although the workpiece does not exist on the right side of the
programmed path in the above case. the existence of the workpiece is
assumed in the movement from A to B. Theworkpiece position must not
be changed in the block next to the start—up block. 1nthe above example,
if the block specifying motion from A to B were the start—up block, the
tool path would not be the same as the one shown.

The block in which the mode changesto G41 or G42 from G40 is called
the start—up block.

G40 _;

G41 _; (Start—up block)
Transient tool movements for offset are performed in the start—up block.
In the block after the start—up block, the tool nose center is positioned
Vertically to the programmed path of that block at the start position.

ol

G40

ENARO4

G42 (Start-up)

(G42) -
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e Offset cancel

® Specification of G41/G42
in G41/G42 mode

® Tool movement when the
moving direction of the
tool in a block which
includes a G40
command is different
from the direction of the
workpiece

The block in which the mode changesto G40 from G41 or G42 is called
the offset cancel block.

G41 _;

G40 _; (Offset cancel block)
Thetool nose center movesto aposition vertical to the programmed path
in the block before the cancel block. The tool is positioned at the end
position in the offset cancel block (G40) as shown below.

End position
=

=
_ZGao
7
D e Y

When is specified again in G41/G42 mode , the tool nose center is
positioned vertical to the programmed path of the preceding block at the
end position of the preceding block.

O O4
(G42)
(Ga2) \ (G%\

G42 W-500.0 U-500.0;

Intheblock that first specifies G41/G42, the above positioning of thetool
nose center is not performed.

When you wish to retract the tool in the direction specified by X(U) and

Z(W) cancelling the tool nose radius compensation at the end of

machining the first block in the figure below, specify the following :
G40 X(U) _ZW) _I _K _;

LK Moving direction of tool
uw
G40
G42
G40 U_W_I_K_;
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Theworkpiece position specified by addresses| and K isthe same asthat
in the preceding block. If | and/or K is specified with G40 in the cancel

mode, the | and/or K isignored.

GAOX_Z | _K_;

Tool nose radius compensation

G40G02X_Z_|_K_:

Circular interpolation

G40GOLX_Z ;

G40GOLX_Z | _K_;

values.

Offset cancel mode (I and k are ineffective.)
The numera s followed | and K should always be specified as radius

200

N

120

T T~ |

30 150

(G40 mode)
1.G42 G00 X60.0;

2.G01 X120.0 W-150.0 F10;
3.G40 G00 X300.0 W150.0 140.0 K-30.0;
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14.2.5
Notes on Tool Nose
Radius Compensation

Explanations

® Tool movement when 1.M05; M code output
two or more blocks 2.5210; S code output
without a move 3.G04 X1000; Dwell
command should not be 4.G01 UO; Feed distance of zero
programmed 5.G98; G code only

consecutively 6.G10 P01 X10.0 Z20.0 R0.5 Q2 ; Offset change

If two or more of the above blocks are specified consecutively, the tool
nose center comes to a position vertical to the programmed path of the
preceding block at the end of the preceding block. However, if the no
movement commands is 4 above, the above tool motion is attained only
with one block.

(G42 mode)
Programmed path N6 W1000.0
N6 N7 N7 S21;
N N8 M04 ;
U9 U-1000.0 W1000.0 ;
———— N9
Tool nose center path
AN
AN
X\

® Tool nose radius
compensation with G90
or G94

Tool nose radius compensation with G90 (outer diameter/internal
diameter cutting cycle) or G94 (end face turning cycle) is asfollows, :

1. Motion for imaginary tool nose numbers
For each pathinthecycle, thetool nosecenter pathisgenerally parallel
to the programmed path.

G94

Tool nose center path

Tool nose center path
4,8,3

1,4,5 4
In all

Programmed path Programmed path 3,7,2
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2. Direction of the offset
The offset direction is indicated in the figure below regardiess of the
G41/G42 mode.

G90 G94

® Tool nose radius When one of following cycles is specified, the cycle deviates by a tool
compensation with G71 nose radius compensation vector. During the cycle, no intersection
to G76 or G78 calculation is performed.

G71 (Stock removal in turning or traverse grinding cycle)
G72 (Stock removal in facing or traverse direct constant—dimension
grinding cycle)
G73 (Pattern repeating or Oscillation grinding cycle)
G74 (End face peck drilling)
G75 (Outer diameter/internal diameter drilling)
G76 (Multiple threading cycle)
G78 (Threading cycle)
® Tool nose radius Movement after after compensation is shown below.

compensation when
chamfering is performed

® Tool nose radius
compensation when a
corner arc is inserted
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® Tool nose radius
compensation when the
block is specified from
the MDI

In this case, tool nose radius compensation is not performed.
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14.3

DETAILS OF TOOL
NOSE RADIUS
COMPENSATION

This section provides adetailed explanation of the movement of the tool
for tool nose radius compensation outlined in Section 14.2.
This section consists of the following subsections:

14.3.1 General

14.3.2 Tool Movement in Start—up

14.3.3 Tool Movement in Offset Mode

14.3.4 Tool Movement in Offset Mode Cancel

14.3.5 Interference Check

14.3.6 Overcutting by Tool Nose Radius Compensation

14.3.7 Correction in Chamfering and Corner Arcs

14.3.8 Input Command from M DI

14.3.9 General Precautionsfor Offset Operations

14.3.10G53, G28, G30, and G30.1 Commandsin Tool-tip Radius
Compensation Mode

14.3.1
General

® Tool nose radius center
offset vector

® G40, G41, G42

® Cancel mode

Thetool nose radiuscenter offset vector isatwo dimensional vector equal
tothe offset value specifiedinaT code, and theis calculated in the CNC.
Its dimension changes block by block according to tool movement.
This offset vector (simply called vector herein after) isinternally crated
by the control unit asrequired for proper offsetting and to cal culate atool
path with exact offset (by tool nose radius) from the programmed path.
This vector is deleted by resetting.

The vector aways accompanies the tool as the tool advances.

Proper understanding of vector is essential to accurate programming.
Read the description below on how vectors are created carefully.

G40, G41 or G42 is used to delete or generate vectors.
These codesare used together with GO0, GO1, G02, GO3 or G33to specify
amode for tool motion (Offsetting).

G code Function Workpiece position
G40 Tool nose radius compensation cancel Neither
G41 Left offset along tool path Right
G42 Right offset along tool path Left

G41 and G42 specify an off mode, while G40 specifiescancellation of the
offset.

The system entersthe cancel modeimmediately after the power isturned
on, when the RESET button on the MDI is pushed or aprogram isforced
to end by executing M02 or M30. (the system may not enter the cancel
mode depending on the machine tool.) In the cancel mode, the vector is
set to zero, and the path of the center of tool nose coincides with the
programmed, path. A program must end in cancel mode. If it endsinthe
offset mode, the tool cannot be positioned at the end point, and the tool
stops at alocation the vector length away from the end point.
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® Start—up

® Inner side and outer side

® Meaning of symbols

When ablock which satisfies al the following conditions is executed in
cancel mode, the system enters the offset mode. Control during this
operation is called start—up.

® (41 or G42 is contained in the block, or has been specified to set the
system entersthe offset mode. Control during thisoperationiscalled
start—up.

® The offset number for tool nose radius compensation is not 0.

® X or Z movesis specified in the block and the move distance is not
zero.

A circular command (G02 or G03) is not alowed in start—up.

If specified, P/S alarm (PS34) will occur. Two blocksareread in during
start—up. Thefirst block isexecuted, and the second block isentered into
the tool nose radius compensation buffer. 1n the single block mode, two
blocks are read and the first block is executed, then the machine stops.

I n subsequent operations, two blocksare read in advance, so the CNC has
the block currently being executed, and the next two blocks.

When an angle of intersection created by tool paths specified with move
commands for two blocks is over 180°, it is referred to as “inner side.”
When the angle is between 0° and 180°, it is referred to as “outer side.”

Inner side Outer side

Programmed path

Workpiece &

Workpiece

Programmed path

180°=a 0°=0<180°

The following symbols are used in subsequent figures:

— Sindicates a position at which a single block is executed once.

— SSindicates a position at which a single block is executed twice.

— SSSindicatesaposition at which asingle block isexecuted threetimes.

— L indicates that the tool moves along a straight line.

— C indicates that the tool moves along an arc.

—r indicates the tool nose radius compensation value.

— An intersection is a position at which the programmed paths of two
blocks intersect with each other after they are shifted by r.

—indicates © the center of the tool nose radius.
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14.3.2 When the offset cancel mode is changed to offset mode, the tool moves
Tool Movement in asillustrated below (start—up):
Start—up

Explanations

e Tool movement around
an inner side of a corner
(180°= )

® Tool movement around
the outside of a corner at
an obtuse angle
(90° = 0<180°)

Linear—Linear |

o Workpiece

Programmed path

G42
O )
'// S L  Tool nose radius center path
~
-~ L
Start position

Linear—Circular |

¢
Start position Tool nose radius ~ Programmed path
center path

Linear—Linear Start position
N\ ON\G42
\ @ Workpi
\ piece
L\ \
A H Programmed path
\ \
. r
r

Linear—Circular

Intersection Tool nose radius Programmed path

center path
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® Tool movement around
the outside of an acute Linear—Linear Start position
angle (a<90°) L~
A/
Sac” G42
Workpiece
J T o
Ly m
Programmed path
r
|‘_\ 1 Tool nose radius center path
-1 20
L L
Linear—Circular | Start position

® Tool movement around
the outside linear—linear
at an acute angle less
than 1 degree
(0<1°)

® A block without tool
movement specified at
start—up

\
Tool nose radius é)

center path Programmed path

S L Tool nose radius center path
—_——— = ———— — — — %)
S~
~<_
r L >~
=~ Programmed path
cat ~— rogrammed p

B >
~
G4l | essthan 1 deg\ Start position

If the command is specified at start—up, the offset vector is not created.

G91 G40 ...,

N6 U100.0 W100.0;
N7 G41 U0 ;

N8 U-100.0;

N9 U-100.0 W100.0 ;

\\ Tool nose radius
\Qenter path

N
®

Programmed path

NOTE

For the definition of blocks that do not move the tool, see
Subsec. 11-14.3.3.
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14.3.3 In the offset mode, the tool moves as illustrated below:
Tool Movement in
Offset Mode

Explanations

e Tool movement around
the inside of a corner

Linear—Linear

180°= o _
( ) % Workpiece

Programmed path

Tool nose radius center path
—————————— 0
S L
~ Intersection
// L
/

Linear—Circular

/
L/ 8)
// Tool nose radius ~ Programmed path
/ center path

Circular—Linear

Workpiece

Programmed path

Tool nose radius center path

/ S
CI Intersection

&

Circular—Circular

) Programmed path
Tool nose radius

center path
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e Tool movement around

the inside (o<1°) with an Intersection

abnormally long vector, -+ 20

linear — linear | r Tool nose radius center path
I Programmed path
I
I

S¥ D o ————— )
Intersection
Also in case of arc to straight line, straight line to arc and arc to arc, the
reader should infer in the same procedure.
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® Tool movement around
the outside corner at an
obtuse angle
(90° = 0<180°)

Linear—Linear

@ Workpiece
I‘G\\ Programmed path
N Tool nose radius center path
s )
Intersection L
Linear—Circular |
o}

\
AN
\

Intersection A\

Tool nose radius ~ Programmed path

center path

Circular—Linear |

Workpiece

Programmed path

Tool nose radius center path

Intersection L

Circular—Circular

Programmed path

Tool nose radius

center path . L
Intersection
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e Tool movement around
the outside corner at an

acute angle

(0:<90°) Linear—Linear | ) /P
4
/
Workpiece
r a
L/ :
, Programmed path
S or
L\ Tool nose radius center path
- - 20

Tool nose radius \ Programmed path

center path

Circular—Linear |

G\\
C\, / /
S ;
Workpiece
T 2
/ - Programmed path
|r
L\ Tool nose radius center path
-y -1 20

N
L Cy\
Tool nose radius &)
center path Programmed path
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® \When it is exceptional

* End position for the arc

is not on the arc

If the end of aline leading to an arc is programmed as the end of the arc
by mistake asillustrated below, the system assumes that tool nose radius
compensation has been executed with respect to an imaginary circle that
hasthe same center asthe arc and passesthe specified end position. Based
on this assumption, the system creates a vector and carries out
compensation. Theresultingtool noseradiuscenter pathisdifferentfrom
that created by applying tool nose radius compensation to the
programmed path in which the line leading to the arc is considered
straight.

