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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. Somefunctions 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.

CAUTION

1 Do not removetheinterna parts, including the ATA card and compact flash card, from within
the CNC.

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.



B—63534EN/02

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.
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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 screen.

When alow battery voltage alarm is displayed, replace the batteries within 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 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 AMPLIFIER ai series Maintenance Manual or FANUC SERVO
AMPLIFIER o 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 A\ and fitted with an insulating cover).

Touching an uncovered high—voltage circuit presents an extremely dangerous electric shock
hazard.
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GENERAL 1. GENERAL

GENERAL

About this manual

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 aprogram s created
through conversational automatic programming function, refer to the
manual for the conversational automatic programming function
(Table 1).

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 detail, 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:

Model name Abbreviation

FANUC Series 16i—-MB 16i-MB Series 16i
FANUC Series 160i—-MB 160i—-MB Series 160i
FANUC Series 160is—MB 160is—-MB Series 160is
FANUC Series 18i—MB5 18i—MB5 Series 18i
FANUC Series 180i-MB5 180i-MB5 Series 180i
FANUC Series 180is—MB5 180is—MB5 Series 180is
FANUC Series 18i—-MB 18i—-MB Series 18i
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Model name Abbreviation
FANUC Series 180i—-MB 180i—-MB Series 180i
FANUC Series 180is—MB 180is—MB Series 180is

Special symbols

e |P

Related manuals of Series
16i/18i/21i/160i/180i/210i/16
0is/180is/210is—MODEL B

Remark) The 18i-MB5, 180i—-MB5, 180is-MB5, 18i-MB, 180i—-MB, and
180is-MB may be collectively referred to as the 18i/180i/

180is-MB.

This manual uses the following symbols:

* Indicates a combination of axes such as
X__Y__ Z (used in PROGRAMMING.).

* Indicates the end of a block. It actually corre-

sponds to the ISO code LF or EIA code CR.

The following table lists the manuals related to Series 16i, Series 18i,
Series 21i, Series 160i, Series 180i, Series 210i, Series 160is, Series
180is, Series 210is-MODEL B. This manua is indicated by an

asterisk(*).

Related manuals of

Series 16i/18i/21i/160i/180i/ 210i/160is/180is/210is MODEL B (1/2)

Manual name Specification
number

DESCRIPTIONS B-63522EN
CONNECTION MANUAL (HARDWARE) B-63523EN
CONNECTION MANUAL (FUNCTION) B-63523EN-1
Series 16i/18i/160i/180i/160is/180is—-TB B-63524EN
OPERATOR’S MANUAL
Series 16i/160i/160is—MB, Series 18i/180i/180is—MB5, B-63534EN
Series 18i/180i/180is—MB OPERATOR’S MANUAL
Series 21i/210i/210is—=TB OPERATOR’'S MANUAL B-63604EN
Series 21i/210i/210is—MB OPERATOR’S MANUAL B-63614EN
MAINTENANCE MANUAL B-63525EN
Series 16i/18i/160i/180i/160is/180is—-MODEL B B—63530EN
PARAMETER MANUAL
Series 21i/210i/210is—MODEL B PARAMETER MANUAL | B-63610EN
PROGRAMMING MANUAL
Macro Compiler/Macro Executor B-61803E-1
PROGRAMMING MANUAL
C Language Executor PROGRAMMING MANUAL B—62443EN-3
FAPT MACRO COMPILER (For Personal Computer) B-66102E
PROGRAMMING MANUAL
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Related manuals of
Series 16i/18i/21i/160i/180i/ 210i/160is/180is/210is MODEL B (2/2)

Manual name Specification

number
CAP (T series)
FANUC Super CAPi T OPERATOR’S 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
PMC

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

1/0 Link—Il OPERATOR’'S MANUAL B—62924EN
Profibus—DP Board OPERATOR’S MANUAL B—62924EN
Ethernet Board/DATA SERVER Board B-63354EN

OPERATOR’'S MANUAL

FAST Ethernet Board/FAST DATA SERVER OPERA- B—63644EN

TOR’S MANUAL

DeviceNet Board OPERATOR’S MANUAL B—63404EN

PC function

Screen Display Function OPERATOR’S MANUAL B—63164EN
Related manuals of Thefollowingtableliststhemanualsrelated to SERVO MOTOR i series

SERVO MOTOR ai series —
Manual name Specification

number
FANUC AC SERVO MOTOR ai seriesDESCRIPTIONS B—-65262EN
FANUC AC SERVO MOTOR ai series B—-65270EN

PARAMETER MANUAL

FANUC AC SPINDLE MOTOR ai seriesDESCRIPTIONS B-65272EN

FANUC AC SPINDLE MOTOR ai series B-65280EN
PARAMETER MANUAL

FANUC SERVO AMPLIFIER ai seriesDESCRIPTIONS B-65282EN

FANUC SERVO MOTOR «ai series B-65285EN
MAINTENANCE MANUAL
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Related manuals of
SERVO MOTOR q series

Thefollowing tableliststhe manualsrelated to SERVO MOTOR a series

Manual name

Specification

number

FANUC AC SERVO MOTOR « seriesDESCRIPTIONS B—65142
FANUC AC SERVO MOTOR a series B-65150
PARAMETER MANUAL

FANUC AC SPINDLE MOTOR a seriesDESCRIPTIONS B—65152
FANUC AC SPINDLE MOTOR «. series B-65160
PARAMETER MANUAL

FANUC SERVO AMPLIFIER a seriesDESCRIPTIONS B—65162
FANUC SERVO MOTOR « series B-65165

MAINTENANCE MANUAL

Either of the following servo motors and the corresponding spindle can

be connected to the CNC covered in this manual.

® FANUC SERVO MOTOR ai series
® FANUC SERVO MOTOR a series

This manual mainly assumes that the FANUC SERVO MOTOR i series
of servo motor isused. For servo motor and spindleinformation, refer to
the manuals for the servo motor and spindle that are actually connected.
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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_ ) Part _ —
drawing programming
E TOOL
N . ) N CNC . MACHINE TOO )
CHAPTER Il PROGRAMMING CHAPTER Il OPERATION

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

Machining plan

1. Determination of wor kpieces machining range

2. Method of mounting wor kpieces on the machine tool

3. Machining sequence in every machining process

4. Machining tools and machining

Decide the machining method in every machining process.

Machiningprocess 1 2 3
F tting | Side cutti Hole
Machiningprocedure acecutting | Sidecutting | 5 hining

1. Machining method
- Rough
Semi
Finish

2. Machining tools

3. Machining conditions
: Feedrate
Cutting depth

4. Tool path
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Side cutting

Face cutting

Hole machining

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

NOTES ON READING
THIS MANUAL 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.

1.3

NOTES ON VARIOUS
KINDS OF DATA 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

TOOL MOVEMENT
ALONG WORKPIECE
PARTS FIGURE-
INTERPOLATION

Explanations

e Tool movement along a
straight line

® Tool movement along an
arc

The tool moves along straight lines and arcs constituting the workpiece
parts figure (See [1-4).

Thefunction of moving thetool along straight linesand arcsiscalled the
interpolation.

- Tool Program
< GOLX__ Y__
IV

)
A Y227 I

Workpiece

Fig. 1.1 (a) Tool movement along a straight line

Program
GO3X__Y__R__;

K

A

Tool
Workpiece

Fig. 1.1 (b) Tool movement along an arc
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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
GO1Y_ _; GO3X—Y—R—;
X==Y=———

Control unit

/r X axis - Tool

. —
> Interpolation | —_| @ move-
ment
(_————_}J \Yaxis ~
|( a)Movement
| along straight
lin
N e
b)Movement
along arc

Fig. 1.1 (c) Interpolation function

NOTE
Some machines move tables instead of tools but this
manual assumes that tools are moved against workpieces.
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1.2 Movement of thetool at aspecified speed for cutting aworkpieceiscalled
FEED-FEED the feed.

FUNCTION

mm/min Tool

F —

Workpiece

Table

Fig. 1.2 (a) Feed function

Feedrates can be specified by using actual numerics. For example, tofeed
the tool at arate of 150 mm/min, specify the following in the program:

F150.0
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 A CNC machine tool is provided with a fixed position. Normally, tool

e change and programming of absolute zero point as described later are
(RNeI ;irhﬁ?l((:aig;esc: :C?Cn performed at this position. This position is called the reference position.
Position)

Reference position

Tool

Workpiece

Table

Fig. 1.3.1 (a) Reference position

Explanations 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 |1-6)
Ingeneral, manual referencepositionreturnisperformedfirst after the
power isturned on. In order to move the tool to the reference position

for tool changethereafter, the function of automatic reference position
return is used.
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1.3.2

Coordinate System on
Part Drawing and
Coordinate System
Specified by CNC —
Coordinate System

Explanations

e Coordinate system

z
Z
v Program v
X X
Coordinate system
Part drawing CNC
Command

Machine tool

Fig.1.3.2 (a) Coordinate system

Thefollowing two coordinate systems are specified at different | ocations:

(Seell-7)

(1) Coordinate system on part drawing
The coordinate system iswritten on the 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 machine tool table.
This can be achieved by programming the distance from the current
position of thetool to the zero point of the coordinate system to be set.

Y
A N
230 Present tool position
300 Distance to the zero point of a coor-
Program dinate system to be set
zero point
X

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 positiona relation between these two coordinate systems is
determined when aworkpiece is set on the table.

Coordinate system on
part drawing estab-
Iighed on the work-
Coordinate system spe- piece
cified by the CNC estab-

lished on the table Yy Y
Workpiece
X
» X

>

Table

Fig. 1.3.2 (c) Coordinate system specified by CNC and coordinate
systemon part drawing

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.

To set the two coordinate systems at the same position, simple methods
shall be used according to workpiece shape, the number of machinings.

(1) Using a standard plane and point of the workpiece.

Workpiece’s
Fixed distance standard point

Fixed distance

Program
zero point

» X

Bring the tool center to the workpiece standard point.
And set the coordinate system specified by CNC at this position.




1. GENERAL

PROGRAMMING B—63534EN/02

(2) Mounting a workpiece directly against the jig

— ¢

Program zero point

Jig

Meet the tool center to the reference position. And set the coordinate system
specified by CNC at this position. (Jig shall be mounted on the predetermined
point from the reference position.)

(3) Mounting aworkpiece on a pallet, then mounting the workpiece and
palet on the jig

/p%/

Jig S
Workpiece

(Jig and coordinate system shall be specified by the same as (2)).
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1.3.3

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

Explanations Command for moving the tool can be indicated by absolute command or
incremental command (See 11-8.1).

® Absolute command 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

B(10.0,30.0,20.0)

Commandspecifying movementfrom  G90 X10.0 Y30.0 Z20.0 ;
point A to point B

Coordinates of point B

® Incremental command Specify the distance from the previous tool position to the next tool
position.

Tool

Command specifying movement from G91 X40.0 Y=30.0 Z-10.0;
point A to point B

Distance and direction for
movement along each axis
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1.4 The speed of the tool with respect to the workpiece when the workpiece
_ iscut iscaled the cutting speed.
CUTTING SPEED Asfor the CNC,_the cutting speed can be specified by the spindle speed
FUNCTION
Tool
/'\O .
Spindle Spen%%ﬂ ;oglrilr?lmeter
V: Cutting speed
/ J m/min
2
Workpiece
Examples <When a workpiece should be machined with a tool 100 mm in

diameter at a cutting speed of 80 m/min. >
The spindle speed is approximately 250 rpm, which is obtained from
N=1000v/rtD. Hence the following command is required:

S250;
Commands related to the spindle speed are called the spindle speed
function ( Seel1-9) .
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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 sel ect asuitabletool. When anumber isassigned to each tool

and the number is specified in the program, the corresponding tool is
selected.

Tool number

ATC magazine

<When No.01 is assigned to a drilling tool>
When the toal is stored at location 01 in the ATC magazine, the tool

can be selected by specifying TOL. Thisis called the tool function (See
11-10).
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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.

Tool

D

4 Coolant

Workpiece

Thefunction of specifying the on—off operationsof the componentsof the
machineis called the miscellaneous function. In general, the functionis
specified by an M code (See 11-11).

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
PROGRAM calledthe program. By specifying the commands, thetool ismoved along
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 program is called the program
number (See 11-12).
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Explanations The block and the program have the following configurations.

® Block
1 block
NOOOO GOO  XOO.0YOOO.0 MOO SO0 TOO ;
\_Y_J ;Y_} \ Y J ;Y_J ;Y_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 startswith asequence number toidentify theblock and endswith
an end—of—block code.
Thismanual indicatesthe end—of—block codeby ; (LFinthel SO codeand
CRinthe EIA code).
® 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.

Mainprogram
Subprogram #1
M98P1001 » | 01001 Program for
| hole #1
\
. Y
M99
M98P1002
. Subprogram #2
) 01002 Program for
M9.8P1001 | hole #2
Y
M99
(- (-
Hole #1 Hole #1
Hole #2 Hole #2

27 —
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1.8

TOOL FIGURE AND
TOOL MOTION BY
PROGRAM

Explanations

® Machining using the end Usually, several tools are used for machining one workpiece. Thetools
of cutter — Tool length have different tool length. It is very troublesome to change the program
compensation function in accordance with the tools.
(See 11-14.1) 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. This function is called tool length compensation.

\ A A \
3
H1 H2 H3 H4
Standard \ Q

tool

|
<

NN
g

Workpiece

® Machining using the side Because acutter hasaradius, the center of the cutter path goesaround the
of cutter — Cutter workpiece with the cutter radius deviated.
compensation function
(See 11-14.4,14.5,14.6)

—_,———— 1 Cutter path using cutter

| compensation

|

| Machined part
| figure

|

|

| Workpiece

I y

! —— |

' |

|

: Cutter

If radius of cutters are stored in the CNC (Data Display and Setting : see
I11-11), the tool can be moved by cutter radius apart from the machining
part figure. Thisfunction is called cutter compensation.
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1.9 Limit switches are installed at the ends of each axis on the machine to
TOOL MOVEMENT prevent toolsfrom moving beyond the ends. Therangeinwhich toolscan

moveis called the stroke.
RANGE — STROKE

Table
Motor :[ I

Limit switch I__LI ,J—|—|

Machine zero point D_ i

Specify these distances.

V/A&

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 (seell1-6.3).
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2.1
CONTROLLED AXES

Series 16i, Series 160i,
Series 160is

Series 18i, Series 180i,
Series 180is

Item

16i-MB, 160i-MB,

16i-MB, 160i-MB,
160is—-MB

160is-MB (two—path control)
No. of basic controlled 3 axes for each path
3 axes .
axes (6 axes in total)
Controlled axes Max. 8 axes Max. 8 axes for each path

expansion (total)

(included in Cs axis)

(included in Cs axis)

Basic simultaneously
controlled axes

2 axes

2 axes for each path
(4 axes in total)

Simultaneously controlled
axes expansion (total)

Max. 6 axes

Max. 6 axes for each path

NOTE

The number of simultaneously controllable axes for manual
operation jog feed, manual reference position return, or
manual rapid traverse) is 1 or 3 (1 when bit 0 (JAX) of
parameter 1002 is set to 0 and 3 when it is set to 1).

Item

18i-MB5, 180i—MB5,
180is—MB5

18i-MB, 180i-MB,
180is-MB

No. of basic controlled
axes

3 axes

Controlled axes expan-
sion (total)

Max. 6 axes (included in Cs axis)

Basic simultaneously
controlled axes

2 axes

Simultaneously controlled
axes expansion (total)

Max. 5 axes

Max. 4 axes

NOTE

The number of simultaneously controllable axes for manual
operation jog feed, manual reference position return, or
manual rapid traverse) 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
AXIS NAME

Limitations

e Default axis name

® Duplicate axis names

The names of three basic axes are always X, Y, and Z. The name of an
additional axiscanbesetto A, B, C, U, V, or W by using parameter 1020.
Parameter No. 1020 is used to determine the name of each axis.

When this parameter is set to 0 or a character other than the valid
charactersis specified, an axis name from 1 to 8 is assigned by default.
In two—path control, the basic three axis names are fixed to X, Y, and Z
for either path, but the name of an additional axis can be selected from A,
B, C, U, V, and W by parameter 1020. Duplicate axis names cannot be
used in the same path, but the same axis name can be used in different
paths.

When a default axis name (1 to 8) is used, operation in the MEM mode
and MDI mode is disabled.

If aduplicate axisnameis specified in the parameter, operationisenabled
only for the axis specified first.

NOTE

In two—path control, axis information displayed on the CRT
screen, such as the current position, may contain an axis
name with a suffix indicating the related path (X1, X2, etc).
This is intended to provide a comprehensible indication of
the path to which the axis belongs. The suffix cannot be
used in a program ; the axis name should be specified as X,
Y,Z, U, V,W, A, B, or C.
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2.3
INCREMENT SYSTEM

Theincrement system consistsof 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 deg.

The increment system is classified into IS-B and IS-C. Select IS-B or
IS-C using bit 1 (ISC) of parameter 1004. When the 1S-C increment
systemisselected, it isapplied to all axes and the 1/10 increment system

option is required.

Name of in- Least input incre- Least command Maximum
crement sys- | ment increment stroke
tem
0.001mm 0.001mm 99999.999mm
IS-B 0.0001inch 0.0001inch 9999.9999inch
0.001deg 0.001deg 99999.999deg
0.0001mm 0.0001mm 9999.9999mm
IS-C 0.00001inch 0.00001inch 999.99999inch
0.0001deg 0.0001deg 9999.9999deg

The least command increment is either metric or inch depending on the
machine tool. Set metric or inch to the parameter INM (N0.100#£0).

For selection between metric and inch for the least input increment, G
code (G20 or G21) or a setting parameter selectsiit.

Combined use of the inch system and the metric system is not allowed.
There are functions that cannot be used between axes with different unit
systems (circular interpolation, cutter compensation, etc.). For the
increment system, see the machine tool builder’s manual.
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2.4 Maximum stroke = Least command increment X 99999999
MAXIMUM STROKE See 2.3 Incremen System.

Table 2.4 (a) Maximum strokes

Increment system Maximum stroke
Metric machine system +99999.999 mm
+99999.999 deg
IS-B
Inch machine system +9999.9999 inch
+99999.999 deg
Metric machine system +9999.9999 mm
+9999.9999 deg
IS-C
Inch machine system +999.99999 inch
+9999.9999 deg
NOTE
1 A command exceeding the maximum stroke cannot be
specified.
2 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 GO0 are modal G codes in group O1.

GO1X-;
VAR } GO1 is effective in this range.
X;

G00Z-;
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Explanations

1. When the clear state (bit 6 (CLR) of parameter No. 3402) is set at
power—up or reset, the modal G codes are placed in the states
described below.

(1) The modal G codes are placed in the states marked with P as

indicated in Table 3.

(2) G20 and G21 remain unchanged when the clear state is set at
power—up or reset.

(3) Which status G22 or G23 at power on is set by parameter G23 (No.
3402#7). However, G22 and G23 remain unchanged when the
Clear state is set at reset.

(4) The user can select GOO or GO1 by setting bit O (GO1) of parameter
No. 3402.

(5) The user can select GO0 or G91 by setting bit 3 (G91) of parameter
No. 3402.

(6) Theuser canselect G17, G18, or G19 by setting bit 1 (parameterG18)
and bit 2 (parameter G19) of parameter No. 3402.

2.G codes other than G10 and G11 are one-shot G codes.

3.When a G code not listed in the G code list is specified, or a G code
that has no corresponding option is specified, P/'S darm No. 010 is
output.

4.Multiple G codes can be specified in the same block if each G code
belongs to a different group. If multiple G codes that belong to the
same group are specified in the same block, only the last G code
specified isvalid.

5.1f a G code belonging to group 01 is specified in a canned cycle, the
canned cycleis cancelled. This means that the same state set by
specifying G80 is set. Note that the G codesin group 01 are not
affected by a G code specifying a canned cycle.

6.G codes are indicated by group.

7.The group of G60 is switched according to the setting of the MDL bit
(bit O of parameter 5431). (Whenthe MDL bit isset to 0, the 00 group
is selected. When the MDL bit is set to 1, the 01 group is selected.)
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G code list for M series (1/4)

G code Group Function
GO0 Positioning
G01 Linear interpolation
G02 Circular interpolation/Helical interpolation CW
G03 01 Circular interpolation/Helical interpolation CCW
G02.2,G03.2 Involute interpolation
G02.3, G03.3 Exponential function interpolation
G02.4,G03.4 Three—dimensional circular interpolation
G04 Dwell, Exact stop
GO05 High speed cycle machining
G05.1 %0 Al contour/Al nano contour/Smooth interpolation
G05.4 HRV3 on/off
G06.2 01 NURBS interpolation
G07 Hypothetical axis interpolation
G07.1 (G107) Cylindrical interpolation
GO08 Advanced prevew control
G09 00 Exact stop
G10 Programmable data input
G10.6 Tool retract and return
G11 Programmable data input mode cancel
Gil2.1 Polar coordinate interpolation mode
IT 21 Polar coordinate interpolation cancel mode
G15 17 Polar coordinates command cancel
G16 Polar coordinates command
G17 XpYp plane selection Xp: X axis or its parallel axis
G18 02 ZpXp plane selection Yp: Y axis or its parallel axis
G19 YpZp plane selection Zp: Z axis or its parallel axis
G20 Input in inch
06
G21 Inputin mm
” G22 Stored stroke check function on
G23 o4 Stored stroke check function off
G25 Spindle speed fluctuation detection off
G26 24 Spindle speed fluctuation detection on
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G code list for M series (2/4)

G code Group Function
G27 Reference position return check
G28 Automatic return to reference position
G29 Automatic return from reference position
G30 2nd, 3rd and 4th reference position return
G30.1 %0 Floating reference point return
G31 Skip function
G31.8 EGB skip function
G31.9 Continuous high—speed skip function
G33 01 Thread cutting
G37 Automatic tool length measurment
G39 00 Corner offset circular interpolation
” G40 Cutter compensation cancel/three—dimensional tool compensation cancel
G41 Cutter compensation left/three—dimensional tool compensation
G41.2 07 Three—dimensional cutter compensation (Tool side compensation) left side
G41.3 Three—dimensional cutter compensation (Leading edge offset)
G42 Cutter compensation right
G42.2 Three—dimensional cutter compensation (Tool side compensation) right side
'G40.1 (G150) Normal direction control cancel mode
G41.1 (G151) 19 Normal direction control left side on
G42.1 (G152) Normal direction control right side on
G43 Tool length compensation + direction
G44 08 Tool length compensation — direction
G45 Tool offset increase
G46 Tool offset decrease
G47 %0 Tool offset double increase
G48 Tool offset double decrease
I G49 08 Tool length compensation cancel
G50 1 Scaling cancel
G51 Scaling
” G50.1 - Programmable mirror image cancel
G51.1 Programmable mirror image




B—63534EN/02

3. PREPARATORY FUNCTION

PROGRAMMING (G FUNCTION)

G code list for M series (3/4)

G code Group Function
G52 Local coordinate system setting
G53 00 Machine coordinate system selection
4 G54 1 Workpiece coordinate system 1 selection
G54.1 Additional workpiece coordinate system selection
G54.2 23 Rotary table dynamic fixture offset
G55 Workpiece coordinate system 2 selection
G56 Workpiece coordinate system 3 selection
G57 14 Workpiece coordinate system 4 selection
G58 Workpiece coordinate system 5 selection
G59 Workpiece coordinate system 6 selection
G60 00 Single direction positioning
G61 Exact stop mode
G62 Automatic corner override
G63 15 Tapping mode
'T Cutting mode
G65 00 Macro call
G66 Macro modal call
¥ Ger | 12 Macro modal call cancel
G68 Coordinate rotation/three—dimensional coordinate conversion
¥ Gceo | 16 Coordinate rotation cancel/three—dimensional coordinate conversion cancel
G72.1 Rotation copy
G72.2 %0 Linear copy
G73 Peck drilling cycle
G74 09 Counter tapping cycle
G75 01 Plunge grinding cycle (for grinding machine)
G76 09 Fine boring cycle
G77 Direct constant—dimension plunge grinding cycle(for grinding machine)
G78 01 Continuous—feed surface grinding cycle(for grinding machine)
G79 Intermittent—feed surface grinding cycle(for grinding machine)
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G code list for M series (4/4)

G code Group Function
> G80 09 Canned cycle cancel/external operation function cancel
G80.5 24 Synchronization start of electronic gear box (EGB) (for two axes program-
ming)
G81 09 Drilling cycle, spot boring cycle or external operation function
G81l.1 00 Chopping function
G81.5 24 Synchronization start of electronic gear box (EGB) (for two axes program-
ming)
G82 Drilling cycle or counter boring cycle
G83 Peck drilling cycle
G884 Tapping cycle
G85 Boring cycle
09
G86 Boring cycle
G87 Back boring cycle
G88 Boring cycle
G89 Boring cycle
G90 Absolute command
Go1 03 Increment command
G92 Setting for work coordinate system or clamp at maximum spindle speed
G92.1 00 Workpiece coordinate system preset
4 G94 05 Feed per minute
G95 Feed per rotation
G96 Constant surface speed control
G97 13 Constant surface speed control cancel
Go9s8 10 Return to initial point in canned cycle
G99 Return to R point in canned cycle
P G160 20 In—feed control function cancel(for grinding machine)
G161 In—feed control function(for grinding machine)
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4.1
POSITIONING (G00)

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.

GO0 IP_;

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

Either of the following tool paths can be selected according to bit 1 of
parameter LRP No. 1401.

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

® Linear interpolation positioning
Thetool path isthesameasin linear interpolation (GO1). Thetool
ispositioned within theshortest possibletimeat a speed that isnot
morethan therapid traverserate for each axis.

Start position
Linear interpolation positioning

End position Non linear interpolation positioning

Therapid traverse rate in GOO command is set to the parameter No. 1420
for each axis independently by the machine tool builder. In the
posiitoning 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).

In—position check for each block can be disabled by setting bit 5 (NCI)
of parameter N0.1601 accordingly.
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Limitations

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.

® G53
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4.2
SINGLE DIRECTION
POSITIONING (G60)

Format

Explanations

Examples

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

Overrun

Start position

< - O

: \ Start position

. Temporary sto
End position porary siop

G60IP_;

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

An overrun and a positioning direction are set by the parameter (No.
5440). Even when a commanded positioning direction coincides with
that set by the parameter, the tool stops once before the end point.

G60, which is an one-shot G—code, can be used as a modal G—code in
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 same asthosefor an one-shot G60 command.
When an one-shot G code is sepcified in the single direction positioning
mode, the one-shot G command is effective like G codes in group 01.

When modal
G60 command is used.

When one-shot
G60 commands are used.

G90; G90G60; Single direction
G60 XOYO: X0YO: positioning mode start
G60 X100 Single direction | X100: Single direction
G60  Y100: positioning Y100; positioning
G04 X10; G04X10;
GO0  XOYO0; GOOX0YO;  Single direction
' . positioning
. , mode cancel
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Restrictions

® During canned cycle for drilling, no single direction positioning is
effected in Z axis.

® No single direction positioning is effected in an axis for which no
overrun has been set by the parameter.

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

® The direction set to the parameter is not effected by mirror image.

® The single direction positioning does not apply to the shift motion in
the canned cycles of G76 and G87.
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4.3

LINEAR
INTERPOLATION
(GO1)

Format

Explanations

Tools can move along aline

GO1 P F ;

IP:For an absolute command, the coordinates of an end point,
and for an incremental commnad, 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.

The feedrate of each axis direction is as follows.

GOlaaPpyis Ff ;

Feedrate of o axis direction:  Fa = O‘E x f
Feed rate of B axis direction : Fﬂ = g x f
Feed rate of y axis direction:  Fy = % x f
Feed rate of  axis direction : F. = % x f

L=Ja?+p2+y?+8

Thefeed rate of therotary axisis commanded in the unit of deg/min (the
unit is decimal point position).

When the straight line axis o(such as X, Y, or Z) and the rotating axisp
(suchasA, B, or C) arelinearly interpolated, thefeed rateisthat in which
the tangential feed rate in the oo and B cartesian coordinate system is
commanded by F(mm/min).

B—axis feedrate is obtained ; at first, thetimerequired for distributionis

calculated by using the above fromula, then the B —axis feedrate unit is
changed to deg/min.
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A calculation exampleis as follows.

G91 G01 X20.0B40.0 F300.0 ;

Thischangestheunit of the C axisfrom 40.0 deg to 40mmwith metric
input. The time required for distribution is calculated as follows:

V20 407 L 414907 (min)
300
The feed rate for the C axis is
40 -~ .
0.14907 268.3 deg/min

In simultaneous 3 axes control, the feed rate is calculated the same way
asin 2 axes control.

Examples

® Linear interpolation

(G91) G01X200.0Y100.0F200.0 ;

Y axis

[}
100.0 (End position)

" > X axis
0 (Start position) 200.0

o Feedrate for the
rotation axis

G91G01C—90.0 G300.0 ;Feed rate of 300deg/min

O (Start point)

(End point)
Feedrate is 300 deg/min
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4.4 The command below will move atool along a circular arc.
CIRCULAR

INTERPOLATION

(G02, GO3)

Format

Arc in the XpYp plane

G02
G17
{ G03 } Xp_Yp_ {
Arc in the ZpXp plane

G18 G02 Xp_p_
GO03 -

Arc in the YpZp plane
G02 J K F
G19 Yp Z - = -
{603} PP { R }

Table. 4.4 Description of the Command Format

I_
R

LI E.
R

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

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

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

R_ Arc radius (with sign)

F_ Feedrate along the arc
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Explanations

e Direction of the circular
interpolation

e Distance moved on an
arc

e Distance from the start
point to the center of arc

“Clockwise” (G02) and “counterclockwise”(G03) on the XY, plane
(ZpXp plane or YpZ,, plane) are defined when the XY, plane is viewed
in the positive-to—negative direction of the Z,, axis (Yp axis or X, axis,
respectively) in the Cartesian coordinate system. See the figure below.

Yp Xp Zp
G03 GO03 GO03
G@ G(:)\ G‘(Q
Xp Zp Yp
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)
XLy /
e e
i
Center Center Center

10,J0, and KO can be omitted. When X, Yy, and Z, are omitted (the end
point is the same as the start point) and the center is specified with I, J,
and K, a 360° arc (circle) is specified.

G021; Command for acircle

If the difference between the radius at the start point and that at the

end point exceeds the permitted value in a parameter (N0.3410), an P/S
alarm (N0.020) occurs.
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® Arc radius

o Feedrate

Restrictions

Thedistance between an arc and the center of acirclethat containsthearc
can be specified using the radius, R, of the circleinstead of |, J, and K.
In thiscase, onearcislessthan 180°, and the other is more than 180° are
considered. When an arc exceeding 180° is commanded, the radius must
be specified with anegative value. If Xp, Yp, and Zp are all omitted, if
the end point is located at the same position as the start point and when
Risused, an arc of 0° is programmed

GO2R ; (The cutter does not move.)

For arc (1)(less than 180°)

G91 G02 Xp60.0 Yp20.0 R50.0 F300.0 ;
For arc (2)(greater than 180°)

G91 G02 Xp60.0 Yp20.0 R-50.0 F300.0 ;

End point
|~ p
~

/

Start point

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, thisfeed rate is measured along the arc after the
cutter 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 comprising the specified plane is commanded, an alarm is
displayed.

For example, if axisU isspecified asaparallel axisto X axiswhen plane
XY is specified, an P/S aarm (No.028)is displayed.

When an arc having a center angle approaching 180° is specified, the
calculated center coordinatesmay containanerror. Insuch acase, specify
the center of the arc with I, J, and K.
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Examples
Y axis
A
100
50R
60 60R
40
0 > i
90 120 140 200 . Xaxis

The above tool path can be programmed as follows ;
(1) In absolute programming
G92X200.0 Y40.0 Z0 ;
G90 G03 X140.0 Y100.0R60.0 F300.;
G02 X120.0 Y60.0R50.0 ;
or
G92X200.0 Y40.0Z0 ;
G90 G03 X140.0 Y100.0I—60.0 F300.;
G02 X120.0 Y60.0I-50.0 ;
(2) In incremental programming
G91 G03 X—-60.0 Y60.0 R60.0 F300.;
G02 X—20.0 Y—40.0 R50.0 ;
or
G91 G03 X—-60.0 Y60.0 1—60.0 F300. ;
G02 X-20.0 Y—40.0 I-50.0 ;
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4.5

HELICAL Helical interpolation which moved helically is enabled by specifying up
to two other axes which move synchronously with the circular

INTERPOLATION interpolation by circular commands.
(G02, G03)

Format

Synchronously with arc of XpYp plane

G02
G”{ 603} Xp_Yp_ {'F;J- }oc_(B_)F_;

Synchronously with arc of ZpXp plane

Go2
618{ 603} Xp_Zp_ {F"—_K— } o_(BF_:

Synchronously with arc of YpZp plane

G19 J GO02 J_K_
{ GO3 } Yp_Zp_ {R } o_(BF_

o,f3: Any one 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 is not circular interpolation axes. An F command specifies a
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.

z

Tool path

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

Restrictions -Cutter 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

HELICAL
INTERPOLATION B
(G02, G03)

Format

Explanations

Limitations

Helical interpolation B moves the tool in a helica manner. This
interpolation can be executed by specifying the circular interpolation
command together with up to four additional axes in simple
high—precision contour control mode (see 11-19.7).

With an arc in the XpYp plane

G02
1
Gl?{ G03 } Xp_Yp_ {Rj - }G_B_Y_B_F_;

With an arc in the ZpXp plane

G02
G18 I_K_ .
{ Go3 } Xp_Zp_ {R_ } o_B_y 6 _F_;

With an arc in the YpZp plane

G19 J GO02 J_K_
{ Go3 } Yp_Zp_ {R_ o_B_y 6 _F_;

o, B, v, 0 : Any axis to which circular interpolation is not applied.
Up to four axes can be specified.

Basically, the command can be specified by adding two movement axes
to a standard helical interpolation command (see 11-4.5). Address F
should be followed by atangential velocity, which has been determined
by also taking movement along the linear axes into consideration.

Tool path

The feedrate equals the tangential velocity determined by also
taking movement along the linear axes into consideration.

- The command of helical interpolation B can be specified only in Al

contour control mode.

- Cutter compensation is applied only to an arc.
- Inablock containing the helical interpolation command, the tool offset

command or tool length compensation command cannot be specified.
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4.7
SPIRAL
INTERPOLATION,
CONICAL
INTERPOLATION
(G02, G03)

Format

® Spiral interpolation

Spiral interpolation is enabled by specifying the circular interpolation
command together with a desired number of revolutions or a desired
increment (decrement) for the radius per revolution.

Conical interpolation is enabled by specifying the spiral interpolation
command together with one or two additional axes of movement, aswell
as adesired increment (decrement) for the position along the additional
axes per spiral revolution.

XpYp plane
G02
G17 X_Y_I L_F_;
{603} -Y-LJ QL F
ZpXp plane
G02
G18 ZXK I_Q L_F_;
GO03
YpZp plane

GOo2
G19 Y ZJ K QL F_:
Go3

X,Y,Z Coordinates of the end point
L Number of revolutions (positive value without a decimal point)(*1)
Q Radius increment or decrement per spiral revolution(*1)

1,J,K Signed distance from the start point to the center
(same as the distance specified for circular interpolation)

F Feedrate

(*1) Either the number of revolutions (L) or the radius increment or
decrement (Q) can be omitted. When L is omitted, the number of
revolutions is automatically calculated from the distance between
the current position and the center, the position of the end point,
and the radius increment or decrement. When Q is omitted, the
radius increment or decrementis automatically calculated fromthe
distance between the current position and the center, the position
ofthe end point, and the number of revolutions. Ifboth L and Q are
specified but their values contradict, Q takes precedence. Gener-
ally, either L or Q should be specified. The L value must be a posi-
tive value without a decimal point. To specify four revolutions plus
90°, for example, round the number of revolutions up to five and
specify L5.
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e Conical interpolation

XpYp plane
G02
G17 XY Z1JK L F;
{603} WY Z LK QL F
ZpXp plane
G02
G18 Z X_Y_ K 1LJ QL _F_;
G03
YpZp plane
G02
G19 Y Z X J K I QL F;
G03

X,Y,Z Coordinates of the end point
L Number of revolutions (positive value without a decimal point)(*1)
Q (Radius increment or decrement per spiral revolution(*1)

1,J,K Two of the three values represent a signed vector from the start
point to the center. The remaining value is a height increment or
decrement per spiral revolution in conical interpolation(*1)(*2)
When the XpYp plane is selected:
The I and J values represent a signed vector from the start point
to the center.
The K value represents a height increment or decrement per
spiral revolution.

When the ZpXp plane is selected:
The K and | values represent a signed vector from the start point
to the center.
The J value represents a height increment or decrement per
spiral revolution.

When the YpZp plane is selected:
The J and K values represent a signed vector from the start point
to the center.
The I value represents a heightincrement or decrement per spiral
revolution.

F Feedrate (determined by taking movement along the linear axes
into consideration)

(*1) One of the height increment/decrement (1, J, K), radius increment/
decrement (Q), and the number of revolutions (L) must be speci-
fied. The other two items can be omitted.

- Sample command for the XpYp plane

K

GO02 —
G17 XY I1JdZ; Q_ F ;
G03 _Y_I_J_Z_ - _

If both L and Q are specified, but their values contradict, Q takes
precedence. If both L and a height increment or decrement are
specified, but their values contradict, the height increment or
decrement takes precedence. If both Q and a heightincrement or
decrement are specified, but their values contradict, Q takes pre-
cedence. The L value must be a positive value without a decimal
point. To specify four revolutions plus 90°, for example, round the
number of revolutions up to five and specify L5.

(*2) When two axes (of height) other than plane axes are specified, the
heightincrement or decrement (1, J, K) cannot be specified. Spec-
ify either a desired radius increment or decrement (Q) or a desired
number of revolutions (L).
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Explanations

® Function of spiral
interpolation

® Movement between

blocks

® Controlled axes

® Cutter compensation C

® Feedrate clamping by
arc radius

® Dry run

Spiral interpolation in the XY planeis defined as follows:
(X =Xo)2+ (Y = Y2 =(R+Q)?
Xo : X coordinate of the center
Yo : Y coordinate of the center
R : Radius at the beginning of spiral interpolation
Q' : Vaiationinradius

When the programmed command is assigned to this function, the
following expression is obtained:

(X =Xs= 1P+ (Y = Ys= 32 =((R+(L +3—20> Q>2

where

Xg : X coordinate of the start point

Ys : Y coordinate of the start point

| : Xcoordinateof thevector fromthestart point tothe center

J Y coordinateof thevector fromthestart point to the center

R : Radius at the beginning of spiral interpolation

. Radiusincrement or decrement per spiral revolution

. (Current number of revolutions) — 1

. Angle between the start point and the current position
(degrees)

Q
X
0

Block overlap between a spira/conical interpolation block and other
blocksis performed only in simple high—precision contour control mode
(see II-NO TAG). In other modes, the movement is decelerated and
stopped in the block before the spiral/conical interpolation block, after
which interpolation starts. After completion of the spiral/conical
interpolation block, the movement is decelerated and stopped, then the
next block is executed.

For conical interpolation, two axesof aplaneand two additional axes, that
is, four axesin total, can be specified. A rotation axis can be specified as
the additional axis.

Thespira or conical interpolation command can be programmed in cutter
compensation C mode. At the start and end points of the block, avirtual
circle around the center of the spiral interpolation is drawn. Cutter
compensation is performed aong the virtual circle, then spiral
interpolation is performed about the result of the cutter compensation.
When both the start point and end point are at the center, no virtual circle
can be drawn. If drawing is attempted, P/S alarm No. 5124 is issued.

During spira interpolation, the function for clamping the feedrate by arc
radius (parameters 1730 to 1732) isenabled. The feedrate may decrease
as the tool approaches the center of the spiral.