Leading of the arc  End the arc
_ _ Work-
Imaginary circle piece
_ P
— . \ ”
AN 4
/
S /
/
/
/
r r /
// Tool nose radius
S N center path
= <
L\ 2
v L
L
Center of the arc

The same description applies to tool movement between two circular
paths.
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e There is no inner
intersection

¢ The center of the arc is
identical with the start
position or the end
position

If the tool nose radius compensation value is sufficiently small, the two
circular Tool nose radius center paths made after compensation intersect
at a position (P). Intersection P may not occur if an excessively large
value is specified for tool nose radius compensation. When this is
predicted, P/S alarm (N0.33) occurs at the end of the previous block and
thetool isstopped. 1n the example shown below, Tool nose radius center
paths along arcs A and B intersect at P when a sufficiently small valueis
specified for tool noseradius compensation. If anexcessively largevalue
is specified, this intersection does not occur.

Alarm(No.033)occurs and the tod

When the tool nose radius stops
compensation value is large /

When the tool nose radius |
compensation value is small \

_______ == \
Center of the arc48>><zjéenter of the arc A
/ >

r

If the center of the arc isidentical with the start position or end point, P/'S
alarm (No. 038) isdisplayed, and the tool will stop at the end position of
the preceding block.

Alarm(No.038)is displayed and the tool (G41)
stops l N5 GO1 W100.0 ;
_______ N6 G02 W100.010J0;
Tool nose radius N7 GO3 U-100.0 1-100.0 ;
center path r
N5 N6

Programmed paEh

N7
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e Change in the offset
direction in the offset
mode

The offset direction is decided by G codes (G41 and G42) for tool nose
radius and the sign of tool nose radius compensation value as follows.

Sign of offset value n _

G code
G41 Left side offset Right side offset
G42 Right side offset Left side offset

The offset direction can be changed in the offset mode. If the offset
direction is changed in a block, a vector is generated at the intersection
of the tool nose radius center path of that block and the tool nose radius
center path of apreceding block. However, the changeisnot availablein
the start—up block and the block following it.
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* Tool nose radius center
path with an intersection

Linear—Linear

Tool nose radius center path

Linear—Circular |

Workpiece
G42

Y

Programmed path

Workpiece

S N \

G_
Tool nose radius center path L S

Circular—Linear

Workpiece

Programmed path

-
Tool nose radius
center path

G41
Workpiece

Circular—Circular

Workpiece
G42

Programmed path

@/Tool nose radius \\é

center path Workpiece
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¢ Tool nose radius center When changing the offset directionin block A to block B using G41 and
path without an G42, if intersection with the offset path isnot required, the vector normal
intersection to block B is created at the start point of block B.
Linear—Linear
S L
A== ©
/
Workpiece 4/ r
_ G42 Ga2) 7~ 5 G4l
Programmed path H /T_ A B
r // Workpiece
L /
———>——
Tool nose radius center path
G42
Programmed path —
G41

Tool nose radius centerpath 5

-——

L S

Linear—Circular

e
L/
e

e

P
Toccnrnose radius
center path

Programmed path

Circular—Circular

e
An arc whose end position  /
is not on the arc c/

Programmed path

o
//Tool nose radius
(@] center path

Center
Center
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® Temporary tool nose
radius compensation
cancel

e Specifying G28
(automatic return to the
reference position) in
the offset mode

¢ Tool nose radius
compensation G code in
the offset mode

If the following command is specified in the off set mode, the offset mode
istemporarily canceled then automatically restored. The offset mode can
be canceled and started as described in Subsections 11-14.3.2 and
11-14.3.4.

If G28 is specified in the offset mode, the offset mode is canceled at an
intermediate position. If the vector still remains after the tool isreturned
to the reference position, the components of the vector are reset to zero
with respect to each axis along which reference position return has been
made.

G2g Intermediate position

(G42 G00)

Reference position

The offset vector can be set to form aright angle to the moving direction
in the previous block, irrespective of machining inner or outer side, by
commanding thetool noseradius compensation G code (G41, G42) inthe
offset mode, independently. If this code is specified in a circular
command, correct circular motion will not be obtained.

When the direction of offset is expected to be changed by the command
of tool nose radius compensation G code (G41, G42), refer to “Change
in the offset direction in the offset mode” in Subsec.14.3.3.

Linear—Linear

G42 mode A block specified by G42
e

L

O——»=—t—

Tool nose radius center path S Intersection

Circular—Linear

A block specified by G42

S Intersection

é Programmed path
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e Command cancelling the
offset vector temporality

® Workpiece coordinate
system setting (G50)

® Canned cycles
(G90, G92, G94) and
Multiple repetitive cycles
(G71to G76)

During offset mode, if G50 iscommanded,the offset vector istemporarily
cancelled and thereafter offset mode is automatically restored.

In this case, without movement of offset cancel, the tool moves directly
from the intersecting point to the commanded point where offset vector
is canceled. Also when restored to offset mode, the tool moves directly
to the intersecting point.

Tool nose radius
center path _—
p L~

—
“ L

o

Programmed path

N7
G92 block

(G41)
N5 G91 GO1 U700.0 W300.0 ;
N6 U600.0 W—300.0 ;

N7 G50 X200.0 Z100.0 ;

N8 GO1 X800.0 Z400.0 ;

See Sections 11-14.1 (G90, G92, G94) and 11-14.2 (G70 to G76) for the
tool nose radius compensation is related canned cycles.

N8

Tool nose radius
center path

S

Programmed path

(G42)

N5 G01 U500.0 W600.0 ;

N6 W-800.0 ;

N7 G90 U-600.0 Z-800.0 1-300.0 ;
N8 U1200.0 W500.0 ;
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e A block without tool
movement

¢ A block without tool
movement specified in
offset mode

The following blocks have no tool movement. In these blocks, the tool
will not move even if tool nose radius compensation is effected.

1. MO5 ; M code output
2.S21; S code output

3.G04 X10.0 ; Dwell Com-
4.G10 P01 X10 Z20 R10.0; . tool nose radius compen— mands 1
sation value setting to 6 are of
5.(G17) Z200.0 ; Move command not included no
in the offset plane. move-
6.G98 ; G code only ment.

7.X0 ; Move distance is zero.

When a single block without tool movement is commanded in the offset
mode, the vector and Tool nose radius center path are the same as those
when the block is not commanded. This block is executed at the single
block stop point.

N6 U100.0 W100.0 ; N7 Ng
N7 G04 7100.0 ; Programmed path
N8 U100.0;
N6 .
Tool nose radius center path
———0
,’ss L
L/
/
®// Block N7 is executed here.

However, whenthemovedistanceiszero, evenif theblock iscommanded
singly, tool motion becomes the same as that when more than one block
of without tool movement are commanded, which will be described
subsequently.

N6 G91 U100.0 W100.0; N7 N8
N7 S21; » Programmed path
N8 G04 X10.0;
N9 W100.0 ;
N6 €L
s SSS T
L // Tool nose radius center path
/
/ Block N7 and N8 are
@,/ executed here.
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® Corner movement

® Interruption of manual
operation

When two or more vectors are produced at the end of a block, the tool
moves linearly from one vector to another. This movement is called the
corner movement.

If these vectors amost coincide with each other, the corner movement
isn't performed and the latter vector isignored.

( This vector is ignored, if
\  AVX=AV Limit, and
\ AVy=AV Limit

Programmed path

If AVX= AVIimit and AVy = AVIimit, the latter vector isignored. The
AVIimit is set in advance by parameter (No. 5010).

If these vectors do not coincide, a move is generated to turn around the
corner. This move belongs to the latter block.

This move belongs to block N7, thus, the feedrate
is equal to that in block N7.

If the block N7 is GOO mode, the tool is moved at
GO0 mode, while if it is GO1, G02, G03, the tool is
moved at GO1 mode.

For manual operation during the tool nose radius compensation, refer to
Section 111-3.5, “Manual Absolute ON and OFF.”
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14.3.4
Tool Movement in
Offset Mode Cancel

Explanations

® Tool movement around
an inside corner
(180°=0)

® Tool movement around
an outside corner at an
obtuse angle
(90° = 0<180°)

Linear—Linear

Workpiece / o
> O
Programmed path
r
G40
o——— - -
Tool nose radius centbr path S \\\
L \\

Circular—Linear

Programmed path  Tool nose radius center path

Linear—Linear

G4 /
Workpiece © /
> / /L
Programmed path H /
./ -
Tool nose radius center path
-—— -—— Al L
S
Intersection

Circular—Linear

L Intersection

Programmed path  Tool nose radius center path
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® Tool movement around
an outside corner at an
acute angle
(x<90°)

® Tool movement around
the outside linear—linear
at an acute angle less
than 1 degree (0<1°)

® A block without tool
movement specified
together with offset
cancel

Linear—Linear

Workpiece

Programmed pat=h

Tool nose radius center path

Circular—Linear

| Tool nose radius center path

Programmed path

Tool nose radius center path

S
~_- - - L e~ —©
\\\
r L >~
\\ h
Ga2 >~ Programmed pat
1°orless

G40

When a block without tool movement is commanded together with an
offset cancel, avector whoselengthisequal totheoffset valueisproduced
in a normal direction to tool motion in the earlier block, the vector is
cancelled in the next move command.

N6 G91 U100.0 W100.0;
N7 G40 ;
N8 U0 W100.0;

~ Tool nose radius center path
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® Block containing G40
and I_J_K_

e The previous block
contains G41 or G42

If aG41 or G42 block precedesablock inwhichG40and 1 _,J ,K_are
specified, the system assumesthat the path is programmed as a path from
the end position determined by the former block to a vector determined
by (1,J), (1,K), or (J,K). Thedirection of compensationintheformer block
is inherited.

N1 (G42 mode) ; In the N1 block, the tool nose radius center

N2G40XaYbI_J_i moves towards P.
In the N2 block, the tool nose radius center
moves towards E.

Tool nose radius center path

N1

(G42) Programmed path

Workpiece

In this case, note that the CNC obtains an intersection of the tool path
irrespective of whether inner or outer side machining is specified

E
//,,,/// G40
" Tool nose radius
X _—=" center path
SR
g r
AN . Programmed path
. S (G42)
\ Sw)
N

When an intersection is not obtainable, the tool comes to the normal
position to the previous block at the end of the previous block.

E
~
- G40 Tool nose radius center path

Z e e
S
r

(G42) Programmed path

T >

(1, J)
;
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14.3.5
Interference Check

Explanations

e Criteria for detecting
interference

Tool overcutting is called interference. The interference check function
checksfor tool overcutting in advance. However, all interference cannot
be checked by thisfunction. Theinterference check isperformed evenif
overcutting does not occur.