When the dry run signa is inverted from 0 to 1 or from 1 to O during

movement along an axis, the movement is accelerated or decelerated to
the desired speed without first reducing the speed to zero.
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Limitations

® Radius

Corner deceleration

Feed functions

Program restart

Retrace

Examples

® Spiral interpolation

Normal direction control

Inspiral or conical interpolation, R for specifying an arc radius cannot be
specified.

Corner deceleration between the spiral/conical interpolation block and
other blocks can be performed only in simple high—precision contour
control mode.

Thefunctionsof feed per rotation, inversetimefeed, F command with one
digit, and automatic corner override cannot be used.

A program including spiral or conical interpolation cannot be restarted.
A program including spiral or conical interpolation cannot be retraced.

Spiral interpolation and conical interpolation cannot be specified in
normal direction control mode.

20. 20.
120 - Y axis
100
]
—
(=N
L Il Il Il Il L0 Il Il Il Il Il ]
—-120-100 180 Y60 0 —2_%0 y40 60 /80 [100 120
X axis
—40 |
—60
-80
-100
-120 L

The path indicated above is programmed with absolute and incremental
values, as shown below:
This sample path has the following values:

- Start point : (0, 100.0)
- End point (X, Y) : (0,-30.0)
- Distanceto the center (1, J) . (0,-100.0)
- Radius increment or decrement (Q) : —20.0

- Number of revolutions (L) 4.
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(1) With absolute values, the path is programmed as follows:
G90 G02 X0 Y~30.010 3-100.0 ( %220 ) Fa00;

(2) With incremental values, the path is programmed as follows:
G91 G02 X0 Y~130.010 3-100.0 ( %220 ) F300;
(Either the Q or L setting can be omitted.)

e Conical interpolation

+Z 25.0 25.0
A e ule
(0,-37.5,62.5) "
25.0
' 25.0
Y
[ — =+Y :
| | 100.0
| I
| I
I
. |
-100.0 !
+X

The sample path shown above is programmed with absolute and
incremental values as follows:
This sample path has the following values:

- Start point : (0, 100.0, 0)
- End point (X, Y, Z) : (0, -37.5, 62.5)
- Distance to the center (I, J) : (0, -100.0)

- Radius increment or decrement (Q) : —25.0
- Height increment or decrement (K) : 25.0

- Number of revolutions (L) 03
(1) With absolute values, the path is programmed asfollows:
G90 G02 X0 Y-37.5262.510 J-100.0 < (5(—225500 > F300;
L
(2) With incremental values, the path is programmed as follows:
G91 G02 X0 Y-137.5 262.5 10 J-100.0 < (5(—225500 > F300;
L
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4.8

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

Format

Explanations

® Polar coordinate
interpolation plane

Polar coordinateinterpolation isafunction that exercises contour control
in converting acommand programmed in a Cartesian coordinate system
to the movement of alinear axis (movement of atool) and the movement
of arotary axis (rotation of a workpiece). This function is useful for
grinding a cam shaft.

G12.1; Starts 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)

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

G12.1 starts the polar coordinate interpolation mode and selects a polar
coordinate interpolation plane (Fig. 4.8 (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 local coordinate system (G52 command)
(Or origin of the workpiece coordinate system)

Fig. 4.8 (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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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

Limitations

Coordinate system for
the polar coordinate
interpolation

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............ Dwell, Exact stop

G40, G41, G42 ... Cutter compensation
(Polar coordinateinterpolationisapplied to the path
after cutter compensation.)

G65, G66, G67 ... Custom macro command

G90,Gal ....... Absolute command, incremental command

G94,G95 ....... 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).

- 1 'and Jin the Xp-Yp plane when thelinear axisisthe X—axisor an axis
paralel to the X—axis.

- Jand K inthe Yp—Zp planewhen thelinear axisisthe Y—axisor an axis
paralel to the Y—axis.

- Kand |l inthe Zp—Xp plane when thelinear axisisthe Z—axisor an axis
paralel to the Z—axis.

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

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).

Before G12.1 is specified, a local coordinate system (or workpiece
coordinate system) where the center of the rotary axisisthe origin of the
coordinate system must be set. Inthe G12.1 mode, the coordinate system
must not be changed (G92, G52, G53, relative coordinate reset, G54
through G59, etc.).
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e Tool offset command The polar coordinate interpolation mode cannot be started or terminated
(G12.1 or G13.1) in thetool offset mode (G41 or G42). G12.1 or G13.1
must be specified in the tool offset canceled mode (G40).

® Tool length offset Tool length offset must be specified in the polar coordinate interpolation
command cancel mode before G12.1 is specified. It cannot be

specified in the polar coordinate interpolation mode. Furthermore, no

offset values can be changed in the polar coordinate interpolation mode.

® Tool offset command A tool offset must be specified before the G12.1 mode is set. No offset
can be changed in the G12.1 mode.

® Program restart For ablock in the G12.1 mode, the program cannot be restarted.
® Cutting feedrate for the Polar coordinate interpolation converts the tool movement for a figure
rotation axis programmed in aCartesian coordinate system to thetool movementinthe

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
cutter compensation is applied) does not move close to the center of the
workpiece.

WARNING
‘;A_& Consider lines L1, L2, and L3. AX is the distance the tool moves per time unit
01 L1 at the feedrate specified with address F in the Cartesian coordinate system.
¥\ As the tool moves from L1 to L2 to L3, the angle at which the tool moves per
vz L2  time unit corresponding to AX in the Cartesian coordinate system increases
/ 03 \ L3 from61tob 2 to 63.
/ \@/ \ 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.

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.

T .
F<LxRx 180 (mm/min)
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Examples

Example of Polar Coordinate | nterpolation Program
Based on X Axis(Linear Axis) and C Axis (Rotary AXxis)

C’(hypothetical axis)

A
\C‘axis

Path after cutter compensation

Program path

N200
» X axis

Z axis

A
N202 N201

00001 ;

NO010 TO101

NO0100 G90 GO0 X60.0 COZ_ ; Positioning to start position

N0200 G12.1; Start of polar coordinate interpolation
N0201 G42 G01 X20.0 F_ ; —]
N0202 C10.0;

N0203 G03 X10.0 C20.0 R10.0;

N0204 GO1 X-20.0; Geometry program

N0205 C-10.0; —(program based on cartesian coordinates on
N0206 G03 X-10.0 C-20.0110.0 JO ; X-C’ plane)

N0207 GO1 X20.0;
N0208 CO ;

N0209 G40 X60.0 ; _
N0210 G13.1; Cancellation of polar coordinate interpolation
N0300 Z_;

N0400 X_C_ ;

NO900M30 ;
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4.9
CYLINDRICAL
INTERPOLATION
(G07.1)

Format

Explanations

® Plane selection
(G17, G18, G19)

o Feedrate

e Circular interpolation
(G02,G03)

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.

GO07.1IPr ; Starts the cylindrical interpolation mode
(enables cylindrical interpolation).
GO07.1IP0; The cylindrical interpolation mode is cancelled.

IP: An address for the rotation axis
r: The radius of the cylinder

Specify GO7.1IPr ; and G07.11P0; in separate blocks.
G107 can be used instead of G07.1.

Use parameter (No. 1022) to specify whether the rotation axisisthe X—,
Y-, or Z—axis, or an axis parallel to one of these axes. Specify the G code
to 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.

A feedrate specified inthecylindrical interpolation modeisaspeed onthe
developed cylindrical surface.

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 11-4.4.
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 (N0.1022), 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 (N0.1022), 6 (axisparallel withtheY axis)
may be specified instead. In this case, however, the command for
circular interpolation is
Gl9C_27Z_;
G02(G03)Z_C_R_;
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Tool offset

Cylindrical interpolation
accuracy

Limitations

Arc radius specification
in the cylindrical
interpolation mode

Circular interpolation
and cutter compensation

Positioning

Coordinate system
setting

Cylindrical interpolation
mode setting

Tool offset

Index table indexing
function

To perform tool offset in the cylindrical interpolation mode, cancel any
ongoing cutter compensation mode before entering the cylindrical
interpolation mode. Then, start and terminate tool offset 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 issmall, 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
(Setting value of parameter No. 1260)

R : Workpiece radius

[] : 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 modeis started when cutter compensation
isalready applied, circular interpolation isnot correctly performed in the
cylindrical interpolation mode.

In the cylindrical interpolation mode, positioning operations (including
those that produce rapid traverse cycles such as G28, G53, G73, G74,
G76, 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).

In the cylindrical interpolation mode, a workpiece coordinate system
(G92, G54 through G59) or local coordinate system (G52) cannhot 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.

A tool offset must be specified before the cylindrical interpolation mode
isset. No offset can be changed in the cylindrical interpolation mode.

Cylindrical interpolation cannot be specified when the index table index
function is being used.

— 64 —



B—63534EN/02

PROGRAMMING

4. INTERPOLATION FUNCTIONS

Examples

Z

Example of a Cylindrical Interpolation Program

00001 (CYLINDRICAL INTERPOLATION );
NO1 GO0 G90 Z100.0 CO ;

NO02 GO1 G91 G18 Z0 CO ; Z
NO3 G07.1 C57299 ; (*)

NO4 G90 GO1 G42 7120.0 DO1 F250 ;

NO5 C30.0;

NO06 G02 790.0 C60.0 R30.0 ;
NO7 GO1 Z70.0 ;

NO8 G03 Z60.0 C70.0 R10.0 ;
N09 GO1 C150.0;

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

N12 GO2 Z120.0 C270.0 R75.0
N13 GO1 C360.0;

N14 G40 Z100.0

N15 G07.1 CO;

N16 M30;

* A command with adecimal point can also be used.

NO5

120
110

90

70

60

30

60 70

150 190 230 270

360 deg

C
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4.10 Involute curve machining can be performed by using involute

INVOLUTE interpolation. Involute interpolation ensures continuous pulse distribution
even in high—speed operation in small blocks, thus enabling smooth and

INTERPOLATION high—speed machining. Furthermore, machining tapes can be created

(G02.2,G03.2) easily and efficiently, reducing the required length of tape.

Format

Involute interpolation on the X-Y plane
G1l7G022X_Y | J R _F _;

Involute interpolation on the Z—X plane
G18G022Z X K _ | R _F _;

Involute interpolation on the Y-Z plane
G19G022Y_7Z J K R _F _;

Where,

G02.2: Involute interpolation (clockwise)

G03.2: Involute interpolation (counterclockwise)

G17/G18/G19 : X -Y /Z-X|Y-Z plane selection

X,Y,Z : Involute curve end coordinate

I, J, K: Center of the base circle for an involute curve viewed
from the start point

R: Base circle radius

F : Cutting feedrate

Yp Yp
A A
Po g
R 1\_}‘/
End point 3 - 3I\
Start point Pe \_/
I Po
PSf==——— 4
g —= \{ \«
R
Base circle
-~ Pe End point
" Xp " Xp

Clockwise involute interpolation (G02.2)

Yp Yp
A A

End point
Ro
Pe
Start point /":‘\\/ %
| Ny Ps U\
b 1\Po |
eEnd point /7}& Vg
o\R \ |

S Start point

Xp “Xp
Counterclockwise involute interpolation (G03.2)

[
|
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Explanations

® Involute curve

e Start point and end point

® Base circle specification

Aninvolute curve on the X-Y planeis defined as follows ;
X (8)=R[cos 6+ (6—0¢ ) sin 6] +Xj
Y (0)=R[sin6— (6—6g) cos O] +Y¢
where,
Xo,Yo : Coordinates of the center of abasecircle
R : Basecircleradius
8o: Angle of the start point of an involute curve
6 : Angle of the point where atangent from the current position
to the base circle contacts the base circle
X (6),Y (8): Current position on the X—axis and Y—-axis

A Involute curve

—

)
End point
Base circle

Fig. 4.10 (a) Involute Curve

Involute curves on the Z—X plane and Y—Z plane are defined in the same
way as an involute curve on the X-Y plane.

The end point of an involute curveis specified using address X, Y, or Z.
An absolute value or incremental value is used to specify an X, Y, or Z
value. When using an incremental value, specify the coordinates of the
end point viewed from the start point of the involute curve.

When no end point is specified, P/S alarm No. 241 is issued.

If the specified start point or end point lies within the base circle, P/S
alarmNo. 242 isissued. Thesameaarmisissuedif cutter compensation
C causesthe offset vector to enter the base circle. Be particularly careful
when applying an offset to the inside of an involute curve.

The center of abase circleis specified with |, J, and K, corresponding to
X,Y,andZ. Thevaluefollowingl, J, or K isavector component defined
when the center of the base circle is viewed from the start point of the
involute curve; this value must always be specified as an incremental
value, regardless of the G90/G91 setting. Assign asigntol, J, and K
according to the direction.

If1,J, and K areall left unspecified, or I0JOK0 isspecified, P/'Saarm No.
241 or No. 242 isissued.

If Risnot specified, or R< 0, P/Saarm No. 241 or No. 242 is issued.
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® Choosing from two types
of involute curves

® Feedrate

® Plane selection

® Cutter compensation C

Whenonly astart pointand |, J,and K dataaregiven, two typesof involute
curves can be created. One type of involute curve extends towards the
base circle, and the other extends away from the base circle. When the
specified end point is closer to the center of the base circle than the start
point, the involute curve extends toward the base circle. In the opposite
case, the involute curve extends away from the base circle.

The cutting feedrate specified in an F code is used as the feedrate for
involute interpolation. The feedrate along the involute curve (feedrate
along the tangent to the involute curve) is controlled to satisfy the
specified feedrate.

As with circular interpolation, the plane to which to apply involute
interpolation can be selected using G17, G18, and G19.

Cutter compensation C can be applied to involute curve machining. As
with linear and circular interpolation, G40, G41, and G42 are used to
specify cutter compensation.

G40 : Cutter compensation cancel
G41 : Cutter compensation left
G42 : Cutter compensation right

Cutter compensation for an involute curve is implemented as described
below.

First, near thestart point of aninvolutecurve, anarcwithacurvatureclose
tothecurvatureof theinvolutecurveisfound. Next, an offsetintersection
between the arc and the linear line or arc in the previous block is found.
Similarly, an offset intersection is found near the end point. Then, the
involute curve passing through the two points is used as the tool center
path.

In involute interpolation mode, cutter compensation cannot be started or
cancelled.

Tool center path

e -

Programmed
path Arc with a curvature
closer to the curva-
ture of the involute ]
curve near the start End point

point

Arc with a curvature closer to the
curvature of the involute curve near
the end point
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® Specifiable G codes

® Modes that allow
involute interpolation
specification

e End point error

The following G codes can be specified in involute interpolation mode:
G04 : Dwell

G10 : Data setting

G17 : X-Y plane selection
G18 : Z—X plane selection
G19 : Y-Z plane selection
G65 : Macro call

G66 : Macro modal call

G67 : Macro modal call cancel
G90 : Absolute command
G91 : Incremental command

Involute interpolation can be specified in the following G code modes:
G41 : Cutter compensation left

G42 : Cutter compensation right

G51 : Scaling

G51.1 : Programmable mirror image

G68 : Coordinate rotation

As shown below the end point may not be located on an involute curve
that passes through the start point.

When an involute curve that passes through the start point deviates from
theinvolute curvethat passesthrough the end point by morethanthevalue
set in parameter No. 5610, P/S alarm No. 243 isissued.

When there is an end point error, the feedrate is not guaranteed.

End point

Deviation—L._ Pe
~
\\ Path after correction

Starh
point\ \
P }

£

Correct involute curve

v
>

Fig. 4.10 (b) End Point Error in Counterclockwise Involute Interpolation
(G03.2)
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Limitations

® Number of involute curve
turns

® Unspecifiable functions

® Modes that do not allow
involute interpolation
specification

e Cutting accuracy

Both the start point and end point must be within 100 turnsfrom the point
where the involute curve starts. An involute curve can be specified to
make one or more turnsin asingle block.

If the specified start point or end point is beyond 100 turns from the point
where the involute curve starts, P/S alarm No. 242 is issued.

In involute interpolation mode, chamfer corner R (with an arbitrary
angle), helical cutting, or axis-by—axis scaling functions cannot be
specified.

Involute interpolation cannot be used in the following modes:
G41.1 (G151) : Normal direction control left side on

G42.1 (G152) : Normal direction control right side on

GO07.1 (G107) : Cylindrical interpolation

G12.1 : Polar coordinate interpolation mode

G16 : Polar coordinates command

G72.1 : Drawing copy

The curvature of an involute curve varies rather sharply near the base
circle. Insuch locations, alarger load is applied to the cutter when the
programmed feedrateisused for cutting; in thiscase, the surface produced
may be somewhat uneven
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4.11
EXPONENTIAL
INTERPOLATION
(G02.3, G03.3)

Format

Exponential interpolation exponentially changes the rotation of a
workpiece with respect to movement on the rotary axis. Furthermore,
exponentia interpolation performs linear interpolation with respect to
another axis. This enables tapered groove machining with a constant
helix angle (constant helix taper machining). Thisfunction isbest suited
for grooving and grinding tools such as end mills.

z
C- X
A
Helix angle
B1=P2=Bs
X (Linear axis)
AX
A (Rotary axis)
AA
positive rotation (w=0)
G02.3 X_Y_Z 1 J K R_F _Q_ ;
Negative rotation (©w=1)
G03.3 X _Y_ _Z 1 J K R _F _Q_ ;
X__; Specifies an end point with an absolute or incremental value.
Y__; Specifies an end point with an absolute or incremental value.
Z__; Specifies an end point with an absolute or incremental value.
I

Q_

; Specifies angl | (from +1to +89 deg in units of 0.001deg ).
; Specifies angle J (from +1 to +89 degin units of 0.001deg).

; Specifies the amount to divide the linear axis for exponential
interpolation (span value). Specify a positive value.
When no value is specified, the value specified in parameter
(No. 5643) is used.

; Specifies constant R for exponential interpolation.

; Specifies the initial feedrate.
Specified in the same way as an ordinary F code. Specify a
composite feedrate including a feedrate on the rotary axis.

; Specifies the feedrate at the end point.
The same unit used for F is used. The CNC internally performs
interpolation between the initial feedrate (F) and final feedrate
(Q), depending on the travel distance on the linear axis.
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Explanations

® Exponential relational Exponential relational expressions for a linear axis and rotary axis are
expressions defined as follows:
o 1
XO)=R x (e *=1) X ganqy e Movement on the linear axis (1)
0
A(B)=(-1)"x360X% 5~ Movement on the linear axis (2)
Where,
tan (J)
~ tan(l)
ow=0/1 Rotation direction

R, I, and J are constants, and 0 represents an angle (radian)

The following is obtained from Expression (1)
Xxtan (1) .
R
When there is movement from X1 to X5 on the linear axis, the
amount of movement on the rotary axisis determined by :

X1 xtan (1)
R

0(X)=K x In( 1)

AB=Kx{In ( XZ%E‘”(')

+1) —In( +1)}

Specify Expressions (1) and (2) in the format described earlier.

X (linear axis)
A

AX
> A (rotary axis)
AA
Limitations
® Cases where linear Even when the G02.3 or G03.3 mode is set, linear interpolation is
interpolation is performed in the following cases:
performed * Whenthelinear axis specified in parameter( No. 5641) isnot specified,
or the amount of movement on the linear axisis 0
* When the rotary axis specified in parameter (No. 5642) is specified
* When the amount for dividing the linear axis (span value) is0
® Tool length Neither tool length compensation nor cutter compensation can beusedin
compensation / cutter the G02.3 and G03.3 modes.

compensation
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Examples

CAUTION
The amount for dividing the linear axis for exponential
interpolation (span value) affects figure precision. However,
if an excessively small value is set, the machine may stop
during interpolation. Try to specify an optimal span value
depending on the machine being used.

Constant helix machining for producing a tapered figure

z

I
\
\
>

Constant helix machining for producing a reverse tapered figure
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Relational expressions

ST T 1y tan(B)
Z(0)={ 5 Uxtan(l)}x (e 1) X tan () +Z(0) ........... 3)
X(0)={ 5 —Uxtan ()}x(e x D)X gy e @
A (8) = (~1)® x 360 x %
where
K = tan J)
tan (1)

X (0), Z (8), A (0): Absolute value on the X—axis, Z—axis, and
A-axis from the origin

: Amount of movement on the linear axis
: Helix direction (0: Positive, 1: Negative)
. Workpiece rotation angle

r : Leftend diameter

U : Excess length

I : Taperangle

B : Groove bottom taper angle
J : Helix angle

X

w

0

From expressions (3) and (4), the following is obtained ;
Z@=tan(B) x X(0) +Z(0) )

The groove bottom taper angle (B) is determined from the end
point position on the X—axis and Z—axis according to Expression
5. The amount of movement on the Z—axis is determined from a
groove bottom taper angle (B) and X—axis position.

From Expressions (1) and (4), the following is determined:
R=r2-Uxtan(l) (6)

Constant R is determined from the left end diameter (r) and excess
length (U) according to Expression (6). Specify ataper angle (I) in
address |, and specify ahelix angle (J) in address J. Note, howev-
er, that a negative value must be specified as the taper angle (1) for
constant helix machining in order to produce a reverse tapered fig-
ure. Select a helix direction with G02.3 or G03.3. The user can
perform constant helix machining to produce atapered figure or a
reverse tapered figure.
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4.12
SMOOTH
INTERPOLATION
(G05.1)

Format

Explanations

® Characteristics of
smooth interpolation

Either of two types of machining can be selected, depending on the
program command.

® For those portions where the accuracy of the figureiscritical, such as
at corners, machining isperformed exactly asspecified by the program
command.

® For those portions having alarge radius of curvature where a smooth
figure must becreated, points along the machining path are
interpolated with asmooth curve, calculated from the polygonal lines
specified with the program command (smooth interpolation).

Smooth interpolation can be specified when CDSP (bit 5 of parameter No.
8485) is set to 1 in high—speed contour control mode (between G05
P10000 and GO05 P0O). Smooth interpolation performed in high—speed
contour control mode is described below. For details of high—speed
contour control, see Section 20.5.

Starting of smooth interpolation mode

G05.1 Q2X0Y0ZO0:

Cancelation of smooth interpolation mode

G05.1 Q0;

To machine a part having sculptured surfaces, such as metal moldings
used in automobiles and airplanes, a part program usually approximates
the sculptured surfaces with minute line segments. As shown in the
following figure, asculptured curveis normally approximated using line
segments with a tolerance of about 10 um.

|
|
|
| o : Specified point
|
|
|
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When aprogram approximates ascul ptured curve with line segments, the
length of each segment differs between those portions that have mainly
asmall radius of curvature and those that have mainly alarge radius of
curvature. The length of the line segments is short in those portions
having a small radius of curvature, while it is long in those portions
having alarge radius of curvature. The high—precision contour control
moves the tool aong a programmed path thus enabling highly precise
machining. Thismeansthat thetool movement precisely followstheline
segments used to approximate a sculptured curve. This may result in a
non-smooth machined curve if control is applied to machining a curve
where the radius of curvature is large and changes only gradualy.
Although this effect is caused by high—precision machining, which
precisely follows a pre—programmed path, the uneven corners that result
will be judged unsatisfactory when smooth surfaces are required.

Portions having Portions having
Profile mainly a small radius mainly a large radius
of curvature of curvature
Example of machined Automobile parts Decorative parts, such
parts as body side moldings
Length of line segment | Short Long
Resulting surfaces pro- | Smooth surface even Uneven surfaces may
duced using high—preci- | when machining is per- | result when machining
sion contour control formed exactly as speci- | is performed exactly as
fied by a program specified by a program

Example of uneven surfaces (polygon) resulting from machining
that precisely follows the line segments.

In smooth interpolation mode, the CNC automatically determines,
according to the program command, whether an accurate figure is
required, such as at corners, or a smooth figure is required where the
radius of curvature is large. If a block specifies a travel distance or
direction which differs greatly from that in the preceding block, smooth
interpolation is not performed for that block. Linear interpolation is
performed exactly as specified by the program command. Programming
is thus very simple.
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Examples
Interpolated by smooth curve
- | N
Interpolated by smooth curve Linearinterpolation
Linearinterpolation
® Conditions for Smooath interpolation is performed when all the following conditions are
performing smooth satisfied. If any of the following conditions is not satisfied for a block,
interpolation that block is executed without smooth interpolation then the conditions
are checked for the next block.
(2) The machining length specified in the block is shorter than the length
specified with parameter No. 8486.
(2) The machining length is other than O.
(3) The modes are:
GO1 : Linear interpolation
G13.1 : Polar coordinate interpolation cancel
G15 : Polar coordinate command cancel
G40 : Cutter compensation cancel
(except for 3—dimensional tool compensation)
G64 : Cutting mode
G80 : Canned cycle cancel
G94 : Feed per minute
(4) Machining is specified only along the axes specified with G05.1Q2.
(5) The block is judged to be unsuitable for smooth interpolation, as
performed with the internal algorithm of the CNC.
® Commands which cancel (1) Auxiliary and second auxiliary functions
smooth interpolation (2)M98, M99 : Subprogram call

M198 . Calling a subprogram in external memory
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Limitations

® Controlled axes Smooath interpolation can be specified only for the X—, Y—, and Z—axes
and any axes parallel to these axes (up to three axes at one time).

e High—precision contour Commands for turning on and off smooth interpolation mode must be

control mode

Examples

executed in high—precision contour control mode.

Example program for smooth interpolation

GO05 P10000 ; N10 X-1000 Z350 ;
. N11 X-1000 Z175 ;
N12 X-1000 Z25 ;

Go1 N13 X-1000 Z-50 ;
G05.1 Q2 X0 YO ZO ; N14 X-1000 Z-50 ;
NO1 GO1 X1000 Z-300 ; N15 X-1000 Z50 ;
NO2 X1000 Z-200 ; N16 X-1000 Z200 ;
NO3 X1000 Z-50 ; N17 X-1000 Z300 ;
NO4 X1000 Z50 ; G05.1 QO ;

NO5 X1000 Z50 ;

NO6 X1000 Z-25 ; .

NO7 X1000 Z-175 ; GO05 PO ;
NO8 X1000 Z-350 ;

NO9 Y1000 ;

Interpolated by smooth curve
< | N

Interpolated by smooth curve Linearinterpolation
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4.13
NURBS
INTERPOLATION
(G06.2)

Many computer—aided design (CAD) systems used to design metal dies
for automobiles and airplanes utilize non—uniform rational B—spline
(NURBS) to express a sculptured surface or curve for the metal dies.
This function enables NURBS curve expression to be directly specified
to the CNC. This eliminates the need for approximating the NURBS
curve with minute line segments. This offers the following advantages:
1.No error due to approximation of a NURBS curve by small line
segments
2.Short part program
3.No break between blockswhen small blocks are executed at high speed
4.No need for high—speed transfer from the host computer to the CNC
When thisfunction is used, a computer—aided machining (CAM) system
createsaNURBS curve according to the NURBS expression output from
the CAD system, after compensating for the length of thetool holder, tool
diameter, and other tool elements. The NURBS curveis programmed in
the NC format by using these three defining parameters. control point,
weight, and knot.

CAD  (Designing a metal die)

Generating a metal die surface
(NURBS surface or curve)

CAM  (Creating an NC part program)

Studying the machining
method and others

Tool compensation file

NC part program after tool compensation

(NURBS curve)
NURBS curve (control point, weight, knot)
CNC equipment Machine tool

Fig. 4.13 NC part program for machining a metal die according to a
NURBS curve

NURBS interpolation must be specified in high—precision contour
control mode (between G05 P10000 and GO5 P0). The CNC executes
NURBS interpolation while smoothly accelerating or decelerating the
movement so that the acceleration on each axis will not exceed the
allowable maximum acceleration of the machine. Inthisway, the CNC
automatically controlsthe speedin order to prevent excessive strain being
imposed on the machine. For details of high—precision contour control,
see Section 11-19.8.
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Format

Explanations

® NURBS interpolation
mode

e Rank of NURBS

e Weight

GO05 P10000; (Start high—precision contour control mode)
G06.2[P_] K_X_Y_Z [R]IF]
K_ x Y_Z [R];
K_X_Y_ z [R1;
K_X_Y_Z [R];
K_X_Y_ Z [R];
K_
K
GO1.
GO5P0 ; (End high—precision contour control mode)
G06.2 :  Start NURBS interpolation mode
P_ : Rank of NURBS curve
X_Y_Z_: Control point
R_ : Weight
K_ : Knot
F_ Feedrate

NURBS interpolation mode is selected when G06.2 is programmed in
high—precision contour control mode. G06.2 isamodal G code of group
01. NURBS interpolation mode ends when a G code of group 01 other
than G06.2 (GO0, GO01, GO2, GO3, etc.) is specified. NURBS
interpolation mode must end before the command for ending
high—precision contour control mode is programmed.

A rank of NURBS can be specified with address P. The rank setting, if
any, must be specified in the first block. If the rank setting is omitted, a
rank of four (degree of three) is assumed for NURBS. The valid data
range for Pis2to 4. The P values have the following meanings:

P2: NURBS having a rank of two (degree of one)

P3: NURBS having arank of three (degree of two)

P4: NURBS having arank of four (degree of three) (default)

Thisrank is represented by k in the defining expression indicated in the
description of NURBS curve below. For example, a NURBS curve
having arank of four has a degree of three. The NURBS curve can be
expressed by the constants t3, t2, and t1.

The weight of a control point programmed in a single block can be
defined. When the weight setting is omitted, aweight of 1.0 is assumed.
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® Knot

® NURBS curve

® Reset

Limitations
e Controlled axes

e Command in NURBS
interpolation mode

e Manual intervention

® Cutter compensation

The number of specified knots must equal the number of control points
plustherank value. Intheblocksspecifying thefirst tolast control points,
each control point and a knot are specified in an identical block. After
these blocks, as many blocks (including only aknot) astherank valueare
specified. The NURBS curve programmed for NURBS interpolation
must start fromthefirst control point and end at thelast control point. The
first k knots (where k is the rank) must have the same values as the last
k knots (multiple knots). If the absolute coordinates of the start point of
NURBS interpolation do not match the position of thefirst control point,
P/Saarm No. 5117 isissued. (To specify incremental values, G06.2 X0
YO0 Z0 K_ must be programmed.)

Using these variables:

k : Rank
R : Control point
W : Weight

Xi @ Knot(Xj = X; +1)
Knot vector [Xg, X1, ..., Xm] (M =n+K)
t : Spline parameter,
the spline basis function N can be expressed with the de Boor—Cox
recursive formula, as indicated below:

1<t =Xy
Ni.(t) = Ot < X, X4 <)

(t=x) Nica(t) n X+ ) Nigpea(®
itk =X Xi+kXi+1

Ni,k(t) =

The NURBS curve P(t) of interpolation can be expressed as follows:

j N; (WP,

Py = £
i§0Ni,k(t)Wi

(0 = t= Xm)

A reset during NURBS interpolation resultsin the clear state. The modal
code of group 1 entersthe state specifiedin the GO1 bit (bit O of parameter
3402).

NURBS interpolation can be performed on up to three axes. The axesof
NURBS interpolation must be specified in the first block. A new axis
cannot be specified before the beginning of the next NURBS curve or
before NURBS interpolation mode ends.

In NURBS interpolation mode, any command other than the NURBS
interpolation command (miscellaneous function and others) cannot be
specified.

If manual intervention is attempted while manual absolute mode is set,
P/S darm No. 5118 is issued.

Cutter compensation cannot be simultaneously executed. NURBS
interpolation can only be specified after cutter compensation has been
canceled.
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Alarms
No. Displayed Description
message
PS5115 | SPL: Error An illegal rank is specified.
No knot is specified.
An illegal knot is specified.
Too many axes are specified.
Other program error.
PS5116 | SPL: Error A look—ahead block contains a program error.
The knot does not increase at a constant rate.
An inhibited mode is specified in NURBS inter-
polation mode.
PS5117 | SPL: Error The first NURBS control point is illegal.
PS5118 | SPL: Error An attempt was made to resume NURBS inter-
polation after manual intervention in manual
absolute mode.
Example <Sample NURBS interpolation program>
GO05 P10000;
G90;

G06.2 KO. X0. Z0;
KO. X300. Z100.;
KO. X700. Z100.;
KO. X1300. Z-100;
K0.5 X1700. Z-100;
K0.5 X2000. Z0;
K1.0;
K1.0;
K1.0;
K1.0;

GO01 YO.5;

G06.2 KO. X2000. ZO;
KO. X1700. Z-100;
KO. X1300. Z-100;
KO. X700. Z100.;
K0.5 X300. Z100;
K0.5 XO. Z0.;
K1.0;
K1.0;
K1.0;
K1.0;

G01 YO.5;

G06.2 ...

GO1 ...
GO5PO;
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4.14

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
enabled.

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.

GO07 a. 0; Hypothetical axis setting
GO07 o 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 o 0 command until the GO7 o 1 command appears.
Suppose sine interpolation is performed for one cycle in the YZ plane.
The hypothetical axisisthen 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.

— 84 —
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Limitations

e Manual operation

® Move command

e Coordinate rotation

Examples

® Sine interpolation

® Changing the feedrate to
form a sine curve

Thehypothetical axis can beused 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-20.2 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.
G0721 ; The use of the Z—axis as a hypothetical axis is
canceled.
F
A
4.0

v

Xt

N
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4.15
THREAD CUTTING
(G33)

Format

Explanations

Straight threads with a constant lead can be cut. The position coder
mounted on the spindle reads the spindle speed in real-time. The read
spindle speed is converted to the feedrate per minute to feed the tool.

G33IP_F_;
F : Long axis direction lead

— N

Workpiece

| » X

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.

In general, 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 thread cutting length somewhat longer than
required should be specified.

Table 4.15 (a) lists the ranges for specifying the thread |ead.

Table. 4.15 (a) Ranges of lead sizes that can be specified

Lea}st command Command value range of the lead
Increment
_ 0.001 mm F1 to F50000 (0.01 to 500.00mm)
mm input
0.0001 mm F1 to F50000 (0.01 to 500.00mm)
. F1 to F99999
_ 0.0001 inch (0.0001 to 9.9999inch)
Inch input F1 to F99999
. (0]
0.00001 inch (0.0001 to 9.9999inch)
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NOTE
1 The spindle speed is limited as follows :

Maximum feedrate

< spi =
1 = spindle speed = Thread lead

Spindle speed : min1
Thread lead : mm or inch
Maximum feedrate : mm/min or inch/min ; maximum command—specified feedrate for
feed—per—minute mode or maximum feedrate that is determined based on mechanical
restrictions including those related to motors, whichever is smaller

2 Cutting feedrate override is not applied to the converted feedrate in all machining process from
rough cutting to finish cutting. The feedrate is fixed at 100%

3 The converted feedrate is limited by the upper feedrate specified.

4 Feed holdis disabled during threading. Pressing the feed hold key during thread cutting causes
the machine to stop at the end point of the next block after threading (that is, after the G33 mode
is terminated)

Examples Thread cutting at a pitch of 1.5mm
G33 710. F1.5;
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4.16
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.

G3lIP_;

G31: One-shot G code (If is effective only in the block in which it
is 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 Y axis coordinate value

#5063 Z axis coordinate value

#5064 4th axis coordinate value

#5065 5th axis coordinate value

#5066 6th axis coordinate value

#5067 7th axis coordinate value

#5068 8th axis coordinate value

WARNING

Disable feedrate override, dry run, and automatic
acceleration/deceleration  (however, these become
available by setting the parameter SKF No0.6200#7 to 1.)
when the feedrate per minute is specified, allowing for an
error in the position of the tool when a skip signal is input.
These functions are enabled when the feedrate per rotation
is specified.

NOTE
If G31 command is issued while cutter compensation C 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.
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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 G91X100.0 F100;

Y50.0; x\ x
Skip signal is input here 50.0 .
Y ;
® > ®--
100.0 Actual motion
X

----- Motion without skip signal

Fig. 4.16 (a) The next block is an incremental command

G31 G90X200.00 F100;
Y100.0; Y1000

Skip signal is input here

® --»& X200.0

Actual motion
..... Motion without skip signal

Fig. 4.16 (b) The next block is an absolute command for 1 axis

G31 G90X200.0 F100;
X300.0 Y100.0;

Skip signal is input here

100 4 (300,100)

Actual motion

----- Motion without skip signal

Fig 4.16 (c) The next block is an absolute command for 2 axes
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4.17
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.
Parameters No. 6202 to No. 6205 can be used to select a 4—point or
8—point (when a high—speed skip signal is used) skip signal. One skip
signal can be set to match multiple Pn or Qn (n=1,2,3,4) as well as to
match a Pn or Qn on a one-to—one basis. Parameters DS1 to DS8 (No.
6206 #0A#7) can be used for dwell.

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.

Move command
G3l1 P_F_P__

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

Dwell
G04 X (P)__(Q_);

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

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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4.18
HIGH SPEED SKIP
SIGNAL (G31)

Format

The skip function operates based on a high—speed skip signal (connected
directly to the NC; not viathe PMC) instead of an ordinary skip signal.
In this case, up to eight signals can be input.

Delay and error of skip signal input is 0 — 2 msec at the NC side (not
considering those at the PMC side).

This high—speed skip signal input function keeps this value to 0.1 msec
or less, thus allowing high precision measurement.

For details, refer to the appropriate manual supplied from the machine
tool builder.

G31 IP_;

G31: One-shot G code (If is effective only in the block in which it is
specified)
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4.19

CONTINUOUS
HIGH-SPEED SKIP
FUNCTION (G31)

Format

Explanations

e Custom macro variables

e High—speed skip signal

e End of block

Limitations

® Controlled axes

The continuous high—speed skip function enables reading of absolute
coordinates by using the high—speed skip signal. Once ahigh—speed skip
signal has been input in a G31P90 block, absolute coordinates are read
into custom macro variables #5061 to #5068. The input of askip signa
does not stops axial movement, thus enabling reading of the coordinates
of two or more points.

Therising and falling edges of the high—speed skip signal can be used as
atrigger, depending on the parameter BHIS (No. 6201#5) setting.

G31P90a_ F__

o__: Skip axis address and amount of travel
Only one axis can be specified. G31 is a one—shot G code.

Onceahigh—speed skip signal hasbeeninputinaG31P0 block, absolute
coordinates are read into custom macro variables #5061 to #5068. These
variables are immediately updated once the tool reaches the next skip
position. Thefeedratemust, therefore, be specified such that thetool does
not reach the next skip position before the application compl etesreading
of the variables. For details of the application, refer to the appropriate
manual supplied from the machine tool builder.

#5061 Coordinate along the first axis
#5062 Coordinate along the second axis
#5063 Coordinate along the third axis
#5068 Coordinate along the eighth axis

This function is enabled only when a high—speed skip signal is used.

The high—speed skip signal to be used is selected with bits O to 7 of
parameter No. 6208 (9S1 to 9S8).

The G31P90 block is terminated when the tool reaches the end point.

Only one axis can be specified in the block for the continuous high—speed
skip function (G31P90). If two or more axes are specified, P/Saarm No.
5068 is issued.
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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) is specified, the tool moves at
arapid 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 ().

Rapid traverse rate
A
Fr : Rapid traverse
Fr rate
T : Acceleration/
deceleration time
constant for rap-
id traverse rate
0 » Time
< > >
Tr Tr
Feed rate
A
Fc Fc : Feedrate
/ T : Acceleration/
/ deceleration time
/ \ constant for a cut-
/ \ ting feedrate
/ \
\
0 » Time
TC TC

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)).

Y
----- » Programmed path

v —— Actual tool path

0 >
X

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

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

Y Ar:Error
Programmed path

~
i \ Actual tool path

r

>

0 X

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 thefeedrate. So, the feedrate needsto be controlled for

the tool to move as programmed.
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5.2
RAPID TRAVERSE

Format

Explanations

GO0 IP_:

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

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.

Four modes of specification are available:

1. Feed per minute (G94)
After F, specify the amount of feed of the tool per minute.
2. Feed per revolution (G95)
After F, specify the amount of feed of the tool per spindle revolution.
3. Inversetime feed (G93)
Specify the inverse time (FRN) after F.
4. Fl-digit feed
Specify adesired one—digit number after F. Then, thefeedrate set with
the CNC for that number is set.