(1) Thedirection of thetool nose radius path isdifferent from that of the

programmed path (from 90 degrees to 270 degrees between these
paths).

Tool nose radius center path Programmed path

The directions of
these two paths are
different (180°).

Tool nose radius center path
______ -

7 Programmed path

The directions of
these two paths are
different (180°).
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(2) Inaddition to the condition (1), the angle between the start point and
end point on the Tool nose radius center path is quite different from
that between the start point and end point on the programmed path
in circular machining(more than 180 degrees).

S—————

Tool nose radius center path_-—— "
~ -
—

—
<=

— \
/ \
/ \
/ \
/
| ,
\
\ Center
\
\ /
\ /
\ /
\ /
AN /
AN /
~ -
\\ //
\\_*_’/
(G41)

N5 G01 U200.0 W800.0 T1 ;

N6 G02 U-160.0 W320.0 I-800.0 K-200.0 T2 ;

N7 GO1 U-500.0 W200.0 ;

(Tool compensation value corresponding to T1 : r{ = 200.0)
(Tool compensation value corresponding to T2 : ro = 600.0)

In the above example, the arc in block N6 is placed in the one quadrant.
But after tool nose radius compensation, the arc is placed in the four

guadrants.
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® Correction of
interference in advance

(1) Removal of the vector causing the interference

When tool nose radius compensation is performed for blocks A, B
and C and vectors V1, Vo, V3 and V4 between blocks A and B, and
Vs, Vg, V7and Vg between B and C are produced, the nearest vectors
arechecked first. If interference occurs, they areignored. But if the
vectors to be ignored due to interference are the last vectors at the
corner, they cannot be ignored.
Check between vectorsV4 and Vs

InterferenceV4 and Vg areignored.
Check between V3 and Vg

InterferenceVsand Vg areignored
Check between V, and V7

InterferenceVo and V7 arelgnored
Check between V1 and Vg

InterferenceVq, and Vg are cannot be ignored
If while checking, a vector without interference is detected,
subsequent vectors are not checked. If block B is a circular
movement, a linear movement is produced if the vectors are
interfered.

(Example 1) Thetool moveslinearly from VitoVg

) Cc_—
Tool nose radius _»—
center path/ -

7/

. Interference \ /
. Interference
. Interference
: No Interference

O; Oy
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(Example 2) Thetool moveslinearly from V4, Vo, V7, to Vg

V2 S V7
Vg
Tool nose radius > - c
center path _-— Sal
~ ~
e r ~
b
e ~N
s N
/s AN
‘ AN
Programmed path =
v V4, Vs Interference
V3, Vg : Interference
O1 Oz V5, V7 : No Interference

(2) Iftheinterference occursafter correction (1), thetool isstopped with
an aarm.
If the interference occurs after correction (1) or if there are only one
pair of vectors from the beginning of checking and the vectors
interfere, the P/ISalarm (No. 41) is displayed and the tool is stopped
immediately after execution of the preceding block. If the block is
executed by the single block operation, thetool is stopped at theend
of the block.

Tool nose radius center path

Programmed path

After ignoring vectors V, and Vs because of interference,
interference also occurs between vectors V1 and Vg, The alarm is
displayed and the tool is stopped.
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e When interference is (1) Depression which is smaller than the tool nose radius
assumed although actual compensation value
interference does not
occur

Programmed path

| Tool nose radius
| center path

I
I
Y
I

-

There is no actual interference, but since the direction programmed in
block B isopposite to that of the path after tool nose radius compensation
the tool stops and an P/S alarm (No. 041) is displayed.

(2) Groove which is smaller than the tool nose radius compensation

value
Programmed Tool nose radius
path center path

| Stopped

I
I
I
I
Y
I

Like (1) , thedirection isreversein block B.
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14.3.6

Overcutting by Tool
Nose Radius
Compensation

Explanations

® Machining an inside
corner at a radius
smaller than the tool
nose radius

® Machining a groove
smaller than the tool
nose radius

When the radius of acorner is smaller than the cutter radius, because the
inner offsetting of the cutter will result in overcuttings, an adarm is
displayed and the CNC stops at the start of the block. In single block
operation, the overcutting is generated because the tool is stopped after
the block execution.

Tool nose radius center pzit_h

D S An alarm is generated
[— and the operation
Programmed path stops

Korkpiece

R
If the CNC does not
stop, overcutting occurs

I

| Analarm is generated and
| the operation stops here in
Y single block operation

Since the tool nose radius compensation forces the path of the center of
the tool to movein the reverse of the programmed direction, overcutting
will result. Inthiscasean aarmisdisplayed andthe CNC stopsat the start
of the block.

An alarm is displayed and the

Tool nose radius center path operation stops
e > >
I
Programmed path . \\ / o
Workpiece \
\
A\
LQ

Overcutting if the operation would not stop
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® Machining a step smaller
than the tool nose radius

When machining of the step is commanded by circular machining in the
case of aprogram containing astep smaller than the tool nose radius, the
path of the center of tool with the ordinary offset becomesreverseto the
programmed direction. Inthiscase, thefirst vector isignored, and thetool
moves linearly to the second vector position. The single block operation
isstopped at thispoint. If the machining isnot in the single block mode,
the cycle operation is continued. If the step is of linear, no alarm will be
generated and cut correctly. However uncut part will remain.

Linear movement  Stop position after execution of a single
block

) . Tool nose radius center path
The first vector is ignored —~———————

- Programmed path

Center of the circular
W machining
Workpiece

An overcutting will result if the first vector is not ignored.
However, tool moves linearly.

14.3.7

Correction in
Chamfering and Corner
Arcs

In chamfering or corner arcs, tool nose radius compensation only be
performed when an ordinary intersection exists at the corner.

In offset cancel mode, a start—up block or when exchanging the offset
direction, compensation cannot be performed, an P/S alarm (No. 39) is
displayed and the tool is stopped.

Ininner chamfering or inner corner arcs, if thechamfering value or corner
arcvaueissmaller than thetool noseradiusvalue, thetool isstopped with
an P/S alarm (No. 39) since overcutting will occur.

Tool nose
radius

center path
—a—
Programmed
path

Tool nose

radius

center path
—-—
Programmed

path

The valid inclination angle of the programmed path in the blocks before
and after the corner is 1 degree or less so that the P/S alarm (No. 52, 54)
generated by the calculating error of tool nose radius compensation does
not occur.

When this angle is 1 degree or less, the alarm is not generated.
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e \When machining area The following example shows a machining area which cannot be cut
remains or an alarm is sufficiently.
generated
X
|
¢
/ 225
/
/ %)
_ /
Tool nose radius // Machining area
centerpath [ remaining
r
Programmed patH
with chamfering
{1

Ininner chamfering, if the portion of the programmed path that is not a
part of the chamfering (in the above figure €1 or €5) isinfollowing
range, insufficiently cut are will exist.

0=¢i0r {€or-tan22.5° (r: too nose radius)

Enlarged view on the remaining machining area

Although the tool should be positioned at 2 in the above figure, the tool
is positioned at 1 (the tool nose istangent to line L).

Thus, area 3 isnot machined.

P/S alarm No. 52 or 55 is displayed in the following cases :

Limit of programmed path with chamfering gng point P,

The alarm is displayed 1/
- / I
at this path N/ / |_Tool nose center path without

2L L | chamfering
I

Tool nose center path with chamfering

Programmed

| Tool nose radius
path

| center path Start point
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In outer chamfering with an offset, alimit isimposed on the programmed
path. The path during chamfering coincides with the intersection points
P, or P> without chamfering, therefore, outer chamfering is limited. In
the figure above, the end point of the tool center path with chamfering
coincides with the intersection point (P2) of the next block without
chamfering. If the chamfering value is more than the limit value
specified, P/S alarm No. 52 or 55 will be displayed.

14.3.8
Input Command from
MDI

Tool nose radius compensation is not performed for commands input
from the MDI.

However, when automatic operation using absolute commands is
temporarily stopped by the single block function, MDI operation is
performed, then automatic operation starts again, the tool path is as
follows:

Inthiscase, thevectorsat the start position of the next block aretrand ated
and the other vectors are produced by the next two blocks. Therefore,
from next block but one, tool nose radius compensation is accurately
performed.

Vel
) //T_\\ Ve
-
V
Ve, Pe y c2
/
yd /
Command /
for MDI /
/
/
/

When position Pa, Pg, and P¢c are programmed in an absol ute command,
tool isstopped by thesingle block function after executing the block from
Pa to Pg and the tool is moved by MDI operation. VectorsVg; and Vo
aretrandatedto Vg1’ and Vgy' and offset vectors are recal culated for the
vectors V1 and Vo between block Pg—Pc and P—Pp.

However, since vector Vo is not calculated again, compensation is
accurately performed from position Pc.
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14.3.9
General Precautions
for Offset Operations

® Changing the offset
value

® The polarity of the offset
amount and the tool
nose center path

In general, the offset valueis changed in cancel mode, or when changing
tools. If the offset valueis changed in offset mode, the vector at the end
point of the block is calculated for the new offset value.

Calculated from offset Calculated from offset
value in block N6 value in block N7

Programmed path

When some vectors are produced between blocks N6 and N7, the vector
at the end point of the present blocks is calculated using the offset value
of the block N6.

When anegative offset valueis specified, the program is executed for the
figurewhichiscreated by exchanging G41 for G42 or G42 for G41inthe
process shest.

A tool machining an inner profilewill machinethe occur profile, and tool
machining the outer profile will machine the inner profile.
Anexampleisshown below. Ingeneral, CNC machiningisprogrammed
assuming a positive offset value. When a program specifies atool path
as shown in 1, the tool will move as shown in 2 if a negative offset is
specified. Thetool in2will moveasshownin 1 whenthesignof theoffset

valueisreserved.
1 \

\

Programmed path

/

2 /

WARNING

When the sign of the offset value is reversed, the offset
vector of the tool nose is reversed but the imaginary tool
nose direction does not change.

Therefore, do not reverse the sign of the offset value when
starting the machining meeting the imaginary tool nose to
the start point.
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14.3.10

G53, G28, G30, and
G30.1 Commands in
Tool-tip Radius
Compensation Mode

Explanations

® G53 command in tool—tip
radius compensation
mode

¢ G53 command in offset
mode

® \When a G53 command is executed in tool—tip radius compensation
mode, the tool—tip radius compensation vector is automatically
canceled before positioning, that vector being automatically restored
by asubseguent move command. Theformat for restoring thetool—tip
radius compensation vector is the FS16 type when bit 2 (CCN) of
parameter No. 5003 is set to O, or the FS15 type when the bit is set to
1.

® \When aG28, G30, or G30.1 command is executed in tool-tip radius
compensation mode, the tool-tip radius compensation vector is
automatically canceled before automatic reference position return,
that vector being automatically restored by a subsequent move
command. The timing and format for canceling and restoring the
tool—tip radius compensation vector are the FS15 type when bit 2
(CCN) of parameter No. 5003 is set to 1, or the FS16 type when the
bitisset to O.

When aG53 command isexecuted in tool—ti p radius compensation mode,
a vector having a length equal to the offset is created, at the end of the
preceding block, perpendicular to the direction in which the tool moves.
When the tool moves to a specified position according to the G53
command, the offset vector is canceled. When the tool moves according
to the next command, the offset vector is automatically restored.

The format for restoring the tool—tip radius compensation vector is the
start—up type when bit 2 (CCN) of parameter No. 5003 is set to O, or the
intersection vector type (FS15 type) when the bit is set to 1.

(L1 When bit 2 (CCN) of parameter No. 5003 is set to O

Start—up

r v
Y

(G41 GOO) s R . s ely
G53 ™ L GO0
OxxxXX ; s
G41 GOO_;

G53X_Z

(L1 When bit 2 (CCN) of parameter No. 5003 is set to 1

[FS15 type]

;Y
/".
\J

(G41 G00) s s GO0
G53 ‘\\ g GO0
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¢ |ncremental G53
command in offset mode

¢ G53 command
specifying no movement
in offset mode

(L1 When bit 2 (CCN) of parameter No. 5003 is set to O

Start-up .- --------- >

-------- > - 5 ’,"’
l s GO0
P /
N /

\J

(G41G00) S 7 Goo
G53 \\\ e
OxxxXX ;
G41 GOO_;

G53U_W._:

(L1 When bit 2 (CCN) of parameter No. 5003 is set to 1

[FS15 type] P R >
-------- - \ -
; s GO0
e
(G41 G00) s\\\ e GO0
G53 "~
-~/

(L1 When bit 2 (CCN) of parameter No. 5003 is set to O

Start—up e

(G41 GOO)

OxxxXX ;
G90 G41_;

G00 X20. Y20. :
G53 X20. Y20. :

(L1 When bit 2 (CCN) of parameter No. 5003 is set to 1

[FS15 type]
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WARNING

1 When a G53 command is executed in tool-tip radius
compensation mode when all-axis machine lock is applied,
positioning is not performed for those axes to which
machine lock is applied and the offset vector is not
canceled. When bit 2 (CCN) of parameter No. 5003 is set
to 0 or each—axis machine lock is applied, the offset vector
is canceled.

Example 1)
When bit 2 (CCN) of parameter No. 5003 is set to 0 and
all-axis machine lock is applied

Example 2)
When bit 2 (CCN) of parameter No. 5003 is set to 1 and
all-axis machine lock is applied

[FS15 type]

(G41G00) S 7 G0o
~ /
G53 Sa
Example 3)
When bit 2 (CCN) of parameter No. 5003 is set to 1 and
each—axis machine lock is applied

[FS15 type]
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WARNING

2 When a compensation axis is specified in a G53 command
in tool—tip radius compensation mode, the vectors for other
compensation axes are also canceled. This also applies
when bit 2 (CCN) of parameter No. 5003 is setto 1. (The
FS15 cancels only the vector for the specified axis. Note
that the FS15 type cancellation differs from the actual FS15
specification in this point.)

Example)
When bit 2 (CCN) of parameter No. 5003 is set to O

[FS15 type]

(G41X_Z)
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e G28, G30, G30.1
command in tool-tip
radius compensation
mode

NOTE

1 When an axis not included in the tool-tip radius
compensation plane is specified in a G53 command, a
vector perpendicular to the direction in which the tool moves
is created at the end of the preceding block and the tool
does not move. Offset mode is automatically resumed from
the next block (in the same way as when two or more blocks
specifying no movement are consecutively executed).

Example)
When bit 2 (CCN) of parameter No. 5003 is set to O

G53Y_

S G00 S

2 When a G53 command is specified as a start—up block, the
next block actually becomes the start—up block. When bit
2 (CCN) of parameter No. 5003 is set to 1, however, the next
block creates an intersection vector.

Example)
When bit 2 (CCN) of parameter No. 5003 is set to O

When a G28, G30, or G30.1 command is executed in tool—tip radius
compensation mode, the operation specified in the command is
performed according to the FS15 format if bit 2 (CCN) of parameter No.
5003 is set to 1. An intersection vector is created at the end of the
preceding block and a perpendicular vector is created at the intermediate
position. The offset vector is canceled when the tool moves from the
intermediate position to the reference position. The offset vector is
restored as an intersection vector by the next block.
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* G28, G30, or G30.1
command in offset mode
(with movement to both
an intermediate position
and reference position
performed)

e G28, G30, or G30.1
command in offset mode
(with movement to an
intermediate position not
performed)

(L1 When bit 2 (CCN) of parameter No. 5003 is set to O

Intermediate position

OxxxX ;
Go1G41_; s G28/30/30.1 s s G0l
G28 X40. Z0 ; o r
2 “h L WY AN A >
42G01) - S " -
(G42.G01) , Reference position or floating

reference position

(L1 When bit 2 (CCN) of parameter No. 5003 is set to 1

[FS15 type] Intermediate position
s G28/30/30.1 S s Go1

(G42 G01) N )
Reference position or floating
reference position

(L1 When bit 2 (CCN) of parameter No. 5003 is set to O

Start—up
———————— > - - B I
r L
cor
(G41 G01) s . s G01
Intermediate position g - G00
OXXXX ; G28/30/30.1 ¢

G91G41_;
: Reference position or floating
G28 X0 YO reference position

(L1 When bit 2 (CCN) of parameter No. 5003 is set to 1

[FS15 type] s
———————— > - - R s
: A
(G41G01) s GO1
Intermediate position ™~C. .’ GO0

G28/30/30.1

Reference position or
floating reference position
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e (528, G30, or G30.1 L] When bit 2 (CCN) of parameter No. 5003 issetto 0

command in offset mode
(with movementtoa |  _____._._..

» - - -
reference position not %
performed) . ro
(G41 G01) s

Start—up

OxxXxXX ;
G91G41_;

: G28/30/30.1
G28 X40. Y-40. ;

Reference position or floating reference
position=Intermediate position

(L1 When bit 2 (CCN) of parameter No. 5003 is set to 1

[FS15 type]

Reference position or floating reference
position=Intermediate position

e (528, G30, or G30.1 L] When bit 2 (CCN) of parameter No. 5003 issetto 0
command in offset mode
(with no movement) G28/30/30.1 Start-up
Gaicon T ¥ J/
r .- - r A N
TS 6o s -
OxxXXX ; A
G91 G41_; G01

G28 X40. Y-40. :

Reference position or floating reference
position=Intermediate position

(L1 When bit 2 (CCN) of parameter No. 5003 is set to 1

[FS15 type]

G28/30/30.1

~
o
~
H
®
o
H
N
Y Y
-
E—
\
\
\
\
\
\
\
\
\
\
\
\
\
' \
\
\
>
.
,
.

S GO0 S

Reference position or floating reference
position=Intermediate position
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WARNING

1 When a G28, G30, or G30.1 command is executed when
all-axis machine lock is applied, a vector perpendicular to
the direction in which the tool moves is created at the
intermediate position. In this case, the tool does not move
to the reference position and the offset vector is not
canceled. When bit 2 (CCN) of parameter No. 5003 is set
to 0 or each—axis machine lock is applied, the offset vector
is canceled.

Example 1)
When bit 2 (CCN) of parameter No. 5003 is set to 1.
[FS15typel -
(G42G01) s e \
G28 .7 .
L7 s GO01
I Go1
T < Reference position or
S floating reference position
Intermediate position
Example 2)

When bit 2 (CCN) of parameter No. 5003 is set to 0 and
all-axis machine lock is applied

[FS15 type]
(G42GO1) s L \ ________ ”
G28 - .
S G01
! e Go1
:. . g - (S Reference position or

Intermediate position floating reference position

2 When a compensation axis is specified in a G28, G30, or

G30.1 command in tool-tip radius compensation mode, the
vectors for other compensation axes are also canceled.
This also applies when bit 2 (CCN) of parameter No. 5003
is set to 1. (The FS15 cancels only the vector for the
specified axis. Note that the FS15 type cancellation differs
from the actual FS15 specification in this point.)

[FS15 type]

‘Ws. s
(G41 GO0 X_Z ) rI
G2gz Intermediate Reference position or
position floating reference position
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NOTE

1 When an axis not included in the tool-tip radius
compensation plane is specified in a G28, G30, or G30.1
command, a vector perpendicular to the direction in which
the tool moves is created at the end of the preceding block
and the tool does not move. Offset mode is automatically
resumed from the next block (in the same way as when two
or more blocks specifying no movement are consecutively
executed).

Example)
When bit 2 (CCN) of parameter No. 5003 is set to 1.

[FS15 type]

G28(30/30.1)Y_
________ > - -
r 1’4
GA1GOLX_Z) SN
GO1 o1

S GO01 S

2 When a G28, G30, or G30.1 command is specified as a
start—up block, a vector perpendicular to the direction in
which the tool moves is created at the intermediate position.
The vector is then canceled at the reference position. The
next block creates an intersection vector.

Example 1)

When bit 2 (CCN) of parameter No. 5003 is set to 1.
[FS15 type]

GO01 S
e —
./ |G42 G28
Jr s s /. -
e - - Reference position or
Intermediate position floating reference position
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14.4

CORNER CIRCULAR
INTERPOLATION
FUNCTION (G39)

Format

Explanations

e Corner
circular—interpolation

® G39 without |, J, and K

® G39 with I, J, and K

Limitations

® Move command

® Non—-move command

During radius compensation for the tool tip, corner circular—
interpolation, with the specified compensation value used as the radius,
can be performed by specifying G39 in offset mode.

In offset mode, specify
G39;
or

1
G39) I K_ |:
J K

Corner circular—interpolation, with the specified compensation value
used as aradius, can be performed by specifying the operation as shown
above. Whether the tool moves clockwise or counterclockwise depends
on whether the last—specified direction code is G41 or G42. G39isa
single-shot G code.

Specifying G39; creates a corner arc for which the end vector is
perpendicular to the start point of the next block.

Specifying G391_J K_; creates a corner arc for which the end vector is
perpendicular to the vector specified with I, J, and K.

A move operation cannot be specified in a block in which G39 is
specified.

Two or more contiguous blocks with no move operations can not be
specified immediately after ablock in which G39, without I, J, and K, is
specified. (If a move command is specified in a block with a move
distance of 0, it is assumed to be two or more contiguous blocks with no
more operations.) If those blocks are specified, the offset vector
momentarily disappears and the system automatically returns to offset
mode.
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Examples
e G39 without I, J, and K
(In offset mode) X—axis
N1 Z10.0 ;
N2 G39;
N3 X-10.0;
! Z-axis
B'°Ck N1 Offset vector
Q Block N2
(10.0,0.0) | P Block N3
|
| Programmed
\ path
} Tool-tip center
‘ path
|
|
Y v
(10.0,-10.0)
e G39 with I, J, and K
(In offset mode) i
N1Z710.0 : X-axis
N2 G39 I-1.0K2.0;
N3 X-10.0 Z20.0;
‘ Z-axis
Offset vector
Block N1 Block N2
\ Block N3
Programmed
77777777777 path
(00, 2GS (1=-1.0, K=2.0)

2,
(20.0,-10.0)
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14.5

TOOL
COMPENSATION
VALUES, NUMBER

Tool compensation values include tool geometry compensation values
and tool wear compensation (Fig. 14.5 (a)).

Tool compensati on can be specified without differentiating compensation
for tool geometry from that for tool wear.

OF COMPENSATION
VALUES. AND Point on the program Point on the program
! \ \
ENTERING VALUES Imaginary tool \
FROM THE X axis \
geometry Offset )
PROG RAM (G 10) offset value on
value X axis
. [l
X axis |
wear - Actual
offset 1l tool
value 7 axis ZT_J 7 axis
wear geometry | Offset
offset — |le_of offset ' value on
value value Z axis
Fig. 14.5 (a) Difference the Fig. 14.5 (b) Not difference the
tool geometry offset from tool tool geometry offset from tool
wear offset wear offset
Tool compensation values can be entered into CNC memory from the
MDI panel (see section 111-9.1) or from a program.
A tool compensation value is selected from the CNC memory when the
corresponding code is specified after address T in a program.
The value is used for tool offset or tool nose radius compensation.
See subsec. 11-14.1.2 for details.
14.5.1

Tool Compensation
and Number of Tool
Compensation

e Valid range of tool
compensation values

Table 14.5.1 (a) showsthe valid input range of tool compensation val ues.