Feed per minute
G94 ; G code (group 05) for feed per minute
F_; Feedrate command (mm/min or inch/min)

Feed per revolution
G95 ; G code (group 05) for feed per revolution
F_; Feedrate command (mm/rev or inch/rev)

Inverse time feed (G93)
G93 ; Inverse time feed command
G code (05 group)

F_; Feedrate command (1/min)
Fl1-digit feed
Fn ;

n : Number from 1to 9

Cutting feed is controlled so that the tangential feedrate is aways set at
a specified feedrate.

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

Fig. 5.3 (a) Tangential feedrate (F)
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® Feed per minute (G94)

® Feed per revolution
(G95)

After specifying G94 (in the feed per minute mode), the amount of feed
of the tool per minuteisto be directly specified by setting anumber after
F. G94isamodal code. OnceaG94 isspecified, itisvalid until GO5 (feed
per revolution) is specified. At power—on, the feed per minute 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.

Feed amount per minute
(mm/min or inch/min)

N

/ Tool
Workpiece

Table |

Fig. 5.3 (b) Feed per minute

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

After specifying G95 (in the feed per revolution mode), the amount of
feed of thetool per spindlerevolutionisto bedirectly specified by setting
anumber after F. G95isamodal code. OnceaG95isspecified, itisvalid
until G94 (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.

— Feed amount per spindle revolution

_T_ (mm/rev or inch/rev)

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.
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® Inverse time feed (G93) When G93 is specified, the inverse time specification mode (G93 mode)
isset. Specify theinverse time (FRN) with an F code.

A value from 0.001 to 9999.999 can be specified as FRN, regardless of
whether the input mode is inches or metric, or the increment system is

IS-B or IS-C.
F code specification value FRN

F1 0.001

F1 ™1 1.000

F1.0 1.000

F9999999 9999.999

F9999 *1 9999.000
F9999.999 9999.999

NOTE

*1 Value specified in fixed—point format with bit 0 (DPI) of parameter
No. 3401 setto 1

Explanations

For linear interpolation (G01)
FRN= 1 _ feedrate  Feedrate:mm/min  (for metric input)
time (min)  distance inch/min(for inch input)
Distance:mm (for metric input)
inch(for inch input)

(] Toend ablock in 1 (min)

1 1 _
FRN= ime (min) = 1(min) Specify F1.0.

] Toend ablock in 10 (sec)

1 1 _
FRN= Sime (sec) /60 ~ 10/60 (sec)

6  Specify F6.0.

(] To find the movement time required when F0.5 is specified

Time (min) = FI%eiN = 015

=2 2 (min) is required.

(] To find the movement time required when F10.0 is specified
1x60 _ 60
FRN = 10

Time (sec) = =6 6 (sec) is required.

For circular interpolation (G01)
1 feedrate Feedrate: mm/min (for metric input)

FRN= time (min) _ arc radius  inch/min(for inch input)
Arc radius: mm (for metric input)
inch(for inch input)
NOTE

In the case of circular interpolation, the feedrate is
calculated notfrom the actual amount of movement in the
block but from the arcradius.
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G93isamaoda G code and belongsto group 05 (includes G95 (feed per
revolution) and G94 (feed per minute)).

When an F value is specified in G93 mode and the feedrate exceeds the
maximum cutting feedrate, the feedrate is clamped to the maximum
cutting feedrate.

Inthe caseof circular interpolation, thefeedrateiscal culated not fromthe
actual amount of movement in the block but from the arc radius. This
means that actual machining time islonger when the arc radiusislonger
than thearc distance and shorter when the arc radiusisshorter thanthearc
distance. Inversetime feed can also be used for cutting feed in acanned
cycle.Notes

NOTE

1 Inthe G93 mode, an F code is not handled as a modal code and
therefore needs to be specified in each block. If an F code is not
specified, P/S alarm (No. 11 (indicating that cutting feedrate
specification is missing)) is issued.

2 When FO is specified in G93 mode, P/S alarm (No. 11 (indicating
that cutting feedrate specification is missing)) is issued.

3 Inverse time feed cannot be used when PMC axis control is in
effect.

4 If the calculated cutting feedrate is smaller than the allowable
range, P/S alarm (No. 11 (indicating that cutting feedrate
specification is missing)) is issued.
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® One—digit F code feed

e Cutting feedrate clamp

Reference

When a one—digit number from 1 to 9 is specified after F, the feedrate
set for that number in a parameter (Nos. 1451 to 1459) is used. When
FO is specified, the rapid traverse rate is applied.
The feedrate corresponding to the number currently selected can be
increased or decreased by turning on the switch for changing F1-digit
feedrate on the machine operator’s panel, then by rotating the manual
pulse generator.
The increment/decrement, AF, in feedrate per scale of the manual pulse
generator is as follows:
g — Fmax
100X
Fmax : feedrate upper limit for F1-F4 set by parameter (N0.1460), or
feedrate upper limit for F5—F9 set by parameter (N0.1461)
X :any value of 1-127 set by parameter (N0.1450)
Thefeedrate set or altered iskept even whilethe power isoff. Thecurrent
feed rate is displayed on the CRT screen.

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.
Parameter No. 1430 can be used to specify the maximum cutting feedrate
for each axis only for linear interpolation and circular interpolation.
When the cutting feedrate along an axis exceeds the maximum feedrate
for the axis as aresult of interpolation, the cutting feedrate is clamped to
the maximum feedrate.

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 range of feedrate command value.
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54 Cutting feedrate can be controlled, as indicated in Table 5.4 (a).
CUTTING FEEDRATE
CONTROL
Table 5.4 (a) Cutting Feedrate Control
Function name G code Validity of G code Description
This function is valid for specified The tool is decelerated at the end point
Exact stop G09 blocks onl P of a block, then an in—position check is
Y- made. Then the next block is executed.
Once specified, this function is The tool is decelerated at the end point
Exact stop mode G61 valid until G62, G63, or G64 is of a block, then an in—position check is
specified. made. Then the next block is executed.
Once specified, this function is The tool is not decelerated at the end
Cutting mode G64 valid until G61, G62, or G63 is point of a block, but the next block is
specified. executed.
The tool is not decelerated at the end
Once specified, this function is point of a block, but the next block is
Tapping mode G63 valid until G61, G62, or G64 is executed.
specified. When G63 is specified, feedrate override
and feed hold are invalid.
When the tool moves along an inner
Once specified, this function is corner during cutter compensation, over-
Automatic override for G62 valid until G61, G63, or G64 is ride is applied to the cutting feedrate to

inner corners
Auto+
matic|

suppress the amount of cutting per unit
of time so that a good surface finish can
be produced.

specified.

Internal circular cutting
feedrate change

This function is valid in the cutter
compensation mode, regardless of
the G code.

The internal circular cutting feedrate is
changed.

NOTE

1 The purpose of in—position check is to check that the servo
motor has reached within a specified range (specified with
a parameter by the machine tool builder).
In—position check is not performed when bit 5 (NCI) of
parameter No. 1601 is set to 1.

2 Inner corner angle 6: 2°<0 = o = 178°
(o is a set value)

Workpiece

Tool
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Format
Exact stop GO9 IP_;
Exact stop mode G61 ;
Cutting mode G64 ;
Tapping mode G63;
Automatic corner override  G62;
5.4.1

Exact Stop (G09, G61)
Cutting Mode (G64)
Tapping Mode (G63)

Explanations Theinter—block pathsfollowed by thetool in the exact stop mode, cutting
mode, and tapping mode are different (Fig. 5.4.1 (a)).
YA N
@) L — Position check
&iiL— Tool path in the exact stop mode
1)
[ Tool path in the cutting mode or
tapping mode

0 :X

Fig.5.4.1 (a) Example of Tool Paths from Block (1) to Block (2)

CAUTION
The cutting mode (G64 mode) is set at power—on or system
clear.
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5.4.2

Automatic Corner
Override

When cutter compensation is performed, the movement of the tool is
automatically decelerated at an inner corner and internal circular area.

This reduces the load on the cutter and produces a smoothly machined
surface.

5.4.2.1

Automatic Override for
Inner Corners (G62)

Explanations
® Override condition

When G62 is specified, and the tool path with cutter compensation
applied forms an inner corner, the feedrate is automatically overridden
at both ends of the corner.

There are four types of inner corners (Fig. 5.4.2.1 (a)).
2,=0=0p=178,in Fig. 54.2.1 (9

op isavalue set with parameter No. 1711. When 0 is approximately

equal to op, the inner corner is determined with an error of 0.001,or
less.

1. Straight line—straight line

3. Arc—straight line

@ :Tool 2. Straight line—arc

:Programmed path
________ :Cutter center path

4. Arc—arc

Fig.5.4.2.1 (a) Inner corner
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Override range When a corner is determined to be an inner corner, the feedrate is
overridden before and after the inner corner. The distances Ls and Le,
where the feedrate is overridden, are distances from points on the cutter
center pathtothecorner (Fig. 5.4.2.1(b), Fig. 5.4.2.1(c), Fig. 5.4.2.1(d)).
Lsand Le are set with parameter Nos. 1713 and 1714.

Programmed path
Le Ls
a/\p

- ~ "Cutter center path T

The feedrate is overridden from point a to point b.

Flg.5.4.2.1 (b) Override Range (Straight Line to Straight Line)

When aprogrammed path consists of two arcs, the feedrate is overridden

if thestart and end pointsarein the samequadrant or in adjacent quadrants
(Fig. 5.4.2.1 (c)).

Cutter center path

The feedrate is overridden from point a to b.

Fig.5.4.2.1 (c) Override Range (Arc to Arc)

Regarding program (2) of an arc, the feedrate is overridden from point a
to point b and from point ¢ to point d (Fig. 5.4.2.1 (d)).

Programmed path

Cutter center path
Tool

Fig.5.4.2.1 (d) Override Range (Straight Line to Arc, Arc to Straight Line)
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Override value An override value is set with parameter No. 1712. An overridevalueis
valid even for dry run and F1-digit specification.
In the feed per minute mode, the actual feedrate is as follows:

F x (automatic override for inner corners) x (feedrate override)

Limitations
® Acceleration/deceleratio Override for inner corners is disabled during acceleration/deceleration
n before interpolation before interpolation.
® Start-up/G41, G42 Override for inner corners is disabled if the corner is preceded by a
start—up block or followed by a block including G41 or G42.

e Offset Override for inner cornersis not performed if the offset is zero.
54.2.2 For internally offset circular cutting, the feedrate on a programmed path
Internal Circular Cutting isset to aspecified feedrate (F) by specifying thecircular cutting feedrate

with respect to F, asindicated below (Fig. 5.4.2.2). This functionisvalid
in the cutter compensation mode, regardless of the G62 code.
Rc
F x Rp
Rc : Cutter center path radius
Rp : Programmed radius

It isaso valid for the dry run and the one—digit F command.

Feedrate Change

Programmed path

Cutter center
path

Fig.5.4.2.2 Internal circular cutting feedrate change

If Rc is much smaller than Rp, Rc/Rp=0; the tool stops. A minimum
deceleration ratio (MDR) is to be specified with parameter No. 1710.
When Rc/Rp=MDR, the feedrate of the tool is (FXMDR).

NOTE
When internal circular cutting must be performed together with override for inner corners, the
feedrate of the tool is as follows:

Rc . . .
F X Rp x (override for the inner corners)x(feedrate override)
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54.3
Automatic Corner
Deceleration

This function automatically controlsthe feedrate at a corner according to
the corner angle between the machining blocks or the feedrate difference
between the blocks along each axis.

Thisfunction is effective when ACD, bit 6 of parameter No. 1601, is set
to 1, the system is in G64 mode (machining mode), and a cutting—feed
block (block A) isfollowed by another cutting—feed block (block B).
The feedrate between machining blocks is controlled according to the
corner angle between the blocks or the feedrate difference between the
blocks along each axis. These two methods can be switched with CSD,
bit 4 of parameter No. 1602.

5.4.3.1

Corner Deceleration
According to the Corner
Angle

Explanations

e Flowchart for feedrate
control

This function decel erates the feedrate when the angle between blocks A
and B onthe sel ected planeissmaller than theangl e specifiedin parameter
No. 1740. The function executes block B when the feedrates along both
the first and second axes are smaller than the feedrate specified in
parameter No. 1741. Inthiscase, thefunction determinesthat the number
of accumulated pulsesis zero.

The flowchart for feedrate control is shown below.

l

Is the corner angle smaller than | NO
the angle specified in parameter
(No. 1740)?

l Yes

Are the feedrates along the X4 No

and Y-axes smaller than that -
specified in parameter Further decelerates the

(No. 1741)? feedrate in block A

l Yes

The number of accumulated
pulses is determined to be zero
and block B is executed

END
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® Feedrate and time

® Acceleration/
deceleration before
interpolation

® Angle between two
blocks

When the corner angle is smaller than the angle specified in the
parameter, the relationship between the feedrate and time is as shown
below. Although accumulated pulses equivalent to the hatched area
remain at timet, the next block is executed because the feedrate of the
automatic accel eration/decel eration circuit is smaller than the
parameter—set value. This function is effective only for movement on
the selected plane.

Feedrate V
A

Block A Block B

Parameter—set feedrate

Timet

When acceleration/deceleration before interpolation is effective, the
relationship between the feedrate and time is as shown below. When the
angle between blocks A and B on the selected plane is smaller than the
angle specified in parameter (No. 1740), and the feedrates specified in
blocks A and B arelarger than that specified in parameter (No. 1777), the
feedrate is decelerated to the parameter—set value in block A, and
acceleratedto thefeedrate specifiedin block B. The accel eration depends
on the parameter for accel eration/decel eration before interpol ation.

Feedrate
A

Block A Block B

N

Parameter—set feedra@‘
(parameter No. 1777)

>
>

Time

The angle between two blocks (blocks A and B) is assumed to be angle
8, as shown below.

1. Between linear movements

2. Between linear and circular movements 3. Between circular movements

(angle between the linear movement (angle between the tangents to
and tangent to the circular movement) the circular movements)
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® Selected plane

® Corner roundness

® Exact stop

® | ook—ahead control

Limitations

The machining angle is compared with the angle specified in parameter
(No. 1740) for movements on the selected plane only. Machining
feedrates are compared with that specified in parameter (No. 1741) for
movement along thefirst and second axeson the selected planeonly. This
means, when movement occurs along three or more axes, only that
movement along the first and second axes on the selected plane is
considered.

Corner roundness is determined by the angle and feedrate specified in
parameter (Nos. 1740 and 1741). To aways make a sharp corner, set
the angle to zero and the feedrate to 180000 (equivalent to 180
degrees).

When G90 (exact stop) is specified, exact stop is performed irrespective
of the angle and feedrate specified in parameter (Nos. 1740 and 1741).

Those parameters related to automatic corner decel eration in look—ahead
control mode are shown below.

Normal Look—ahead
Parameter description control
mode
mode
Switching the methods for automatic corner de- | No.1602#4 «—

celeration

Lower limit of feedrate in automatic corner decel- | No.1777 No0.1778
eration based on the angle

Limit angle in corner deceleration based on the | No.1740 No0.1779
angle

This function cannot be enabled for a single block or during dry run.
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54.3.2

Corner Deceleration
According to the
Feedrate Difference

between Blocks Along
Each Axis

Explanations

e Flowchart for feedrate
control

® Feedrate and time

This function decelerates the feedrate when the difference between the
feedrates at the end point of block A and the start point of block B along
each axisislarger than the value specified in parameter No. 1781. The
function executes block B when the feedrates along all axes are smaller
than the feedrate specified in parameter No. 1741. In this case, the
function determines that the number of accumulated pulsesis zero.

The flowchart for feedrate control is shown below.

Isthe feedrate difference between No
blocks along each axis larger than
the value specified in parameter
(No. 1781)?

l Yes

Are the feedrates along all axes No
smaller than that specified in
parameter (No. 1741)?

Further decelerates the
feedrate in block A

| Yes

The number of accumulated pulses
is determined to be zero and block
B is executed.

END

Whenthefeedratedifference between blocksalong each axisislarger than
the value specified in parameter No. 1781, the relationship between the
feedrate and time is as shown below. Although accumulated pulses
equivalent to the hatched arearemain at timet, the next block is executed
because the feedrate of the automatic accel eration/decel eration circuit is
smaller than the feedrate specified in parameter No. 1741.

Feedrate V
A

Block A Block B

arameter—set feedrate

t Time t
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® Acceleration /
deceleration before
interpolation

When acceleration/deceleration before interpolation is effective, the
relationship between the feedrate and time is as described below.

When the feedrate difference between blocks A and B along each axisis
larger than the value specified in parameter No. 1780, the feedrate is
decelerated to the corner feedrate cal culated from the feedrate difference
along each axis.

Let the feedrate be F. Compare the feedrate difference along each axis
(Vc[X], VY], ...) withthevaue specified in parameter No. 1780, Vmax.
When the difference exceeds Vmax, calculate R as shown below.

\'/]
Vmax

Find the maximum vauefor R among the calcul ated valuesfor the axes.

Let it be Rmax. Then, the corner feedrate can be obtained as follows:
1

Rmax

Fc=F X

(Example)

N2 N1 GO1 G91 X80. Y20. F3000 :
N2 X20. Y80. ;

N1

When this movement is specified, the feedrate along each axis is as
shown in the next figure.

Ve [X(Y)]

Vmax

Rmax=

1
Rmax

From thefigure, it can be seen that the feedrate differencesalong the X—
and Y—axes (Vc[X] and V[Y]) exceed Vmax. Calculate Rmax to get
Fc. When the feedrate is decelerated to Fc at the corner, the feedrate
difference along each axis do not exceed Vmax.

F x
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® Setting the allowable
feedrate difference along
each axis

® Checking the feedrate
difference

® Exact stop

e Override

—— Without corner deceleration
—— With corner deceleration
I
A |
S S
Feedrate along | Ve [X] i Vmax
the X—axis I
——
Vmax | v
v__7
| >
I
I
A |
A
Feedrate along
the Y—-axis | vepy] A
| | Vmax
\ - -
| >
I
I
\ |
Feedrate along :
the tangent |
at the corner I
1
Fx - - L
X Rmax |
I
| A -
N1 I N2 t

The allowable feedrate difference can be specified for each axisin
parameter No. 1783.

The feedrate difference is also checked during dry—un operation or
during deceleration caused by an external signal, using feedrate
commands specified in a program.

When G90 (exact stop) is specified, exact stop is performed irrespective
of the parameter settings.

If an override is changed during operation, the feedrate difference will
not be checked correctly.
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® | ook—ahead control

Limitations

Parameters related to automatic corner deceleration in look—ahead

control mode are shown below.

based on the feedrate difference

Parameter description Normal Look-ahead
mode control mode

SWltchlngthe methods for automatic corner No.160244 No.1602#4
deceleration
Allowable feedrate difference (for all axis) in
automatic corner deceleration based on the No0.1780 No0.1780
feedrate difference
Allowable feedrate difference (for each
axis) in automatic corner deceleration No0.1783 No0.1783

This function is not effective for feed—per—rotation commands,
address-F—with—one—-digit commands, rigid tapping, and asingle block.
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5.5
DWELL (G04)
Format
Dwell GO04 X_; or GO4 P_;
X_: Specify a time or spindle speed (decimal point permitted)
P_ : Specify a time or spindle speed (decimal point not permitted)
Explanations By specifying a dwell, the execution of the next block is delayed by the

specified time. In addition, a dwell can be specified to make an exact
check in the cutting mode (G64 mode).

When neither P nor X is specified, exact stop is performed.

Bit 1 (DWL) of parameter No. 3405 can specify dwell for each rotation
in feed per rotation mode (G95).

Table 5.5 (&) Command value range of the dwell time
(Command by X)

Increment system Command value range Dwell time unit
IS-B 0.001 to 99999.999
s or rev
IS-C 0.0001 to 9999.9999

Table 5.5 (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

General

® 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 and movement
from the reference
position

® Reference position
return check

Format

® Reference position
return

® Return from reference
position

® Reference position
return check

Tools are automatically moved to the reference position via an
intermediate position along a specified axis. Or, tools are automatically
moved from the reference position to a specified 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.

Reference position return A->B—R

Return from the reference positionR—B—C R (Reference position)

B (Intermediate
position)

A (Start position for C (Destination of return from the

reference position return) reference position)

Fig. 6.1 (b) Reference position return and return form the reference
position

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 P2 IP_; 2nd reference position return (P2 can

be omitted.)
G30 P3IP_;3rd reference position return

G30 P41IP_; 4th reference position return

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

G29IP_;

IP: Command specifying the destination of return from reference
position (Absolute/incremental command)

G27IP_;

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)

® Return from the
reference position (G29)

® Reference position
return check (G27)

® Setting of the reference
position return feedrate

Positioning to theintermediate or reference positionsareperformed at the
rapid traverse rate of each axis.
Therefore, for safety, the cutter compensation, and tool length
compensation should be cancelled before executing this command.
The coordinates for the intermediate position are stored in the CNC only
for the axes for which avalue is specified in a G28 block. For the other
axes, the previoudly specified coordinates are used.
Example N1 G28 X40.0 ; Intermediate position (X40.0)

N2 G28 Y60.0 ; Intermediate position (X40.0, Y60.0)

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.

Ingenera, itiscommanded immediately following the G28 command or
G30. For incremental programming, the command value specifies the
incremental value from the intermediate point.

Positioning to the intermediate or reference points are performed at the
rapid traverse rate of each axis.

When the workpiece coordinate system is changed after the tool reaches
the reference position through the intermediate point by the G28
command, the intermediate point also shiftsto a new coordinate system.
If G29 isthen commanded, the tool movesto to the commanded position
through the intermediate point which has been shifted to the new
coordinate system.

The same operations are performed also for G30 commands.

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 the tool isnot the reference position,
an aarm (No. 092) is displayed.

Beforeamachine coordinate systemisestablished with thefirst reference
position return after power—on, the manual and automatic reference
position return feedrates and automatic rapid traverse rate conform to the
setting of parameter No. 1428 for each axis. Even after a machine
coordinate system is established lupon the completion of reference
position return, the manual reference postiion return feedrate conformsto
the setting of the parameter.
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NOTE

1 To this feedrate, a rapid traverse override (F0 ,25,50,100%)
is applied, for which the setting is 100%.

2 After a machine coordinate system has been established
upon the completion of reference position return, the
automatic reference position return feedrate will conform to
the ordinary rapid traverse rate.

3 For the manual rapid traverse rate used before a machine
coordinate system is estavlished upon the completion of
reference position return a jog feedrate or manual rapid
traverse rate can be selected usting RPD (bit O of parameter

No. 1401).
Before a coordinate After acoordinate
system is established | system is established

Automatic reference posi- No. 1428 No0.1420
tion return (G28)
Automatic rapid traverse No0.1428 No0.1420
(GO00)
Manual reference position No0.1428 No0.1428
return
Manual rapid traverse rate No0.1423 *1 No.1424
NOTE

When parameter No. 1428 is set to O, the feedrates conform
to the parameter settings shown below.

Before a coordinate After a coordinate
system is established | system is established

Automatic reference posi- No. 1420 No0.1420
tion return (G28)

Automatic rapid traverse No0.1420 No0.1420
(G00)

Manual reference position No.1424 No.1424
return

Manual rapid traverse rate No0.1423 *1 No.1424

1420 : Rapid traverse rate
1423 : Jog feedrate
1424 : Manual rapid traverse rate

* 1 Setting of parameter No.1424 when RPD (bit O of parameter N0.1401)
issetto 1.
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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

Examples

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 alarmisdisplayed instead. Usually, cancel
offsets before G27 is commanded.

When the machine tool system is an inch system with metric input, the
referenceposition return lamp may also light up even if the programmed
position is shifted from the reference position by the least setting
increment. Thisisbecausetheleast setting increment of the machinetool
system is smaller than its least command increment.

Seelll-3.1.

G28G90X1000.0Y500.0 ; (Programs movement from A to B)
T1111; (Changing the tool at the reference position)
G29X1300.0Y200.0 ; (Programs movement from B to C)

v Reference
The tool is changed at the reference position R position
500—
300— 4
200— C
200 1000 1300 X

Fig. 6.1 (c) Reference position return and return from the reference
position
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6.2
FLOATING
REFERENCE
POSITION RETURN
(G30.1)

Format

Explanations

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.

G30.1 IP_;

IP_ : Command of the intermediate position of the floating reference
position
(Absolute command/incremental command)

Generaly speaking, on a machining center or milling machine, cutting
toolscan bereplaced only at specific positions. A positionwheretoolscan
be replaced is defined as the second or third reference point. Using G30
can easily move the cutting tools back to these points. On some machine
tools, thecutting toolscan bereplaced at any position unlessthey interfere
with the workpiece.

With these machines, the cutting tool s 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 suitable for
theworkpieceis memorized asafloating reference point. Then command
G30. 1 can easily cause return to the tool change position.

A floating reference point becomes a machine coordinate position
memorized by pressing the soft key [SET FRP] on the current positions
display screen (seel11-11.1.7). The G30.1 block first positions the tool
a the intermediate point along the specified axes at rapid traverse rate,
then further moves the tool from the intermediate point to the floating
reference point at rapid traverse rate.

Before using G30.1, cancel cutter compensation and tool length
compensation.

A floating reference point is not lost even if power is turned off.
Thefunction for returning from the reference position (G29) can be used
for moving the tool from the floating reference position (see 11-6.1).

G30.1 G90 X50.0 Y40.0;

Y A Intermediate position (50,40)
—————@

/ Floatingreference
position

Workpiece

[
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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 three program axes, the X—axis, Y—axis, and Z-axis, are used,
coordinates are specified as follows:

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

Z

250 |- - - - ey - - - - - .
) .
X
,
,
. !
7’ ‘ 1
,
4 ’ 1
,
’ 1
,

e S : ,-'50.0

Fig. 7 Tool Position Specified by X40.0Y50.0225.0

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.

(G90)G53 IP_;
IP_; Absolute dimension word

When a command is specified the position on a machine coordinate
system, the tool moves to the position by rapid traverse. G53, whichis
used to select amachine coordinate system, isaone-shot G code; that is,
itisvalidonly intheblock inwhichitisspecified on amachinecoordinate
system. Specify an absolute command (G90) for G53. When an
incremental command (G91) is specified, the G53 command is ignored.
When thetool isto be moved to amachine-specific position such asatool
change position, program the movement in a machine coordinate system
based on G53.

Whenthe G53 command isspecified, cancel the cutter compensation, tool
length offset, 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.

\

Machine coordinate system

Machine zero
0

N\

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 CNC beforehand (setting a workpiece coordinate system).

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

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

7.2.1
Setting a Workpiece
Coordinate System

Format

® Setting a workpiece

coordinate system by G92

Explanations

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

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

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

(3) Method using G54 to G59
Six workpiece coordinate systems can be set beforehand using the
CRT/MDI panel (see Part 111-11.4.6.).
When using an absolute command, establish the workpiece
coordinate system in any of the above ways.

(G90) G92 Ip_

A workpiece coordinate system is set so that a point on the tool, such as
thetool tip, isat specified coordinates. If acoordinate systemisset using
G92 during tool length offset, a coordinate system in which the position
before offset matches the position specified in G92 is set.

Cutter compensation is cancelled temporarily with G92.

Examples
Example 1 Example 2

Setting the coordinate system by the

G92X25.2723.0; command

(The tool tip is the start point for the program.)

Z)

23.0

Setting the coordinate system by the G92X600.021200.0; command
(The base point on the tool holder is the start point for the program.)

Z Base point

If an absolute command is is-
sued, the base point moves to
the commanded position. In
order to move the tool tip tothe
commanded position, the dif-
ference from the tool tip to the
base point is compensated by
tool length offset.

1200.0

0 600.0
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7.2.2
Selecting a Workpiece
Coordinate System

Examples

The user can choose from set workpiece coordinate systems as described

below. (For information about the methods of setting, see ll—-7.2.1.)

(1) Once aworkpiece coordinate system is selected by G92 or automatic
workpiece coordinate system setting, absolute commands work with
the workpiece coordinate system.

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

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

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

G90 G55 GO0 X40.0 Y100.0 ;

Y A
Workpiece coordinate system 2 (G55)

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

Fig.7.2.2
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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 I11-11.4.6)
(2) Programming by G10 or G92
(3) Using the external data input function
An external workpiece zero point offset value can be changed by
input signal to CNC. Refer to machine tool builder’s manual for

details
. i . A
Workplece Workpiece Workpiece Workpiece
coordinate coordinate coordinate coordinate

system 1 (G54)

system 2 (G55) | system 3 (G56)

> >

system 4 (G57)

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 G92

Gl10L2Pp IP_;

p=0 : External workpiece zero point offset value
p=1to6 : Workpiece zero point offset value correspond to workpiece
coordinate system 1 to 6
IP : For an absolute command (G90), workpiece zero point offset for

each axis.
For an incremental command (G91), value to be added to the set
workpiece zero point offset for each axis (the result of addition
becomes the new workpiece zero point offset).

G92 IP_;
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Explanations

e Changing by G10

e Changing by G92

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

By specifying G92IP_;, 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 matches the specified coordinates
(IP).

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

WARNING
When a coordinate system is set with G92 after an external
workpiece zero point offset value is set, the coordinate
system is not affected by the external workpiece zero point
offset value. When G92X100.0Z80.0; is specified, for
example, the coordinate system having its current tool
reference position at X = 100.0 and Z = 80.0 is set.
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Examples

Y Y’ ) .
A A G54 workpiece coordinate system

If G92X100Y100; is commanded when the tool
is positioned at (200, 160) in G54 mode, work-
piece coordinate system 1 (X' — Y’) shifted by
vector A is created.

160 |- 100———— ) Tool position

A > X’ New workpiece coordinate system
100

60

>

l l
100 200 X

Original workpiece coordinate system

G54 Workpiece

coordinate system Suppose that a G54 workpiece coordi-

2 nate system is specified. Then, a G55

; workpiece coordinate system where

4 Sososro\l/i\:\c:artlfapgﬁem the black circle on the tool (figure at the

1200.0 7/ left) is at (600.0,12000.0) can be set

with the following command if the rela-

4 tive relationship between the G54 work-

Zf piece coordinate system and G55

] 1200.0 workpiece coordinate system is set cor-

rectly:G92X600.0Z1200.0;Also, sup-

Z ? pose that pallets are loaded at two dif-

5000 ferent positions. If the relative relation-

' | ship of the coordinate systems of the

pallets at the two positions is correctly

»., Setby handling the coordinate systems

600.0 X asthe G54 workpiece coordinate sys-

B A tem and G55 workpiece coordinate

—— > system, a coordinate system shift with

! G92 in one pallet causes the same

c coordinate system shift in the other pal-

let. This means that workpieces on two

X' —Z' - New workpiece coordinate system pallets can be machined with the same

X —Z - Original workpiece coordinate system program just by specifying G54 or G55.

A : Offset value created by G92

B : Workpiece zero point offset value in theG54
C : Workpiece zero point offset value in the G55

I
I
|
A
I
I
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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).

G921 1IPO;

IP 0; 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

&- Reference position
Reference position //
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.
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Limitations

® Cutter compensation,
tool length
compensation, tool
offset

® Program restart

® Prohibited modes

(&) Manualintervention performed when the manual absolute signal is off

(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

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

G54 workpiece coordinate
system before manual

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

point offset 73
VZ&/

. . Pn
Machine zero point

G54 workpiece coordinate
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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71.2.5

Adding Workpiece
Coordinate Systems
(G54.1 or G54)

Format

® Selecting the additional
workpiece coordinate
systems

® Setting the workpiece
zero point offset value in
the additional workpiece
coordinate systems

Explanations

® Selecting the additional
workpiece coordinate
systems

® Setting the workpiece
zero point offset value in
the additional workpiece
coordinate systems

Besides the six workpiece coordinate systems (standard workpiece
coordinate systems) sel ectable with G54 to G59, 48 additional workpiece
coordinate systems (additional workpiece coordinate systems) can be
used. Alternatively, up to 300 additiona workpiece coordinate systems
can be used.

G54.1Pn ; or G54Pn ;

Pn : Codes specifying the additional workpiece coordinate systems
n : 1to48or1to 300

G10L20 Pn IP_;

Pn : Codes specifying the workpiece coordinate system for setting
the workpiece zero point offset value

n : 1to48or1to 300

IP_ : Axis addresses and a value set as the workpiece zero point
offset

When aP codeis specified together with G54.1 (G54), the corresponding
coordinate system is selected from the additional workpiece coordinate
systems (1 to 48 or 1 to 300).

A workpiece coordinate system, once selected, is valid until another
workpiece coordinate system isselected. Standard workpiece coordinate
system 1 (selectable with G54) is selected at power—on.

G54.1 P1 ... Additiona workpiece coordinate system 1
G54.1 P2 ... Additiona workpiece coordinate system 2

G54.1 P48 .. Additional workpiece coordinate system 48

G54.1 P300 . Additional workpiece coordinate system 300

When an absolute workpiece zero point offset value is specified, the
specified value becomes a new offset value. When an incremental
workpiece zero point offset valueis specified, the specified valueisadded
to the current offset value to produce a new offset value.

As with the standard workpiece coordinate systems, the following
operations can be performed for a workpiece zero point offset in an
additional workpiece coordinate system:

(1) The OFFSET function key can be used to display and set aworkpiece

zero point offset value.

(2) The G10 function enables aworkpiece zero point offset value to be set
by programming (refer to 11-7.2.3).
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e Setting the workpiece
origin offset in the
coordinate system for
the added workpiece
(G10)

Limitations
e Specifying P codes

(3) A custom macro alows a workpiece zero point offset value to be
handled as a system variable.

(4) Workpiece zero point offset data can be entered or output as external
data.

(5) The PMC window function enables workpiece zero point offset data
to be read as program command modal data.

When theworkpieceorigin offset is specified using an absol ute value, the
specified value is the new offset. When it is specified using an
incremental value, the specified value is added to the current offset to
obtain the new offset.

A P code must be specified after G54.1 (G54). If G54.1 isnot followed
by a P code in the same block, additional workpiece coordinate system
1 (G54.1P1) is assumed.
If avalue not within the specifiable range is specified in aP code, an P/S
alarm (' No. 030) is issued.
P codes other than workpiece offset numbers cannot be specified in a
G54.1 (G54) block.

Example) G54.1 (G54) G04 P1000 ;
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7.3 When a program is created in a workpiece coordinate system, a child
workpiece coordinate system can be set for easier programming. Such a
LOCAL COORDINATE child coordinate system isreferred to as alocal coordinate system.

SYSTEM
Format
G52 IP _; Setting the local coordinate system
G52 IPO; Canceling of the local coordinate system
IP_: Origin of the local coordinate system
Explanations By specifying G52 IP_;, alocal coordinate system can be set in al the

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

When alocal coordinate system is set, the move commands in absolute
mode (G90), which is subsequently commanded, are the coordinate
values in the local coordinate system. The local coordinate system can
be changed by specifying the G52 command with the zero point of anew
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.

(Local coordinate system)

(G59 : Workpiece coordinate system 6)

(Machine coordinate system)

v

Machine coordinate system origin

Reference point

Fig. 7.3 Setting the local coordinate system
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WARNING

1

o Ol

When an axis returns to the reference point by the manual reference point return function,the
zero point of the local coordinate system of the axis matches that of the work coordinate system.
The same is true when the following command is issued:

G5200;

o.:Axis which returns to the reference point
The local coordinate system setting does not change the workpiece and machine coordinate
systems.
Whether the local coordinate system is canceled at reset depends on the parameter setting.
The local coordinate system is canceled when either CLR, bit 6 of parameter No.3402 or RLC,
bit 3 of parameter N0.1202 is set to 1.
If coordinate values are not specified for all axes when setting a workpiece coordinate system
with the G92 command, the local coordinate systems of axes for which coordinate values were
not specified are not cancelled, but remain unchanged.
G52 cancels the offset temporarily in cutter compensation.
Command a move command immediately after the G52 block in the absolute mode.
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7.4

PLANE SELECTION

Explanations

Examples

Select the planes for circular interpolation, cutter compensation, and
drilling by G—code.
The following table lists G—codes and the planes selected by them.

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 is used to specify that an optional axis be paralel to
the each axis of the X, Y—, and Z—axes as the basic three axes.

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

When the power is turned on or the CNC isreset, G17 (XY plane), G18
(ZX plane), or G19 (Y Z plane) is selected by bits 1 (G18) and 2 (G19) of
parameter 3402.

The movement instruction is irrelevant to the plane selection.

Plane selection when the X—axis is parallel with the U-axis.
G17X_Y_ XY plane,
G1l7U_Y_ UY plane
G18X_Z_ ZX plane
X_Y_  Planeisunchanged (ZX plane)

Gl7 XY plane
G18 ZX plane
Gl7U_ 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 POLAR COORDINATE COMMAND (G15, G16)

8.3 INCH/METRIC CONVERSION (G20, G21)

8.4 DECIMAL POINT PROGRAMMING
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8.1

ABSOLUTE AND
INCREMENTAL
PROGRAMMING
(G90, G91)

Format

Examples

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 command G90IP _;

Incremental command G91IP_;

G90 X40.0Y70.0; Absolute command
G91 X-60.0 Y40.0; Incremental command

Y
A

End position

70.0

Start position

|
|
|
30.0 :
|
|
|

v
>

I

I

|
40.0 100.0
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8.2

POLAR COORDINATE
COMMAND

(G15, G16)

Format

® Setting the zero point of
the workpiece
coordinate system as the
origin of the polar
coordinate system

The end point coordinate value can be input in polar coordinates (radius
and angle).

The plus direction of the angle is counterclockwise of the selected plane
first axis + direction, and the minus direction is clockwise.

Both radius and angle can be commanded in either absolute or
incremental command (G90, G91).

GOOGOOG16;  starting the polar coordinate command (polar
coordinate mode)
GOO IP_;
' Polar coordinate command
G15; Canceling the polar coordinate command (polar coordinate
mode)

G16 Polar coordinate command

G15 Polar coordinate command cancel

GO  Plane selection of the polar coordinate command
(G17, G18 or G19)

GOO  G90 specifies the zero point of the work coordinate system as
the origin of the polar coordinate system, from which a radius
is measured.

G91 specifies the current position as the origin of the polar
coordinate system, from which a radius is measured.

IP_ Specifying the addresses of axes constituting the plane se-
lected for the polar coordinate system, and their values
First axis : radius of polar coordinate
Second axis : angle of polar coordinate

Specify the radius (the distance between the zero point and the point) to
be programmed with an absolute command. The zero point of the work
coordinate system is set as the origin of the polar coordinate system.
When a local coordinate system (G52) is used, the origin of the local
coordinate system becomes the center of the polar coordinates.

. Commandposition

Commandposition

Radius

. > Actual position
b Actual position

When the angle is specified
with an absolute command

When the angle is specified
with an incremental command
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® Setting the current
position as the origin of
the polar coordinate
system

Examples

® Specifying angles and a
radius with absolute
commands

® Specifying angles with
incremental commands
and a radius with
absolute commands

Specify the radius (the distance between the current position and the
point) to be programmed with an incremental command. The current
position is set as the origin of the polar coordinate system.

Commandposition
Commandposition A

Radius |
Angle

Actual position Actual position

—

When the angle is specified
with an absolute command

When the angle is specified
with an incremental command

Bolt hole circle

— The zero point of the work coordinate
system is set as the origin of the polar
coordinate system.

— The XY plane is selected.

\

x Vv

270° (

100mm

N1G17 G90 G16;
Specifying the polar coordinate command and selecting the XY plane
Setting the zero point of thework coordinate system asthe origin of the
polar coordinate system
N2 G81 X100.0 Y30.0 Z-20.0 R-5.0 F200.0 ;
Specifying a distance of 100 mm and an angle of 30 degrees
N3 Y150.0;
Specifying a distance of 100 mm and an angle of 150 degrees
N4 Y270.0;
Specifying a distance of 100 mm and an angle of 270 degrees
N5 G15G80;
Canceling the polar coordinate command

N1 G17 G90 G16;
Specifying the polar coordinate command and selecting the XY plane
Setting the zero point of thework coordinate system asthe origin of the
polar coordinate system
N2 G81 X100.0 Y30.0 Z—20.0 R—5.0 F200.0 ;
Specifying a distance of 100 mm and an angle of 30 degrees
N3 G91 Y120.0;
Specifying a distance of 100 mm and an angle of +120 degrees
N4Y120.0;
Specifying a distance of 100 mm and an angle of +120 degrees
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Limitations

® Specifying a radius in
the polar coordinate
mode

® Axes that are not
considered part of a
polar coordinate
command in the polar
coordinate mode

® Arbitrary angle
chamfering and corner
rounding

N5 G15 G80;
Canceling the polar coordinate command

In the polar coordinate mode, specify aradius for circular interpolation
or helical cutting (G02, GO3) with R.