Table 14.5.1 (a) Valid range of tool compensation values

Tool compensation value
Increment system

Metric input (mm) Inch input (inch)

IS-B —999.999 t0 +999.999 mm | —99.9999 to +99.9999 inch
IS-C —999.9999 to +999.9999 —99.99999 to +99.99999
mm inch

The maximum tool wear compensation can be changed by setting
parameter No. 5013.
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® Seven-—digit tool offset
specification

e Number of tool
compensation

The number of digits used to specify atool geometry/wear compensation
value can be expanded by sel ecting the option which enabl es seven—digit
tool offset specification. When this option is used, tool compensation
values can be specified using up to seven digitsfor 1IS-B and eight digits
for IS-C. Thevalid datarange for tool compensation valueswill thus be
aslisted in Table 14.5.1(b).

Table 14.5.1 (b)

Increment system Tool compensation value
Metric input (mm) Inch input (inch)
IS-B 0to +9999.999 mm 0to +999.9999 inch
IS-C 0to £9999.9999 mm 0to +999.99999 inch
(0 to +£4000.0000 mm) (0 to +160.00000 inch)

NOTE

1 The range enclosed in parentheses applies when automatic
inch/metric conversion is enabled (bit O (OIM) of parameter
No. 5006 is set to 1).

2 The option enabling seven—digit tool offset specification
cannot be used for B—axis offsets for B—axis control.

The memory can hold 16, 32, 64, or 99 tool compensation values.

NOTE
With the two—path control, the number of specified tool
compensation values equals the number of tool
compensations for each tool post.
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145.2

Changing of Tool
Offset Value
(Programmable Data
Input ) (G10)

Format

Offset values can be input by a program using the following command :

G1I0OP_X_Y_Z R_Q_;
or
G1OP_U_V_W_C_Q_;

P : Offset number
0 : Command of work coordinate system shift value
1-64 : Command of tool wear offset value
Command value is offset number
10000+(1-64) : Command of tool geometry offset value
(1-64) : Offset number
Offset value on X axis (absolute)
Offset value on Y axis (absolute)
Offset value on Z axis (absolute)
Offset value on X axis (incremental)
: Offset value on Y axis (incremental)
Offset value on Z axis (incremental)
Tool nose radius offset value (absolute)
Tool nose radius offset value (incremental)
Imaginary tool nose number

OTVES<CN=<X

In an absolute command, the values specified in addresses X, Y , Z, and
R are set asthe offset val ue corresponding to the offset number specified
by address P. In an incremental command, the value specified in
addresses U, V, W, and C is added to the current offset value
corresponding to the offset number.

NOTE

1 Addresses X, Y, Z, U, V, and W can be specified in the same
block.

2 Use of this command in a program allows the tool to
advance little by little. This command can also be used input
offset values one at a time from a program by specifying this
command successively instead of inputting these values
one at a time from the MDI unit.
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14.6
AUTOMATIC TOOL
OFFSET (G36, G37)

Explanations

e Coordinate system

® Movement to
measurement position

e Offset

When a tool is moved to the measurement position by execution of a
command given to the CNC, the CNC automatically measures the
difference between the current coordinate value and the coordinate value
of the command measurement position and usesit as the offset value for
the tool. When the tool has been aready offset, it is moved to the
measurement position with that offset value. If the CNC judges that
further offset is needed after calculating the difference between the
coordinate values of the measurement position and the commanded
coordinate values, the current offset value is further offset.

Refer to the instruction manuals of the machine tool builder for details.

When moving the tool to a position for measurement, the coordinate
system must be set in advance. (The work coordinate system for
programming is used in common.)

A movement to a measurement position is performed by specifying as
followsin the MDI, or MEM mode :

G36 Xx5; or G37Zzy;
In this case, the measurement position should be x5 or z; (absolute
command).
Execution of this command moves the tool at the rapid traverse rate
toward the measurement position, lowers the feedrate hafway, then
continues to move it until the approach end signal from the measuring
instrument isissued. Whenthetool tip reachesthe measurement position,
the measuring instrument outputs the measurement position reach signal
to the CNC which stops the tool.

Thecurrent tool offset valueisfurther offset by the differencebetweenthe
coordinate value (o or B) when the tool has reached the measurement
position and the value of x5 or z5 specified in G36X x4 or G372z,
Offset value x = Current offset value x+(o—Xg)
Offset value z = Current offset value z+(-z)
Xg : Programmed X—axis measurement point
Z, . Programmed Z—axis measurement point
These offset values can also be altered from the MDI keyboard.
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® Feedrate and alarm

® G code

Examples

Thetool, when moving from the stating position toward the measurement
position predicted by x5 or z5in G36 or G37, isfed at the rapid traverse
rate across area A. Then the tool stops at point T (Xa—yx Or Zg~Yz) and
moves at the measurement feedrate set by parameter (No. 6241) across
areasB, C, and D. If the approach end signal turns on during movement
acrossareaB, alarmisgenerated. If the approach end signal doesnot turn
on before point V, and tool stops at point V and P/S alarm (No. 080) is
generated.

Predicted measurement position

— Fr — Fp
U \%

A B C D
S (Xs, Zg) T

Xa—Xs|- |Za—2
. N | a Sl | a Sl U(Xa, Za)
Starting position Fgr : Rapid traverse rate

Fp : Measurement feedrate (set by parameter(No.6241))

Fig. 14.6 Feedrate and Alarm

If bit 3 (G36) of parameter No. 3405 has been set to 1, G37.1 and G37.2
are used as the G codes for automatic tool compensation for the X—and
Z—axes, respectively.

Tool number T1 g
| 4

300 —F
Programmed .
zero point X-axis

Z—axis measurement mee_ls_urement
position position
(_ 100

800

Offset value Offset value

(Before measurement) (After measurement)
X 100.0 98.0
Z0 4.0

G50 X760.0 Z1100.0 ; Programming of absolute zero point
(Coordinate system setting)

S01 M03TO0101 ; Specifies tool T1, offset number 1, and spindle
revolution
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G36 X200.0;

GO00 X204.0;
G37 2800.0;

T0101,

Moves to the measurement position

If thetool hasreached the measurement position
a X198.0 ; since the correct measurement
position is200 mm, the offset valueisaltered by
198.0-200.0=—2.0mm.

Refracts alittle along the X axis.

Moves to the Z—axis measurement position.

If thetool hasreached the measurement position
a X804.0, the offset value is dtered by
804.0-800.0=4.0mm.

Further offsets by the difference.

The new offset value becomesvalid whenthe T
code is specified again.

WARNING

1 Measurement speed(Fp), v, and € are set as parameters (Fp : N0.6241, vy : N0.6251,
€ : N0.6254) by machine tool builder. € must be positive numbers so that y>¢.

2 Cancel the tool nose radius compensation before G36, G37.

3 When a manual movement is inserted into a movement at a measurement feedrate, return the
tool to the position before the inserted manual movement for restart.

4 When using the optional tool nose radius compensation function, the tool offset amount is
determined considering the value of tool nose R. Make sure that tool nose radius value is set

correctly.

Example) When the tool nose center coincides with the start point.

The tool actually moves from point A to point B, but the tool offset value is determined assuming
that the tool moves to point C considering the tool nose radius value.

1

N

Actual
movement

(e

Tool nose radius value

Movement coinsidering
tool nose radius value

\ C Measurement

position

NOTE

1 When there is no T code command before G36 or G37, P/S alarm No.81 is generated.
2 When a T code is specified in the same block as G36 or G37, P/S alarm No.82 is generated.

— 288 —



B—63524EN/01

PROGRAMMING 14. COMPENSATION FUNCTION

14.7
COORDINATE
ROTATION
(G68.1, G69.1)

Format

With the coordinate rotation function, it is possible to rotate a figure
specified in a program. For example, a program that produces patterns
of afigurerotated at increasingly larger angles can be created asapair of
subprograms, one of which defines afigure, the other of which callsthe
figure definition subprogram by specifying rotation. This method is
useful for reducing the program development time and the size of the
program.

\
X
Rotation
center
Rotation angle
Z
G17
G18 | Ge8.1a B R ;— Starts rotating the coordinates
G19 -0 T
. Coordinate rotation mode
! (the coordinates are rotated)
G69.1; Cancels coordinate rotation

G17 (G18 or G19):
Selects a plane where the figure to be rotated is

o, B:
Specify two coordinates (from among X, Y, and Z) of the rotation cen-
ter that match G17, G18, and G19. The values specified as the coor-
dinates of the rotation center must always be absolute values.

R:
Specifies the rotation angle as an absolute value. Counterclockwise
rotation is assumed to be positive. However, setting bit O (RIN) of
parameter No. 5400 enables the use of an incremental value.
Incremental units of the angle: 0.001 degrees
Specifiable range: —360,000 to +360,000

Rotation angle R (incremental value)
Rotation

center Rotation angle R (absolute value)

(0, B)
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Explanations

® Plane selection G code,
G17, G18, or G19

® Rotation center

® Rotation angle command

e Coordinate rotation

cancel

® Tool compensation

Limitations

® Reference position
return
e Changes to coordinates

® Canned cycles

® Incremental command

Plane selection G code (G17, G18, or G19) can be specified in a block
ahead of the coordinate rotation G code (G68.1). Do not specify G17,
G18, or G19 in coordinate rotation mode.

If therotation center (o._, B_) isnot specified, thelocation of thetool when
G68.1 isissued is assumed as the rotation center.

If the rotation angle command (R_) is not specified, the value specified
in parameter No. 5410 is used as the rotation angle.

The coordinate rotation cancel G code (G69.1) can be specified in the
same block as other commands.

Tool compensation, such astool offset or tool nose radius compensation,
isprocessed after coordinate rotation isperformed for aprogram defining
afigure.

G68.1 can be used in either GOO or GO1 mode.

A reference position return command G27, G28, G29, or G30 can be
issued only in G69.1 mode.

Do not attempt to change coordinatesin G68.1 mode (commands such as
G50, G54 to G59, and the tool offset command).

Coordinate rotation cannot be used in simple canned cycles, multiple
repetitive canned cycles, or canned drilling cycles.

Alwaysuse absol ute valuesin amove command that immediately follows
the coordinate rotation command (G68.1) or coordinate rotation cancel
command (G69.1). Specifying an incremental value resultsin the move
command failing to operate normally.

— 290 —



B—63524EN/01 PROGRAMMING 14. COMPENSATION FUNCTION

Examples
® Tool nose radius and (G68.1 and G69.1 can be specified during tool nose radius compensation,
coordinate rotation provided that the coordinate rotation plane coincides with the tool nose

radius compensation plane.

N1 G50 X020 G69.1 G01 ;

N2 G42 X1000 21000 F1000 T0101 ;
N3 G68 R-30000 ;

N4 Z3000 ;

N5 G03 U1000 R1000;

N6 GO1 Z1000;

N7 U-1000;

N8 G69.1 G40 X0 Z0 ;

/ Program before rotation

Program after rotation

Tool path
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® Repetitive coordinate Coordinate rotation can be repeated by calling a registered subprogram
rotation more than once, but with increasingly greater rotation angles.