Axes specified for thefollowing commandsare not considered part of the
polar coordinate command:

— Dwell (G04)

— Programmable data input (G10)

— Setting the local coordinate system (G52)

— Converting the workpiece coordinate system (G92)
— Selecting the machine coor dinate system (G53)

— Stored stroke check (G22)

— Coordinate system rotation (G68)

— Scaling (G51)

Arbitrary angle chamfering and corner rounding cannot be specified in
polar coordinate mode.
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8.3 Either inch or metric input can be selected by G code.

INCH/METRIC
CONVERSION
(G20, G21)

Format

G20 ; Inchinput

G21; mminput

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
(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
For the first G28 command after switching inch input to metric input or vice versa, operation from
the intermediate point is the same as that for manual reference position return. The tool moves
from the intermediate point in the direction for reference position return, specified with bit 5
(ZMI) 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 settings (see 111-11.4.3).
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8.4 Numerical values can be entered with a decimal point. A decimal point
can be used when entering adistance, time, or speed. Decimal pointscan
DECIMAL POINT be specified with the following addresses:
PROGRAMMING X,Y,Z,U,V,W, A, B,C1JK,QR,andF.
Explanations 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 is considered to be specified in millimeters inch,or deg. When
standard decimal notation is used, such a value is considered to be
specified in least input increments.Select either calculator-type or
standard decimal notation by using the DPI bit (bit O of parameter
3401).Vaues 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 broarammin
programming p prog 9
X1000 1000mm 1mm
Command value without | Unit: mm Unit : Least input increment
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; Input in 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 0.003 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 alarm occurs.
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SPINDLE SPEED FUNCTION (S FUNCTION)

The spindle speed can be controlled by specifying a value following
address S.
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)
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9.1

SPECIFYING THE
SPINDLE SPEED
WITH A CODE

9.2

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

Whenavalueisspecified after address S, the codesignal and strobe signal
are sent to the machine to control the spindle rotation 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
digitsin 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
max.five—digit value (min'Y). The unit for specifying the spindle speed
may vary depending on the machinetool builder. Refer to the appropriate
manual provided by the machine tool builder for details.
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9.3

CONSTANT
SURFACE SPEED
CONTROL (G96, G97)

Format

® Constant surface speed
control command

® Constant surface speed
control cancel command

® Constant surface speed
controlled axis
command

e Clamp of maximum
spindle speed

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

G96 SOOOOO ;

T Surface speed (m/min or feet/min)

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

G97 SOOOOO;
T Spindle speed (min-1)

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

G96 Po.; PO : Axis set in the parameter (No. 3770)
P1: X axis, P2 : Y axis, P3 : Z axis, P4 : 4th axis
P5 : 5th axis, P6 : 6th axis, P7 : 7th axis, P8 : 8th axis

G92 S ; The maximum spindle speed (min-1) follows S.
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Explanations

® Constant surface speed
control command (G96)

e 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 G92S _; (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.

Spindle speed (min-1)

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

3000 7

Surface speed

S is 600 m/min.

0 40 80 120 160 200 240 280
20 80 100 140 180 220 260 300

radius (mm)

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 , and so the coordinate value at the center of the
rotary axis, for example, 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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e Surface speed specified
in the G96 mode
G96 mode G97 mode

Restrictions

e Constant surface speed
control for threading

e Constant surface speed
control for rapid traverse
(G00o)

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

G97 command

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

¢ Specified
Command for The specified
the spindle spindle speed
speed (rpm) is used

lf Not specified

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

| Commands other than G96 |

G96 command

Specified

The specified
surface
speed is used

Command
for the surface

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.

In arapid traverse block specified by GO0, the constant surface speed
control isnot made by calculating the surface speed to atransient change
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.
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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 Qq Rr; 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, acheck
is started 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, the checking of an actual
spindle speed is started.

r : Spindle speed fluctuation (%) at which the actual spindle speed is so
fast that an overheat can occur
= 1-speed that can cause overheat

- specified spindle speed
G26 enablesthe spindl e speed fluctuation detection function, and G25
disables the spindle speed fluctuation detection.

Evenif G25is specified, p, g, and r are not cleared.

X 100
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Explanations The fluctuation of the spindle speed is detected as follows:

1. When an alarm isissued after a specified spindle speed isreached

Spindle speed
A
r
s J— o
q ] gy Specified
_!_ a0 « td_ speed
1
i N\ r
-/
|
I /
Actual speed
Check _| No check Check
e P Time
Specificationof  Start of check Alarm
anotherspeed

2.When an alarmisissued beforea specified spindle speed isreached

Spindle speed
A
r
q d Specified
speed
q
'
/]
p Actual speed
Check No check Check
— » Time
Specification of Start of check Alarm
another speed

Specified speed :

(Speed specified by address S and five—digit value)x(spindle override)
Actual speed : Speed detected with a position coder
p : Time elapses since the specified speed changes until a check starts.
g : (Percentage tolerance 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 (N0.4913))

Analarmisissued 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 screen, and the alarm signal “SPAL” is output (set to
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 O rpm.
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TOOL FUNCTION (T FUNCTION)

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

By specifying an up to 8—digit numerical valuefollowing address T, tools
can be selected 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:
(i) Simultaneous execution of the move command and T function
commands.
(if) Executing T function commands upon completion of move command
execution.
Theselection of either (i) or (ii) depends on the machinetool builder’s
specifications. Refer to the manual issued by the machinetool builder
for details.
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10.2 Tools are classified into various groups, with the tool life (time or
frequency of use) for each group being specified. The function of
TOOL LIFE . . : . .
accumulating the tool life of each group in use and selecting and using
MANAGEMENT the next tool previoud uenced in the same group, is called the tool
Y y q g
FUNCTION life management function.
Tool group number m
Cod —
1T ol ?;;ﬁﬁ,;‘f@g? Toollife |  The first tool life
tion value management data
n The nth tool life
management data
Fig. 10.2 (a) Tool life management data (number of n tools)
By choosing atool from atool group specified by a machining program,
the tool life can be managed.
Tool life management data Machining program Machine and CNC operations

Tool group number 1 Machine CNC

Places a se- Automatically selects, from

Tool lected tool in | tool group m, a tool whose
selection | command for selecting the wait state | life has not expired.
Tool group number m|< tool group m
: : 'tagct)?icr:](tar?eﬂ\;\?ait Starts counting the life of
: Tool change command state to the tool attached to the
(MQG) the spindle spindle.l

Tool group number p

Z (tool change).

Fig. 10.2 (b) Tool Selection by Machining Program

For two—path control, tool life management is applied independently for
each path. Tool life management datais also set for each path.
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10.2.1
Tool Life Management
Data

Explanations

® Tool group number

Table 10.2.1 (a) The Max. number of groups and tools that can be registered

Tool life management data consists of tool group numbers, tool numbers,

codes specifying tool compensation values, and tool life value.

The Max. number of groups and the number of tools per group that can
be registered are set by parameter (GS1,GS2 No. 6800#0, #1) (Table

10.2.1 (a)).

GSs1 GS2
(No. 6800#0) (No. 6800#1)

The Max. number of groups and
tools without optional function
of 512 tool pairs

The Max. number of groups
and tools with optional function
of 512 tool pairs

Number of group

Number of tool

Number of group

Number of tool

® Tool number

0 0 16 16 64 32

0 1 32 128 16

1 0 64 256 8

1 1 128 512 4
WARNING

® Code specifying tool
compensation value

e Tool life value

When bits 0 or 1 of parameter GS1,GS2 No0.6800 is
changed, re—register tool life management data with the
G10L3 command (for registering and deleting data for all
groups). Otherwise, new data pairs cannot be set.

Specify afour—digit number after T.

Codes specifying tool offset values are classified into H codes (for tool
length offset) and D codes (cutter compensation). The maximum number
of thetool compensation val ue specification code which can beregistered
is 255 when there are 400 tool compensation values (even if the option
for 512 tool life management setsis supported). The maximum number
is32, 64, 99, 200, 499, or 999 when there are 32, 64, 99, 200, 499, or 999
tool compensation values.

NOTE
When codes specifying tool offset values are not used,
registration can be omitted.

Refer to 11-10.2.2 and 11-10.2.4.
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10.2.2

Register, Change and
Delete of Tool Life
Management Data

Explanations

® Register with deleting
all groups

® Addition and change of
tool life management
data

® Deletion of tool life
management data

® Register of tool life count

type

e Life value

Inaprogram, tool life management datacan beregisteredinthe CNC unit,
and registered tool life management data can be changed or del eted.

A different program format isused for each of thefour typesof operations
described below.

After al registered tool lifemanagement dataisdel eted, programmed tool
life management data is registered.

Programmed tool life management data for a group can be added or
changed.

Programmed tool life management data for a group can be del eted.

Count types (time or frequency can be registered for individual groups.

Whether toal lifeisto be indicated by time (minutes) or by frequency, it
is set by aparameter LTM (No. 6800 #2) .
Maximum value of tool lifeis as follows.

In case of minute:4300(minutes)

In case of frequency :9999(times)
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Format

® Register with deleting
all groups

® Addition and change of
tool life management
data

® Deletion of tool life
management data

Format Meaning of command
G10L3; G10L3 :Register with deleting all groups
P_L_; P_  :Group number
T_H_D_; L_ :Life value
T HD_; T_  :Tool number

. H_  :Code specifying tool offset value
. (H code)
pL ! D_  :Code specifying tool offset value
THD (D code)
T HD_ G11 :End of registration
G11;
MO02 (M30) ;

Format Meaning of command
G10L3P1; G10L3P1 :Addition and change of group
P_L_; P_ :Group number
T HD_; L_ :Life value
T_HD_; T :Tool number

. H_ :Code specifying tool offset value
. (H code)

PL D_ :Code specifying tool offset value

T:H:D_ : (D code) N

THD : Gl1 :End of addition and change of

- - group
GlL;

MO02 (M30) ;

Format Meaning of command
Squ?’PZ ; G10L3P2 :Deletion of group
p - P_ :Group number
p - Gl1 :End of deletion of group
P_;

G11;
M02 (M30) ;
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® Setting atool life cout
type for groups

Format

Meaning of command

G10L3
or

G10L3P1);
PLOQ ;

G11;
M02 (M30) ;

Q_

. Life count type (1:Frequency, 2:Time)

CAUTION

1 When the Q command is omitted, the value setin bit 7 (LTM)
of parameter No.6800 is used as the life count type.

2 G10L3P1 and G10L3P2 can be specified only when the
extended tool life management function is enabled.
(Parameter EXT (N0.6801#6) = 1)
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10.2.3

Tool Life Management
Command in a
Machining Program

Explanations

e Command

The following command is used for tool life management:
TVVVV;-Specifies atool group number.

The tool life management function selects, from a specified group, a
tool whose life has not expired, and outputs its T code. In VVVV,
specify anumber cal culated by adding thetool life management cancel
number specified in parameter6810 to a group number. For example,
to set tool group 1 when the toaol life management cancel number is
100, specify T101;.

NOTE
When VVVYV is less than a tool life management cancel
number, the T code is treated as an ordinary T code.

MO6; Terminates life management for the previously used tools,
and begins counting the life of the new tools selected with
the T code.

WARNING

When an option for speciofying multiple M codes is
selected, specify this code by itself or as the first M code.

H99; Selectsthe H code of tool life management data for the tool
currently being used.
HOO; Cancels tool length offset
D9g; Selectsthe D code of tool life management data for the tool
currently being used.
DOo; Cancels cutter compensation
WARNING

H99 or D99 must be specified after the M06 command.
When a code other than H99 or D99 is specified after the
M06 command, the H code and D code of tool life
management data are not selected.
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® Types

Examples

® Tool change type A

For toal life management, the four tool change typesindicated below are
available. The type used varies from one machine to ancther. For details,
refer to the appropriate manual of each machinde tool builder.

Table 10.2.3 Tool Change Type

Tool change
type

A

B Cc

Tool group
number spe-
cified in the
same block
as the tool
change com-
mand (M06)

Previously
used tools

Tools to be used next

Tool life count
timing

Life counting is performed for a tool in the
specified tool group when MO06 is specified

Life counting
is performed

next. when a tool
in the tool
group speci-
fied in the
same block
as MO06 is
specified.
Remarks Normally, when a tool group | When only
number is specified by itself, | M06 is speci-
type B is used. However, no | fied, P/S
alarm is raised even if the alarm No.
tool group number is speci- 153 is
fied by itself as type C. issued.
Parameter No. 6800#7 No. 6800#7 (M6T)=1 No0.6801#7
(M6T)=0 No. 6801#7 (M6E)=0 (M6E)=1
No0.6801#7
(M6E)=0
NOTE

When a tool group number is specified and a new tool is
selected, the new tool selection signal is output.

Suppose that the tool life management cancel number is 100.

T101; A tool whose life has not expired is selected from group 1.
: (Suppose that tool number 010 is selected.)
MO6;  Tool life counting is performed for the tool in group 1.
: (The life of tool number 010 is counted.)
T102; A tool whose life has not expired is selected from group 2.
(Suppose that tool number 100 is selected.)
MO6T101; Tool life counting is performed for the tool in group 2.

(The life of tool number 100 is counted.)
The number of the tool currently used (in group 1) is
output with aT code signal. (Tool humber 010 is

output.)
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® Tool change type B
and C

® Tool change type D

Suppose that the tool life management ignore number is 100.

T101; A tool whose life has not expired is selected from group 1.
X (Suppose that tool number 010 is selected.)
MO6T102;Tool life counting is performed for the tool in group 1.
X (Thelife of tool number 010 is counted.)
X A tool whoselife has not expired is selected from group 2.
' (Suppose that toolnumber 100 is sel ected.
MO6T103;Tool life counting is Iperformed for the tool in group 2.
(Thelife of tool number 100 is counted.)
A tool whoselife has not expired is selected from group 3.
(Suppose that tool number 200 is selected.)

Suppose that the tool life management ignore number is 100.
T101MO6;A tool whose life has not expired is selected from group 1.
: (Suppose that tool number 010 is selected.)
Tool life counting is performed for the tool in group 1.
T102MO6;A tool whose life has not expired is selected from group 2.
(Suppose that tool number 100 is selected.)
Tool life counting is performed for the tool in group 2.

(The life of tool number 100 is counted.)
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10.2.4
Tool Life

Explanations

e Usage count

® Usage time

Thelife of atool is specified by ausage frequency (count) or usagetime
(in minutes).

The usage count is incremented by 1 for each tool used in a program.
In other words, the usage count is incremented by 1 only when the first
tool group number and tool change command are specified after the
CNC unit enters the automatic operation state from the reset state.

CAUTION
Even if the same tool group number is specified more than
once in a program, the usage count is only incremented by
1 and no new tools are selected.

When atool changeis specified (M06), toal life management is started
for the tools specified by the tool group number. In tool life
management, the time during which atool is used in the cutting mode
is counted in four second increments., If the tool group is changed
before the incremental time of four seconds elapses, the time is not
counted. The time atool is used for single block stop, feed hold, rapid
traverse, dwell, machine lock, and interlock is not counted.

NOTE

1 When a tool is selected from available tools, tools are
searched starting from the current tool towards the lasttool
to find a tool whose life has not expired. When thelast tool
is reached during this search, the search restartsfrom the
first tool. When it has been determined that there are no
tools whose life has not expired, the last tool is selected.
When the tool currently being used is changed by tool skip
signal, the next new tool is selected using the method
described here.

2 When tool life is counted by time, the life counting can be
overridden using the tool life count override signal. An
override from 0 to 99.9 can be applied. When 0 is specified,
time is not counted. Before the override capability can be
used, bit 2 of parameter LFV No0.6801 must be set.

3 When tool life counting indicates that the life of the last tool
in a group has expired, the tool change signal is output.
When tool life is managed by time, the signal is output when
the life of the last tool in the group has expired. When tool
life is managed by usage frequency (count), the signal is
output when the CNC unit is reset or the tool life count
restart M code is specified.
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AUXILIARY FUNCTION

General

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) for specifying index table
positioning.

When amove command and miscellaneous function are specified in the
same block, the commands are executed in one of the following two
ways.

i) Simultaneous execution of the move command and miscellaneous

function commands.

ii) Executing miscellaneous function commands upon completion of
move command execution.

The selection of either sequence depends on the machine tool builder’'s
specification. Refer to the manual issued by the machine tool builder for
details.

— 162 —



B—63534EN/02

PROGRAMMING 11. AUXILIARY FUNCTION

111
AUXILIARY
FUNCTION

(M FUNCTION)

Explanations

e MO02,M03
(End of program)

e MO0
(Program stop)

e MO1
(Optional stop)

e M98
(Calling of sub—
program)

e M99
(End of subprogram)

e M198 (Calling a
subprogram)

When a numera is specified following address M, code signal and a
strobe signal are sent to the machine. The machine uses these signals to
turn on or off its functions.

Usually, only one M code can be specified in one block. In some cases,
however, up to three M codes can be specified for sometypes of machine
tools.

Which M code corresponds to which machine function is determined by
the machine tool builder.

The machine processes all operations specified by M codes except those
specified by M98, M99,M 198 or called subprogram(Parameter No.6071
to 6079), or called custom macro (Parameter No.6080 to 6089). Refer to
the machine tool builder’s instruction manual for details.

The following M codes have special meanings.

This indicates the end of the main program

Automatic operation is stopped and the CNC unit is reset.

This differs with the machine tool builder.

After a block specifying the end of the program is executed,

control returns to the start of the program.

Bit 5 of parameter 3404 (M02) or bit 4 of parameter 3404 (M 30) can be
used to disable M02, M30 from returning control to the start of the
program.

Automatic operation isstopped after ablock containing M00 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 a subprogram. The code and strobe signals are
not sent. See the subprogram 11— 12.3 for details .

This code indicates the end of a subprogram.
M99 execution returns control to the main program. Thecodeand strobe
signals are not sent. See the subprogram section 12.3 for details.

Thiscodeisusedto call asubprogram of afileintheexternal input/output
function. Seethe description of the subprogram call function (111-4.7) for
details.

NOTE
The block following MO0, M01, M02, or M30 is not pre-read
(buffered). Similarly, ten M codes which do not buffer can
be set by parameters (Nos. 3411 to 3420). Refer to the
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

In general, only one M code can be specified in ablock. However, up to
three M codes can be specified at oncein ablock by setting bit 7 (M3B)
of parameter No. 3404 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 single M command in a single block, a
shorter cycle time can be realized in machining.

CNC allows up to three M codes to be specified in one block.
However, some M codes cannot be specified at the same time due to
mechanical operation restrictions. For 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.

MO0, M01, M02, M30, M98, M99, or M198 must not be specified
together with another M code.

Some M codes other than M0O, 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
operations in addition to sending the M codes themselves to the
machine. To be specified, such M codes are M codes for calling
program numbers 9001 to 9009 and M codes for disabling advance
reading (buffering) of subsequent blocks. Meanwhile, multiple of M
codes that direct the CNC only to send the M codes themselves
(without performing internal operations) can be specified in asingle
block.

One M command Multiple M commands
in asingle block in a single block

M40 ; M40M50M60 ;

M50 ; G28G91X0Y0Z0 ;

M60 ; :
G28G91X0Y0Z0 ;
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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 M100 and up are optional.

Group numbers can be set from 0 to 127. Note, however, that 0 and 1
have special 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
® Valid data range

® Specification

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. Toenablethe use of adecimal point, set bit 0 (AUP) of parameter
No0.3450 to 1.

Command Output value
B10. 10000
B10 10

2. Usebit O (DPI) of parameter No. 3401 to specify whether the
magnification for B output will be x 1000 or X 1 when a decimal
point is omitted.

Command Output value
DPI=1 Bl 1000
DPI=0 Bl 1

3. Usehit 0 (AUX) of parameter No. 3405 to specify whether the
magnification for B output will be x 1000 or x 10000 when a
decimal point is omitted for the inch Input system
(only when DPI=1).

Command Output value
AUX=1 Bl 10000
AUX=0 B1 1000

Addresses used for the second auxiliary functions (addresses specified
with B or parameter No. 3460) cannot be used as controlled axis names
(parameter No. 1020).
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PROGRAM CONFIGURATION

General

e 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’
\ I
Follow the dilrection of the E
subprogram '
Instruction n Y
Instruction n+1 :
v '
! 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
programs to operate the machine. See 111-9.3 or 111-10 in OPERATION
for the methods of registering and selecting programs.
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® Program components 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 —_{»% TITLE .
(| O0001;

(COMMENT) <

— Program start

Program section { — Comment section

% = Tape end

Fig. 12 (b) Program configuration

® Program section A program section consists of severa blocks. A program section starts
configuration with a program number and ends with a program end code.
Program section Program section
configuration
Program number 00001 ;
Block 1 N1 G91 GO0 X120.0 Y80.0 ;
Block 2 N2 G43 Z-32.0 HO1 ;
B-Iock n - Nn Z0 ;
Program end M30 ;

A block contains information necessary for machining, such as a move
command or coolant on/off command.Specifying a slash (/) at the start
of a block disables the execution of some blocks (see “optional block
skip” in 11-12.2).
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12.1
PROGRAM
COMPONENTS
OTHER THAN
PROGRAM
SECTIONS

Explanations

® Tape start

® | eader section

® Program start

This section describes program components other than program sections.
See 11-12.2 for a program section.

.I.— Leader section

Tape start—{»% TITLE i <— Program start
(| 00001 ;

Program section 4 (COMMENT) <« Comment section

=~ Tape end

Fig. 12.1 (a) Program configuration

The tape start indicates the start of afile that contains NC programs.
The mark is not required when programs are entered using SY STEM P
or ordinary personal computers. The mark isnot displayed on the screen.
However, if thefileis output,the mark is automatically output at the start
of thefile.

Table 12.1 (a) Code of atape start

Name ISO code EIA code Notation in this manual

Tape start % ER %

Data entered before the programs in 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 aleader sectionisskipped, evenaTV parity check isnot made. So
aleader section can contain any codes except the EOB code.

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 aways 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 code EIA code Notation in this manual

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.

Any information enclosed by the control—out and control-in codes is
regarded as a comment.

The user can enter aheader, comments, directions to the operator, etc. in
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
A areignored, and thus are not read into memory.

When data in memory is output on external /O device(See 111-8), the
comment sections 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 output 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 is not displayed on the 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

ISO code

EIA code

Notation in this manual

Tape end

%

ER

%
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12.2 This section describes elements of a program section. See 11-12.1 for
PROGRAM SECTION program components other than program sections.

CONFIGURATION

% TITLE;

y
(| ©O0001 ;
N1... ;

* . Sequence number
(COMMENT) <——1— Comment section

Program number

Program section {

T Program end

%

Fig. 12.2 (a) Program configuration

® Program number 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.
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 is used, the lower four
digits are registered as a program number. If the lower four digits are 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 I11-8.4 or 111-10.1)

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 iscalled a
block. One block is separated from another with an EOB of end of block
code.

Table 12.2 (a) EOB code

Name ISO code EIA code Notation in this manual

End of block (EOB) LF CR

At the head of a block, a sequence number consisting of address N
followed by a nhumber not longer than five digits (1 to 99999) can be
placed. Sequence numbers can be specified in a random 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 is made for ablock oninput tape verticaly. 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 partsthat are skipped by the
label skip function. Bit1(CTV) of parameter No. 0100 isused to specify
whether comments enclosed in parentheses are counted as characters
during TV check. The TV check function can be enabled or disabled by
setting on the MDI unit (See 111-11.4.3.).
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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 some digitslong. (The plussign (+) 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 oy Program number
Sequence number N Sequence number
Preparatory function G Specifies a motion mode (linear, arc,
etc.)
Dimension word X, Y, Z,U, Coordinate axis move command
V,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.
Offset number D,H Offset number
Dwell P, X Dwell time
Program number P Subprogram number
designation
Number of P Number of subprogram repetitions
repetitions
Parameter P, Q Canned cycle parameter
NOTE

(D In ISO code, the colon (:) can also be used as the address
of a program number.

N_ G_ X_ Y_ F_ S_ T M_ :
. . indl
Sequence Ppreparatory Dimension Feed— fgég%e Tool Miscellaneous
number  fynction word function " function  function

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 totaly 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 oD 1-9999 1-9999
Sequence number N 1-99999 1-99999
Preparatory function G 0-99 0-99
Dimen- | Increment X, Y, Z, +99999.999mm +9999.9999inch
sion system IS-B | U, V, W,
word A, B, C, )

Increment I J KR +9999.9999mm +999.99999inch
systemIS-C | "
Feed Increment F 1-240000mm/min | 0.01-9600.00
per system IS-B inch/min
minute -
Increment 1-100000mm/min | 0.01-4000.00
system IS-C inch/min
Feed per revolution F 0.001-500.00 0.0001-9.9999
mm/rev inch/rev
Spindle speed function |S 0—-20000 0—-20000
Tool function T 0-99999999 0-99999999
Auxiliary function M 0-99999999 0-99999999
B 0-99999999 0-99999999
Offset number H, D 0-400 0-400
Dwell Increment X, P 0-99999.999s 0-99999.999s
system IS-B
Increment 0-9999.9999s 0-9999.9999s
system IS-C
Designation of a pro- P 1-9999 1-9999
gram number
Number of subprogram | P 1-999 1-999
repetitions

NOTE

(D 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 n is specified is ignored in DNC
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;
Thisfunction isignored when programs are loaded 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 a slash
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 The end of aprogram isindicated by programming one of the following
codes at the end of the program:

Table 12.2 (d) Code of a program end

Code

Meaning usage

M02

M30

For main program

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 “Optional block skip”.)
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12.3 If aprogram containsafixed sequenceor frequently repeated pattern, such

SUBPROGRAM asequenceor pattern can bestored asasubprogramin memory to simplify
the program.

(M 98, M99) A subprogram can be called from the main program.

A called subprogram can also call another subprogram.
Format

® Subprogram
configuration

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 ;

® Subprogram call

M98 P__ OO0 OOOO;
) )
Number of times Subprogram number
the subprogram is
called repeatedly

When no repetition data is specified, the subprogram is called just once.

Explanations 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 Subprogram Subprogram Subprogram Subprogram
00001 ; 01000, / 02000, / 03000 ; / 04000 ;
M98P1000 ; M98P2000 ; M98P3000 ; M98P4000
M30 ; \ M99 ; \ M99 ; \ M99 ; \ M99 ;

(One—levelnesting)  (Two—levelnesting) (Three—levelnesting) (Four—levelnesting)

A single call command can repeatedly call asubprogram up to 999 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.

® Reference See [11-10 for the method of registering a subprogram.
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Examples

NOTE

1 The M98 and M99 code signal and strobe signal are not
output to the machine tool.

2 Ifthe subprogram number specified by address P cannot be
found, an alarm (No. 078) is output.

* 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.

% X1000.0 M98 P1200 ;

This example calls the subprogram (number 1200) after an X movement.

% Execution sequence of subprograms called from a main program

Main program 12 3 Subprogram
NO010 ... ; 01010 ... ;
NO0020 ... ; N1020 ... ;
NO030 M98 P21010 ; N1030 ... ;
NO040 ... ; N1040 ... ;
NO050 M98 P1010 ; N1050 ... ;
NO060 ... ; N1060 ... M99 ;

A subprogram can call another subprogram in the same way as a main pro-
gram calls a subprogram.
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Special Usage

® Specifying the sequence
number for the return
destination in the main
program

® Using M99 in the main
program

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 inamodeother
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 ... ;

N0030 M98 P1010 ; N1030 ... ;

N0040 ... ; N1040 ...;

NOO050 ... ; N1050 ... ;

NOO60 ...; = N1060 M99 P0060 ;

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 is skipped
; 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.

NO0010 ... ;
N0020 ... ;
NO0030 ... ;
N0040 ... ;
NOO50 ... ;

/' N0060 M99 P0030 ;
NOO70 ... ; -
NO080 M02 ;

Optional block skip
OFF

Optional block
skip
ON
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® Using a subprogram only

A subprogram can be executed just like amain program by searching for
the start of the subprogram with the MDI.

(See 111-9.3 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 MO2 : 8ﬁlt|onal block skip

N1050 M99 P1020; <
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12.4
8-DIGIT PROGRAM
NUMBER

Explanations

e Disabling 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 disabled.

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 111-9.9), the settings of NE9 (bit 3 of
parameter No. 3202) and PRGO9E (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.”

Special subprogram numbers can be changed by using bit 5 (SPR) of
parameter No. 3204.

1) Macro cdl 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 data function

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
[1-18) 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.

The eight—digit program number cannot be used in DNC1, DNC2,
Ethernet, data server, open CNC, and graphic conversation functions.
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FUNCTIONS TO SIMPLIFY PROGRAMMING

General This chapter explains the following items:

13.1 CANNED CYCLE

13.2 RIGID TAPPING

13.3 CANNED GRINDING CYCLE (FOR GRINDING MACHINE)

13.4 GRINDING WHEEL WEAR COMPENSATION BY
CONTINUOUS DRESSING (FOR GRINDING MACHINE)

135 AUTOMATIC GRINDING WHEEL DIAMETER
COMPENSATION AFTER DRESSING

13.6  IN-FEED GRINDING ALONG THE Y AND Z AXES AT THE END
OF TABLE SWING (FOR GRINDING MACHINE)

13.7 OPTIONAL ANGLE CHAMFERING AND CORNER ROUNDING

13.8  EXTERNAL MOTION FUNCTION

13.9 FIGURE COPY (G72.1, G72.2)

13.10 THREE-DIMENSIONAL COORDINATE CONVERSION
(G68, G69)

13.11 INDEX TABLE INDEXING FUNCTION
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13.1 Canned cycles make it easier for the programmer to create programs.
With le, af I hini i
CANNED CYCLE ith a canned cycle, a frequently—used machining operation can be

specified in a single block with a G function; without canned cycles,
normally more than one block isrequired. In addition, the use of canned
cycles can shorten the program to save memory.

Table 13.1 (a) lists canned cycles.

Table 13.1 (a) Canned cycles

- . . Operation at the . . . o
G code | Drilling(-Zdirection) bottom of a hole Retraction(+Z direction) Application

G73 Intermittent feed - Rapid traverse High—speed peck drilling
cycle

G74 Feed Dwell—Spindle CW Feed Left—hand tapping cycle

G76 Feed Oriented spindle Rapid traverse Fine boring cycle

stop

G80 - - - Cancel

G81 Feed - Rapid traverse Drilling cycle, spot drilling
cycle

G82 Feed Dwell Rapid traverse Drilling cycle, counter boring
cycle

G83 Intermittent feed - Rapid traverse Peck drilling cycle

G84 Feed Dwell—Spindle Feed Tapping cycle

CCW

G85 Feed - Feed Boring cycle

G86 Feed Spindle stop Rapid traverse Boring cycle

G87 Feed Spindle CW Rapid traverse Back boring cycle

G88 Feed Dwell—spindle stop Manual Boring cycle

G89 Feed Dwell Feed Boring cycle
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Explanations

e Positioning plane

e Drilling axis

A canned cycle consists of a sequence of six operations (Fig. 13.1 (a)

Operation 1 Positioning of axes X and Y
(including also another axis)

Operation 2 Rapid traverse up to point R level

Operation 3 Hole machining

Operation 4 Operation at the bottom of a hole

Operation 5 Retraction to point R level

Operation 6 Rapid traverse up to the initial point

Operation 1
......... »O O < Initial level

~— Operation 6

Operation 2 —>

Point R level ?

«— Operation 5
Operation3 —

¢

_ / - - - -» Rapid traverse
Operation 4 ——> Feed

Fig. 13.1 Canned cycle operation sequence

The positioning plane is determined by plane selection code G17, G18,
or G19.
The positioning axis is an axis other than the drilling 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.

The drilling axis is a basic axis (X, Y, or Z) not used to define the
positioning plane, or any axis paralel to that basic axis.

Theaxis(basic axisor parallel axis) used asthedrilling axisisdetermined
according to the axis address for the drilling axis specified in the same
block as G codes G73 to G89.

If no axis address is specified for the drilling axis, the basic axis is
assumed to be the drilling axis.

Table 13.1 (b) Positioning plane and drilling axis

G code Positioning plane Drilling axis
G17 Xp-Yp plane Zp
G18 Zp—Xp plane Yp
G19 Yp-Zp plane Xp

Xp : X axis or an axis parallel to the X axis
Yp : Y axis or an axis parallel to the Y axis
Zp : Z axis or an axis parallel to the Z axis
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Examples

® Travel distance along the

drilling axis G90/G91

e Drilling mode

Assume that the U, V and W axes be parallel to the X, Y, and Z axes
respectively. This condition is specified by parameter No. 1022.

G17 G81......... Z _ . The Z axis is used for drilling.
G17 G81......... W __ : The W axis is used for drilling.
G18 G81......... Y __:The Y axis is used for drilling.
G18 G81......... V __ :The V axis is used for drilling.
G19 G81......... X __: The X axis is used for drilling.
G19 G81......... U __ :The U axis is used for drilling.

G17 to G19 may be specified in ablock in which any of G73 to G89 is
not specified.

WARNING
Switch the drilling axis after canceling a canned cycle.

NOTE
A parameter FXY (No. 6200 #0) can be set to the Z axis
always used as the drilling axis. When FXY=0, the Z axis
is always the drilling axis.

The travel distance along the drilling axis varies for G90 and G91 as
follows:

G90 (Absolute Command) G91 (Incremental Command)

. _—r
. 7 Point Z
Pointz —

G73, G74, G76, and G81 to G89 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.
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® Return point level
G98/G99

® Repeat

e Cancel

® Symbols in figures

When the tool reaches the bottom of a hole, the tool may be returned to
point Ror totheinitial level. These operationsare specified with G98 and
G99. Thefollowing 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

oint R level

o———Pg

Torepeat 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 (G91).

If it is specified in absolute mode (G90), drilling is repeated at the same
position.

Number of repeats K The maximum command value = 9999

If KO is specified, drilling data is stored, but drilling is not performed.

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 or helical interpolation (CW)

G03 : Circular interpolation or helical interpolation (CCW)

G60 : Single direction positioning (when the MDL bit (bit O of
parameter 5431) isset to 1)

Subsequent sections explain the individual canned cycles. Figures in
these explanations use the following symbols:

Positioning (rapid traverse G0O0)
Cutting feed (linear interpolation G01)

Manual feed

——

—_—

w

Oriented spindle stop
P

(The spindle stops at a fixed rotation position)
Shift (rapid traverse G00)
Dwell
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13.1.1 This cycle performs high—speed peck drilling. It performs intermittent
High—Speed Peck cutting feed to the bottom of a hole while removing chips from the hole.

Drilling Cycle (G73)

Format

G73X_Y_Z R_Q_F_K_;

X_Y_: Hole position data

Z_ : The distance 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

F_ : Cutting feedrate

K_ : Number of repeats (if required)

G73 (G98) G73 (G99)
Initial level
l | |
| | I
Point R | Point R Point R level
ontR Y | Y °
J ]
0 T
q d l q p :
Y| |  Z | |
: |
A  \
‘ ' d | d | d I
Y | I Y | I
| |
| ] |
Y | Y :
\ | \ I
\ | \ I
\ : % |
I 6 &
Point Z Point Z
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Explanations

Limitations

® Axis switching

® Drilling
*Q
e Cancel

® Tool offset

Examples

The high—speed peck drilling cycle performs intermittent feeding along
the Z—axis. When thiscycleis used, chips can beremoved from the hole
easily, and asmaller value can be set for retraction. Thisalows, drilling
to be performed efficiently. Set the clearance, d, in parameter 5114.
Thetool isretracted in rapid traverse.

Before specifying G73, rotate the spindle using amiscellaneous function
(M code).

When the G73 code and an M code are specified in the same block, the
M code is executed at the time of the first positioning operation. The
system then proceeds to the next drilling operation.

When K is used to specify the number of repests, the M codeis executed
for the first hole only; for the second and subsequent holes, the M code
is not executed.

When atool length offset (G43, G44, or G49) is specified in the canned
cycle, the offset is applied at the time of positioning to point R.

Before the drilling axis can be changed, the canned cycle must be
canceled.

In ablock that does not contain X, Y, Z, R, or any other axes, drilling is
not performed.

Specify Q in blocksthat perform drilling. If they are specified in ablock
that does not perform drilling, they cannot be stored as modal data.

Do not specify a G code of the 01 group (GO0 to GO3 or G60 (when the
MDL bit (bit O of parameter 5431) isset to 1)) and G73in asingle block.
Otherwise, G73 will be canceled.

In the canned cycle mode, tool offsets are ignored.
M3 S2000 ; Cause the spindle to start rotating.

G90 G99 G73 X300. Y-250. Z-150. R-100. Q15. F120. ;
Position, drill hole 1, then return to point R.

Y-550. ; Position, drill hole 2, then return to point R.

Y-750. ; Position, drill hole 3, then return to point R.

X1000. ; Position, drill hole 4, then return to point R.

Y-550. ; Position, drill hole 5, then return to point R.

G98 Y-750. ; Position, drill hole 6, then return to the initial
level.

G80 G28 G91 X0 YO0 Z0 ; Return to the reference position return

M5 ; Cause the spindle to stop rotating.
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13.1.2
Left—Handed Tapping
Cycle (G74)

Format

Explanations

This cycle performs left—handed tapping. In the left—handed tapping
cycle, when the bottom of the hole has been reached, the spindle rotates
clockwise.

G714 X_Y_Z_R_P_F_K_;

X_Y_: Hole position data
Z_ : The distance from point R to the bottom of the hole
R_ : The distance from the initial level to point R level
P_ : Dwelltime

F_ : Cutting feedrate

K_ : Number of repeats (if required)

G74 (G98) G74 (G99)
Initial level
’.? 2 >? Spindle
: : Spindl : ccw
pindle
,/ CCW _ v/
Point R P Point R * Point R level

P*\ Point Z Pi l Point Z
Spindle CW \

Spindle CW

Tapping isperformed by turning the spindle counterclockwise. Whenthe
bottom of the hole has been reached, the spindleisrotated clockwise for
retraction. This creates areverse thread.

Feedrate overrides are ignored during left—handed tapping. A feed hold
does not stop the machine until the return operation is compl eted.
Before specifying G74, use a miscellaneous function (M code) to rotate
the spindle counterclockwise.

When the G74 command and an M code are specified in the same block,
the M codeis executed at the time of thefirst positioning operation. The
system then proceeds to the next drilling operation.

When K is used to specify the number of repests, the M codeis executed
for the first hole only; for the second and subsequent holes, the M code
is not executed.

When atool length offset (G43, G44, or G49) is specified in the canned
cycle, the offset is applied at the time of positioning to point R.
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Limitations

® Axis switching

® Drilling
o P
e Cancel

® Tool offset

® Subprogram call

Examples

Before the drilling axis can be changed, the canned cycle must be
canceled.

In ablock that does not contain X, Y, Z, R, or any other axes, drilling is
not performed.

Specify Pinblocksthat performdrilling. If itisspecifiedinablock that
does not perform drilling, it cannot be stored as modal data.

Do not specify a G code of the 01 group (GO0 to GO3 or G60 (when the
MDL bit (bit O of parameter 5431) isset to 1)) and G74 in asingle block.
Otherwise, G74 will be canceled.

In the canned cycle mode, tool offsets are ignored.
In the canned cycle mode, specify the subprogram call command

M98P_in an independent block.

M4 S100 ; Cause the spindle to start rotating.
G90 G99 G74 X300. Y-250. Z-150. R-120. F120. ;
Position, tapping hole 1, then returnto point R.

Y-550. ; Position, tapping hole 2, then return to point R.
Y-750. ; Position, tapping hole 3, then return to point R.
X1000. ; Position, tapping hole 4, then returnto point R.
Y-550. ; Position, tapping hole 5, then return to point R.
G98 Y-750. ; Position, tapping hole 6, then return to the
initial level.
G80 G28 G91 X0 YO Z0 ; Return to the reference position return
M5 ; Cause the spindle to stop rotating.
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13.1.3 Thefineboring cycle boresahole precisely. When the bottom of the hole
: ; has been reached, the spindle stops, and the tool is moved away from the
Fine Boring Cycle machined surface of the workpiece and retracted.
(G76)
Format

G716 X_Y_Z R_Q_P_F_K_;

X_Y_: Hole position data

Z_ : The distance from point R to the bottom of the hole
R_ : The distance from the initial level to point R level
Q_ : Shift amount at the bottom of a hole

P_ : Dwell time at the bottom of a hole

F_ : Cutting feedrate

K_ : Number of repeats (if required)

G76 (G98) G76 (G99)

% Spindle CW %
Oriented spindle stop ——><i><;:|$ Initial level >? Spindle CW
| | / PointR
Point R % level

|
PointR% l

f

|

I P

IPointZ —> ;
= g~ {Point Z

P
q

—————>o

Shift amount q

WARNING
Q (shift at the bottom of a hole) is a modal value retained
within canned cycles. It must be specified carefully because
it is also used as the depth of cut for G73 and G83.
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Explanations

Limitations

® Axis switching

® Boring

® P/Q

e Cancel

® Tool offset

® Subprogram call

Examples

When the bottom of the hole has been reached, the spindle is stopped at
thefixed rotation position, and thetool ismoved in the direction opposite
tothetool tip and retracted. Thisensuresthat the machined surfaceisnot
damaged and enables precise and efficient boring to be performed.
Before specifying G76, use a miscellaneous function (M code) to rotate
the spindle.

When the G76 command and an M code are specified in the same block,
the M codeis executed at the time of thefirst positioning operation. The
system then proceeds to the next operation.

When K is used to specify the number of repeats, the M codeis executed
for thefirst hole only; for the second and subsequent holes, the M code
is not executed.

When atool length offset (G43, G44, or G49) is specified in the canned
cycle, the offset is applied at the time of positioning to point R.

Before the drilling axis can be changed, the canned cycle must be
canceled.

Inablock that does not contain X, Y, Z, R, or any additional axes, boring
is not performed.

Be sureto specify apositivevauein Q. If Q isspecified with anegative
value, the sign isignored. Set the direction of shift in bits4 (RD1) and
5 (RD2) of parameter 5101. Specify P and Q in a block that performs
boring. If they are specified in ablock that does not perform boring, they
are not stored as modal data.

Do not specify a G code of the 01 group (GO0 to GO3 or G60 (when the
MDL bit (bit O of parameter 5431) isset to 1)) and G76 in asingle block.
Otherwise, G76 will be canceled.

In the canned cycle mode, tool offsets are ignored.

In the canned cycle mode, specify the subprogram call command
M98P_in an independent block.

M3 S500 ; Cause the spindle to start rotating.

G90 G99 G76 X300. Y-250. Position, borehole 1, then returnto point R.

Z-150. R-120. Q5. Orient at the bottom of the hole, then shift
by 5 mm.

P1000 F120. ; Stop at the bottom of the hole for 1 s.

Y-550. ; Position, drill hole 2, then return to point R.

Y-750. ; Position, drill hole 3, then return to point R.

X1000. ; Position, drill hole 4, then return to point R.

Y-550. ; Position, drill hole 5, then return to point R.

G98 Y-750. ; Position, drill hole 6, then return to the initial
level.

G80 G28 G91 X0 YO Z0; Return to the reference position return

M5 ; Cause the spindle to stop rotating.
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13.14
Drilling Cycle, Spot
Drilling (G81)

Format

Explanations

This cycleis used for normal drilling. Cutting feed is performed to the
bottom of the hole. Thetool isthen retracted from the bottom of the hole
in rapid traverse.

G81X_Y_Z R_F_K_;

X_Y_: Hole position data

Z_ . The distance from point R to the bottom of the hole

R_ : The distance from the initial level to point R level
F_ : Cutting feedrate
K_ : Number of repeats (if required)
G81 (G98) G81 (G99)
Initial level
[ |
[ I
Point R % : PointR% *PointRlevel
|
| |
[ :
O Point Z &) Point Z

After positioning along the X—and Y —axes, rapid traverse is performed
to point R.

Drilling is performed from point R to point Z.

Thetool isthen retracted in rapid traverse.

Before specifying G81, use a miscellaneous function (M code) to rotate
the spindle.

When the G81 command and an M code are specified in the same block,
the M codeis executed at the time of thefirst positioning operation. The
system then proceeds to the next drilling operation.

When K isused to specify the number of repeats, the M codeis performed
for the first hole only; for the second and subsequent holes, the M code
is not executed.

When atool length offset (G43, G44, or G49) is specified in the canned
cycle, the offset is applied at the time of positioning to point R.
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Restrictions

® Axis switching

® Drilling

e Cancel

e Tool offset

Examples

Before the drilling axis can be changed, the canned cycle must be
canceled.

In ablock that does not contain X, Y, Z, R, or any other axes, drilling is
not performed.

Do not specify a G code of the 01 group (GO0 to GO3 or G60 (when the
MDL bit (bit O of parameter 5431) isset to 1)) and G81 in asingle block.
Otherwise, G81 will be canceled.

In the canned cycle mode, tool offsets are ignored.
M3 S2000 ; Cause the spindle to start rotating.

G90 G99 G81 X300. Y-250. Z-150. R-100. F120. ;
Position, drill hole 1, then return to point R.

Y-550. ; Position, drill hole 2, then return to point R.

Y-750. ; Position, drill hole 3, then return to point R.

X1000. ; Position, drill hole 4, then return to point R.

Y-550. ; Position, drill hole 5, then return to point R.

G98 Y-750. ; Position, drill hole 6, then return to the initial
level.

G80 G28 G91 X0 YO Z0 ; Return to the reference position return

M5 ; Cause the spindle to stop rotating.
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13.1.5
Drilling Cycle Counter
Boring Cycle (G82)

Format

Explanations

This cycleisused for normal drilling.

Cutting feedisperformed to the bottom of thehole. Atthebottom, adwell
is performed, then the tool is retracted in rapid traverse.

This cycleisused to drill holes more accurately with respect to depth.

G82X_Y_Z R_P_F_K_;

_: Hole position data

. The distance from point R to the bottom of the hole
. The distance from the initial level to point R level

. Dwell time at the bottom of a hole

. Cutting feed rate

. Number of repeats (if required)

XI'I'II'UI;UINIX
<

G82 (G98) G82 (G99)

Initial level

T %

:
}

Point R

o——t+————

|

|

|

Point Z i
P

After positioning along the X— and Y —axes, rapid traverse is performed
to point R.

Drilling is then performed from point R to point Z.

When the bottom of the hole has been reached, adwell isperformed. The
tool isthen retracted in rapid traverse.

Before specifying G82, use a miscellaneous function (M code) to rotate
the spindle.

When the G82 command and an M code are specified in the same block,
the M codeis executed at the time of thefirst positioning operation. The
system then proceeds to the next drilling operation.

When K is used to specify the number of repests, the M codeis executed
for thefirst hole only; for the second and subsequent holes, the M code
is not executed.

When atool length offset (G43, G44, or G49) is specified in the canned
cycle, the offset is applied at the time of positioning to point R.
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Restrictions

® Axis switching

® Drilling
o P
e Cancel

o Tool offset

® Subprogram call

Examples

Before the drilling axis can be changed, the canned cycle must be
canceled.

In ablock that does not contain X, Y, Z, R, or any other axes, drilling is
not performed.

Specify Pin blocksthat perform drilling. If it isspecified in ablock that
does not perform drilling, it cannot be stored as modal data.

Do not specify a G code of the 01 group (GO0 to GO3 or G60 (when the
MDL bit (bit O of parameter 5431) isset to 1)) and G81 in asingle block.
Otherwise, G81 will be canceled.

In the canned cycle mode, tool offsets are ignored.

In the canned cycle mode, specify the subprogram call command
M98P_in an independent block.

M3 S2000 ; Cause the spindle to start rotating.

G90 G99 G82 X300. Y-250. Z-150. R—100. P1000 F120. ;
Position, drill hole 2, and dwell for 1 s at the
bottom of the hole, then return to point R.

Y-550. ; Position, drill hole 2, then return to point R.
Y-750. ; Position, drill hole 3, then return to point R.
X1000. ; Position, drill hole 4, then return to point R.
Y-550. ; Position, drill hole 5, then return to point R.
G98 Y-750. ; Position, drill hole 6, then return to the initial
level.
G80 G28 G91 X0 YO Z0 ; Return to the reference position return
M5 ; Cause the spindle to stop rotating.
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13.1.6
Peck Drilling Cycle
(G83)

Format

Explanations

This cycle performs peck drilling.
It performs intermittent cutting feed to the bottom of a hole while
removing shavings from the hole.

G83X_Y_Z R_Q_F_K_;
X_Y_: Hole position data
Z_ . The distance 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
F_ : Cutting feedrate
K_ : Number of repeats (if required)
G83 (G98) G83 (G99)
Initial level
- >0 A i a®
Point R ¥ . Point R ¥ Point R level
) W ) N W
q {:"-:¢d q &:'w:&d
L] . [] [] n [
- et N
g N B 1 g T 1
1 R
q ' q !
Y . i Y ! i
I Point Z I Point Z

Q represents the depth of cut for each cutting feed. It must always be
specified as an incremental value.

In the second and subsequent cutting feeds, rapid traverse is performed
up to ad point just before where the last drilling ended, and cutting feed
is performed again. d is set in parameter (No.5115).

Be sure to specify apositive valuein Q. Negative values are ignored.
Before specifying G83, use a miscellaneous function (M code) to rotate
the spindle.

When the G83 command and an M code are specified in the same block,
the M codeis executed at the time of thefirst positioning operation. The
system then proceeds to the next drilling operation.

When K is used to specify the number of repeats, the M codeis executed
for the first hole only; for the second and subsequent holes, the M code
is not executed.

When atool length offset (G43, G44, or G49) is specified in the canned
cycle, the offset is applied at the time of positioning to point R.
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Limitations

® Axis switching

® Drilling
*Q
e Cancel

® Tool offset

Examples

Before the drilling axis can be changed, the canned cycle must be
canceled.

In ablock that does not contain X, Y, Z, R, or any other axes, drilling is
not performed.

Specify Qin blocksthat perform drilling. If they are specified in ablock
that does not perform drilling, they cannot be stored as modal data.

Do not specify a G code of the 01 group (GO0 to GO3 or G60 (when the
MDL bit (bit O of parameter 5431) isset to 1)) and G82 in asingle block.
Otherwise, G82 will be canceled.

In the canned cycle mode, tool offsets are ignored.
M3 S2000 ; Cause the spindle to start rotating.

G90 G99 G83 X300. Y-250. Z-150. R-100. Q15. F120. ;
Position, drill hole 1, then return to point R.

Y-550. ; Position, drill hole 2, then return to point R.

Y-750. ; Position, drill hole 3, then return to point R.

X1000. ; Position, drill hole 4, then return to point R.

Y-550. ; Position, drill hole 5, then return to point R.

G98 Y-750. ; Position, drill hole 6, then return to the initial
level.

G80 G28 G91 X0 YO0 Z0 ; Return to the reference position return

M5 ; Cause the spindle to stop rotating.
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13.1.7
Small-Hole Peck
Drilling Cycle (G83)

Format

An arbor with the overload torgque detection function isused to retract the
tool when the overload torgque detection signal (skip signal) is detected
during drilling. Drilling is resumed after the spindle speed and cutting
feedrateare changed. These stepsarerepeated in thispeck drilling cycle.

The mode for the small-hole peck drilling cycle is selected when the M
code in parameter 5163 is specified. The cycle can be started by
specifying G83 in this mode. This mode is canceled when G80 is
specified or when areset occurs.

G83X Y Z R Q F_I_K_P_;
X_Y_: Hole position data
Z_ : Distance from point R to the bottom of the hole
R_ : Distance from the initial level to point R
Q_ : Depth of each cut
F_ : Cutting feedrate
|_: Forward or backward traveling speed (same format as F above)
(If this is omitted, the values in parameters No.5172 and No.5173 are
assumed as defaults.)
K_ : Number of times the operation is repeated (if required)
P_ : Dwell time at the bottom of the hole
(If this is omitted, PO is assumed as the default.)

G83(G98) G83(G99)

% Initial level %
- >0 A i
! Point R ! Point R
I A I A
Q L Q
A Ya 1
_X A Y :A
Overload torque YA Overlc%ue A
O~ PointZ O+ $oint Z
Dwell Dwell

A : Initial clearance when the tool is retracted to point R and the clearance
from the bottom of the hole in the second or subsequent drilling
(parameter 5174)

Q : Depth of each cut

- -» Path along which the tool travels at the rapid traverse rate

—>» Path along which the tool travels (forward or backward) at the rapid
( - -») traverse rate during the cycle specified with parameters

—>» Path along which the tool travels at the programmed cutting feedrate
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Explanations

e Component operations
of the cycle

® Specifying an M code

® Specifying a G code

e Signal indicating that the
cycleis in progress

® Overload torque
detection signal

*Positioning along the X—axis and Y—axis

*Positioning at point R along the Z—axis

*Drilling along the Z—axis (first drilling, depth of cut Q, incremental)
Retraction (bottom of the hole — small clearance A, incremental)
Retraction (bottom of the hole — point R)
Advance (point R — point at a height of clearance A from the bottom of
the hole)
Drilling (second or subsequent drilling, depth of cut Q + A, incremental)

*Dwell

*Return to point R (or initial level) along the Z—axis, cycle end

Acceleration/deceleration during advancing and retraction is controlled
according to the cutting feed acceleration/deceleration time constant.
When retraction is performed, the position is checked at point R.

When the M code in parameter 5163 is specified, the system enters the
mode for the small-hole peck drilling cycle.

ThisM code does not wait for FIN. Care must betakenwhenthisM code
is specified with another M code in the same block.

(Example) MOLCIMO03; — Waits for FIN.
M03 MI[]; — Does not wait for FIN.

When G83is specified inthe modefor the small-hole peck drilling cycle,
the cycleis started.

This continuous-state G code remains unchanged until another canned
cycleis specified or until the G code for cancelling the canned cycle is
specified. This eliminates the need for specifying drilling data in each
block when identical drilling is repeated.

Inthiscycle, the signa indicating that the small-hole peck drilling cycle
isin progress is output after the tool is positioned at the hole position
along the axes not used for drilling. Signal output continues during
positioning to point R along the drilling axisand terminates upon areturn
to point R or the initial level. For details, refer to the manua of the
machine tool builder.

A skip signal is used as the overload torque detection signal. The skip
signal is effective while the tool is advancing or drilling and the tool tip
is between points R and Z. (Thesignal causes aretraction). For details,
refer to the manual of the machine tool builder.
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e Changing the drilling
conditions

e Advance and retraction

In asingle G83 cycle, drilling conditions are changed for each drilling
operation (advance — drilling — retraction). Bits 1 and 2 of parameter
OLS, NOL No. 5160 can be specified to suppress the change in drilling
conditions.

1. Changing the cutting feedrate
The cutting feedrate programmed with the F code is changed for each
of the second and subsequent drilling operations. In parameters
No0.5166 and N0.5167, specify the respective rates of change applied
when the skip signal is detected and when it is not detected in the
previous drilling operation.

Cutting feedrate =Fxa

<First drilling> o=1.0
<Second or subsequent drilling> oa=axf+ 100, where B is the rate of
change for each drilling operation

When the skip signal is detected during the previous drilling operation
:B=b1%(parameter No. 5166)

When the skip signal is not detected during the previous drilling
operation: f=b2%(parameter No. 5167)

If therate of changein cutting feedrate becomes smaller than therate
specified in parameter 5168, the cutting feedrate is not changed.
The cutting feedrate can be increased up to the maximum cutting
feedrate.

2. Changing the spindle speed
The spindle speed programmed with the S codeis changed for each of
the second and subsequent advances. In parameters 5164 and 5165,
specify theratesof change applied when the skip signal isdetected and
when it is not detected in the previous drilling operation.

Spindle speed =Sxy

<First drilling> y=1.0
<Second or subsequent drilling> y=vxd+ 100, where § is the rate of
change for each drilling operation

When the skip signal is detected during the previous drilling operation
:B=b1%(parameter No. 5164)

When the skip signal is not detected during the previous drilling
operation: =b2%(parameter No. 5165)

When the cutting feedrate reachesthe minimumrate, the spindle speed
is not changed. The spindle speed can be increased up to a value
corresponding to the maximum value of S analog data.

Advancing and retraction of thetool are not executed in the same manner
as rapid—traverse positioning. Like cutting feed, the two operations are
carried out asinterpol ated operations. The speedissubjected to exponen—
tial acceleration/deceleration. Note that the tool life management func—
tion excludes advancing and retraction from the calculation of the tool
life.
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® Specifying address |

® Functions that can be
specified

® Single block

® Feedrate override

® Custom macro interface

Restrictions

® Subprogram call

The forward or backward traveling speed can be specified with address
| in the same format as address F, as shown below:

G83 11000 ; (without decimal point)

G8311000.; (withdecimal point)
Both commands indicate a speed of 2000 mm/min.

Address | specified with G83 in the continuous—state mode continues to
be valid until G80 is specified or until areset occurs.

In this canned cycle mode, the following functions can be specified:

- Hole position on the X—axis, Y—axis, and additional axis

- Operation and branch by custom macro

- Subprogram (hole position group, etc.) calling

- Switching between absolute and incremental modes

- Coordinate system rotation

- Scaling (This command will not affect depth of cut Q or small clearance
di.)

- Dry run

- Feed hold

When single-block operation is enabled, drilling is stopped after each
retraction.

The feedrate override function works during cutting, retraction, and
advancing in the cycle.

The number of retractions made during cutting and the number of
retractions made in response to the overload signa received during
cutting can be output to custom macro common variables (#100 to #149)
specified in parameters N0.5170 and N0.5171. Parameters No.5170 and
N0.5171 can specify variable numberswithin the range of #100 to #149.

Parameter N0.5170 : Specifies the number of the common variable to
which the number of retractions made during
cutting is output.

Parameter N0.5171: Specifies the number of the common variable to
which the number of retractions made in response
to the overload signal received during cutting is
output.

In the canned cycle mode, specify the subprogram call command M98P_
in an independent block.
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Examples NO1MO3S__ ;
NO2M[I[] ;
NO3G83X_Y_Z R_Q F_I_K_P_;
NO4X_Y_;
N10G80;
<Description of each block>
NO1: Specifies forward spindle rotation and spindle speed.
NO2: Specifies the M code to execute G83 as the small-hole peck drilling cycle.
The M code is specified in parameter N0.5163.
NO3: Specifies the small-hole peck drilling cycle. Drilling data (except K and P)
is stored and drilling is started.
NO4: Drills a small, deep hole at another position with the same drilling data as
for NO3.
N10: Cancels the small-hole peck drilling cycle. The M code specified in NO2
is also canceled.
13.1.8 This cycle performs tapping.
Tapping Cycle In this tapping cycle, when the bottom of the hole has been reached, the
spindleis rotated in the reverse direction.
(G84)
Format

G84X_Y_Z RP_F K_:

X_Y_: Hole position data

Z_ : The distance from point R to the bottom of the hole
R_ : The distance from the initial level to point R level
P_ : Dwelltime

F_ : Cutting feedrate

K_ : Number of repents (if required)

G84 (G98) G84 (G99)
Initial level
| ? ] |  Spindle CW
| I’éz)lndle CwW | / b
Point R % i P PointR % *PointRlevel
i lPointZ i l Point Z
AN P AN
Spindle CCW Spindle CCW
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Explanations

Limitations

® Axis switching

® Drilling
o P
e Cancel

® Tool offset

® Subprogram call

Examples

Tappingisperformed by rotating the spindle clockwise. Whenthebottom
of the hole hasbeen reached, the spindleisrotated inthe reversedirection
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.

Before specifying G84, use a miscellaneous function (M code) to rotate
the spindle.

When the G84 command and an M code are specified in the same block,
the M codeis executed at the time of thefirst positioning operation. The
system then proceeds to the next drilling operation.

When the K is used to specify number of repeats, the M codeis executed
for the first hole only; for the second and subsequent holes, the M code
is not executed.

When atool length offset (G43, G44, or G49) is specified in the canned
cycle, the offset is applied at the time of positioning to point R.

Before the drilling axis can be changed, the canned cycle must be
canceled.

In ablock that does not contain X, Y, Z, R, or any other axes, drilling is
not performed.

Specify Pin blocksthat perform drilling. If it isspecified in ablock that
does not perform drilling, it cannot be stored as modal data.

Do not specify a G code of the 01 group (GO0 to GO3 or G60 (when the
MDL bit (bit O of parameter 5431) isset to 1)) and G84 in asingle block.
Otherwise, G84 will be canceled.

In the canned cycle mode, tool offsets are ignored.
In the canned cycle mode, specify the subprogram call command M98P_

in an independent block.

M3 S100 ; Cause the spindle to start rotating.
G90 G99 G84 X300. Y-250. Z-150. R-120. P300 F120. ;
Position, drill hole 1, then return to point R.

Y-550. ; Position, drill hole 2, then return to point R.

Y-750. ; Position, drill hole 3, then return to point R.

X1000. ; Position, drill hole 4, then return to point R.

Y-550. ; Position, drill hole 5, then return to point R.

G98 Y-750. ; Position, drill hole 6, then return to the initial
level.

G80 G28 G91 X0 YO Z0 ; Return to the reference position return

M5 ; Cause the spindle to stop rotating.
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13.1.9
Boring Cycle
(G85)

Format

Explanations

Thiscycleis used to bore a hole.

G85X_Y_Z R_F_K_;

X_Y_: Hole position data

Z_ . The distance from point R to the bottom of the hole

R_ : The distance from the initial level to point R level
F_ : Cutting feed rate
K_ : Number of repeats (if required)
G85 (G98) G85 (G99)
Q Initial level Q
[ :
|1 Point R level
Point R % * Point R % *
i l Point Z i l Point Z

After positioning along the X—and Y— axes, rapid traverseis performed
to point R.

Drilling is performed from point R to point Z.

When point Z has been reached, cutting feed is performed to return to
point R.

Before specifying G85, use a miscellaneous function (M code) to rotate
the spindle.

When the G85 command and an M code are specified in the same block,
the M codeis executed at the time of thefirst positioning operation. The
system then proceeds to the next drilling operation.

When K is used to specify the number of repests, the M codeis executed
for the first hole only; for the second and subsequent holes, the M code
is not executed.

When atool length offset (G43, G44, or G49) is specified in the canned
cycle, the offset is applied at the time of positioning to point R.
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Limitations

® Axis switching

® Drilling

e Cancel

e Tool offset

Examples

Before the drilling axis can be changed, the canned cycle must be
canceled.

In ablock that does not contain X, Y, Z, R, or any other axes, drilling is
not performed.

Do not specify a G code of the 01 group (GO0 to GO3 or G60 (when the
MDL bit (bit O of parameter 5431) isset to 1)) and G85in asingle block.
Otherwise, G85 will be canceled.

In the canned cycle mode, tool offsets are ignored.
M3 S100 ; Cause the spindle to start rotating.

G90 G99 G85 X300. Y-250. Z-150. R-120. F120. ;
Position, drill hole 1, then return to point R.

Y-550. ; Position, drill hole 2, then return to point R.
Y-750. ; Position, drill hole 3, then return to point R.
X1000. ; Position, drill hole 4, then return to point R.
Y-550. ; Position, drill hole 5, then return to point R.
G98 Y-750. ; Position, drill hole 6, then return to the initial
level.
G80 G28 G91 X0 YO Z0 ; Return to the reference position return
M5 ; Cause the spindle to stop rotating.
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13.1.10
Boring Cycle
(G86)

Format

Explanations

Thiscycleis used to bore a hole.

G86 X_Y_Z R_F_K_;

X_Y_: Hole position data

Z_ . The distance from point R to the bottom of the hole

R_ : The distance from the initial level to point R level
F_ : Cutting feed rate
K_ : Number of repeats (if required)
G86 (G98) G86 (G99)
Spindle CW
—_—— Initial level %____ )
).? >? Spindle CW
I |
| Y/
Point R % : Point R *PointRlevel
f
I I
CI) Point Z CI) Point Z
Spindle stop Spindle stop

After positioning along the X—and Y —axes, rapid traverse is performed
to point R.

Drilling is performed from point R to point Z.

When the spindleis stopped at the bottom of the hole, thetool isretracted
in rapid traverse.

Before specifying G86, use a miscellaneous function (M code) to rotate
the spindle.

When the G86 command and an M code are specified in the same block,
the M code is executed at the time of the first positioning operation.
The system then proceeds to the next drilling operation.

When K is used to specify the number of repests, the M codeis executed
for the first hole only; for the second and subsequent holes, the M code
is not executed.

When atool length offset (G43, G44, or G49) is specified in the canned
cycle, the offset is applied at the time of positioning to point R.
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Limitations

® Axis switching

® Drilling

e Cancel

e Tool offset

Examples

Before the drilling axis can be changed, the canned cycle must be
canceled.

In ablock that does not contain X, Y, Z, R, or any other axes, drilling is
not performed.

Do not specify a G code of the 01 group (GO0 to GO3 or G60 (when the
MDL bit (bit O of parameter 5431) isset to 1)) and G86 in asingle block.
Otherwise, G86 will be canceled.

In the canned cycle mode, tool offsets are ignored.
M3 S2000 ; Cause the spindle to start rotating.

G90 G99 G86 X300. Y-250. Z-150. R-100. F120. ;
Position, drill hole 1, then return to point R.

Y-550. ; Position, drill hole 2, then return to point R.
Y-750. ; Position, drill hole 3, then return to point R.
X1000. ; Position, drill hole 4, then return to point R.
Y-550. ; Position, drill hole 5, then return to point R.
G98 Y-750. ; Position, drill hole 6, then return to the initial
level.
G80 G28 G91 X0 YO Z0 ; Return to the reference position return
M5 ; Cause the spindle to stop rotating.

— 211 —



13. FUNCTIONS TO SIMPLIFY
PROGRAMMING

PROGRAMMING B—63534EN/02

13.1.11
Back Boring Cycle
(G87)

Format

Oriented spindle stop

This cycle performs accurate boring.

Shift amount q

G87X_Y_Z_R_Q_P_F_K_;
X_Y_: Hole position data
Z_ : The distance from the bottom of the hole to point Z
R_ : The distance from the initial level to point R
(the bottom of the hole) level
Q_ : Tool shift amount
P_ : Dwelltime
F_ : Cutting feed rate
K_ : Number of repeats (if required)
G87 (G98) G87 (G99)
q
Z —
O—==———»0 I:(>?
Spindle CW <——, |
T Not used
|
/ = l Point Z
P |
Spindle CW 4><):I g )
Point R

WARNING
Q (shift at the bottom of a hole) is a modal value retained in
canned cycles. It must be specified carefully because it is
also used as the depth of cut for G73 and G83.
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Explanations

Restrictions
® Axis switching

® Boring

® P/Q

e Cancel

® Tool offset

® Subprogram call

Examples

After positioning along the X—and Y —axes, the spindle is stopped at the
fixed rotation position. Thetool ismoved in the direction oppositetothe
tool tip, positioning (rapid traverse) is performed to the bottom of thehole
(point R).

The tool is then shifted in the direction of the tool tip and the spindleis
rotated clockwise. Boringisperformed inthe positivedirection alongthe
Z—axis until point Z is reached.

At point Z, the spindleis stopped at the fixed rotation position again, the
tool is shifted in the direction opposite to the tool tip, then the tool is
returned to theinitial level. Thetool isthen shifted in the direction of the
tool tip and the spindleis rotated clockwise to proceed to the next block
operation.

Before specifying G87, use a miscellaneous function (M code) to rotate
the spindle.

When the G87 command and an M code are specified in the same block,
the M code is executed at the time of the first positioning operation.
The system then proceedsto the next drilling operation. When K isused
to specify the number of repeats, the M codeis executed for the first hole
only; for the second and subseguent holes, the M code is not executed.
When atool length offset (G43, G44, or G49) is specified in the canned
cycle, the offset is applied at the time of positioning to point R.

Before the drilling axis can be changed, the canned cycle must be
canceled.

Inablock that does not contain X, Y, Z, R, or any additional axes, boring
is not performed.

Be sureto specify apositivevauein Q. If Q isspecified with anegative
value, the sign isignored. Set the direction of shift in bits4 (RD1) and
5 (RD2) of parameter N0.5101. Specify P and Q in ablock that performs
boring. If they are specified in ablock that does not perform boring, they
are not stored as modal data.

Do not specify a G code of the 01 group (GO0 to GO3 or G60 (when the
MDL bit (bit O of parameter 5431) isset to 1)) and G87 in asingle block.
Otherwise, G87 will be canceled.

In the canned cycle mode, tool offsets are ignored.

In the canned cycle mode, specify the subprogram call command M98P_
in an independent block.

M3 S500 ; Cause the spindle to start rotating.
G90 G87 X300. Y-250. Position, bore hole 1.
Z-120. R—150. Q5. Orient at the initial level, then shift by 5 mm.
P1000 F120. ; Stop at point Z for 1 s.
Y-550. ; Position, drill hole 2.
Y-750. ; Position, drill hole 3.
X1000. ; Position, drill hole 4.
Y-550. ; Position, drill hole 5.
Y-750. ; Position, drill hole 6
G80 G28 G91 X0 YO Z0; Return to the reference position return
M5 ; Cause the spindle to stop rotating.
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13.1.12
Boring Cycle
(G88)

Format

Explanations

Thiscycleis used to bore a hole.

G88X_Y_Z_ R_P_F_K_;
X_Y_: Hole position data
Z_ : 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 feed rate
K_ : Number of repeats (if required)

G88 (G98) G88 (G99)

Spindle CW

/

O____"? ilnitial level O____"?

| | Spindle CW
' v
Point R % Point R T *PointRlevel
Point Z i L Point Z i é
P
P ™\_Spindle stop "\ Spindle stop
after dwell after dwell

After positioning along the X— and Y —axes, rapid traverse is performed
to point R. Boring is performed from point R to point Z. When boring
iscompleted, adwell isperformed, then the spindleisstopped. Thetool
is manually retracted from the bottom of the hole (point Z) to point R.
At point R, the spindle is rotated clockwise, and rapid traverse is
performed to the initial level.

Before specifying G88, use a miscellaneous function (M code) to rotate
the spindle.

When the G88 command and an M code are specified in the same block,
the M codeis executed at the time of thefirst positioning operation. The
system then proceeds to the next drilling operation.

When K is used to specify the number of repests, the M codeis executed
for the first hole only; for the second and subsequent holes, the M code
is not executed.

When atool length offset (G43, G44, or G49) is specified in the canned
cycle, the offset is applied at the time of positioning to point R.
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Limitations

® Axis switching

® Drilling
o P
e Cancel

® Tool offset

® Subprogram call

Examples

Before the drilling axis can be changed, the canned cycle must be
canceled.

In ablock that does not contain X, Y, Z, R, or any other axes, drilling is
not performed.

Specify Pin blocksthat perform drilling. If it isspecified in ablock that
does not perform drilling, it cannot be stored as modal data.

Do not specify a G code of the 01 group (GO0 to GO3 or G60 (when the
MDL bit (bit O of parameter 5431) isset to 1)) and G88in asingle block.
Otherwise, G88 will be canceled.

In the canned cycle mode, tool offsets are ignored.

In the canned cycle mode, specify the subprogram call command M98P_
in an independent block.

M3 S2000 ; Cause the spindle to start rotating.

G90 G99 G88 X300. Y-250. Z-150. R—100. P1000 F120. ;
Position, drill hole 1, return to point R
then stop at the bottom of the hole for 1 s.

Y-550. ; Position, drill hole 2, then return to point R.
Y-750. ; Position, drill hole 3, then return to point R.
X1000. ; Position, drill hole 4, then return to point R.
Y-550. ; Position, drill hole 5, then return to point R.
G98 Y-750. ; Position, drill hole 6, then return to the initial
level.
G80 G28 G91 X0 YO Z0 ; Return to the reference position return
M5 ; Cause the spindle to stop rotating.
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13.1.13
Boring Cycle
(G89)

Format

Explanations

Thiscycleis used to bore a hole.

G89X_Y_Z R_P_F_K_;

X_Y_: Hole position data
Z_ . 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 feed rate
K_ : Number of repeats (if required)
G89 (G98) G89 (G99)
Q Initial level Q

&
+

Point R level

15
-

Point R Point R

This cycle is amost the same as G85. The difference is that this cycle
performs a dwell at the bottom of the hole.

Before specifying G89, use a miscellaneous function (M code) to rotate
the spindle.

When the G89 command and an M code are specified in the same block,
the M codeis executed at the time of thefirst positioning operation. The
system then proceeds to the next drilling operation.

When K is used to specify the number of repests, the M codeis executed
for the first hole only; for the second and subsequent holes, the M code
is not executed.

When atool length offset (G43, G44, or G49) is specified in the canned
cycle, the offset is applied at the time of positioning to point R.
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Limitations

® Axis switching

® Drilling
o P
e Cancel

® Tool offset

® Subprogram call

Examples

Before the drilling axis can be changed, the canned cycle must be
canceled.

In ablock that does not contain X, Y, Z, R, or any other axes, drilling is
not performed.

Specify Pin blocksthat perform drilling. If it isspecified in ablock that
does not perform drilling, it cannot be stored as modal data.

Do not specify a G code of the 01 group (GO0 to GO3 or G60 (when the
MDL bit (bit O of parameter 5431) isset to 1)) and G89 in asingle block.
Otherwise, G89 will be canceled.

In the canned cycle mode, tool offsets are ignored.

In the canned cycle mode, specify the subprogram call command
M98P_in an independent block.

M3 S100 ; Cause the spindle to start rotating.

G90 G99 G89 X300. Y-250. Z-150. R-120. P1000 F120. ;
Position, drill hole 1, return to point R
then stop at the bottom of the hole for 1 s.

Y-550. ; Position, drill hole 2, then return to point R.
Y-750. ; Position, drill hole 3, then return to point R.
X1000. ; Position, drill hole 4, then return to point R.
Y-550. ; Position, drill hole 5, then return to point R.
G98 Y-750. ; Position, drill hole 6, then return to the initial
level.
G80 G28 G91 X0 YO Z0 ; Return to the reference position return
M5 ; Cause the spindle to stop rotating.
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13.1.14 G80 cancels canned cycles.
Canned Cycle Cancel
(G80)
Format
G80;
Explanations All canned cyclesare canceled to perform normal operation. Point Rand

point Z arecleared. Thismeansthat R=0and Z =0inincremental mode.
Other drilling data is also canceled (cleared).

Examples M3 S100 ; Cause the spindle to start rotating.
G90 G99 G88 X300. Y-250. Z-150. R-120. F120. ;
Position, drill hole 1, then return to point R.

Y-550. ; Position, drill hole 2, then return to point R.
Y-750. ; Position, drill hole 3, then return to point R.
X1000. ; Position, drill hole 4, then return to point R.
Y-550. ; Position, drill hole 5, then return to point R.

G98 Y-750. ; Position, drill hole 6, then return to the initial level.
G80 G28 G91 X0 Y0 Z0 ;

Return to the reference position return,

canned cycle cancel
M5 ; Cause the spindle to stop rotating.
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Program example using tool length offset and canned cycles

Reference position

350
#1 /T #11 &6
&
100 #7 #10
D b
100 |2 O\ #12 |45
= N, B
100 #8 #9
Y O—"|200 -
100
#3 #13 #4
S I GE B
X
400 150 250 250 150
# 1to 6 Drilling of a 10mm diameter hole
# 7 to 10 Drilling of a 20mm diameter hole
# 11 to 13 Boring of a 95mm diameter hole(depth 50 mm)
Z - N
Retract position
250
Initial level
X 50 B B B N
50 | I |
30 [ [ td | (]
20 |
T11 T15
200 190 % 150
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Offset value +200.0 is set in offset No.11, +190.0 is set in offset No.15, and +150.0 is set in offset No.31

Program example

NOO1
N002
NOO3
NO004
NOO5

NOO6
NOO7
NOO8
NO09
NO10
NO11
NO12
NO13
NO14
NO15

NO16
NO17
NO18
NO19
N020
NO21
N022
N023

NO024
NO025
NO026
NO027

G92X0Y0Z0;

G90 GO0 Z250.0 T11 M6;

G43 Z0 H11,
S30 M3

G99 G81X400.0 R Y-350.0

Z-153,0R-97.0 F120;
Y-550.0;

G98Y-750.0;
G99X1200.0;

Y-550.0;

G98Y-350.0;
GO0OX0YOMS5;
G497250.0T15M6;
G43Z0H15;

S20M3;
G99G82X550.0Y-450.0
Z-130.0R-97.0P300F70;
G98Y-650.0;
G99X1050.0;
G98Y-450.0;
GO0X0YOMS5;
G497250.0T31M6;
G43Z0H31;

S10M3;
G85G99X800.0Y-350.0
Z-153.0R47.0F50;
G91Y-200.0K2;
G28X0YOMS5;

G49Z0;

MO;

Coordinate setting at reference position
Tool change

Initial level, tool length offset

Spindle start

Positioning, then #1 drilling

Positioning, then #2 drilling and point R level return
Positioning, then #3 drilling and initial level return
Positioning, then #4 drilling and point R level return
Positioning, then #5 drilling and point R level return
Positioning, then #6 drilling and initial level return
Reference position return, spindle stop

Tool length offset cancel, tool change

Initial level, tool length offset

Spindle start

Positioning, then #7 drilling, point R level return

Positioning, then #8 drilling, initial level return
Positioning, then #9 drilling, point R level return
Positioning, then #10 drilling, initial level return
Reference position return, spindle stop

Tool length offset cancel, tool change

Initial level, tool length offset

Spindle start

Positioning, then #11 drilling, point R level return

Positioning, then #12, 13 drilling. point R level return
Reference position return, spindle stop

Tool length offset cancel

Program stop
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13.2
RIGID TAPPING

The tapping cycle (G84) and left—-handed tapping cycle (G74) may be
performed in standard mode or rigid tapping mode.

In standard mode, the spindle is rotated and stopped along with a
movement along the tapping axis using miscellaneous functions M03
(rotating the spindle clockwise), MO04 (rotating the spindle
counterclockwise), and M 05 (stopping the spindl€) to perform tapping.In
rigid mode, tapping is performed by controlling the spindle motor as if
it were a servo motor and by interpolating between the tapping axis and
spindle.

When tapping is performed in rigid mode, the spindle rotates one turn
every timeacertain feed (thread |ead) which takes place along thetapping
axis. This operation does not vary even during acceleration or
deceleration.

Rigid mode eliminates the need to use a floating tap required in the
standard tapping mode, thus allowing faster and more precise tapping.
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13.2.1
Rigid Tapping
(G84)

Format

Explanations

® Rigid mode

When the spindle motor is controlled in rigid mode as if it were aservo
motor, atapping cycle can be sped up.

G84X_Y_Z R_P_F_K_;
X_Y_: Hole position data
Z_ : The distance from point R to the bottom of the hole and the
position of the bottom of the hole
R_ : The distance from the initial level to point R level
P_ : Dwell time at the bottom of the hole and at point R when a
return is made
F_ : Cutting feedrate
K_ : Number of repeats (Only for necessity of repeat)
G842X_Y_Z R_P_F_L_; (FS15format)
L_ : Number of repeats (only for necessity of repeat)
G84(G98) G84(G99)
Spindle stop Spindle stop
Initial level
Qoo >0 ‘/— »O
perationl” | ) |
Operation2 : : Operation6 Spindle CW : Splndle stop
. Spindle
Spindle CW_ E/ stop p
Point R P0|nt i PointR level
Operation3 Operation5
PointZ Point Z
/ j
Operation4 .
Spindle stop Spindle CCW Spindle stop Splndle CCw

After positioning along the X— and Y —axes, rapid traverse is performed
to point R.