Set bit 0 (RIN) of parameter No. 5400 to 1 to specify the rotation
angle as being incremental. (G code A, radius programming along
the X-axis)

G50 X0 Z0 G18;

GO01 F200 T0101 ;

M98 P2100 ;

M98 P2200 L7 ;

GO00 X0 Z0 M30 ;

02200 ;

G68.1 X0 Z0 R45.0 ;
G90 M98 P2100 ;
M99 ;

02100 ;

G01 G42 X-10.0 Z0;
X-10.0 Zz4.142 ;
X-7.071 27.071 ;
G40 M99 ;

) Programmed tool path

Tool path with an
offset

(0,-10.0)

S m o m m = = = ==
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CUSTOM MACRO

Although subprograms are useful for repeating the same operation, the
custom macro function also allows use of variables, arithmetic and logic
operations, and conditional branches for easy development of general
programs such as pocketing and user—defined canned cycles. A
machining program can call acustom macro with asimple command, just

like a subprogram.
Machining program Custom macro
00001 ; , 09010 ;

#1=#18/2 ;

GO1 X#1 Z#1 F0.3 ;
: G02 X#1 Z—#1 R#1

G65 P9010 R50.0 L2 ; :

T

M30 ; [~ M99
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15.1
VARIABLES

Explanation

® Variable representation

® Types of variables

Anordinary machining program specifiesaG codeand thetravel distance
directly with a numeric value; examples are G100 and X100.0.

With a custom macro, numeric values can be specified directly or using
avariable number. When a variable number is used, the variable value
can be changed by a program or using operations on the MDI panel.

#1=#2+100 ;

GO01 X#1 F0.3,;

When specifying a variable, specify a number sign (#) followed by a
variablenumber. General—purpose programming languagesallow aname
to be assigned to avariable, but this capability isnot availablefor custom
macros.

Example: #1

An expression can be used to specify avariable number. In such acase,
the expression must be enclosed in brackets.

Example: #{#1+#2-12]

Variables are classified into four types by variable number.
Table 15.1 Types of variables

Variable Type of .
number variable Function
#0 Always This variable is always null. No value can be
null assigned to this variable.
#1 — #33 Local Local variables can only be used within a

variables | macro to hold data such as the results of op-
erations. When the power is turned off, local
variables are initialized to null. When a macro
is called, arguments are assigned to local vari-

ables.
#100 — #149 Common | Common variables can be shared among dif-
(#199) variables | ferent macro programs. When the power is
turned off, variables #100 to #149 are initial-
#500 — #531 ized to null. Variables #500 to #531 hold data
(#999) even when the power is turned off. As an op-

tion, common variables #150 to #199 and
#532 to #999 are also available. However,
when these values are using, the length of the
tape that can be used for storage decreases
by 8.5 m.

#1000 or later System | System variables are used to read and write a
variables | variety of NC data items such as the current
position and tool compensation values.

NOTE
Common variables #150 to #199 and #532 to #999 are
optional.
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® Range of variable values

® Omission of the decimal
point

® Referencing variables

e Undefined variable

Local and common variables can have value 0 or avaluein thefollowing
ranges :

—10%7 to -10—29

0

+10729 to +10%7

If the result of calculation turns out to be invalid, an P/S alarm No. 111
is issued.

When avariable valueis defined in a program, the decimal point can be
omitted.

Example:
When #1=123; is defined, the actual value of variable #1 is
123.000.

To reference the value of avariablein aprogram, specify aword address
followed by the variable number. When an expression is used to specify
avariable, enclose the expression in brackets.

Example: GO1X[#1+#2]F#3;

A referenced variable value is automatically rounded according to the
least input increment of the address.

Example:
When GOO0X#1; is executed on a 1/1000—mm CNC with 12.3456
assigned to variable #1, the actual command is interpreted as
G00X12.346;.

Toreversethe sign of areferenced variable value, prefix aminussign (-)
to #.

Example: GOOX—#1,;

When an undefined variableisreferenced, thevariableisignored upto an
address word.

Example:
When thevalue of variable#1 is0, and thevalue of variable#2 is
null, execution of GOOX#1Z#2; resultsin GO0XO:;.

When the value of avariableis not defined, such avariableisreferred to
asa’null” variable. Variable#0 isawaysanull variable. It cannot be
written to, but it can be read.

(a) Quotation
When an undefined variable is quotated, the address itself is aso

ignored.
When #1 = <vacant > When #1 =0
G90 X100 Y#1 G90 X100 Y#1
1 1
G90 X100 G90 X100 YO

— 295 —



15. CUSTOM MACRO

PROGRAMMING

B—63524EN/01

(b)Operation

< vacant > is the same as 0 except when replaced by < vacant>

When #1 = < vacant > When #1 =0

#2=#1 #2=#1
1 1

#2 = <vacant > #2=0

#2 =#1*5 #2 =#1*5

1 1

#2=0 #2=0

#2 = #1+#1 #2 =#1 +#1

1 1

#2=0 #2=0

(c) Conditional expressions

< vacant > differs from 0 only for EQ and NE.

When #1 = <vacant > When #1 =0
#1EQ #0 #1 EQ #0
1 1
Established Notestablished
#1 NE O #1 NEO
1 1
Established Notestablished
#1 GE #0 #1 GE #0
1 1
Established Established
#1 GTO #1 GTO
1 1
Notestablished Notestablished

® Custom macro variables With the two—path control, macro variables are provided for each tool
common to tool posts post. Specifying parameter Nos. 6036 and 6037 alows some of the
(two—path control) common variables to be used for all tool posts.
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e Displaying variable

values
VARIABLE 01234 N12345
NO. DATA NO. DATA
100 123.456108
101 0.000109
102 110
103 kkkkkkkk 177
104 112
105 113
106 114
107 115
ACTUAL POSITION (RELATIVE)
X 0.000 Y 0.000
Z 0.000 B 0.000
MEM **** *%% *xx% 18:42:15
[ MACRO] [ MENU ] [ OPR 1 [ 1 [ (OPRT) ]
® \When the value of avariable is blank, the variable is null.
® The mark ******** ndicates an overflow (when the absolute
valueof avariableisgreater than 99999999) or an underflow (when
the absolute value of avariableis less than 0.0000001).
Limitations Program numbers, sequence numbers, and optional block skip numbers

cannot be referenced using variables.

Example:
Variables cannot be used in the following ways:
O#1,;
1#2G00X100.0;
N#32200.0;
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15.2
SYSTEM VARIABLES

Explanations

® Interface signals

® Tool compensation
values

System variables can be used to read and write internal NC data such as
tool compensation values and current position data. Note, however, that
some system variables can only be read. System variables are essential
for automation and general—purpose program devel opment.

Signals can be exchanged between the programmabl e machine controller
(PMC) and custom macros.

Table 15.2 (a) System variables for interface signals

Variable Function
number

#1000—#1015 A 16-bit signal can be sent from the PMC to a custom
#1032 macro. Variables_ #1000 to #1_015 are used to read a sig-

nal bit by bit. Variable #1032 is used to read all 16 bits of
a signal at one time.

#1100—#1115 A 16-bit signal can be sent from a custom macro to the
PMC. Variables #1100 to #1115 are used to write a signal

#1132 bit by bit. Variable #1132 is used to write all 16 bits of a
signal at one time.
#1133 Variable #1133 is used to write all 32 bits of a signal at one

time from a custom macro to the PMC.
Note, that values from —99999999 to +99999999 can be

used for #1133.

For detailed information, refer to the connection manual
(B—63523EN-1).

When the system does not differentiate tool geometry compensation from
tool wear compensation, use variable numbers for wear compensation.

Table 15.2 (b) System variables for tool compensation memory C

X axis Z axis Tool nose radius Y axis
_ compensation compensation compensation Imaginary compensation
Compensation value value value tool nose value
number -
- - _ | positionT _
Wear Geome Wear Geome Wear Geome Wear Geome
try try try try
1 #2001 #2701 #2101 #2801 #2201 #2901 #2301 #2401 #2451
49 : #2749 : #2849 : : : #2449 | #2499
64 #2064 #2164 #2064 | #2964 #2364
Table 15.2 (c) System variables for 99 tool compensation values
X axis Z axis Tool nose radius Y axis
_ compensation compensation compensation Imaginary compensation
Compensation value value value tool nose value
number -
- - _ | positionT _
Wear Geome Wear Geome Wear Geome Wear Geome
try try try try
1 #10001 | #15001 | #11001 | #16001 | #12001 | #17001 #13001 #14001 | #19001
99 #10009 | #15000 | #11099 | #16099 | #12099 | #17099 | #13099 | #14099 | #19099
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Workpiece coordinate A workpiece coordinate system shift amount can beread. Theamount can
system shift amount also be changed by entering a value.
Controlled axis Workpiece coordinate system shift amount
X axis #2501
Z axis #2601

e Macro alarms
Table 15.2 (d) System variable for macro alarms

Variable Function

number

#3000 When a value from 0 to 200 is assigned to variable #3000,
the CNC stops with an alarm. After an expression, an alarm
message not longer than 26 characters can be described.
The CRT screen displays alarm numbers by adding 3000 to
the value in variable #3000 along with an alarm message.

Example:

#3000=1(TOOL NOT FOUND);
— The alarm screen displays “3001 TOOL NOT FOUND.”

® Time information Time information can be read and written.

Table 15.2 (e) System variables for time information

Variable

Function
number

#3001 This variable functions as a timer that counts in 1-millisecond
increments at all times. When the power is turned on, the
value of this variable is reset to 0. When 2147483648 milli-
seconds is reached, the value of this timer returns to 0.

#3002 This variable functions as a timer that counts in 1-hour incre-
ments when the cycle start lamp is on. This timer preserves
its value even when the power is turned off. When
9544.371767 hours is reached, the value of this timer returns
to 0.

#3011 This variable can be used to read the current date (year/
month/day). Year/month/day information is converted to an
apparent decimal number. For example, March 28, 1993 is
represented as 19930328.

#3012 This variable can be used to read the current time (hours/min-
utes/seconds). Hours/minutes/seconds information is con-
verted to an apparent decimal number. For example, 34 min-
utes and 56 seconds after 3 p.m. is represented as 153456.
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e Automatic operation The control state of automatic operation can be changed.
control Table 15.2 (f) System variable (#3003) for automatic operation control
#3003 Single block Completion of an auxiliary
function
0 Enabled To be awaited
1 Disabled To be awaited
2 Enabled Not to be awaited
3 Disabled Not to be awaited

® \When the power isturned on, the value of this variableis 0.

® \When single block stop is disabled, single block stop operation is not
performed even if the single block switch is set to ON.

® \When await for the completion of auxiliary functions (M, S, and T
functions) is not specified, program execution proceeds to the next
block before completion of auxiliary functions. Also, distribution
completion signal DEN is not output.

Table 15.2 (g) System variable (#3004) for automatic operation control

#3004 Feed hold Feedrate Override Exact stop
0 Enabled Enabled Enabled
1 Disabled Enabled Enabled
2 Enabled Disabled Enabled
3 Disabled Disabled Enabled
4 Enabled Enabled Disabled
5 Disabled Enabled Disabled
6 Enabled Disabled Disabled
7 Disabled Disabled Disabled

® \When the power isturned on, the value of this variableis 0.
® \When feed hold is disabled:

(1) When the feed hold button is held down, the machine stops in the
single block stop mode. However, single block stop operation is
not performed when the single block mode is disabled with
variable #3003.

(2) When the feed hold button is pressed then released, the feed hold
lamp comes on, but the machine does not stop; program execution
continues and the machine stops at the first block where feed hold
is enabled.