Tapping is performed from point R to point Z. When tapping is
completed, the spindleisstopped and adwell isperformed. Thespindle
isthenrotated in thereversedirection, thetool isretracted to point R, then
the spindle is stopped. Rapid traverse to initial level isthen performed.
While tapping is being performed, the feedrate override and spindle
override are assumed to be 100%.

However, the speed for extraction (operation 5) can be overridden by up
to 2000% depending on the setting at bit 4 (DOV) of parameter N0.5200,
bit 3 (OVU) of parameter (N0.5201), and parameter No.5211.

Rigid mode can be specified using any of the following methods:

-Specify M29 S***** hefore a tapping command.

-Specify M29 S***** in a block which contains a tapping
command.

-Specify G84 for rigid tapping (parameter G84 No. 5200 #0 set to 1).
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® Thread lead

® Tool length
compensation

® FS15—format command

Limitations

® Axis switching

® S command

® Distribution amount for
the spindle

F command

Unit of F command

e M29

Cancel

e Tool offset

® Program restart

In feed—per—minute mode, the thread lead is obtained from the
expression, feedrate x spindle speed. In feed—per—revolution mode, the
thread |ead equal s the feedrate speed.

If atool length compensation (G43, G44, or G49) is specified in the
canned cycle, the offset is applied at the time of positioning to point R.

Rigid tapping can be performed using FS15-format commands. The
rigid tapping sequence (including data transfer to and from the PMC),
restrictions, and the like are the same as described for the 16i/18i.

Before the drilling axis can be changed, the canned cycle must be
canceled. If the drilling axis is changed in rigid mode, P/S alarm (No.
206) is issued.

e |f aspeed higher than the maximum speed for the gear being used is
specified, P/S alarm (No. 200) is issued.

® \Whentherigid tapping canned cycleiscancelled, the Scommand used
for rigid tapping is cleared to SO.

For an analog spindle control circuit:

Upon specifying a speed command requiring more than 4096 pulses, in
detection units, within 8 ms, a P/S alarm (N0.202) is issued because the
result of such an operation is unpredictable.

For aserial spindle:

Upon specifying a speed command requiring more than 32767 pulses, in
detection units, within 8 ms, a P/S alarm (N0.202) is issued because the
result of such an operation is unpredictable.

If avalue exceeding the upper limit of cutting feedrate is specified, P/S
alarm (No. 011) isissued.

Metric input

Inch input Remarks

G94 1 mm/min 0.01 inch/min Decimal point programming

allowed

G95 0.01 mm/rev | 0.0001 inch/rev Decimal point programming

allowed

If an Scommand and axismovement are specified between M29 and G84,
P/Saarm (No. 203) isissued. If M29isspecifiedin atapping cycle, PIS
alarm (No. 204) is issued.

Specify P in a block that performs drilling. If R is specified in a
non—drilling block, it is not stored as modal data.

Do not specify a G code of the 01 group (GO0 to GO3 or G60 (when the
MDL bit (bit O of parameter 5431) isset to 1)) and G84 in asingle block.
Otherwise, G84 will be canceled.

In the canned cycle mode, tool offsets are ignored.

A program cannot be restarted during rigid tapping.
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® Subprogram call

Examples

In the canned cycle mode, specify the subprogram call command M98P_
in an independent block.

Z—axis feedrate 1000 mm/min
Spindle speed 1000 min-1

Thread lead 1.0 mm
<Programming of feed per minute>

G94 ; Specify a feed—per—minute command.
G00 X120.0 Y100.0; Positioning
M29 S1000 ; Rigid mode specification

G84 z7-100.0 R—20.0 F1000 ; Rigid tapping
<Programming of feed per revolution>

G95; Specify a feed—per—revolution command.
G00 X120.0 Y100.0; Positioning
M29 S1000 ; Rigid mode specification

G84 z-100.0 R-20.0 F1.0; Rigid tapping
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13.2.2
Left—Handed Rigid
Tapping Cycle
(G74)

Format

Explanations

® Rigid mode

When the spindle motor is controlled in rigid mode as if it were aservo
motor, tapping cycles can be speed up.

G74X_Y_Z_R_P_F_K_;

X_Y_: Hole position data

Z_ . The distance from point R to the bottom of the hole and
the position of the bottom of the hole

R_ : The distance from the initial level to point R level

P_ : Dwell time at the bottom of the hole and at point R when
return is made.

F_ : Cutting feedrate

K_ : Number of repeats (Only for necessity of repeat)

G843 X_Y_Z_ R_P_F_L_; (FS15format)

L_ : Number of repeats (Only for necessity of repeat)
G74 (G98) G74 (G99)
Spindle stop Spindle stop
Initial level

pe_ra%n_l)? )\ === Ni)
Operation2) | Operation6 |
|

. i Spindle indl
Spindle | | Spindle Spindle
CFC):W \ P stop ccw P stop

Point R Point R level Point R¥ Point R level

Operation3 Operation5

/ PQ{omt z / P »P\omt z
Spindle S0P o perations Spindle CW | spindle stop Spindle CW

After positioning along the X—and Y —axes, rapid traverse is performed
to point R.

Tapping is performed from point R to point Z. When tapping is
completed, the spindleis stopped and adwell is performed. The spindle
isthenrotated in thenormal direction, thetool isretracted to point R, then
the spindle is stopped. Rapid traverse to initial level isthen performed.
While tapping is being performed, the feedrate override and spindle
override are assumed to be 100%.

However, the speed for extraction (operation 5) can be overridden by up
to 2000% depending on the setting at bit 4 (DOV) of parameter 5200, bit
3 (OVU) of parameter (N0.5201), and parameter 5211.

Rigid mode can be specified using any of the following methods:

- Specify M29 S***** pefore a tapping command.

- Specify M29 S***** in a block which contains atapping command.
- Specify G84 for rigid tapping. (parameter G84 No. 5200#0 set tol).
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® Thread lead

® Tool length
compensation

® FS15—format command

Limitations

® Axis switching

® S command

® Distribution amount for
the spindle

® F command

® Unit of F command

e M29

e P

e Cancel

® Tool offset

® Subprogram call

In feed—per—minute mode, the thread lead is obtained from the
expression, feedrate x spindle speed. In feed—per—revolution mode, the
thread lead equal s the feedrate.

If atool length offset (G43, G44, or G49) isspecified inthe canned cycle,
the offset is applied at the time of positioning to point R.

Rigid tapping can be performed using FS15-format commands. The
rigid tapping sequence (including data transfer to and from the PMC),
restrictions, and the like are the same as described for the 16i/18i.

Before the drilling axis can be changed, the canned cycle must be
canceled. If the drilling axis is changed in rigid mode,P/S aarm (No.
206) is issued.

® Specifying arotation speed exceeding the maximum speed for the gear
used causes P/S aarm (No. 200).

® \Whentherigid tapping canned cycleiscancelled, the Scommand used
for rigid tapping is cleared to SO.

For an analog spindle control circuit:

Upon specifying a speed command requiring more than 4096 pulses, in
detection units, within 8 ms, aP/S alarm (N0.202) is issued because the
result of such an operation is unpredictable.

For aserial spindle:

Upon specifying a speed command requiring more than 32767 pulses, in
detection units, within 8 ms, a P/S alarm (N0.202) is issued because the
result of such an operation is unpredictable.

Specifying avaluethat exceedsthe upper limit of cutting feedrate causes
P/S darm (No. 011).

Metric input Inch input Remarks

G94 1 mm/min 0.01 inch/min Decimal point

programming allowed

G95 0.01 mm/rev | 0.0001 inch/rev Decimal point

programming allowed

Specifying an S command or axis movement between M29 and G74
causes P/S alarm (No. 203).
Then, specifying M29 in the tapping cycle causes P/S alarm (No. 204).

Specify P in a block that performs drilling. If R is specified in a
non—drilling block, it ss not stored as modal data.

Do not specify a G code of the 01 group (GO0 to GO3 or G60 (when the
MDL bit (bit O of parameter 5431) isset to 1)) and G74 in asingle block.
Otherwise, G74 will be canceled.

In the canned cycle mode, tool offsets are ignored.
In the canned cycle mode, specify the subprogram call command M98P_

in an independent block.
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Examples

Z—axis feedrate 1000 mm/min
Spindle speed 1000 min-1

Thread lead 1.0 mm
<Programming for feed per minute>

G94 ; Specify a feed—per—minute command.
GO00 X120.0 Y100.0; Positioning
M29 S1000 ; Rigid mode specification

G84 z-100.0 R—20.0 F1000 ; Rigid tapping
<Programming for feed per revolution>

G95; Specify a feed—per-revolution command.
G00 X120.0 Y100.0; Positioning
M29 S1000 ; Rigid mode specification

G74 2-100.0 R-20.0 F1.0; Rigid tapping
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13.2.3 Tapping adeep hole in rigid tapping mode may be difficult due to chips
Peck Rigid Tapping sticking tothetool or increased cutting resistance. In such cases, the peck

rigid tapping cycle is useful.

In this cycle, cutting is performed several times until the bottom of the
holeisreached. Two peck tapping cyclesareavailable: High—speed peck
tapping cycle and standard peck tapping cycle. These cyclesare selected
using the PCP bit (bit 5) of parameter 5200.

Cycle (G84 or G74)

Format
G84(orG74)X_Y_Z_ R_P_Q_F_K_;
X_Y_: Hole position data
Z_ : The distance from point R to the bottom of the hole and the
position of the bottom of the hole
R_ : The distance from the initial level to point R level
P_ : Dwell time at the bottom of the hole and at point R when a
return is made
Q_ : Depth of cut for each cutting feed
F_ : The cutting feedrate
K_ : Number of repeats (if required)
G84, G74 (G98) G84, G74 (G99)
‘High—speed peck tapping cycle d=retraction distance
(Parameter PCP(N0.5200#5=0))
Initial level
(1) The tool operates at a normal —_ A _—
cutting feedrate. The normal time ] ] | ) Point R level
constant is used. Point R Y PointR level | Point R Y ointR leve
(2) Retraction can be overridden. A A
The retraction time constant is q &) I d q ©) I d
used. Y |@ Yy |
q q
Id ) 4 Id
q q
Y Y
B A
Pointz Y PointZ ¥
‘Peck tapping cycle d=cutting start distance
(Parameter PCP(N0.5200#5=1))
(1) The tool operates at a normal = __ _ Initial level L
cutting feedrate. The normal time "? f ’?
constant is used. . ; ; Point R level
(2) Retraction can be overridden. Point R ! APO'(ggAR level yy PaintR ! A YOk !
The retraction time constant is B ) q ) =T
used. . ¥ leflo 2B
(3) Retraction can be overridden. \ Y
The normal time constant is used. q q
Y Jd Y Jo
During a rigid tapping cycle, in—position
check is performed at the end of each q a \
operation of (1) and (2) in the peck tap- ) (
ping cycle. \ \
Pointz Y Point Z Y
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Explanations

® High—speed peck
tapping cycle

® Peck tapping cycle

Limitations

® Axis switching

® S command

® Distribution amount for
the spindle

® F command

® Unit of F

e M29

After positioning along the X— and Y —axes, rapid traverse is performed
topoint R. From point R, cutting is performed with depth Q (depth of cut
for each cutting feed), then the tool isretracted by distanced. The DOV
bit (bit 4) of parameter 5200 specifies whether retraction can be
overridden or not. When point Z hasbeen reached, the spindleis stopped,
then rotated in the reverse direction for retraction.

Set the retraction distance, d, in parameter 5213.

After positioning along the X— and Y —axes, rapid traverse is performed
to point R level. From point R, cutting is performed with depth Q (depth
of cut for each cutting feed), then areturn is performed to point R. The
DOV bhit (bit 4) of parameter 5200 specifieswhether the retraction can be
overridden or not. The moving of cutting feedrate F is performed from
point R to a position distance d from the end point of the last cutting,
which iswhere cutting is restarted. For this moving of cutting feedrate
F, the specification of the DOV bit (bit 4) of parameter 5200 isalso valid.
When point Z has been reached, the spindleis stopped, then rotated inthe
reverse direction for retraction.

Set d (distanceto the point at which cutting is started) in parameter 5213.

Before the drilling axis can be changed, the canned cycle must be
canceled. If the drilling axis is changed in rigid mode, P/S alarm (No.
206) is issued.

® Specifying arotation speed exceeding the maximum speed for the gear
used causes P/S aarm (No. 200).

® \Whentherigid tapping canned cycleiscancelled, the Scommand used
for rigid tapping is cleared to SO.

For an analog spindle control circuit:

Upon specifying a speed command requiring more than 4096 pulses, in
detection units, within 8 ms, a P/S alarm (N0.202) is issued because the
result of such an operation is unpredictable.

For aserial spindle:

Upon specifying a speed command requiring more than 32767 pulses, in
detection units, within 8 ms, a P/S alarm (N0.202) is issued because the
result of such an operation is unpredictable.

Specifying avaluethat exceedsthe upper limit of cutting feedrate causes
alarm (No. 011).

Metric input Inch input Remarks
G94 1 mm/min 0.01 inch/min Decimal point programming
allowed

G95 0.01 mm/rev | 0.0001 inch/rev Decimal point programming

allowed

Specifying an S command or axis movement between M29 and G84
causes P/S alarm (No. 203).
Then, specifying M29 in the tapping cycle causes P/S alarm (No. 204).
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e P/Q

e Cancel

e Tool offset

® Subprogram call

Specify Pand Q in ablock that performsdrilling. If they are specifiedin
ablock that does not perform drilling, they are not stored as modal data.
When QO is specified, the peck rigid tapping cycle is not performed.

Do not specify agroup 01 G code (G00to GO3) and G73inthesameblock.
If they are specified together, G73 is canceled.

In the canned cycle mode, tool offsets are ignored.

In the canned cycle mode, specify the subprogram call command M98P_
in an independent block.

13.24
Canned Cycle Cancel
(G80)

Therigid tapping canned cycleis canceled. For how to cancel thiscycle,
see |1-13.1.14.

NOTE
When the rigid tapping canned cycle is cancelled, the S
value used for rigid tapping is also cleared (as if SO is
specified).
Accordingly, the S command specified for rigid tapping
cannot be used in a subsequent part of the program after
the cancellation of the rigid tapping canned cycle.
After canceling the rigid tapping canned cycle, specify a
new S command as required.
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13.3

Canned Grinding
Cycle

(FOR GRINDING
MACHINE)

Canned grinding cycles make it easier for the programmer to create
programs that include grinding. With acanned grinding cycle, repetitive
operation peculiar to grinding can be specified in asingle block with aG
function; without canned grinding cycles, normally more than one block
isrequired. In addition, the use of canned grinding cycles shortens the
program to save memory. Thefollowing four canned grinding cyclesare
available:

-Plunge grinding cycle (G75)

-Direct constant—dimension plunge grinding cycle (G77)
-Continuous—feed surface grinding cycle (G78)

-Intermittent—feed surface grinding cycle (G79)
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13.3.1
Plunge Grinding Cycle
(G75)

Format

Explanations

e Grinding wheel cutting

e Dwell

e Grinding
e Grinding wheel cutting
e Dwell

e Grinding
(return direction)

A plunge grinding cycle is performed.

G751_J_K_X@Z)_R_F P_L_;

I_: Depth—of—cut 1 (A sign in the command specifies the direction

of cutting.)
J_ . Depth—of-cut 2 (A sign in the command specifies the direction
of cutting.)
K_ : Total depth of cut (A sign in the command specifies the direction
of cutting.)

X(2Z)_: Range of grinding (A sign in the command specifies the
direction of grinding.)
R_ : Feedrate for I and J
F_ : Feedrate for X (2)
P_ : Dwell time
L_ : Grinding—wheel wear compensation (Only for continuous dressing)

G75
i | X(2) |
| |
N l(l) (R) @) (F) R
3} P IGIGY
' (6) (F) 5)P
y _ ____¥r7 >
- — _y
_X@)

The plunge grinding cycle consists of Six operation seguences.
Operations (1) to (6) are repeated until the depth reaches the total depth
of cut specified at address K. In the single block stop mode, operations
(2) to (6) are performed every cycle start.

(2) Cutting is performed along the Y—axis in cutting feed mode for the
amount specified by | (depth of cut 1). Thefeedrateis specified by R.

(2) Dwell is performed for the time specified by P.

(3) Cutting feed is performed for the amount specified by X (or Z). The
feedrate is specified by F.

(4) Cutting is performed along the Y—axis in cutting feed mode for the
amount specified by J (depth of cut 2). Thefeedrateis specified by R.

(5) Dwell is performed for the time specified by P.
(6) Feeding isperformed in the reverse direction for the amount specified

by X (or Z) at afeedrate specified by F.
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Limitations
® X(2),1,J,K

® Clear

® Operation performed
when the total depth of
cut is reached

X, (2),1,J, and K must all be specified in incremental mode.

I, J, X, and Z in canned cyclesare modal datacommonto G75, G77, G78,
and G79. They remainvalid until new dataisspecified. They arecleared
when agroup 00 G code other than G04 or agroup 01 G code other than
G75, G77, G78, and G79 is specified.

When the total depth of cut is reached during cutting using | or J, the
subsequent operation sequences (up to [6]) are executed, then the cycle
terminates. In this case, no further cutting is performed after the total
depth of cut is reached.

® Chart of operation in which the total depth of cut is reached by cutting
specified by | and J:

l

J

Y

-

[

Chart of operation in which the total depth of cut is reached during
cutting specified by | and J:

K ' l
a1
J
v ] s ]

K -

| i

> [5]

|
A . o _
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13.3.2

Direct
Constant—Dimension
Plunge Grinding Cycle
(G77)

Format

Explanations

e Grinding wheel cutting

e Dwell

e Grinding
e Grinding wheel cutting
e Dwell

e Grinding
(return direction)

A direct constant—dimension plunge grinding cycle is performed.

G771_J_K_X@2Z)_R_F_P_L_;
I_: Depth—of—cut 1 (A sign in the command specifies the direction
of cutting.)
J_ . Depth—of-cut 2 (A sign in the command specifies the direction
of cutting.)
K_ : Total depth of cut (A sign in the command specifies the direction
of cutting.)
X(2Z)_: Range of grinding (A sign in the command specifies the direction
of grinding.)
R_ : Feedrate for I and J
F_ : Feedrate for X (2)
_ . Dwell time
L_ : Grinding—wheel wear compensation (Only for continuous
dressing)

G717

SRER |REIGY;
I © (F) P
% _ -
.~ _

_X(©)

The constant—dimension plunge grinding cycle consists of six operation
sequences. Operations [1] to [6] are repeated until the depth reaches the
total depth of cut specified at address K.

Cutting is performed along the Y—axis in cutting feed mode for the
amount specified by | (depth of cut 1). Thefeedrateis specified by R.

Dwell is performed for the time specified by P.

Cutting feed is performed for the amount specified by X (or Z). The
feedrate is specified by F.

Cutting is performed along the Y—axis in cutting feed mode for the
amount specified by J (depth of cut 2). Thefeedrateis specified by R.

Dwell is performed for the time specified by P.

[6] Feeding isperformed in the reverse direction for the amount specified
by X (or Z) at afeedrate specified by F.
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e Skip signal

Limitations
® X(2),1,J,K

® Clear

When the cycle is performed using G77, a skip signal can be input to
terminate the cycle. When a skip signal is input, the current operation
sequence is interrupted or completed, then the cycle is terminated.

The following shows how the system operates when the skip signal is
input during each operation sequence.

® \When the skip signal is input during operation sequence 1 or 4 (cutting
feed specified by | or J), cutting is stopped immediately and the tool
returns to the X (Z) coordinate at which the cycle started.

*/ Skip Signal
(End) Skip Signal
e | 4
I (End) )
T E— |
|

® \When the skip signal is input during operation sequence 2 or 5 (dwell),
dwell is stopped immediately and the tool returns to the X (2)
coordinate at which the cycle started.

o When the skip signal is input during operation sequence 3 or 6
(movement), the tool returns to the X (Z) coordinate at which the cycle
started after the movement specified by X (Z) is completed.

Skip Signal
(End) pd

| Skip Signal

X, (2),1,J, and K must all be specified in incremental mode.

I, J, X, and Z in canned cyclesare modal datacommonto G75, G77, G78,
and G79. They remainvalid until new dataisspecified. They arecleared
when agroup 00 G code other than G04 or agroup 01 G code other than
G75, G77, G78, and G79 is specified.
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13.3.3 A continuous—feed surface grinding cycle is performed.
Continuous—Feed
Surface Grinding Cycle

(G78)
Format G781I_(J)K_X_F_P_L_;
I_: Depth—of—cut 1 (A sign in the command specifies the direction
of cutting.)
J_ . Depth—of-cut 2 (A sign in the command specifies the direction
of cutting.)
K_ : Total depth of cut (A sign in the command specifies the direction
of cutting.)
X_ : Range of grinding (A sign in the command specifies the
direction of grinding.)
F_ : Feedrate
P_ : Dwelltime
L_ : Grinding—wheel wear compensation (Only for continuous
dressing)
G78
ZA
]
1] P(Dwell
_I ( ) (F)
0
T —— 1 P(Dwell)
e ———— T
X
Explanations The continuous—feed surface grinding cycle consists of four operation

seguences. Operations to [4] are repeated until the depth reaches
thetotal depth of cut specifiedinaddressK. Inthesingleblock stop mode,
operations to [4] are performed every cycle start.

Dwell

Grinding

Dwell

Grinding (in reverse direction)
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Restrictions

o J

e | J K X

e Clear

® Operation performed
when the total depth of
cut is reached

When Jisomitted, itisassumedtobel. Jisvalid only intheblock where
it is specified.

X, I, J, and K must al be specified in incremental mode.

I, J, X, and Z in canned cyclesare modal datacommonto G75, G77, G78,
and G79. They remainvalid until new dataisspecified. They arecleared
when agroup 00 G code other than G04 or agroup 01 G code other than
G75, G77, G78, and G79 is specified.

When the total depth of cut is reached during cutting using | or J, the
subsequent operation sequences (up to [4]) are executed, then the cycle
terminates. In this case, no further cutting is performed after the total
depth of cut is reached.

® Chart of operation in which the total depth of cut is reached by cutting
specified by | and J:

® Chart of operation in which the total depth of cut is reached during

cutting specified by | and J:
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13.34
Intermittent—Feed
Surface Grinding Cycle
(G79)

Format

Explanations

e Grinding wheel cutting

e Dwell

e Grinding
e Grinding wheel cutting
e Dwell

e Grinding
(return direction)

An intermittent—feed surface grinding cycle is performed.

G791_J_K_X R F_ P L_;
I_: Depth—of—cut 1 (A sign in the command specifies the direction
of cutting.)
_ . Depth—of—cut 2 (A sign in the command specifies the direction
of cutting.)
K_ : Total depth of cut (A sign in the command specifies the direction
of cutting.)
X_ : Range of grinding (A sign in the command specifies the
direction of grinding.)
R_ : Feedrate for I and J
F_ : Feedrate for X
P_ : Dwelltime
L_ : Grinding—wheel wear compensation (Only for continuous dressing)
G79
Z“ | X |
g |HR (F)
J P 2R
- & (F) P
v -’/ _____ >
- _y
_ X

The intermittent—feed surface grinding cycle consists of six operation
seguences. Operations [1] to [6] are repeated until the depth reaches the
total depth of cut specified at address K. In the single block stop mode,
operations [1] to [6] are performed every cycle start.

Cuitting is performed aong the Z—axis in cutting feed mode for the
amount specified by | (depth of cut 1). Thefeedrateis specified by R.

Dwell is performed for the time specified by P.

Cutting feed isperformed for the amount specified by X. Thefeedrate
is specified by F.

Cutting is performed along the Z—axis in cutting feed mode for the
amount specified by J (depth of cut 2). Thefeedrateis specified by R.

Dwell is performed for the time specified by P.

[6] Feeding isperformed in the reverse direction for the amount specified
by X at afeedrate specified by F.
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Restrictions
e X,I,J,K X, I, J, and K must al be specified in incremental mode.

e Clear I, J, X, and Z in canned cyclesare modal datacommonto G75, G77, G78,
and G79. They remainvalid until new dataisspecified. They arecleared
when agroup 00 G code other than G04 or agroup 01 G code other than
G75, G77, G78, and G79 is specified.
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13.4
GRINDING-WHEEL
WEAR
COMPENSATION BY
CONTINUOUS
DRESSING

(FOR GRINDING
MACHINE)

Explanations

® Specification

® Compensation

This function enables continuous dressing.

When G75, G77, G78, or G79 is specified, grinding wheel cutting and
dresser cutting are compensated continuously according to the amount of
continuous dressing during grinding.

Specify an offset number (grinding—wheel wear compensation number)
at address L in the block containing G75. The compensation amount set
in the offset memory area corresponding to the specified number is used
as the amount of dressing.

Up to 400 offset numbers (L1 to L400) can be specified. Compensation
amounts must be set beforehand in off set memory corresponding to offset
numbers from the MDI panel.

When L is omitted or LO is specified in a surface grinding canned cycle
block, compensation is not performed.

Compensation is performed for every grinding operation (every
movement along the X—axis) in the operation sequences of a canned
grinding cycle. Whilethe tool moves along the X—axis, compensationis
performed along the Y—axis (grinding wheel cutting) and the V—axis
(dresser cutting) for simultaneous three—axis interpolation.

Thetrave distance (compensation amount) along the Y —axisisthe same
as specified dressing amount, and the travel distance along the V—axisis
twice as long (diameter).
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13.5

AUTOMATIC
GRINDING WHEEL
DIAMETER
COMPENSATION
AFTER DRESSING

13.5.1

Checking the Minimum
Grinding Wheel
Diameter

(For Grinding Machine)

Compensation amounts set in offset memory can be modified by using the
external tool compensation function or programming (by changing
offsets using custom macro variables).

With these functions, the compensation amount for the diameter of the
dressed grinding wheel can be changed.

If the compensation amount associated with the offset number specified
in the H code is smaller than the minimum grinding wheel diameter
specifiedin parameter 5030 when programmed compensation (using G43
or G44) is performed, asignal is output to the PMC.

a : Amount of dressing
Dresser

................ >

2a

Grinding
wheel

X

‘ Workpiece

X
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13.6

IN-FEED GRINDING
ALONG THE Y AND Z
AXES AT THE END
OF TABLE SWING
(FOR GRINDING
MACHINE)

Format

Explanations
e G161 R_

® Profile program

® G160

Restrictions
® Profile program

Examples

Every time an externa signal is input, cutting is performed by a fixed
amount according to the programmed profilein the specified Y—Z plane.

G161 R_;

profile program

G160 ;

Specify the start of an operation mode and profile program. Also specify
the depth of cutin R.

Program a workpiece figure in the Y—Z plane using linear interpolation
(GO1) and/or circular interpolation (GO2 or GO3). Oneor moreblockscan
be specified.

Cancel the operation mode (end of the profile program).

Do not specify codes other than G01, G02, and GO3 within the profile
program.

00001 ;

NO G161 R10.0 ;

N1 G91 GO1 Z—70.0 F100 :

N2 G19 GO2 Z-80.0 R67.0 ;

N3 GO1 Z-70.0 :

N4 G160 ;

70.0 80.0 70.0
o
HEEE %
R=67.000 } Y
Z

In the above program, every time the in—feed cutting start signal isinput,
the tool is moved by 10.000 along the machining profile shown above.
o= Travel distance for each in—feed control cutting start signal input

The feedrate is programmed with an F code.
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13.7

OPTIONAL ANGLE
CHAMFERING AND
CORNER ROUNDING

Format

Explanations

e Chamfering

® Corner R

Chamfering and corner rounding blocks can be inserted automatically
between the following:

-Between linear interpolation and linear interpolation blocks

-Between linear interpolation and circular interpolation blocks

-Between circular interpolation and linear interpolation blocks

-Between circular interpolation and circular interpolationblocks

, C_ Chamfering

y R_ Corner R

When the above specification is added to the end of ablock that specifies
linear interpolation (GO1) or circular interpolation (GO2 or G03), a
chamfering or corner rounding block is inserted.

Blocks specifying chamfering and corner rounding can be specified
consecutively.

After C, specify the distance from the virtual corner point to the start and
end points. The virtua corner point is the corner point that would exist
if chamfering were not performed.

(1) G91 GO1 X100.0,C10.0 ;
(2) X100.0 Y100.0 ;

Inserted chamfering block

Hypothetical corner intersection

After R, specify the radius for corner rounding.

(1) G91 GO1 X100.0 ,R10.0 ;
(2) X100.0 Y100.0 ;

Center of a circle with radius R
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Examples NOO1 G92 G90 X0 YO ;
N002 GO0 X10.0 Y10.0 ;
N003 G01 X50.0 F10.0 ,C5.0 ;
N004 Y25.0 ,R8.0 ;
NO005 G03 X80.0 Y50.0 R30.0 ,R8.0 ;
N006 GO1 X50.0 ,R8.0 ;
N007 Y70.0 ,C5.0 ;
NO008 X10.0 ,C5.0 ;
NO09 Y10.0;
N010 GO0 X0 YO ;
NO11 MO ;

N0O8
70.0 ;;/

60.0 1

50.0
40.0
NOO09;

30.0

20.0——

10.0——
NO10 N002

NO11 | | | | | | |
o|Noo1 | I I I I I I
10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
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Restrictions

® Plane selection

® Next block

® Plane switching

® Exceeding the move
range

e Coordinate system

® Travel distance O

e Unavailable G codes

e Threading
e DNC operation

Chamfering and corner rounding can be performed only in the plane
specified by plane selection (G17, G18, or G19). These functions cannot
be performed for parallel axes.

A block specifying chamfering or corner rounding must be followed by
ablock that specifies amove command using linear interpolation (GO1)
or circular interpolation (GO2 or G03). If the next block does not contain
these specifications, P/S adarm No. 052 is issued.

A chamfering or corner rounding block can be inserted only for move
commands which are performed in the same plane. Inablock that comes
immediately after plane switching (G17, G18, or G19 is specified),
neither chamfering nor corner rounding can be specified.

If the inserted chamfering or corner rounding block causes the tool to go
beyondtheoriginal interpolation moverange, P/Salarm No.055 isissued.

G91 GO01 X30.0;
GO03 X7.5Y16.0 R37.0,C28.0;
GO03 X67.0 Y-27.0 R55.0;

The tool path without
chamfering is indicated
with a solid line.

Chamfering block to
be inserted

Inablock that comesimmediately after the coordinate systemischanged
(G92, or G52 to G59) or areturn to the reference position (G28 to G30)
is specified, neither chamfering nor corner rounding can be specified.

When two linear interpolation operations are performed, the chamfering or
corner rounding block is regarded as having a travel distance of zero if the
angle between the two draight lines is within +£1°. When linear
interpolation and circular interpolation operations are performed, the corner
rounding block is regarded as having a travel distance of zero if the angle
between the straight lineand the tangent to thearc at theintersection iswithin
+1°. When two circular interpolation operations are performed, the corner
rounding block is regarded as having a travel distance of zero if the angle
between the tangents to the arcs at the intersection iswithin +£1° .

Thefollowing G codescannot be usedin ablock that specifieschamfering
or corner rounding. They also cannot be used between chamfering and
corner rounding blocks that define a continuous figure.

-G codes of group 00 (except G04)

-G68 of group 16

Corner rounding cannot be specified in a threading block.

Arbitrary angle chamfering and corner rounding cannot be enabled for
DNC operation.
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13.8

EXTERNAL MOTION
FUNCTION

(G81)

Format

Explanations

Restrictions

® A block without XorY
axis

® Relationship with canned
cycle G81

Upon compl etion of positioning in each block inthe program, an external
operation function signal can be output to allow the machine to perform
specific operation.

Concerning this operation, refer to the manual supplied by the machine
tool builder.

G81IP_; (IP_Axis move command )

Every timepositioning for thelP_move command iscompleted, theCNC
sends a external operation function signal to the machine. An external
operation signal isoutput for each positioning operation until canceled by
G80 or agroup 01 G code.

No external operation signals are output during execution of ablock that
contains neither X nor Y.

G81 canalsobeusedfor adrilling canned cycle(11-13.1.4). Whether G81
isto be used for an external motion function or for adrilling canned cycle
is psecified with EXC, bit 1 of parameter No.5101.
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13.9
FIGURE COPY
(G72.1,G72.2)

Format

® Rotational copy

® Linear copy

Explanations

® First block of the
subprogram

Machining can be repeated after moving or rotating the figure using a
subprogram.

Xp-Yp plane (specified by G17) : G72.1P_L_ Xp_Yp_R_;
Zp—Xp plane (specified by G18) : G72.1 P_L_Zp_Xp_R_;
Yp—Zp plane (specified by G19) : G72.1P_L_Yp_Zp_R;_

P :Subprogram number
L :Number of times the operation is repeated
Xp :Center of rotation on the Xp axis
(Xp : X—axis or an axis parallel to the X—axis)
Yp :Center of rotation on the Yp axis
(Yp: Y—axis or an axis parallel to the Y—axis)
Zp :Center of rotation on the Zp axis
(Zp: Z-axis or an axis parallel to the Z—axis)
R :Angular displacement
(A positive value indicates a counterclockwise angular displacement.
Specify an incremental value.)

Specify a plane selectioncommand (G17, G18, or G19) to select the plane on
which the rotational copy is made.

Xp-Yp plane (specified by G17) : G72.2 P_L_
Zp—Xp plane (specified by G18) : G72.2P_L_K
Yp-Zp plane (specified by G19): G72.2P_L_J

P :Subprogram number

L :Number of times the operation is repeated
| :Shift along the Xp axis

J :Shift along the Yp axis

K :Shift along the Zp axis

Specify a plane selection command (G17, G18, or G19) to select the plane on
which the linear copy is made.

Always specify amove command in the first block of a subprogram that
performs arotational or linear copy. If the first block contains only the
program number such as 01234; and does not have a move command,
movement may stop at the start point of the figure made by the n-th (n
=1, 2,3, ...) copying.

Specify the first move command in the absolute mode.

(Example of an incorrect program)
01234;
G00 G90 X100.0 Y200.0;

M99 ;
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® Combination of
rotational and linear

copying

® Subprogram calling
® Specifying the center of
rotation

® Specifying address

® Address P

® Address L

® Increment in angular
displacement or shift

® Nesting level of a
subprogram

® Block end position

® Disagreement between
end point and start point

(Example of a correct program)
01000 GO0 G90 X100.0 Y200.0;

M99 ;
The linear copy command can be specified in a subprogram for a

rotational copy. Also, the rotational copy command can be specified in
asubprogram for alinear copy.

In asubprogram for rotational or linear copying, M98 for calling another
subprogram or G65 for calling a macro can be specified.

The center of rotation specified with G72.1 is processed as an absolute
position even in the incremental mode.

In ablock with G72.1, addresses other than P, L, Xp, Yp, Zp, or R are
ignored. The subprogram number (P), coordinates of the center of
rotation (Xp, Yp, Zp), and angular displacement (R) must be specified.

In ablock with G72.2, addresses other than P, L, I, J, or K are ignored.
The subprogram number (P) and shift (1, J, K) must be specified.

If the subprogram number specified with P is not found, P/S alarm No.
078 occurs. If Pisnot specified, P/S aarm No. 076 occurs.

If L is omitted, the repetition count is assumed to be 1 and the sub—
program is called only once.

Inablock with G72.1, anincrement in angular displacement is specified
with addressR. Theangular displacement of the figure made by the n-th
rotation is calculated as follows: R x (n—1).

In ablock with G72.2, an increment in shift is specified with addresses
I, J, and K. The shift of the figure made by the n—th movement is
calculated asfollows : (Programmed shift) x (n — 1).

If asubprogramiscaled by G72.1 or G72.2, the nesting level isincreased
by one in the same manner as when M98 is specified.

The coordinates of a figure moved rotationally or linearly (block end
position) can be read from #5001 and subsequent system variables of the
custom macro of rotational or linear copy.

If the end point of the figure made by the n—th copy does not agree with
the start point of the figure to be made by the next (n + 1) copy, thefigure
is moved from the end point to the start point, then copying is started.
(Generally, this disagreement occursif anincorrect angular displacement
or shift is specified.)
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Y
A
End point of the first copy
P4 P5
P1 P2 M
P3 P6  P7 .
-« Start point of the second copy
_D » X
Start point PO ) >

Limitations

® Specifying two or more
commands to copy a
figure

e Commands that must not
be specified

Main program
01000 ;
N10 G92 X—-20.0 YO ;
N20 GO0 G90 X0 YO ;

N30 GO1 G17 G41 X20. YO DO1 F10 ; (PO)
N40 Y20. (P1)
N50 X30. ; (P2)

N60 G72.2 P2000 L3 190. JO ;

“[__ Although a shift of 70 mm was required, 190.0 was
specified instead of 170.0. Since an incorrect shift
was specified, the end point of the figure made by
the n—th copy disagrees with the start point of the
figure to be made by the next (n + 1) copy.

Subprogram
02000 G90 GO01 X40. ; (P3)
N100 Y40. ; (P4)
N200 G01 X80. ; (P5)
N300 G01 Y20. ; (P6)
N400 X100. ; (P7)
N500 M99;

G72.1 cannot be specified more than oncein a subprogram for making a
rotational copy (If thisisattempted, P/'Saarm No.160 will occur). G72.2
cannot be specified more than once in a subprogram for making alinear
copy (If thisis attempted, P/S alarm No. 161 will occur).

Within aprogram that performs arotational or linear copy, the following
must not be specified:

-Command for changing the selected plane (G17 to G19)

-Command for specifying polar coordinates

-Reference position return command

-Coordinate system rotation, scaling, programmable mirror image

The command for rotational or linear copying can be specified after a
command for coordinate system rotation, scaling, or programmable
mirror image is executed.
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® Modes that must not be
selected

® Unit system

® Single block

® Specifying cutter
compensation and the
workpiece coordinate
system

Examples

® Rotational copy

Thefigure cannot be copied during chamfering, corner rounding, or tool
offset.

Thetwo axes of the planefor copying afigure must have anidentical unit
system.

Single-block stops are not performed in ablock with G721.1 or G72.2.

Inasubprogram for copying afigure, the G codefor cutter compensation
B or C or compensation amount (H or D code) cannot be changed. G92
and G54 to G59 cannot be changed either. Those codes must be specified
before figure copying is started.

Y
A
P4 P3
Q Start point
P5 p2
PO
12
P6 [~ P1 s
Main program
01000 ;
N10 G92 X40.0 Y50.0 ;
N20 GO0 G90 X_Y_; (PO)
N30 GO1 G17 G41 X_Y_DO1F10; (P1)
N40 G72.1 P2000 L3 X0 YO R120.0 ;
N50 G40 GOL X_Y_1_J_; (PO)
N60 GO0 X40.0 Y50.0 ;
N70 M30 ;
Sub program
02000 GO3 X_Y_R30.0; (P2)
N100 GO1 X_Y_; (P3)
N200 GO3 X_ Y_R10.0; (P4)
N300 GO1 X_Y_; (PS)
N400 GO3 X_ Y_ R30.0; (P6)
N500 M99;
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® Rotational copy Y
(spot boring) A b1
PO
Start point
60°
| » X

Main program
03000 ;
N10 G92 G17 X80.0 Y50.0; (PO)
N20 G72.1 P4000 L6 X0 YO R60.0 ;
N30 G80 GO0 X80.0 Y50.0 ; (PO)
N40 M30 ;

Subprogram
O4000 N100 GO0 G811 X_Y_R_Z_F_; (P1)
N200 M99 ;
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® Linear copy Y
A
P4 P5
art poin PL[TP3 &6 o
pol. 70 J. 70 | 70 _|p8"

Main program
01000;
N10 G92 X-20.0 YO ;
N20 GO0 G90 X0 YO ;

N30 G01 G17 G41 X_Y_DO1 F10; (PO)
N4AOY_; (P1)
N50 X_; (P2)
N60 G72.2 P2000 L3 170.0 JO ;
N70 X_Y_: (P8)
N80 X0 ;
N90 GO0 G40 X-20.0 YO ;
N100 M30 ;

Subprogram
02000 G90 GO1 X_; (P3)
N100Y_; (P4)
N200 G02 X_ I_; (P5)
N300 GO1Y_; (P6)
N400 X_; (P7)
N500 M99 ;
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e Combination of rotational v
copying and linear A
: . PO
copying (bolt hole circle) Start point

A

Main program

01000 ;

N10 G92 G17 X100.0 Y80.0; (PO)
N20 G72.1 P2000 X0 YO L8 R45.0;

N30 G80 GO0 X100.0 Y80.0; (PO)
N40 M30 ;

Subprogram (rotational copy)

02000 N100 G72.2 P300010J_L3;
N200 M99 ;

Subprogram (linear copy)

O3000N110G90G81 X_Y_R_Z_F_; (P1)
N210 M99 ;
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13.10

THREE-
DIMENSIONAL
COORDINATE
CONVERSION
(G68, G69)

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. This function is very useful in three—dimensional machining
by adie-sinking machine or similar machine. For example, if aprogram
specifying machining on the XY planeis converted by the three—
dimensional coordinate conversion function, theidentical machining can
be executed on a desired plane in three-dimensional space.

Y

~
\\ Three—dimensional coordinate conversion

|

z

G68 Xp X1 Ypy1Zpzy141Jdj1 KKys Ry ; Starting three—dimensional
. coordinate conversion

Three—dimensional coordi-
nate conversion mode

G69 ; 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

N1G68 Xpx1 Ypy12Zpziliidji KkiRa;

N2 G68 Xpx2 Ypy22ZpzolioJjo KkoRB;

Three—dimensional coordinate conversion can be executed twice.

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, Z), then rotated around the vector (io, j2, ko) by angular
displacement g . Thenewest coordinatesystemiscaled X' Y"Z". Inthe
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® Format error

® Center of rotation

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 Xxg Yyg Zzg 10 J0 K1 Rot ;
G68 I11J0KORB;

X

Y,Z : Workpiece coordinate system

Y, 2 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)

If one of the following format errors is detected, P/S alarm No. 5044
OCCUrs:

1. Whenl, J, or K is not specified in a block with G68
(aparameter of coordinate system rotation is not specified)

2. Whenl, J, and K are all set to 0 in ablock with G638
3. When R is not specified in ablock with G68

Specify absolute coordinates with Xp, Yp, and Zp in the G68 block.
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® Equation for
three—dimensional
coordinate conversion

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) ()3) - (8)

When conversion is carried out twice, the relationship is expressed as follows:

()= ()0(E) - () + (2

X,Y,Z : Coordinates in the original coordinate system
(workpiece 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:

n12+(1-n12) cosd NN, (1-cosB)—n3sin®  nqn3 (1-cos8)+n,sind
Ny Ny (1-cosB)+n3 sin®  ny2+(1-n,2) cos ny n3 (1-cosB)—n; sind
ny N3 (1-cosB)—n, sin®@  ny n3 (1-cosb)+ny siN®  nN32+(1-n32) cose

n; : Cosine of the angle made by the rotation axis and X—axisLIO

.

n, : Cosine of the angle made by the rotation axis and Y—axis D

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= /P72
Conversion matrices for rotation on two—dimensional planes are shown below:
(1) Coordinate conversion on the XY plane
cos® —sine 0
M= sin® coso 0
0 0 1

(2) Coordinate conversion on the YZ plane

1 0 0
M= 0 cos®  -sin®
0 sin® cos6
(3) Coordinate conversion on the ZX plane

cos6 O sin®
M= 0 1 0
-sind 0 cos6
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® Three basic axes and
their parallel axes

® Specifying the second
conversion

® Angular displacement R

® G codes that can be
specified

Three—dimensional coordinate conversion can be applied to a desired
combination of threeaxes sel ected out of thebasicthreeaxes(X, Y, Z) and
their parallel axes. The three—dimensional coordinate system subjected
to three-dimensional coordinate conversion is determined by axis
addresses specified in the G68 block. If Xp, Yp, or Zp is not specified,
X, Y, or Z of the basic three axesis assumed. However, if the basicthree
axes are not specified in parameter 1022, P/S alarm No. 048 occurs.
In a single G68 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

G68 X_I_J K_R_; XYZ coordinate system
G68 U_V_Z | _J K_R_; UVZcoordinate system
G68 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.

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 cutter compensation

G4l Cutter compensation to the left

G42 Cutter compensation to the right

G43 Increasing tool length compensation
G44 Decreasing tool length compensation
G45 Increasing the tool offset

G46 Decreasing the tool offset

Ga7 Doubling the tool offset

G48 Halving the tool offset

G49 Canceling tool length compensation
G50.1 Canceling programmable mirror image
G511 Programmable mirror image
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® Rapid traverse rate in

drilling of a canned cycle

® Compensation functions

® Relationship between
three—dimensional and
two—dimensional
coordinate conversion
(G68, G69)

e Custom macro system
variables

® Reset

® Absolute position
display

® Three—dimensional rigid
tapping

G53 Selecting the machine coordinate system
G65 Custom macro calling

G66 Continuous—state custom macro calling
G67 Canceling continuous—state custom macro calling
G73 Canned cycle (peck drilling cycle)

G74 Canned cycle (reverse tapping cycle)

G76 Canned cycle (fine boring cycle)

G80 Canceling a canned cycle

G81to G89 Canned cycle

G90 Absolute mode

GI1 Incremental mode

Go4 Feed per minute

G95 Feed per rotation

G98 Canned cycle (return to the initial level)
G99 Canned cycle (return to the level of point R)

In the three—dimensional coordinate conversion mode, the rapid traverse
ratein drilling of a canned cycle equals the maximum cutting feedrate.

If tool length compensation, cutter compensation, or tool offset is
specified with three—-dimensional coordinate conversion, compensation
isperformed first, followed by three—dimensional coordinate conversion.

Three—dimensional and two—dimensional coordinate conversion use
identical G codes (G68 and G69). A G code specified with 1, 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).

If areset occurs during three—dimensional coordinate conversion mode,
themode is cancel ed and the continuous-state G codeis changed to G69.

The absol ute coordinates based on the program or workpiece coordinate
system can be displayed in the three—-dimensional coordinate conversion
mode. Specify a desired coordinate system in the DAK bit (bit 6 of
parameter 3106).

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.
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Limitations

e manual intervention

e Positioning in the
machine coordinate
system

® Specifying rapid traverse

® Block with G68 or G69

® Mirror image

® Position display and
compensation

® Three—-dimensional
coordinate conversion
and other
continuous—state
commands

Three—dimensional coordinate conversion does not affect the degree of
manual intervention or manua 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 No.1401, to
1)

In ablock with G68 or G69, other G codes must not be specified. G68
must be specified with 1, J, and K.

Programmable mirror image can be specified, but external mirror image
(mirror image by the mirror image signal or setting) cannot be specified.
Three-dimensional coordinate conversion is carried out after the
programmable mirror image function is executed.

To display the absolute position when three-dimensional coordinate
conversionisexecuted, set bits4 to 7 of parameter DRL, DRC, DAL, and
DAC No0.3104 to 0.

Canned cyclesG41, G42, or G51.1 must be nested between G68 and G69.

(Example)
- - - - G68 X100. Y100. Z100. 10. JO. K1. R45. ;

- - G41D01;
L - G40;

- G69;
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Examples

N1G90X0Y0Z0;
N2 G68 X10. YO Z010J1 KORS30. ;
N3 G68 X0Y-10.Z010J0 K1 R—90.;

N4 G90 X0Y0Z0;

N5X10.Y10.Z0;

Carries out positioning to zero point H.
Forms new coordinate system X'Y'Z'.
Forms other coordinate system X"Y”Z".
The origin agrees with (0, —10, 0) in
coordinate system X'Y'Z.

Carries out positioning to zero point H” on
coordinate system X"Y"Z".

Carries out positioning to (10, 10, 0) on
coordinate system X"Y"Z".

— 260 —



B—63534EN/02

13. FUNCTIONS TO SIMPLIFY
PROGRAMMING PROGRAMMING

13.11
INDEX TABLE
INDEXING FUNCTION

Explanations

® Indexing position

e Direction and value of
rotation

By specifying indexing positions (angles) for the indexing axis (one
rotation axis, A, B, or C), the index table of the machining center can be
indexed.

Before and after indexing, the index table is automatically unclamped or
clamped .

Specify an indexing position with address A, B, or C (set to bit O of
parameter ROTx N0.1006).

The indexing position is specified by either of the following (depending
on bit 4 of parameter G90 N0.5500):

1. Absolute value only

2. Absolute or incremental value depending on the specified G code:
G90 or G91

A positive value indicates an indexing position in the counterclockwise
direction. A negative value indicates an indexing position in the
clockwise direction.

The minimum indexing angle of the index table is the value set to
parameter 5512. Only multiples of the least input increment can be
specified as the indexing angle. If any value that is not a multiple is
specified, an P/S alarm (No. 135) occurs. Decimal fractions can also be
entered. When adecimal fractionis entered, the 1's digit corresponds to
degree units.

A Value specified for rotation from Ato B
(case 2 described above)
G90 B-45.0 ; or
+60° G91 B-105.0;
OO
—45°
B

The direction of rotation and angular displacement are determined by
either of the following two methods. Refer to the manual written by the
machine tool builder to find out which method is applied.

1. Using the miscellaneous function specified in parameter No. 5511
(Address) (Indexing position) (Miscellaneous function);
Rotation in the negative direction
(Address) (Indexing position);
Rotation in the positive direction (No miscellaneous functions are
specified.)
An angular displacement greater than 360-is rounded down to the
corresponding angular displacement within 360-when bit 2 of
parameter ABS No. 5500 specifies this option.
For example, when G90 B400.0 (miscellaneousfunction); isspecified
a aposition of 0, the tableis rotated by 40°in the negative direction.
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o Feedrate

2. Using no miscellaneous functions
By setting to bits 2, 3, and 4 of parameter ABS, INC,G90 N0.5500,
operation can be selected from the following two options.
Select the operation by referring to the manual written by the machine
tool builder.

(1) Rotating in the direction in which an angular displacement

becomes shortest

This is vaid only in absolute mode. A specified angular
dis—placement greater than 360 is rounded down to the
correspond—-ing angular displacement within 360> when bit 2 of
parameter ABS N0.5500 specifies this option.

For example, when G90 B400.0; is specified at aposition of 0, the
table is rotated by 40°in the positive direction.

(2) Rotating in the specified direction

In the absolute mode, the value set in bit 2 of parameter ABS
N0.5500 determines whether an angular displacement greater than
360° is rounded down to the corresponding angular displacement
within 360-.

In the incremental mode, the angular displacement is not rounded
down.

For example, when G90 B720.0; is specified at aposition of 0, the
table is rotated twice in the positive direction, when the angular
displacement is not rounded down.

Thetableisaways rotated around the indexing axisin the rapid traverse
mode.
Dry runs cannot be executed for the indexing axis.

WARNING

If a reset is made during indexing of the index table, a
reference position return must be made before each time
the index table is indexed subsequently.

NOTE
1 Specify the indexing command in a single block. If the

command is specified in a block in which another controlled
axis is specified, P/S alarm (No.136) occurs.

The waiting state which waits for completion of clamping or
unclamping of the index table is indicated on diagnostic
screen 12.

The miscellaneous function specifying a negative direction
is processed in the CNC.

The relevant M code signal and completion signal are sent
between the CNC and the machine.

If a reset is made while waiting for completion of clamping
or unclamping, the clamp or unclamp signal is cleared and
the CNC exits the completion wait state.
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e Indexing function and
other functions

Table 13.11 (a) Index indexing function and other functions

Item

Explanation

Relative position display

This value is rounded down when bit 1 of parameter REL No. 5500
specifies this option.

Absolute position display

This value is rounded down when bit 2 of parameterABS No. 5500
specifies this option.

Automatic return from the reference position (G29)
2nd reference position return (G30)

Impossible to return

Movement in the machine coordinate system

Impossible to move

Single direction positioning

Impossible to specify

2nd auxiliary function (B code)

Possible with any address other than B that of the indexing axis.

Operations while moving the indexing axis

Unless otherwise processed by the machine, feed hold, interlock
and emerrgency stop can be executed. Machine lock can be
executed after indexing is completed.

SERVO OFF signal

Disabled
The indexing axis is usually in the servo—off state.

Incremental commands for indexing the index
table

The workpiece coordinate system and machine coordinate system
must always agree with each other on the indexing axis (the work-
piece zero point offset value is zero.).

Operations for indexing the index table

Manual operation is disabled in the JOG, INC, or HANDLE mode.
A manual reference position return can be made. If the axis selec-
tion signal is set to zero during manual reference position return,
movement is stopped and the clamp command is not executed.
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COMPENSATION FUNCTION

General This chapter describes the following compensation functions:

14.1 TOOL LENGTH OFFSET (G43, G44, G49)

14.2 AUTOMATIC TOOL LENGTH MEASUREMENT (G37)

14.3 TOOL OFFSET (G45-G48)

14.4 CUTTER COMPENSATION B (G39-G42)

145 CUTTER COMPENSATION C (G40-G42)

14.6 DETAILS OF CUTTER COMPENSATION C

14.7 THREE-DIMENSIONAL TOOL COMPENSATION (G40, G41)

14.8 TOOL COMPENSATION VALUES, NUMBER OF
COMPENSATION VALUES, AND ENTERING VALUES FROM
THE PROGRAM (G10)

14.9 SCALING (G50, G51)

14.10 COORDINATE SYSTEM ROTATION (G68, G69)

14.11 NORMAL DIRECTION CONTROL
(G40.1, G41.1, G42.1 OR G150, G151, G152)

14.12 PROGRAMMABLE MIRROR IMAGE (G50.1, G51.1)

14.13 GRINDING WHEEL WEAR COMPENSATION

14.14 ROTARY TABLE DYNAMIC FIXTURE OFFSET
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14.1

TOOL LENGTH
OFFSET

(G43, G44, G49)

Thisfunction can beused by setting the difference between thetool length
assumed during programming and the actual tool length of the tool used
into the offset memory. Itispossibleto compensatethedifferencewithout
changing the program.

Specify thedirection of offset with G43 or G44. Select atool length offset
value from the offset memory by entering the corresponding addressand
number (H code).

Tool assumed dur- Actual tool
ing programming

Ji Specify this distance
as the value of tool
T length offset.

L L

Fig. 14.1 Tool length offset

14.1.1
General

Format

Thefollowing three methods of tool length offset can be used, depending
on the axis along which tool length offset can be made.
-Tool length offset A
Compensates for the difference in tool length along the Z—axis.
-Tool length offset B
Compensates for the difference in tool length along the X—Y—,or
Z—-axis.
-Tool length offset C
Compensates for the difference in tool length along a specified axis.

Tool length offset A GA3Z_H_; Explanation of each address
G44Z_H_;
G43 : Positive offset
Tool length offset B | G17G43Z_H_; | ©44 - Neg"’}“"e Oﬁlset _
G17G44Z H G17 XYpaneseect.lon
. G18 : ZX plane selection
G18G4A3Y_H_; G19 : YZplane selection
G18G44Y_H_; | . Address of a specified
G19 G43 X_ H_ ) axis
G19G44 X_H_; H: Address for specifying
the tool length offset
Tool length offset C G43o0_H_; value
G44 o_H_;
Tool length offset G49;0rHO;
cancel
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Explanations

® Selection of tool length
offset

® Direction of the offset

® Specification of the tool
length offset value

e When OFH (bit 2 of
parameter No. 5001) = 0

e When OFH (bit 2 of
parameter No. 5001) = 1

Select tool length offset A, B, or C, by setting bits 0 and 1 of parameter
TLC,TLB No. 5001.

When G43 is specified, the tool length offset value (stored in offset
memory) specified with the H code is added to the coordinates of the end
position specified by acommand inthe program. When G44 isspecified,
the samevalueissubtracted from the coordinates of theend position. The
resulting coordinates indicate the end position after compensation,
regardless of whether the absolute or incremental mode is sel ected.

If movement along an axis is not specified, the system assumes that a
move command that causes no movement is specified. When a positive
value is specified for tool length offset with G43, the tool is moved
accordingly in the positive direction. When apositive valueis specified
with G44, thetool is moved accordingly in the negative direction. When
anegative value is specified, the tool is moved in the opposite direction.
G43 and G44 are modal G codes. They are valid until another G code
belonging to the same group is used.

The tool length offset value assigned to the number (offset number)
specified in the H code is selected from offset memory and added to or
subtracted from the moving command in the program.

(1) Tool length offset A/B

When the offset numbers for tool length offset A/B are specified or
modified, the offset humber validation order varies, depending on the
condition, as described below.

OxxxX;

HOL ;

G43Z_: @
G44zZ_HO2;  (2)

: (1) Offset number HO1 is valid.
HO3 ; (3) (2) Offset number HO2 is valid.
: (3) Offset number HO3 is valid.

OxxxX;

HOL ;

G43Z_: @
G44zZ_HO2;  (2)

: (1) Offset number HOO is valid.
HO3 ; 3) (2) Offset number HO2 is valid.
: (3) Offset number HO2 is valid.
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(2) Cutter compensation C

When the offset numbers for cutter compensation C are specified or
modified, the offset humber validation order varies, depending on the
condition, as described below.

e When OFH (bit 2 of

parameter No. 5001) = 0
Oxxxx;
HO1 ;
3p_: 1 -
G4:3P— ' @ (1)Offset number HO1 is valid.
44P HO2 : 2 (2)Offset number HO2 is valid.
G . 0 @ (3)Offset number HO3 is valid only for
HOé . ©) the axis to which compensation
C was applied most recently.
e When OFH (bit 2 of
parameter No. 5001) =1 03000
HO1;
G43P_: )
G4;1p HO02 : 2 (1) Offset number HOO is valid.
- (2) Offset number HO2 is valid.
HO3 ; (3) (3) Offset number HO2 is valid.
: (However, the H number displayed
is changed to 03.)

Thetool length offset value may be set in the offset memory through the

CRT/MDI pandl.
The range of values that can be set as the tool length offset value is as
follows.
Metric input Inch input
Tool length offset value 0 t0 £999.999mm 0 to £99.9999inch
WARNING

When the tool length offset value is changed due to a
change of the offset number, the offset value changes to the
new tool length offset value, the new tool length offset value
is not added to the old tool length offset value.

H1 : tool length offset value 20.0

H2 : tool length offset value 30.0

G90 G43 7100.0 H1 ; Z will move to 120.0

G90 G43 7100.0 H2 ; Z will move to 130.0

CAUTION

When the tool length offset is used and set a parameter
OFH (No. 5001#2) to 0, specify the tool length offset with H
code and the cutter compensation with D code.
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® Performing tool length
offset along two or more
axes

® Tool length offset cancel

NOTE
The tool length offset value corresponding to offset No. O,
that is, HO always means 0. Itis impossible to set any other
tool length offset value to HO.

Tool length offset B can be executed along two or moreaxeswhentheaxes
are specified in two or more blocks.

Offsetin X and Y axes.
G19 G43 H _; Offsetin X axis
G18 G43H _; OffsetinY axis
(Offsetsin X and Y axes are performed)

If the TAL bit (bit 3 of parameter No. 5001) isset to 1, an alarm will not
occur even when tool length offset C is executed along two or more axes
a the sametime.

To cancel tool length offset, specify G49 or HO. After G49 or HO is
specified, the system immediately cancels the offset mode.

NOTE

e After tool length offset B is executed along two or more
axes, offset along all the axes is canceled by specifying
G49. If HO is specified, only offset along an axis
perpendicular to the specified plane is canceled.

* In the case of the offset in three axes or more, if the offset
is canceled by G49 code, the P/S alarm 015 is generated.
Cancel the offset by using G49 and HO.
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Examples
Tool length offset (in boring holes No.1, 2, and 3)
t1
) €
“ N
30 / 6) / +Y
(130 ©)
@ L —] L/ L
30 +X
7
<7
120 30 50 +Z
Actual position
Y| (2) !
to
Programmed 35 3
position Y : - T (12)
GHE) b Q)
offset 30 +18 ki.,T('D .(7”(8} (‘\q i 22
value @ | "(11)
e=4mm g
-Program
H1=-4.0 (Tool length offset value)
N1 G91 GO0 X120.0 Y80.0 ; (1)
N2 G43 Z-32.0 H1 ; (2)
N3 G01 Z-21.0 F1000 ; 3)
N4 G04 P2000 ; (4)
N5 GO0 Z21.0; (5)
N6 X30.0 Y-50.0 ; (6)
N7 GO1 Z-41.0; @)
N8 GO0 zZ41.0 ; (8)
N9 X50.0 Y30.0 ; 9)
N10 GOl Z-25.0; (20)
N11 GO04 P2000 ; (11)
N12 GO0 Z57.0 HO ; (12)
N13 X-200.0 Y-60.0 ; (13)
N14 M2 ;
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14.1.2

Gb53, G28, G30, and
G30.1 Commands in
Tool Length Offset
Mode

Explanations

® Tool length offset vector
cancellation

This section describes the tool length offset cancellation and restoration
performed when G53, G28, G30, or G31 is specified in tool length offset
mode. Also described is the timing of tool length offset.

(2) Tool length offset vector cancell ation and restoration, performed when
G53, G28, G30, or G30.1 is specified in tool length offset mode

(2) Specification of the G43/G44 command for tool length offset A/B/C,
and independent specification of the H command

When G53, G28, G30, or G30.1 is specified in tool length offset mode,
tool length offset vectors are canceled as described below. However, the
previously specified modal G code remains displayed; modal code
display is not switched to G49.

(1) When G53is specified

Command Specified axis Common to type A/B/C
G53P_; Tool length offset Canceled upon movement being
axis performed according to a speci-
fied value
Other than tool Not canceled
length offset axis
NOTE

When tool length offset is applied to multiple axes, all
specified axes are subject to cancellation.

When tool length offset cancellation is specified at the same time, tool
length offset vector cancellation is performed as indicated bel ow.

Command Specified axis Common to type A/B/C
Tool length offset Canceled upon movement being
G49G53P_; axis performed according to a speci-

fied value

Other than tool
length offset axis

Canceled upon movement being
performed according to a speci-
fied value

(2) When G28, G30, or G30.1 is specifi

ed

Command

Specified axis

Common to type A/B/C

G28P_;

Tool length offset
axis

Canceled upon movement to a
reference position being per-
formed

Other than tool
length offset axis

Not canceled
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® Tool length offset vector
restoration

NOTE

When tool length offset is applied to multiple axes, all
specified axes involved in reference position return are

subject to cancellation.

When tool length offset cancellation is specified at the same time, tool
length offset vector cancellation is performed as indicated bel ow.

Command Specified axis Common to type A/B/C
Tool length offset Canceled upon movement to an
G49G28P_; axis intermediate position being per-

formed

Other than tool
length offset axis

Canceled upon movement to an
intermediate position being per-
formed

Tool length offset vectors, canceled by specifying G53, G28, G30, or
G30.1 in tool length offset mode, are restored as described bel ow.

(1) When OFH (bit 2 of parameter No. 5001) =0

Type EVO (bit 6 of pa- Restoration block
rameter No. 5001)
1 Block to be buffered next
A/B 0 Block containing an H command
or G43/44 command
Ignored Block containing an H command
C Block containing a
G43P_/G44P_ command

(2) When OFH (bit 2 of parameter No. 5001) = 1
In amode other than tool length offset mode

Type EVO (bit 6 of pa- Restoration block
rameter No. 5001)
1 Block to be buffered next
A/B 0 Block containing an H command
or G43/44 command
Ignored Block containing an H command
C Block containing a
G43P_/G44P_ command
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In tool length offset mode

Type EVO (bit 6 of pa- Restoration block
rameter No. 5001)
1 Block containing a G43/G44
block
A/B
0 Block containing an H command
and G43/44 command
c Ignored Block containing a
G43P_H_/G44P_H_ command
WARNING

When tool length offset is applied to multiple axes, all axes
for which G53, G28, G30, and G30.1 are specified are
subject to cancellation. However, restoration is performed
only for that axis to which tool length offset was applied last;
restoration is not performed for any other axes.

NOTE
In a block containing G40, G41, or G42, the tool length
offset vector is not restored.
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14.2

AUTOMATIC TOOL
LENGTH
MEASUREMENT
(G37)

Format

Explanations

® Setting the workpiece
coordinate system

® Specifying G37

By issuing G37 the tool starts moving to the measurement position and
keeps on moving till the approach end signal from the measurement
device is output. Movement of the tool is stopped when the tool tip
reaches the measurement position.

Difference between coordinate val ue when tool reaches the measurement
position and coordinate value commanded by G37 is added to the tool
length offset amount currently used.

A (Start position)
Rapid Measurement position is commanded
traverse with G37

7&' B (Deceleration position)

Measurement
feedrate
J74¢ C (Measurement position)

The tool stops when the approach end
signal goes on.

0 >

Compensation value = (Current compensation value) + [(Coordinates of the

point at which the tool is stopped) — (Coordinates of the programmed measure-
ment position)]

Fig. 14.2 (a) Automatic tool length measurement

G92IP_; Sets the workpiece coordinate system. (It can be set
with G54 to G59. See Chapter 7, “Coordinate System.”)
HOO; Specifies an offset number for tool length offset.

G90 G37IP_; Absolute command
G37 is valid only in the block in which it is specified.
IP_indicates the X—, Y—, Z—, or fourth axis.

Set the workpiece coordinate system so that a measurement can be made
after moving thetool to the measurement position. Thecoordinatesystem
must be the same as the workpiece coordinate system for programming.

Specify the absolute coordinates of the correct measurement position.
Execution of this command moves the tool at the rapid traverse rate
toward the measurement position, reduces the federate halfway, then
continuous to move it until the approach end signal from the measuring
instrument isissued. Whenthetool tip reachesthe measurement position,
the measuring instrument sendsan approach end signal to the CNC which
stops the tool.

— 2713 —



14. COMPENSATION FUNCTION

PROGRAMMING B—63534EN/02

® Changing the offset
value

e Alarm

The difference between the coordinates of the position at which the tool
reaches for measurement and the coordinates specified by G37 is added
to the current tool length offset value.

Offset value =

(Current compensation value) + [(Coordinates of the position at which the
tool reaches for measurement) — (Coor dinates specified by G37)]

These offset values can be manually changed from MDI.

When automatic tool length measurement is executed, the tool moves as
showninFig. 14.2 (b). If the approach end signal goes on while the tool
istraveling from point B to point C, an alarm occurs. Unlesstheapproach
end signal goes on before thetool reaches point F, the same alarm accurs.
The P/IS alarm number is 080.

Deceleration

Raid feedrate

api (measurement )
traverse | feedrate) Approach end signal ON
A

Start l B C D F

position

Position commanded
by G37

Permitted range of approach end signal

Fig. 14.2 (b) Tool movement to the measurement position
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WARNING
When a manual movement is inserted into a movement at
a measurement federate, return the tool to the!position
before the inserted manual movement for restart.

NOTE

1 When an H code is specified in the same block as G37, an
alarm is generated. Specify H code before the block!of
G37.

2 The measurement speed (parameter No. 6241),
deceleration position (parameter No. 6251), and permitted
range of the approach end signal (parameter No. 6254) are
specified by the machine tool builder.

3 When offset memory A is used, the offset value is changed.
When offset memory B is used, the tool wear compensation
value is changed.

When offset memory C is used, the tool wear compensation
value for the H code is changed.

4 The approach end signal is monitored usually every 2 ms.
The following measuring error is generated:

ERRmax- : Fmx1/60xTs/1000 where

Ts : Sampling period, for usual 2 (ms)
ERRmax. : maximum measuring error (mm)
Fm : measurement federate (mm/min.)

For example, when F, = 1000 mm/min., ERRpax. = 0.003m
5 The tool stops a maximum of 16 ms after the approach end
signal is detected. But the value of the position!at which the
approach end signal was detected (note the value when the
tool stopped) is used to determine the
offset amount. The overrun for 16 ms is:
Qmax- = Fm x 1/60 x16/1000
Qmax-: Maximum overrun (mm)
Fm : measurement federate (mm/min.)
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Examples

G92 Z760.0 X1100.0; Sets a workpiece coordinate system with
respect to the programmed absol ute zero point.
GO00 G90 X850.0; Moves the tool to X850.0.
That is the tool is moved to a position that isa
specified distance from the measurement
position along the Z—axis.

HO1; Specifies offset number 1.

G372200.0; Moves the tool to the measurement position.

G00Z204.0; Retracts the tool a small distance along the
Z—axis.

For example, if the tool reaches the measurement position with 2198.0;,
the compensation value must be corrected. Because the correct
measurement position isat adistance of 200 mm, the compensation value
islessened by 2.0 mm (198.0 — 200.0 = -2.0).

4

1

760 [-cmimimmmse ©----9

L /‘

Measurement '
position along Z axis
0 850 1100 X
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14.3
TOOL OFFSET
(G45-G48)

Format

The programmed travel distance of the tool can beincreased or decreased
by a specified tool offset value or by twice the offset value.

The tool offset function can also be applied to an additional
axis.

-~——
I
I
I Workpiece
I
I
I
| —
| I
I | I
I | I
I I I
I I I
N o
P s
@ Tool center path Programmed path
Tool

G451P_D_; Increase the travel distance by the tool offset value
G461P_D_; Decrease the travel distance by the tool offset value

G47 IP_D_; Increase the travel distance by twice the tool offset value
G48 IP_D_; Decrease the travel distance by twice the tool offset value

G451t0 G48: One-shot G code for increasing or decreasing the travel
distance

TP : Command for moving the tool
D : Code for specifying the tool offset value
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Explanations

® Increase and decrease Asshown in Table 14.3(a), the travel distance of the tool isincreased or
decreased by the specified tool offset value.
In the absolute mode, the travel distance isincreased or decreased asthe
tool is moved from the end position of the previous block to the position
specified by the block containing G45 to G48.