® \When feedrate override is disabled, an override of 100% is aways
applied regardless of the setting of the feedrate override switch on the
machine operator’s panel.

® \When exact stop check is disabled, no exact stop check (position
check) is made even in blocks including those which do not perform
cutting.
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® Settings

® Stop with a message

® Mirror image

Settings can beread and written. Binary valuesare converted to decimals.

#3005
#15  #14  #13  #12  #11 #10  #9 #8
seting [ | | [ [Fev [ ]
#7 #6 #5 #4 #3 #2 #1 #0
Setting| | | SEQ | | | INI | ISO | TVC |

#2 (INI) : Millimeter input or inch input

#0 (TVC) : Whether to make a TV check

#9 (FCV) : Whether to use the FS15 tape format conversion capability
#5 (SEQ) : Whether to automatically insert sequence numbers

#1 (1ISO): Whether to use EIA or ISO as the output code

Execution of the program can be stopped, and then a message can be

displayed.

Variable number

Function

#3006 When “#3006=1 (MESSAGE);" is commanded in the
macro, the program executes blocks up to the immediate-

ly previous one and then stops.

When a message of up to 26 characters, which is en-
closed by a control-in character (“(") and control—-out
character (*)"), is programmed in the same block, the
message is displayed on the external operator message
screen.

The mirror—image status for each axis set using an externa switch or
setting operation can be read through the output signal (mirror-image
check signal). The mirror—image status present at that time can be

checked. (See Section4.7inlll.)

The value obtained in binary is converted into decimal notation.

#3007

Setting

#7 #6 #5 #4 #3 #2

#1 #0

8th axis | 7th axis | 6th axis | 5th axis | 4th axis | 3th axis | 2th axis

1th axis

0 (mirror—image function is disabled)
For each bit, { or

1 (mirror—image function is enabled)

Example : If #3007 is 3, the mirror—image function is enabled for the first and second axes.

} is indicated.

e When the mirror-image function is set for a certain axis by both the
mirror—image signal and setting, the signal value and setting value are

ORed and then output.
e Whenmirror—imagesignalsfor axesother

than the controlled axesare

turned on, they are still read into system variable #3007.

System variable #3007 is a write—protected system variable. If an
attempt is made to write datain the variable, P/S 116 alarm “WRITE
PROTECTED VARIABLE” isissued.
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® Number of machined Thenumber (target number) of partsreguired and the number (compl etion
parts number) of machined parts can be read and written.

Table 15.2 (h) System variables for the number of parts required and the
number of machined parts

Variable number Function
#3901 Number of machined parts (completion number)
#3902 Number of required parts (target number)
NOTE

Do not substitute a negative value.

® Modal information Modal information specified in blocks up to the immediately preceding
block can be read.
Table 15.2 (i) System variables for modal information
Variable Function
number
#4001 GO0, G01, G02, G03, G33,G34 (Group 01)
#4002 G96, G97 (Group 02)
#4003 (Group 03)
#4004 G68, G69 (Group 04)
#4005 G98, G99 (Group 05)
#4006 G20, G21 (Group 06)
#4007 G40, G41, G42 (Group 07)
#4008 G25, G26 (Group 08)
#4009 G22,G23 (Group 09)
#4010 G80 -G89 (Group 10)
#4011 (Group 11)
#4012 G66, G67 (Group 12)
#4014 G54-G59 (Group 14)
#4015 (Group 15)
#4016 G17 - G19 (Group 16)
#4622 - (Group 22)
#4109 F code
#4113 M code
#4114 Sequence number
#4115 Program number
#4119 S code
#4120 T code
Example:
When #1=#4001; is executed, theresulting valuein #1is0, 1, 2, 3,
or 33.

When amodal information reading system variable corresponding to aG
code group which cannot be used is specified, a P/S alarm is issued.
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e Current position

Position information cannot be written but can be read.

Table 15.2 (j) System variables for position information

Variable Position Coordinate | Tool com- Read
number information system pensation | operation
value during
movement
#5001-#5008 |Block end point Workpiece | Not Enabled
coordinate | included
system
#5021-#5028 | Current position Machine Included Disabled
coordinate
system
#5041-#5048 | Current position Workpiece
coordinate
#5061—#5068 | Skip signal position | system Enabled
#5081, #5082 | Tool offset value Disabled
#5101-#5108 | Deviated servo
position

e Thefirst digit (from 1 to 8) represents an axis number.

® The tool offset value currently used for execution rather than the
immediately preceding tool offset valueis held in variables #5081 to
5088.

® The tool position where the skip signa is turned on in a G31 (skip
function) block is held in variables #5061 to #5068. When the skip
signal is not turned on in a G31 block, the end point of the specified
block is held in these variables.

® \When read during movement is “disabled,” this means that expected
values cannot be read due to the buffering (preread) function.
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system compensation
values (workpiece zero
point offset values)

Workpiece zero point offset values can be read and written.

Table 15.2 (k) System variables for workpiece zero point offset values

Variable Function

number
#5201 First—axis external workpiece zero point offset value
#5é08 Eighth—axié external workpiece zero point offset value
#5221 First—axis G54 workpiece zero point offset value
#5é28 Eighth—axié G54 workpiece zero point offset value
#5241 First—axis G55 workpiece zero point offset value
#5é48 Eighth—axié G55 workpiece zero point offset value
#5261 First—axis G56 workpiece zero point offset value
#5é68 Eighth—axié G56 workpiece zero point offset value
#5281 First—axis G57 workpiece zero point offset value
#5é88 Eighth—axié G57 workpiece zero point offset value
#5301 First—axis G58 workpiece zero point offset value
#5308 Eighth—axié G58 workpiece zero point offset value
#5321 First—axis G59 workpiece zero point offset value
#5328 Eighth—axié G59 workpiece zero point offset value

NOTE

To use variables #5201 to #5328, the workpiece coordinate

system option is necessary.
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15.3
ARITHMETIC AND

LOGIC OPERATION

Explanations

® Angle units

® ARCSIN #i = ASIN[#];

Theoperationslistedin Table 15.3 (@) can beperformed onvariables. The
expression to the right of the operator can contain constants and/or
variables combined by afunction or operator. Variables# and #K in an
expression can be replaced with aconstant. Variableson theleft can aso
be replaced with an expression.

Table 15.3 (a) Arithmetic and logic operation

Function Format Remarks
Definition #i=#]
Sum Hi=Hj+Hk;
Difference #i=H#j—HK;
Product #i=H#j*#k;
Quotient #i=Hjl#K;
Sine #=SIN[#]]; An angle is specified in de-
. . . grees. 90 degrees and 30
Arc sine #i=ASIN[H]; minutes is represented as
Cosine #i=COSI[H#i]; 90.5 degrees.
Arc cosine #i=ACOS[#]];
Tangent #=TAN[#]];
Arctangent #=ATAN[H#])/[#K];
Square root #=SQRT[#]];
Absolute value #i=ABS[#];
Rounding off #i=ROUNDI#];
Rounding down #i=FIX[#]];
Rounding up #i=FUP[#];
Natural logarithm #i=LN[#]]
Exponential function #=EXP[#];
OR #i=#j OR #Kk; A logical operation is per-
_— . formed on binary numbers
XOR #i=#j XOR #k; bit by bit.
AND #i=#j AND #Kk;
Conversion from BCD to BIN | #=BIN[#]; Used for signal exchange

Conversion from BIN to BCD | #=BCDI[#]]; to and from the PMC

The units of angles used with the SIN, COS, TAN, ASIN, ACOS and
ATAN functions are degrees. For example, 90 degrees and 30 minutesis
represented as 90.5 degrees.

e The solution ranges are as indicated below:
When the NAT bit (bit O of parameter 6004) is set to 0: 270° to 90°
When the NAT bit (bit O of parameter 6004) is set to 1: —90° to 90°

e When #j is beyond the range of -1 to 1, P/Saarm No. 111 isissued.
e A constant can be used instead of the # variable.
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® ARCCOS #i = ACOS[#];

e ARCTAN
#i = ATAN[H]/[#K];

e Natural logarithm
#i = LN[#];

e Exponential function
# = EXP[#];

® ROUND function

The solution ranges from 180° to 0°.
When #j is beyond the range of -1 to 1, P/Saarm No. 111 isissued.
A constant can be used instead of the # variable.

Specify the lengths of two sides, separated by a slash (/).

The solution ranges are as follows:
When the NAT bit (bit O of parameter 6004) is set to 0: 0° to 360°

Example:

When #1 = ATAN[-1]/[-1]; is specified, #1 is 225.0
When the NAT bit (bit O of parameter 6004) is set to 1. —180° to
180°

Example:

When #1 = ATAN[-1]/[-1]; is specified, #1 is—135.0.
A constant can be used instead of the # variable.

Note that the relative error may become 1078 or greater.

When the antilogarithm (#)) is zero or smaller, P/S aarm No. 111 is
issued.

A constant can be used instead of the # variable.

Note that the relative error may become 108 or greater.

When the result of the operation exceeds 3.65 x 1047 (j isabout 110),
an overflow occurs and P/S alarm No. 111 isissued.

A constant can be used instead of the # variable.

When the ROUND function is included in an arithmetic or logic
operation command, | F statement, or WHIL E statement, the ROUND
function rounds off at the first decimal place.

Example:

When #1=ROUNDI#2]; is executed where #2 holds 1.2345, the
value of variable#1is 1.0.

When the ROUND function is used in NC statement addresses, the
ROUND function rounds off the specified value according to the | east
input increment of the address.

Example:

Creation of a drilling program that cuts according to the values
of variables #1 and #2, then returnsto the original position
Suppose that the increment system is /1000 mm, variable #1
holds 1.2345, and variable #2 holds 2.3456. Then,

GO0 G91 X—+#1; Moves 1.235 mm.

GO01 X—+#2 F300; Moves 2.346 mm.

GO0 X[#1+#2];

Since 1.2345 + 2.3456 = 3.5801, thetravel distanceis 3.580,
which does not return the tool to the original position.
Thisdifferencecomesfrom whether addition isperformed before
or after rounding off. GOOX-{ROUND[#1]+ROUNDI[#2]] must be
specified to return thetool to the original position.
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® Rounding up and down
to an integer

® Abbreviations of
arithmetic and logic
operation commands

® Priority of operations

® Bracket nesting

Limitations

® Brackets

With CNC, when the absolute value of the integer produced by an
operation on a number is greater than the absolute value of the original
number, such an operation is referred to as rounding up to an integer.
Conversely, when the absolute value of the integer produced by an
operation on a number is less than the absolute value of the original
number, such an operation is referred to as rounding down to an integer.
Be particularly careful when handling negative numbers.

Example:
Suppose that #1=1.2 and #2=-1.2.
When #3=FUP[#1] is executed, 2.0 is assigned to #3.
When #3=FI X[#1] is executed, 1.0 isassigned to #3.
When #3=FUP[#2] is executed, —2.0 is assigned to #3.
When #3=FI X[#2] is executed, —1.0 is assigned to #3.

When afunction is specified in aprogram, thefirst two characters of the
function name can be used to specify the function. (Seell1-9.7)

Example:
ROUND — RO
FIX — FI

(1) Functions
(2) Operations such as multiplication and division (*, /, AND, MOD)
(3) Operations such as addition and subtraction (+, —, OR, XOR)

Example) #1=#2+#3*SIN[#4];
\_Y_)
@
%(_J
@
%(—J
©)

(1), (2), and (3) indicate the order of operations.

Bracketsare used to changethe order of operations. Bracketscan beused
to adepth of fivelevelsincluding the brackets used to enclose afunction.
When a depth of five levelsis exceeded, aarm No. 118 occurs.

Example) #1=SIN [ [ [#2+#3] *#4 +#5] *#6] ;
\_Y._)
@
%(—I
@

©)
(4)
®)

(1) to (5) indicate the order of operations.

Brackets ([, ]) are used to enclose an expression. Note that parentheses
are used for comments.
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e Operation error Errors may occur when operations are performed.
Table 15.3 (b) Errors involved in operations
Operation Average Maximum Type of error
error error

a=b*c 1.55x10710 | 4.66x10-10 Relative error(*1)
a=blc 4.66x10710 1.88x10° | € |
a=/b 1.24x107° 3.73x107° b
a=b+c 2.33x1010 | 5.32x10-10 (*2)

=b-c win| || ¢ |
a
a=SIN[b] 5.0x1079 1.0x1078 Absolute error(*3)
a=COS|[b]

§ § | € | degrees

a=ATAN[b]/[c] (*4) |1.8x10°6 3.6x106

NOTE

1 The relative error depends on the result of the operation.

2 Smaller of the two types of errors is used.

3 The absolute error is constant, regardless of the result of the
operation.

4 Function TAN performs SIN/COS.

e Theprecision of variable valuesisabout 8 decimal digits. When very
large numbers are handled in an addition or subtraction, the expected
results may not be obtained.

Example:

When an attempt is made to assign the following values to
variables #1 and #2:

#1=9876543210123.456

#2=9876543277777.777
the values of the variables become:

#1=9876543200000.000

#2=9876543300000.000
In thiscase, when #3=#2—#1; iscalculated, #3=100000.000 results.
(The actual result of this calculation is dlightly different because
it isperformed in binary.)

e Also be aware of errors that can result from conditional expressions
using EQ, NE, GE, GT, LE, and LT.

Example:
IF [#1 EQ #2] is effected by errorsin both #1 and #2, possibly
resulting in an incorrect decision.
Therefore, instead find the difference between the two variables
with |F[ABS[#1-#2]LT0.001].
Then, assumethat the values of the two variables are equal when
the difference does not exceed an allowable limit (0.001 in this
case).
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e Also, be careful when rounding down avalue.

Example:
When #2=#1*1000; is calculated where #1=0.002;, the resulting
value of variable #2 is not exactly 2 but 1.99999997.
Here, when #3=FIX[#2]; is specified, the resulting value of
variable#1isnot 2.0 but 1.0. In thiscase, round down the value
after correcting the error so that the result is greater than the
expected number, or round it off as follows:
#3=FI X[#2+0.001]
#3=ROUNDI[#2]

® Divisor When a divisor of zero is specified in adivision or TAN[90], alarm No.
112 occurs.
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15.4

MACRO
STATEMENTS AND
NC STATEMENTS

Explanations

e Differences from NC
statements

o NC statements that have
the same property as
macro statements

The following blocks are referred to as macro statements:

Blocks containing an arithmetic or logic operation (=)
Blocks containing acontrol statement (such asGOTO, DO, END)

Blocks containing a macro call command (such as macro calls by
G65, G66, G67, or other G codes, or by M codes)

Any block other than amacro statement isreferred to asan NC statement.

Even when single block mode is on, the machine does not stop. Note,
however, that the machine stops in the single block mode when bit 5
(SBM) of parameter 6000 is 1.

Macro blocks are not regarded as blocks that involve no movement in
the tool nose radius compensation mode (see Section 11-15.7).

When parameter NPS (No. 3450#4) is set to 1, the NC statements in a
block satisfying the following conditions are equivalent to macro
statements.

If ablock contains a subprogram call command (M98, a subprogram
call using an M code, or asubprogram call using a T code) and does
not contain any command address other than O, N, P, or L, that block
is equivalent to a macro statement.

If ablock contains M99 and does not contain any command address
other than O, N, P, or L, that block is equivalent to amacro statement.
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15.5 In a program, the flow of control can be changed using the GOTO
statement and IF statement. Three types of branch and repetition
i;égﬁ!?lé“ D operations are used:
Branch and repetition GOTO statement (unconditional branch)
IF statement (conditional branch: if ..., then...)
WHILE statement (repetition while ...)
15.5.1 A branch to sequence number noccurs. When aseguence number outside
Unconditional Branch of therange 1t0 99999 isspecified, P/Salarm No. 128 occurs. A sequence
(GOTO Statement) number can also be specified using an expression.

GOTOn; N: Sequence number (1 to 99999)

Example:
GOTO1;
GOTO#10;
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15.5.2
Conditional Branch
(IF Statement)

IF[<conditional
expression>]THEN

Explanations

e Conditional expression

® Operators

Sample program

Specify aconditional expression after IF. |F[<conditional expression>]
GOTO n If the specified conditional expression is satisfied, a branch to
seguence number n occurs. If the specified condition is not satisfied, the
next block is executed.

If the value of variable #1 is greater than 10, a branch to sequence number
N2 occurs.

is not satisfied

If the condition |:)IF [#1 GT 10] GOTO 2;

Processing If the condition is satisfied

N2 GO0 G91 X10.0 ;

If the specified conditional expression issatisfied, apredetermined macro
statement is executed. Only a single macro statement is executed.

If the values of #1 and #2 are the same, 0 is assigned to #3.

IF [#1 EQ #2] THEN #3=0;

A conditional expression must include an operator inserted between two
variables or between a variable and constant, and must be enclosed in
brackets ([, ]). An expression can be used instead of a variable.

Operators each consist of two letters and are used to compare two values
to determinewhether they areequal or onevalueissmaller or greater than
the other value. Note that the inequality sign cannot be used.

Table 15.5.2 Operators

Operator Meaning
EQ Equal to(=)
NE Not equal to(=)
GT Greater than(>)
GE Greater than or equal to(z)
LT Less than(<)
LE Less than or equal to(=)

The sample program below finds the total of numbers 1 to 10.

09500;

#1=0;Initial value of the variable to hold the sum

#2=1;Initial value of the variable as an addend

N1 IF[#2 GT 10] GOTO 2; . Branch to N2 when the addend is greater than
10

#1=#1+#2; Calculation to find the sum

#2=#2+1; Next addend

GOTO 1; Branchto N1

N2 M30;End of program
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15.5.3
Repetition
(While Statement)

Explanations

Specify a conditional expression after WHILE. While the specified
condition is satisfied, the program from DO to END is executed. If the
specified condition is not satisfied, program execution proceeds to the
block after END.

WHILE [conditional expression] DO m ; (m=1,2,3)
Ifthe condition Ifthe condition | | processing
is not satisfied is satisfied
END m ;

While the specified condition is satisfied, the program from DO to END
after WHILE is executed. If the specified condition is not satisfied,
program execution proceedsto the block after END. The sameformat as
for the | F statement applies. A number after DO and anumber after END
are identification numbers for specifying the range of execution. The
numbers 1, 2, and 3 can be used. When anumber other than 1, 2, and 3
isused, P/S alarm No. 126 occurs.

— 313 —



15. CUSTOM MACRO

PROGRAMMING B—63524EN/01

® Nesting

Limitations

e Infinite loops

® Processing time

e Undefined variable

The identification numbers (1 to 3) in a DO—END loop can be used as
many timesasdesired. Note, however, when aprogramincludescrossing
repetition loops (overlapped DO ranges), P/S alarm No. 124 occurs.

1. The identification numbers
(1 to 3) can be used as many
times as required.

— WHILE[...]DO1;

Processing

— END1;

— WHILE[...]DO1;

Processing

— END1;

2. DO ranges cannot overlap.

WHILE[...]DO1;

Processing

3. DO loops can be nested to a
maximum depth of three levels.

— WHILE[...]DO1;
— WHILE[...]DO 2;

WHILE[...]DO 3;

Processing

END 3;

— END 2;

— END1;

4. Control can be transferred to the
outside of a loop.

WHILE[...]DO1;

WHILE[...]DO 2; IF[...]GOTON;

END 1; END 1;

—

END 2 ; 5. Branches cannot be made to a

location within a loop.

—— IF[...]GOTOnN;

WHILE[...]DO1;

Nn...;
END1;

When DO m is specified without specifying the WHILE statement, an
infinite loop ranging from DO to END is produced.

When a branch to the sequence number specified in a GOTO statement
occurs, the sequence number is searched for. For this reason, processing
inthereversedirection takesalonger timethan processing in theforward
direction. Using the WHILE statement for repetition reduces processing
time.

Inaconditional expression that usesEQ or NE, anull valueand zero have

different effects. In other types of conditional expressions, a null value
isregarded as zero.
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Sample program The sample program below finds the total of numbers 1 to 10.

00001;

#1=0;

#2=1;

WHILE[#2 LE 10]DO 1;
#1=#1+#2;

H#H2=#2+1,;

END 1;

M30;

— 315 —



15. CUSTOM MACRO PROGRAMMING B—63524EN/01

15.6 A macro program can be called using the following methods:

MACRO CALL Macro call Simple call ((G65)
modal call (G66, G67)

Macro call with G code
Macro call with M code
Subprogram call with M code
Subprogram call with T code

Restrictions

e Differences between Macro call (G65) differsfrom subprogram call (M 98) asdescribed bel ow.
macro calls and _ o
subprogram calls ® WithG65, anargument (datapassed to amacro) can be specified. M98

does not have this capability.

® \When an M98 block contains another NC command (for example,
G01 X100.0 M98Pp), the subprogram is called after the command is
executed. On the other hand, G65 unconditionally calls a macro.

® \When an M98 block contains another NC command (for example,
G01 X100.0 M98Pp), the machine stopsin the single block mode. On
the other hand, G65 does not stops the machine.

® \With G65, the level of local variables changes. With M98, the level
of local variables does not change.
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15.6.1
Simple Call (G65)

Explanations

e Call

® Argument specification

When G65 is specified, the custom macro specified at addressPiscalled.
Data (argument) can be passed to the custom macro program.

G65 P_ L_ <argument—specification> ;

P_: Number of the program to call
L_ : Repetition count (1 by default)
Argument : Data passed to the macro

00001 ; > 09010 ;
: #3=H1+#2 ;

G65 P9010 L2 A1.0B2.0; IF [#3 GT 360] GOTO 9 ;
: -~ GO0 X#3;

M30; T N9 M99 ;

® After G65, specify at address P the program number of the custom
macro to call.

® \When anumber of repetitionsis required, specify anumber from 1 to
9999 after addressL. When L is omitted, 1 is assumed.

® By using argument specification, valuesareassigned to corresponding
local variables.

Two types of argument specification are available.  Argument
specification | uses letters other than G, L, O, N, and P once each.
Argument specification Il uses A, B, and C once each and also uses|, J,
and K up totentimes. Thetype of argument specification is determined
automatically according to the letters used.

Argument specification |

Address | Variable Address | Variable Address | Variable
number number number

A #1 | #4 T #20

B #2 J #5 U #21

C #3 K #6 \Y #22

D #7 M #13 W #23

E #8 Q #17 X #24

F #9 R #18 Y #25

H #11 S #19 Z #26

® AddressesG, L, N, O, and P cannot be used in arguments.

® Addressesthat need not be specified can be omitted. Local variables
corresponding to an omitted address are set to null.

® Addresses do not need to be specified aphabetically. They conform
to word address format.
I, J, and K need to be specified alphabetically, however.

Example
B_A D ..JK_ Correct
B_A D _...JIl_ Incorrect
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Restrictions
® Format

® Mixture of argument
specifications | and Il

® Positi