Table 14.3 (a) Increase and decrease of the tool travel distance

When a positive tool offset val- When a negative tool offset
G code A - . o
ue is specified value is specified
AN AN ———30 [T e S e
G45
G O G———P— O
Start position End position | Startpositon  End position
[P oV a"a e O AN ——30
G46 — e o IS O
Startpositon ~ End position Startposition End position
[CFa S S aSa e Sou 3l ca e e v ata
G47
O [ — e S 2 2]
Start position End position | Startposition End position
NS BN TR 3030
G48 PO OO e O
Startposition  End position | Startposition End position

~~~—~—~—~—» Programmed movement distance
——» Tool offset value
—— Actual movement position

If a move command with a travel distance of zero is specified in the
incremental command (G91) mode, the tool is moved by the distance
corresponding to the specified tool offset value.

If a move command with a travel distance of zero is specified in the
absolute command (G90) mode, the toal is hot moved.

e Tool offset value Once selected by D code, the tool offset value remains unchanged until
another tool offset value is selected.
Tool offset values can be set within the following range:

Table 14.3 (b) Range of tool offset values

Metric input inch input
Tool offset value 0 t0 £999.999mm 0 to £99.9999inch
0 to £999.999deg 0t0 £999.999deg

DO always indicates atool offset value of zero.
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WARNING

1 When G45 to G48 is specified to n axes (n=1-6) simultaneously in a motion block, offset is

applied to all n axes.

When the cutter is offset only for cutter radius or diameter in taper cutting, overcutting or

undercutting occurs.

Therefore, use cutter compensation (G40 or G42) shown in 11-14.4 or 14.5.

Shape actually cut

Desired
shape

Y axis

Overcutting
'

)
GOLX_F_;
G47X_Y_D_;

Y_;

X axis

Desired shape

Shape actually cut

/ Y axis

Undercutting X axis

GO1G45X_F_D_;
X_Y_;
G45Y_;

2 G45 to G48 (tool offset) must not be used in the G41 or G42 (cutter compensation) mode.

— 279 —




14. COMPENSATION FUNCTION PROGRAMMING B—63534EN/02

NOTE
1 When the specified direction is reversed by decrease as shown in the figure below, the tool

moves in the opposite direction.

Movement of the tool Program command
Start Example
position J End G46 X2.50 ;
ot - - - - e————»o position Tool offset value Equivalent command
+3.70 X-1.20;

l< »|

Tool offset value

2 Tool offset can be applied to circular interpolation (G02, G03) with the G45 to G48 commands
only for 1/4 and 3/4 circles using addresses |, J and K by the parameter setting, providing that
the coordinate rotation be not specified at the same time. This function is provided for
compatibility with the conventional CNC tape without any cutter compensation. The function
should not be used when a new CNC program is prepared.

Tool offset for circular interpolation
Program

N1G46 GOOX_Y_D_;
N2 G45GO1Y_F_;

N3 G45GO3 X_Y_|I_;
N4 GOL X_;

3 D code should be used in tool offset mode (G45 to G48). However, H code can be used by
setting the parameter TPH (No. 5001#5) because of compatibility with conventional CNC tape
format. The H code must be used under tool length offset cancel (G49).

4 (45 to G48 are ignored in canned cycle mode. Perform tool offset by specifying G45 to G48
before entering canned cycle mode and cancel the offset after releasing the canned cycle
mode.
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Examples

Program using tool offset

-——— N2 -
I N11) 30R
! A
I \
N9
40 | N10 T}
N13l |
| N8
| 4 30R |
| ! S }
40 | | | /
| q /
I J I e
] L | A I B
Nl/) N2 NG N7
e
7~
50 -
7~
e
7~
Y |N14
| 80 50 40 30 30
Origin T
Y axis Tooldiameter 200
Offset No. 01
Tool offset value +10.0
X axis
Program

N1 G91 G46 GO0 X80.0 Y50.0 DO1 ;
N2 G47 G01 X50.0 F120.0;

N3 Y40.0;

N4 G48 X40.0 ;
N5 Y-40.0 ;

N6 G45 X30.0 ;

N7 G45 G03 X30.0 Y30.0 J30.0;

N8 G45 G01 Y20.0;
N9 G46 X0 ;

movement amount “0”.
direction by theoffset value.
N10 G46 G02 X-30.0 Y30.0J30.0;
N11 G45 G01 YO ; Increasetoward the positive direction for movement
amount “0". The tool moves in the +Y direction by
the offset value.

N12 G47 X-120.0;
N13 G47 Y-80.0;

N14 G46 GO0 X80.0 Y-50.0;
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14.4

CUTTER
COMPENSATION B
(G39-G42)

When the tool is moved, the tool path can be shifted by the radius of the
tool (Fig. 14.4).

To make an offset as large as the radius of the tool, first create an offset
vector with alength equal to the radius of the tool (start—up). The offset
vector is perpendicular to the tool path. Thetail of the vector is on the
workpiece side and the head points to the center of the tool.

If alinear interpolation, corner offset, or circular interpol ation command
is specified after start—up, the tool path can be shifted by the length of the
offset vector during machining.

To return the tool to the start point at the end of machining, cancel the
cutter compensation mode.

Corner offset
Circular interpolation

_ Circular
- ™~ _interpolation
Linear interpolatiop// N
N
N
AN
Corner offset N\
~ \
Circular 13 \\
interpolation | R \
| \
; \
Linear | \
interpolation I v
|
I R2 /
Offset vector //
I /
| /
s
Pt
Start up / —_ —— —————Ye—"Circular
s _L|tnear ati interpolation
/ /E:utter interporation Programmed path

compensation

cancel Y axis

o

Start position

Tool center path

X axis

Fig. 14.4 Outline of Cutter Compensation B
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Format

e Start up
(Cutter compensation
start)

e Corner offset circular
interpolation

e Cutter compensation
cancel

e Selection of the offset
plane

Explanations

® H code

GO0 (or GO1) G41 (or G42) TP_IR_H_;

G41 : Cutter compensation left (Group 07)
Ga2 - Cutter compensation right (Group 07)

IP_ : Command for axis movement

IR_ :Incremental value from the end position. Perpendicular to the offset
vector at the end position.

H_ :Code for specifying the cutter compensation value (1 to 3 digits)

G391IP (or IR_) ;

G39 : Corner offset circular interposition (Group 00)

1P_(0or) IR_ :Incremental value from the end position. Perpendicular to
the offset vector at the end position.

G40IP_;

G40 : Cutter compensation cancel (Group 07)
IP_ : Command for axis movement

Offset plane Command of the plane selection P IR_
XpYp G17; Xp_Yp_ | 1_J_
ZpXp G18; Xp_Zp_ | I_K_
YpZp G19; Yp_Zp_ | J_K_

Specify the number assigned to a cutter compensation value with a 1—to
3—digit number after addressH (H code) in the program. TheH code can
be specifiedinany position beforethe offset cancel modeisfirst switched
to the cutter compensation mode. The H code need not be specified again
unless the cutter compensation value needs to be changed.

Assign cutter compensation valuesto the H codes on the MDI panel. For
the specification of the cutter compensation value, see 111-11.4.1 in the
section on operation.

Thetable below showstherangein which the cutter compensation values
can be specified.

Table 14.4 Valid range of cutter compensation values

Metric input inch input

Cutter compensation value 0 to £999.999mm 0 to £99.9999inch

NOTE
The cutter compensation value corresponding to offset
No.0, that is, HO always gets 0. It is impossible to set HO to
any other cutter compensation value.
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e Offset plane selection
and offset vector

Notes

® Transition from the offset
cancel mode to the
cutter compensation
mode (Start up)

Cutter compensation is carried out in the plane determined by G17, G18
and G19 (G codes for plane selection.). This plane is called the offset
plane. If the offset plane is not specified, G17 is assumed to be
programmed.

Compensation is not executed for the coordinates of a position which is
not in the specified plane. The programmed values are used asthey are.
In the sequel, what vector is created, what offset calculation is made, by
an offset command, will be discussed on assumption that an XY planeis
selected. This discussion applies aso when another plane is selected.
The offset vector is cleared by reset.

After the power is turned on, the length of the offset vector is set to zero
and the cutter compensation cancel mode is sel ected.

NOTE
A move command mode at the time of change from the
offset cancel mode to the cutter compensation mode, is
positioning (G00) or linear interpolation (G01). The circular
interpolation (G02, G0O3) cannot be used.
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14.4.1

Cutter Compensation
Left (G41)

Explanations

® GO0 (positioning) or
GO1 (linear interpolation)

G41 offsetsthetool towardstheleft of theworkpiece asyou seewhenyou
face in the same direction as the movement of the cutting tool.

G41X_Y_1_J H_;

specifies a new vector to be created at right angles with the direction of
(1, J) on the end point, and the tool center moves toward the point of the
new vector from that of the old vector on the start point.(l, J) isexpressed
in an incremental value from the end point, and is significant only as a
direction, and its amount is arbitrary.

Tool center path

Old vector New vector -

Y

S--0
Start position X,Y) 1,J)

Programmed path

In casethe old vector is 0, this command specifies the equipment to enter
from the cancel mode into the cutter compensation mode. At thistime,
the offset number is specified by the H code.

Tool center path

I N

New vector

Old vector=0 Programmed path X.v)

Unlessotherwise specified, (I, J) areassumed to beequal to (X, Y). When
the following command is specified, a vector perpendicular to a line
connecting the start position and position (X, Y) is created.

G4l X_Y_;

If, however, GO0 is specified, each axis movesindependently at the rapid
traverserate.

Tool center path

/.

e B W

Old vector New vector

f

Start position (X,Y)

Programmed path
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e G02, GO3
(Circular interpolation)

G41...,

G02 (or GO3) X_Y_R_;

Above command specifies a new vector to be created to the left looking
toward the direction inwhich an arc advances on aline connecting thearc
center and the arc end point, and the tool center to move along the arc
advancing from the point of the old vector on the arc start point toward
that of the new vector. Thisis, however, established on assumption the
old vector is created correctly.

The offset vector is created toward the arc center or opposite direction
against the arc center.

New vector

Tool center path

\///
s

X, Y)

AN

Programmed path

Start position

Old vector
New vector

Old vector
Programmed path

Start position®
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14.4.2
Cutter Compensation
Right (G42)

Explanations

® GO0 (positioning) or
GO1 (linear interpolation)

G42, contrary to G41, specifiesatool to be offset to theright of work piece
looking toward the direction in which the tool advances.

G42 hasthesamefunction asG41, except that thedirectionsof thevectors
created by the commands are the opposite.

GA2X_Y_1_J H_

Programmed path )
Start position xY) .-

L

Old vector New vecto e

Tool center path

GA2X_Y_:

Programmed patl
Start position x.Y)

Old vector New vector

e ¥

Tool center path

In the case of GO0, however, each axis moves independently at the rapid
traverse rate.
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® G02 or G0O3
(Circular interpolation)

G42...;

GO02 (or GO3) X_Y_R_;

Programmed path

Start position ¢

Old vector

Programmed path

Start position

Old vector

New vector

New vector

/

//
a

Tool center path
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14.4.3
Corner Offset Circular
Interpolation (G39)

Format

When thefollowing command isspecifiedinthe G01, GO2, or GO3 mode,
corner offset circular interpolation can be executed with respect to the
radius of the tool.

In offset mode

X_Y_
G394 X Z_ ¢ -
Y Z_
or
1J_
G394 I K_ ¢ -
J_K_

A new vector is created to the left (G41) or to the right (G42) looking
toward (X, Y) from the end point at right angles therewith, and the tool
movesalong thearc fromthe point of theold vector toward that of thenew
vector. (X, Y, Z) is expressed in a value according to the G90/G91

respectively. (1, J, K) isexpressed in an incremental value from the end
point.

Case of G41 Old vector
New vector

~
Tool center path \& |_ X, Yor(l, J)
22

Programmed path

Case of G42
New vector
-

X, Y)or(l, J) J Tool center path
Ge

Old vector

Programmed path

Thiscommand can begivenin offset mode, that is, only when G41 or G42
has aready been specified. Whether the arc is to turn clockwise or
counterclockwise, isdefined by G41 or G42, respectively. Thiscommand
isnot modal, and executescircular interpol ation, whatever the G function
of group 01 may be. The G function of group 01 remainseventhoughthis
command is specified.
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14.4.4

Cutter Compensation
Cancel (G40)

When the following command is specified in the GOO or GO1 mode, the
tool moves from the head of the old vector at the start position to the end
position (X, Y). Inthe GO1 mode, the tool moves linearly. In the GOO
mode, rapid traverseis carried out along each axis.

G40 X_Y_;

Tool center path

Old vector

This command changes the mode of the equipment from the cutter
compensation mode to the cancel mode.

When only G40; isspecified, and X _Y _isnot specified, thetool moves
by the old vector amount in the opposite direction.

NOTE

Cutter compensation cannot be canceled in the circular
interpolation (G02, G0O3) mode.
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14.4.5
Switch between Cutter
Compensation Left and

Cutter Compensation
Right

The offset direction is switched from left to right, or from right to left
generally through the offset cancel mode, but can be switched not through
it only in positioning (GOO) or linear interpolation (G01). Inthiscase, the

tool path is as shown in Fig 14.4.5.

G4l......... ;
GO0 G42 X_Y_;
Tool center path
7/ —Q\\ (normally, itis not straight.)
Old vector >~ X,Y)
=~ > o
J L
T - New
Programmed path vector

G42......... ;

GO0 G41X_ Y (orl J)F_:

Tool center path
— New
vector

v\

o -

- \J
Old vector //\ (X, Y)or(l, J)
p _gb//

Programmed path

Fig. 14.4.5 Switching the Direction of Cutter Compensation
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14.4.6
Change of the Cutter
Compensation Value

The offset amount is changed generally when the tool is changed in the
offset cancel mode, but can be changed in the offset mode only in
positioning (GOO) or linear interpolation (GO1).

Program as described below:

GO0 (or GO1) X_ Y_ H_ ; (H_ indicates the number of a new cutter
compensation value.)

Fig. 14.4.6 shows how the tool is moved when the change in
compensation is specified.

Tool center path L ——Q

—_—

—

—

New vector — o
Old vector J
S 9]
Start position Programmed path X,Y)

New vector | P
le— Old vector
C

)
Start position Programmed path  (x, v)

Fig 14.4.6 Change of the cutter compensation value in offset mode
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14.4.7
Positive/Negative
Cutter Compensation
Value and Tool Center
Path

If the tool compensation value is made negative (-), it isequal that G41
and G42 arereplaced with each other in the process sheet. Consequently,
if the tool center is passing around the outside of the workbench it will
pass around the inside thereof, and vice versa.

Fig. 14.4.7 shows one example. Generally speaking, the cutter
compensation value shall be programmed to be positive (+). When atool
path is programmed as shown in (1), if the cutter compensation valueis
made negative (-), the tool center moves as shown in (2).

If the cutter compensation valueis changed to anegative value when tool
path (2) shown in Fig. 14.4.7 is programmed, the tool follows tool path
(2) shown in the same figure.

@

Tool center path

/
N _~’Programmed path

Fig. 14.4.7 Tool Center Paths when Positive and Negative
Cutter Compensation Values are Specified

For a cornered figure (involved in corner circular interpolation) in
general, the cutter compensation value naturally cannot be made negative
(-) to cut theinside. In order to cut the inside corner of acornered figure,
anarc with an appropriate radiusmust beinserted thereto provide smooth
cutting.

WARNING
If the tool length offset is commanded during cutter
compensation, the offset amount of cutter compensation is
also regarded to have been changed.
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Examples
-~
N5~
-~
-~
-~
-~
-~
N4 ( 40.0
y
I
I
I
I
| 40.0
N3
I
I
I
N2,
/' Ve
V N10
P0. Ny &
“N11
20.0 X axis Unit : mm

N1 G91 G17 GO0 G41 J1 X20.0 Y20.0 HO8 ;
N2 GO01 Z-25.0 F100 ;

N3 Y40.0 F250 ;

N4 G39 140.0 J20.0;

N5 X40.0 Y20.0 ;

N6 G39 140.0 ;

N7 G02 X40.0 Y-40.0 R40.0;

N8 X-20.0 Y-20.0 R20.0;

N9 GO01 X-60.0 ;

N10 GO0 Z25.0;

N11 G40 X-20.0 Y-20.0 M02 ;

(HO8 isatool offset number, and the cutter radius value should be stored in the
memory corresponding to this number).
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14.5

OVERVIEW OF
CUTTER
COMPENSATION C
(G40-G42)

When the tool is moved, the tool path can be shifted by the radius of the
tool (Fig. 14.5 (@)).

To make an offset aslarge as the radius of the tool, CNC first creates an
offset vector with alength equal to the radius of the tool (start—up). The
offset vector is perpendicular to thetool path. Thetail of the vector ison
the workpiece side and the head positions to the center of the tool.

If alinear interpolation or circular interpolation command is specified
after start—up, thetool path can be shifted by thelength of the offset vector
during machining.

To return the tool to the start position at the end of machining, cancel the
cutter compensation mode.

/
Cutter / } ____________ -

compensation I 4
cancel //
Start-u
1/ P

Fig. 14.5 (a) Outline of Cutter Compensation C
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Format

® Start up
(Tool compensation
start)

® Cutter compensation
cancel
(offset mode cancel)

® Selection of the offset
plane

Explanations

o Offset cancel mode

e Start Up

o Offset mode

GO0(or GO1)G4l(or G42)  IP_D_;

G41 : Cutter compensation left (Group07)

G42 : Cutter compensation right (Group07)

IP _ : Command for axis movement

D_ : Code for specifying as the cutter compensation value(1-3digits)
(D code)

G40

G40 : Cutter compensation cancel(Group 07)
(Offset mode cancel)

IP _ : Command for axis movement

Offset plane Command for plane selection P
XpYp G17; Xp_Yp_
ZpXp G18; Xp_Zp_
YpZp G19; Yp_Zp_

At the beginning when power isapplied the control isin the cancel mode.
In the cancel mode, the vector is aways 0, and the tool center path
coincides with the programmed path.

When a cutter compensation command (G41 or G42, nonzero dimension
words in the offset plane, and D code other than DO) is specified in the
offset cancel mode, the CNC enters the offset mode.

Moving the tool with this command is called start—up.

Specify positioning (GOO) or linear interpolation (GO01) for start—up. If
circular interpolation (G02, GO3) is specified, P/S alarm 34 occurs.
When processing the start—up block and subsequent blocks, the CNC
prereads two blocks.

In the offset mode, compensation is accomplished by positioning (G0O),
linear interpolation (GO1), or circular interpolation (G02, G03). If two or
more blocks that do not move the tool (miscellaneous function, dwell,
etc.) are processed in the offset mode, the tool will make either an
excessive or insufficient cut. If the offset planeis switched in the offset
mode, P/S alarm 37 occurs and the tool is stopped.
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e Offset mode cancel

® Change of the Cutter
compensation value

In the offset mode, when ablock which satisfies any one of thefollowing
conditions is executed, the CNC enters the offset cancel mode, and the
action of this block is called the offset cancel.

1. G40 has been commanded.

2. 0 has been commanded as the offset number for cutter

compensation.

When performing offset cancel, circul ar arc commands(G02 and GO3) are
not available. If acircular arc is commanded, an P/S alarm (No. 034) is
generated and the tool stops.
In the offset cancel, the control executestheinstructionsin that block and
the block in the cutter compensation buffer. In the meantime, in the case
of asingleblock mode, after reading oneblock, the control executesit and
stops. By pushing the cycle start button once more, one block isexecuted
without reading the next block.
Then the control is in the cancel mode, and normally, the block to be
executed next will be stored in the buffer register and the next block isnot
read into the buffer for cutter compensation.

™ Start up
(G41/G42)
Offset cancel mode Offset mode
Offset modecancel
J (G40/D0)

Fig. 14.5 (b) Changing the offset mode

In general, the cutter compensation value shall be changed in the cancel
mode, when changing tools. If the cutter compensation valueis changed
in offset mode, the vector at the end point of the block is calculated for
the new cutter compensation value.

Calculated from the cutter Calculated from the cutter
compensation value in the block compensation value in the block N7
N6

Programmed path

Fig.14.5(c) Changing the Cutter Compensation Value
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® Positive/negative cutter
compensation value and
tool center path

® Cutter compensation
value setting

e Offset vector

® Specifying a cutter
compensation value

If the offset amount is negative (-), distribution is made for a figure in
which G41's and G42's are all replaced with each other on the program.
Consequently, if the tool center is passing around the outside of the
workpiece, it will pass around the inside, and vice versa.

The figure below shows one example. Generally, the offset amount is
programmed to be positive (+).

When atool path isprogrammed asin ((1)), if the offset amount is made
negative (-), the tool center moves as in ((2)), and vice versa
Consequently, the same tape permits cutting both male and female
shapes, and any gap between them can be adjusted by the selection of the
offset amount. Applicableif start—up and cancel isA type. (Seell-14.6.2
and 14.6.4)

1 o @
Tool center path
/
/
/
—> —
_%_ — =
\
\
\\\ /// Programmed path

Fig. 14.5 (d) Tool Center Paths when Positive and Negative
Cutter Compensation Values are Specified

Assign a cutter compensation values to the D codes on the MDI panel.
Thetable below showsthe rangeinwhich cutter compensation valuescan
be specified.

mm input inch input

Cutter compensation value 0 to £999.999mm 0t0£99.9999inch

NOTE

1 The cutter compensation value corresponding to offset No.
0, that is, DO always means 0. It is impossible to set DO to
any other offset amount.

2 Cutter compensation C can be specified by H code with
parameter OFH (No. 5001 #2) set to 1.

The offset vector isthe two dimensional vector that is equal to the cutter
compensation valueassigned by D code. Itiscalculatedinsidethecontrol
unit, and its direction is up—dated in accordance with the progress of the
tool in each block.

The offset vector is deleted by reset.

Specify a cutter compensation value with a number assigned to it. The
number consists of 1 to 3 digits after address D (D code). TheD codeis
valid until another D codeis specified. TheD codeis used to specify the
tool offset value as well as the cutter compensation value.
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® Plane selection and
vector

Offset calculationis carried out in the plane determined by G17, G18 and
G19, (G codesfor plane selection). Thisplaneis called the offset plane.
Compensation isnot executed for the coordinate of apositionwhichisnot
in the specified plane. The programmed values are used as they are.

In simultaneous 3 axes control, the tool path projected on the offset plane
is compensated.

The offset plane is changed during the offset cancel mode. If it is
performed during the offset mode, aP/S aarm (No. 37) isdisplayed and
the machine is stopped.
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Examples
—_—
- \\\
/
N5 / \
/ \\
/ \
l\ C1(700,1300) /l
\
/
C3(~150,1150) \\ P4(500,1150) P5(900,1150f / C2 (1550,1550)

650R

4
l
I
\

P3(450,900)
. [p2 P6(950,900) P
(250,900) (1150,900)

N8

P9(700,650)

_———— — —

\vA

// /Nll Y axis

/7
. X axis Unit : mm
Start position

GIR2XOYOZO; .o vei i Specifies absolute coordinates.
The tool is positioned at the start position (X0, YO, Z0).
N1 G90 G17 GO0 G41 DO7 X250.0 Y550.0; Starts cutter compensation (start—up). Thetool is shifted to the
left of the programmed path by the distance specified in DO7.
In other words the tool path is shifted by the radius of the tool
(offset mode) because D07 is set to 15 beforehand (the radius of
the tool is 15 mm).

N2 GO1Y9000F150; ........ccvven.n. Specifies machining from P1 to P2.
N3X4500; ..o Specifies machining from P2 to P3.
N4 G03 X500.0 Y1150.0 R650.0: ......... Specifies machining from P3 to P4.
N5 G02 X900.0R-250.0; ............... Specifies machining from P4 to P5.
N6 G03 X950.0 Y900.0 R650.0; .......... Specifies machining from P5 to P6.
N7 GO1 X1150.0; .....coviii e Specifies machining from P6 to P7.
NBY550.0; ... Specifies machining from P7 to P8.
N9 X7000Y6500; .................. Specifies machining from P8 to P9.
N10 X250.0Y5500; ........covvvnnn. Specifies machining from P9 to P1.
N1l GOOG40XO0YO; ...vviean. Cancels the offset mode.

The tool is returned to the start position (X0, YO, Z0).
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14.6
DETAILS OF CUTTER
COMPENSATION C

This section provides adetailed explanation of the movement of the tool
for cutter compensation C outlined in Section 14.5.
This section consists of the following subsections:

14.6.1 General

14.6.2 Tool Movement in Start—up

14.6.3 Tool Movement in Offset Mode

14.6.4 Tool Movement in Offset Mode Cancel

14.6.5 Interference Check

14.6.6 Over cutting by Cutter Compensation

14.6.7 Input command from M DI

14.6.8 G53,G28,G30 and G29 commandsin cutter
compensation C mode

14.6.9 Corner Circular Interpolation (G39)

14.6.1
General

® Inner side and outer side

® Meaning of symbols

When an angle of intersection created by tool paths specified with move
commands for two blocksis 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 o
- = Workpiece o
Programmed path
180°=q 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 cutter 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.

—O indicates the center of the tool.
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14.6.2 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 Linear—Linear
(180° =)

Workpiece

Program'med path

0
Tool center path

Start position

Linear—Circular

Start position Tool center path
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® Tool movement around Tool path in start—up has two types A and B, and they are selected by
the outside of a corner at parameter SUP (No. 5003#0).
an obtuse angle
(90° = 0<180°)

Linear—Linear | Start position

Workpiece

Programmed };’:l'[h

S L Tool center path

Type
A | Linear—Circular

Work-
piece

Tool center path  Programmed path

Linear—Linear Start position

Workpiece

Programmed paEh

Tool center path
Intersection

Type —
B Linear—Circular | Start position

Intersection

Tool center paxn  Programmed path
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® Tool movement around Tool path in start—up has two types A and B, and they are selected by
the outside of an acute parameter SUP (N0.5003#0).
angle (<90°) Linear—Linear | Start position
/
G4 / _
d L Workpiece
f >
/ Programmed path
/
"/
Type S _____T___?oa;nter path
A Linear—Circular Start position

—
~

fé piece
S o\
Tool center path \&

Programmed path

Linear—Linear | Start position
L~
P 3
S ~
Ga2 Workpiece
LT o
L/ ] >
Programmed path
or
L\ 0T
-1 20
L L Tool center path
Type
B Linear—Circular | Start position

Work-
piece

L C \\
Tool center path a)
Programmed path

e Tool movement around

the outside linear—linear ——

at an acute angle less 3 — 2 oS

than 1 degree S~
~

(0<1°) r T~ P d path
G4l \\\ rogiamme pal

M .

G4l | ess than 1 deg Start position
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® A block without tool
movement specified at
start-up

If the command is specified at start—up, the offset vector is not created.

G91 G40 ...,

N6 X100.0 Y100.0 ;
N7 G41 X0 ;

N8 Y-100.0 ;

N9 Y-100.0 X100.0 ;

Tool center path

N
AN
AN
N
©
Programmed path

NOTE

For the definition of blocks that do not move the tool, see

11-14.6.3.
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14.6.3
Tool Movement in
Offset Mode

Explanations

e Tool movement around
the inside of a corner
(180° =)

In the offset mode, the tool moves as illustrated below:

Linear—Linear

Workpiece
Programmed path
—————————— 0
S L Tool center path
~ Intersection
/L
/
/
d

Linear—Circular

Circular—Linear

o Workpiece
7 Programmed path
L
T T T T 0
CI/ Intersection Tool center path
Circular—Circular -

Programmed path

Tool center path
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® Tool movement around
the inside (a<1°) with an
abnormally long vector,
linear — linear

Intersection
—_——_—————— o
| r Tool center path
I Programmed path r
| — &
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

o Workpiece
Programmed path
AN
S )
Intersection L

Tool center path

Linear—Circular |

Circular—Linear

Intersection L

Workpiece

Py

Programmed p;th

Tool center path

Circular—Circular

Programmed path

L
Intersection
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® Tool movement around
the outside corner at an
acute angle
(x<90°)

Workpiece

Linear—Linear | %
L/
I4
/
>
!

Programmed path

S |
L\ Tool center path
- e
L
Linear—Circular | 2
/
S
Work-

Tool center path \©

—

piece

o Programmed path

Circular—Linear |

Workpiece

>

Programmed path

Tool center path

Tool ceng)er path Programmed path
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® \When it is exceptional

End position for the arc is not
on the arc

There is no inner intersection

If the end of aline leading to an arc is programmed as the end of the arc
by mistake as illustrated below, the system assumes that cutter
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 center pathisdifferent fromthat created
by applying cutter compensation to the programmed path in which the
line leading to the arc is considered straight.

Leading of the arc End the arc
Imaginary circle

—_— -

Work-

/

Center of the arc

The same description applies to tool movement between two circular
paths.

If the cutter compensation valueis sufficiently small, thetwo circular tool
center paths made after compensation intersect at a position (P).
Intersection P may not occur if an excessively large valueis specified for
cutter compensation. When this is predicted, P/S alarm No.033 occurs
at the end of the previous block and the tool is stopped. In the example
shown below, tool center paths along arcs A and B intersect at P when a
sufficiently small vaue is specified for cutter compensation. If an
excessively large value is specified, this intersection does not occur.

Alarm(No.033)occurs and the tod stops

When the cutter compensation value
is large /

When the cutter compensa- |
tion value is small \

_______ == \
Center of the arc48>><zjéenter of the arc A
/ >

r

Arc A
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The center of the arc is identi- If the center of the arcisidentical with the start position or end point, P/S
cal with the start position or  alarm (No. 038) is displayed, and the tool will stop at the end position of

the end position the preceding block.
Alarm(No.038)is displayed and the tool (G41)
stops l N5 G01 X100.0 ;
_______ N6 G02 X100.0 10 JO ;
Tool center path N7 G03 Y-100.0 J-100.0 ;
;
N5 5 N6 _
Programmed path
N7
® Change in the offset Theoffset directionisdecided by G codes(G41 and G42) for cutter radius
direction in the offset and the sign of cutter compensation value as follows.
mode
ign of offset amount
Gcode + -
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 thetool center path of that block and thetool center path of apreceding
block. However, the changeis not availablein the start—up block and the
block following it.
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Tool center path with an inter-
section

Linear—Linear

Workpiece Po

Programmed path

Tool center path Workpiece

Linear—Circular | _—-0
//
-
/7
_ Ny 4
Workpiece / .
/ G41
G42 . /
Programmed path /
r I/
Workpiece
e
Tool center path L S

Circular—Linear

Workpiece

Programmed path

O —Q
Tool center path
L

————— ———

r
G4l |

Workpiece
Circular—Circular
Workpiece GNP
p e -

G42

Programmed path

Tool center path b Workpiece
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Tool center path without an in- When changing the offset directionin block A to block B using G41 and
tersection G42, if intersection with the offset path is not required, the vector normal
to block B is created at the start point of block B.

Linear—Linear

S L
————— 0
/
Workpiece ,/ r
_ (G42) (G4 7 G4l
Programmed path /T_ A B
r // Workpiece
/
o——
Tool center path L
G42
Programmed path —
G41
____________ >
Tool center path e — — — .
L S

Linear—Circular

e
L/
e
e
b

Togﬁ:enter path

Programmed path

Circular—Circular

An arc whose end position ,
is not on the arc cs

Programmed path

o
// Tool center path
o

Center
Center
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The length of tool center path Normally there is aimost no possibility of generating this situation.
larger than the circumference However, when G41 and G42 are changed, or when a G40 was

of a circle

commanded with address 1, J, and K this situation can occur.

In this case of the figure, the cutter compensation is not performed with
more than one circle circumference: an arc is formed from P; to P, as
shown. Depending on the circumstances, an alarm may be displayed due
tothe” Interference Check” describedlater. Toexecuteacirclewithmore
than one circumference, the circle must be specified in segments.

Tool center path Programmed path

(G42)
N5 GO1 G91 X500.0 Y=700.0 ;
N6 G41 G02 J-500.0 ;

N7 G42 GO1 X500.0 Y700.0 ;
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® Temporary cutter If thefollowing command is specified in the offset mode, the offset mode
compensation cancel istemporarily canceled then automatically restored. The offset modecan
be canceled and started as described in 11-15.6.2 and 15.6.4.

Specifying G28 (automatic re- |If G28 is specified in the offset mode, the offset mode is canceled at an

turn to the reference position) intermediate position. If the vector still remains after thetool isreturned

in the offset mode 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

Y

(G42 G00) //

Reference position

Specifying G29 (automatic re- If G29 is commanded in the offset mode, the offset will be cancelled at
turn from the reference posi-  theintermediate point, and the offset mode will be restored automatically
tion) in the offset mode from the subsequent block.

G29 specified immediately after G28 |

Intermediate position

Programmed path . G29
/<\ \\ N/0\
[S \ S\
(G42 G00)

®/ Tool center path Reference posmon\b

G29 specified not immediately after G28

Intermediate position

Programmed path  G29 _ G29
r - //g\\ .
e AN ] GO0
4 X
(G42 G00) // \\\
@ Tool center path ©
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® Cutter compensation G
code in the offset mode

e Command cancelling the
offset vector temporarily

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 the cutter compensation G code (G41, G42) in the 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 cutter compensation G code (G41, G42), refer to Subsec.15.6.3.

Linear—Linear

G42 mode A block specified by G42

L

O——»—— )
Tool center path S Intersection

Circular—Linear

A block specified by G42

S Intersection

é Programmed path

During offset mode, if G92 (absolute zero point programming) is
commanded,the offset vector is temporarily 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.

Programmed path

N7
(G41) G92 block
N5 G91 GO1 X300.0 Y700.0 ;
N6 X-300.0 Y600.0 ;
N7 G92 X100.0 Y200.0 ;
N8 G90 GO1 X400.0 Y800.0 ;
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® A block without tool The following blocks have no tool movement. In these blocks, the tool
movement will not move even if cutter compensation is effected.
MO5; .............. M code output
S21; ... S code output
G04 X10.0;......... Dwell Commands (1)
G10L11 P01 R10.0; Cutter compensation value setting ¢ 06 ar 1o
(G17) z200.0; ...... Move command not included 0(6) a eto
in the offset plane. movement.
G90; ... G code only
GI91X0; ........... Move distance is zero.
A block without tool move- When a single block without tool movement is commanded in the offset

ment specified in offset mode mode, thevector and tool center path are the same asthose when the block
isnot commanded. Thisblock isexecuted at the single block stop point.

N6 G91 X100.0 Y100.0; N7 N
N7 G04 X100.0; " Programmed path
N8 X100.0;
N6
—L___ ,eoTool center path
s/ SS
L/
7/ Block N7 is executed here.

g

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 X100.0 Y100.0 ; _Programmed path
N7 X0 ;
N8 X100.0 ;
Tool center path
/
g

Two blocks without tool movement should not be commanded
consecutively. If commanded, avector whoselength isequal to the offset
valueisproducedinanormal direction to tool motionin earlier block, so
overcutting may result.

N6 G91 X100.0 Y100.0; N7 N8 N9

N7 S21 > Programmed path
N8 G04 X10.0;
N9 X100.0;
/ SSS Tool center path
L

/ Blocks N7 and N8 are executed
here.

s
g
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® Corner movement

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.

However, if the path of the next block is semicircular or more, the above
function is not performed.
The reason for thisis as follows:
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® Interruption of manual
operation

N4 G41 G91 G01 X150.0 Y200.0;
N5 X150.0 Y200.0 ;

N6 G02 J-600.0 ;

N7 GO1 X150.0 Y-200.0 ;
N8 G40 X150.0 Y-200.0 ;

Tool center path

If the vector is not ignored, the tool path is as follows:

P;1 — P, —» P3— (Circle) - P4 — Ps — Pg

But if the distance between P2 and P3 is negligible, the point P3 is
ignored. Therefore, the tool path is as follows:

P2 4 P4

Namely, circle cutting by the block N6 isignored.

For manual operation during the cutter compensation, refer to Section
111-3.5, “ Manua Absolute ON and OFF.”
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14.6.4
Tool Movement in
Offset Mode Cancel

Explanations

e Tool movement around

an inside corner Linear—sLinear
(180°=0)

Workpiece

Programmed path

Tool center path L S~

Circular—Linear

Programmed path  Tool center path
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® Tool movement around
an outside corner at an
obtuse angle

Tool path hastwo types, A and B; and they are sel ected by parameter SUP
(No. 5003#0).

(90° = 0:<180°)

Type
A

Linear—Linear

G4/
Workpiece o /
/
> /L
Programmed path //
rf /
/
o———— -
L S

Tool center path

Circular—Linear

Programmed path Tool center path

Type
B

Linear—Linear

Workpiece

Programmed pat'h

Tool center path

Circular—Linear

L Intersection
Programmed path  Tool center path
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® Tool movement around Tool path hastwo types, A and B : and they are sel ected by parameter SUP
an outside corner at an (No. 5003#0)
acute angle

(0:<90°) Linear—Linear

Workpiece |_\\ G40
- \
Programmed path G42 \
\\ ;
G_ _____ —_
Tool center path L S

Type
A Circular—Linear

Programmed path é Tool center path

Linear—Linear

Workpiece
r \§ L
Programmed path \
Tool center path r /L
______ » — f — —H—

Type
B

Circular—Linear

/"-; —+—
C/ S L

& Tool center path

Work-
piece

Programmed path

— 322 —



B—63534EN/02

PROGRAMMING 14. COMPENSATION FUNCTION

® 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

S L Tool center path
< ——————0
~—_
r L >~
S~

(G42) - _ Programmed path

1°0r less L

G40 Start position

When a block without tool movement is commanded together with an
offset cancel, avector whoselengthisequal tothe offset valueisproduced
in a normal direction to tool motion in the earlier block, the vector is
cancelled in the next move command.

N6 G91 X100.0 Y100.0;
N7 G40 ;
N8 X100.0 Z0 ;

~ Tool center path
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® Block containing G40
and I_J_K_

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 center moves towards X.
N2 G40 XaYbl_J ; In the N2 block, the tool moves towards E.

AN E(a, b)

G40
Tool 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

Programmed path

\\\ /O\\ (G42)
N r ~ o
\\ N
N

Sw(1,9)

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
T
N G40 Tool center path
sF—— =
;
(G42) Programmed path
F=————— >
(1,9
;
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The length of the tool center

In the exampl e shown below, the tool does not trace the circle more than

path larger than the circumfer- once. It moves along the arc from P1 to P2. The interference check

ence of a circle

function described in 11-15.6.5 may raise an alarm.

Tool center path

Py

N5

(G41)

N5 G01 G91 X100.0 ;

N6 G02 J-60.0;

N7 G40 G01 X50.0 Y50.0 I-10.0 J-10.0;

To makethetool traceacircle morethan once, program two or morearcs.
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14.6.5
Interference Check

Explanations

e Criteria for detecting
interference

Tool overcutting is caled interference. The interference check function
checksfor tool overcutting in advance. However, al interference cannot
be checked by this function. Theinterference check is performed even if
overcutting does not occur.

(1) Thedirection of thetool pathisdifferentfromthat of the programmed
path (from 90 degrees to 270 degrees between these paths).

Tool center path Programmed path

The directions of
these two paths are
different (180°).

—————— » — — Tool center path

/ > 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 thetool 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).

f———————

Programmed path / ,
/

| e
l l/ o
| )
\

Center

(G41)

N5 G01 G91 X800.0 Y200.0 D1 ;

N6 G02 X320.0 Y-160.0 1-200.0 J-800.0 D2 ;

N7 G01 X200.0 Y-500.0 ;

(Tool compensation value corresponding to D1 : r; = 200.0)
(Tool compensation value corresponding to D2 : r» = 600.0)

Intheaboveexample, thearcinblock N6isplacedintheonequadrant.
But after cutter compensation, the arc is placed in the four quadrants.
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® Correction of
interference in advance

(1) Removal of the vector causing the interference

When cutter compensation is performed for blocks A, B and C and
vectors V1, Vo, V3 and V4 between blocks A and B, and Vs, Vg, V7
and V g between B and C are produced, the nearest vectorsare checked
first. If interference occurs, they are ignored. But if the vectorsto be
ignored due to interference are the last vectors at the corner, they
cannot be ignored.
Check between vectors V4 and Vs

Interference— V4 and V5 are ignored.
Check between V3 and Vg

Interference— V3 and Vg are ignored
Check between V5 and V7

Interference— V» and V7 are Ignored
Check between V1 and Vg

Interference V1 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

Vq V . 2

Tool -
center path P

s

7
Programmed
path

V4, Vs @ Interference \ )
V3, Vg : Interference
V5, V7 : Interference

: No Interference 0, 0,
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(Example 2) Thetool moveslinearly from V4, Vo, V7, to Vg

VZ V7

Tool center
path
7
s ~
s/ N
1/ \\
Programmed path -
/ V4, V5 : Interference
V3, Vg : Interference
01 02 Vs, V7 : No Interference

(2) If theinterference occursafter correction (1), thetool is stopped 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/S alarm (No0.41) 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 the end
of the block.

Tool center

> TA\_Stopped

Programmed path

Afterignoring vectorsV, and Vs because of interference, interference
also occurs between vectors V1 and Vg The aarmis displayed and
the tool is stopped.
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® \When interference is
assumed although actual ) o )
interference does not (1) Depression which issmaller than the cutter compensation value

occur

Programmed path ~ Tool center path

|
I
I
Y
I

There is no actual interference, but since the direction programmed in
block B is opposite to that of the path after cutter compensation the tool
stops and an alarm is displayed.

(2) Groove which issmaller than the cutter compensation value

Programmed path Tool center path

Stopped

|
I
I
I
Y
I

Like (1), P/S darm is displayed because of the interference as the
direction isreversein block B.
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14.6.6
Overcutting by Cutter
Compensation

Explanations

® Machining an inside
corner at a radius
smaller than the cutter
radius

® Machining a groove
smaller than the tool
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 center path
An alarm is generated

Programmed path [— and the operation

stops
orkpiece )
An alarm is generated and

I
I

v | the operation stops here in
Y single block operation

-
If the CNC does not
stop, overcutting occurs

Since the cutter compensation forces the path of the center of the tool to
movein thereverse of the programmed direction, overcutting will result.
In this case an alarm is displayed and the CNC stops at the start of the
block.

Tool center path An alarm is displayed and the operation

. stop e

Programmed path

o> [ \ / |
Workpiece \ 7

Overcutting if the operation would not stop
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® Machining a step smaller
than the tool radius

e Starting compensation
and cutting along the
Z-axis

When machining of the step is commanded by circular machining in the
case of aprogram containing a step smaller than the tool radius, the path
of the center of tool with the ordinary offset becomes reverse to 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 center path
The first vector is ignored — ~— — — —— ——— P

- Programmed path

= —

Center of the circu-

W lar machining
Workpiece

An overcutting will result if the first vector is not ignored.
However, tool moves linearly.

It isusually used such a method that the tool is moved along the Z axis
after the cutter compensation is effected at some distance from the
workpiece at the start of the machining.

Inthe caseabove, if it isdesired to divide the motion along the Z axisinto
rapid traverse and cutting feed, follow the procedure below.

N1 G91 GO0 G41 X500.0 Y500.0 D1 ;
N3 G01 Z-300.0 F100 ;
N6 Y1000.0 F200 ;

After compensation* Work-

A piece
N6

N3:Move command in Z axis
(500, 500)

N1

In the program example above, when executing block N1, blocks N3 and
N6 are also entered into the buffer storage, and by the relationship among
them the correct compensation is performed asin the figure above.
Then, if the block N3 (move command in Z axis) is divided as follows:
Astherearetwo move command blocksnot included in the sel ected plane
and the block N6 cannot be entered into the buffer storage, thetool center
path is calculated by the information of N1 in the figure above. That is,
the offset vector is not calculated in start—up and the overcutting may
result.
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The above exampl e should be modified as follows:

N1 G91 GO0 G41 X500.0 Y500.0 D1
N3 G01 2-250.0;

N5 G01 Zz-50.0 F100 ; :I

N6 Y1000.0 F200 ;

Workpiece

After compensation

N3, N5:Move command for the Z axis
(500, 500)

The move command in the same direction as that of the move command
after the motion in Z axis should be programmed.

N1 G91 GO0 G41 X500.0 Y400.0 D1 ;
N2 Y100.0;

N3 Z-250.0 ;

N5 G01 z-50.0 F100 ;

After compensation *

N6

N3, N5 : Move command for the Z
axis (2blocks)

(500, 500)

Asthe block with sequence No. N2 has the move command in the same
direction as that of the block with sequence No. N6, the correct
compensation is performed.
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14.6.7 Cutter compensation C is not performed for commands input from the

Input Command from MDI. . . . .

MDI However, when automatic operation using the 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 aretranslated
and the other vectors are produced by the next two blocks. Therefore,
from next block but one, cutter compensation C is accurately performed.

Vel
Vg2 ) ) ) ) //T_\\ Vel
s
//
~ Vea
7 Pc /
Pg g /
// 7 //
// / d /
Command P /
for MDI /
PA/ PD /
yd
\
Pg’

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 Vi)
aretrandatedto Vg1’ and Vgy' and offset vectorsare recalculated for the
vectors V1 and V2 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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14.6.8

G53, G28, G30, G30.1
and G29 Commands in
Cutter Compensation C
Mode

Explanations

® G53 command in cutter
compensation C mode

A function has been added which performs positioning by automatically
canceling a cutter compensation vector when G53 is specified in cutter
compensation C mode, then automatically restoring that cutter
compensation vector with the execution of the next move command.
The cutter compensation vector restoration mode is of FS16 type when
CCN (bit 2 of parameter No. 5003) isset to 0; it isof FS15typewhen CCN
issetto 1.

When G28, G30, or G30.1 is specified in cutter compensation C mode,
automatic reference position return is performed by automaticaly
canceling a cutter compensation vector, that cutter compensation vector
automatically being restored with the execution of the next move
command. In this case, the timing and format of cutter compensation
vector cancellation/restoration, performed when CCN (bit 2 of parameter
No. 5003) is set to 1, are changed to FS15 type.

When CCN (bit 2 of parameter No. 5003) is set to 0, the conventional
specification remains applicable.

When G29 is specified in cutter compensation C mode, the cutter
compensation vector isautomatically canceled/restored. Inthiscase, the
timing and format of cutter compensation vector cancell ation/restoration,
performed when CCN (bit 2 of parameter No. 5003) is set to 1, are
changed to FS15 type.

When CCN (bit 2 of parameter No. 5003) is set to 0, the conventional
specification remains applicable.

When G53isspecifiedin cutter compensation C mode, the previousblock
generates a vector that is perpendicular to the move direction and which
has the same magnitude as the offset value. Then, the offset vector is
canceled when movement to a specified position is performed in the
machine coordinate system. In the next block, offset mode is
automatically resumed.

Notethat cutter compensation vector restorationisstarted when CCN (bit

2 of parameter No. 5003) isset to O; when CCN isset to 1, an intersection
vector is generated (FS15 type).
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(1) G53 specified in offset mode
When CCN (bit 2 of parameter N0.5003)=0

OXXXX; Type A Start-up
G90G41__; [Type Al

G53X_Y_; (G41G00)

[Type B]

Start—up

When CCN (bit 2 of parameter N0.5003)=1

[FS15 Type]

(G41G00)

(2) Incremental G53 specified in offset mode
When CCN (bit 2 of parameter N0.5003)=0

Oxxxx;
G91G41 [Type A] Start—up

—_————
: —— -
. -
G53X_Y_; 4 ,7s  GOO
. (G91G41G00) 5 ™ Y
: G53 "\~ G90G00

v/

[Type B]
Start—up

—_—— — r

r —
s G0o

—_—

—

1G41 S /
(G91G41G00) G53 \\ / G90G00

3/
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When CCN (bit2 of parameter No.5003)=1

[FS15 Type]

_ T ——
o r /S
— :[ / GO0
(G91G41G00) s \ //

G53 “y,/  G90GO00

(3) G53 specified in offset mode with no movement specified
When CCN (bit2 of parameter No.5003)=0

OXXXX; (Type Al o
G90G41__; ;
: Start-up 7 L;
: s
e GO0
G00X20.Y20.;  — >y G0
G53X20.Y20.; v
. 41
(641600)
[Type B]

(G41G00) S

When CCN (bit2 of parameter No.5003)=1

[FS15 Type]

(G41G00)
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WARNING

1 When cutter compensation C mode is set and all-axis machine lock is applied, the G53
command does not perform positioning along the axes to which machine lock is applied. The
vector, however, is preserved. When CCN (bit 2 of parameter No. 5003) is set to 0, the vector

is canceled. (Note that even if the FS15 type is used, the vector is canceled when each—axis
machine lock is applied.)

Example 1:  When CCN (bit 2 of parameter No. 5003) = 0,
type A is used, and all-axis machine lock is applied

P Y
_____ ///
fIt P y S Goo
/
(G41G00) S\ 0

\ /
G53 %

Example 2:  When CCN (bit 2 of parameter No. 5003) = 1
and all-axis machine lock is applied [FS15 type]

N >

— r
—_—

r 7% Goo
/
(G41G00) N " oo
\ /
G53 "y

Example 3:  When CCN (bit 2 of parameter No. 5003) = 1
and specified—axis machine lock is applied [FS15 type]

>
_ r
_____ e
f:: - 7% Goo
/
(G41G00) AN 7 a0
\ /
Gs3 N

2 When G53is specified for a compensation axis in cutter compensation mode, the vectors along
the other axes are also canceled. (This also applies when CCN (bit 2 of parameter N0.5003)
is set to 1. When the FS15 type is used, only the vector along a specified axis is canceled.
Note that the FS15 type cancellation differs from the actual FS15 specification in this point.)

Example: When CCN (bit 2 of parameter No.5003)=1[FS 15 type]

————— >

(G41X_Z.)

— 338 —



B_63534EN/02 PROGRAMMING 14. COMPENSATION FUNCTION

NOTE

1 When a G53 command specifies an axis that is not in the cutter compensation C plane, a
perpendicular vector is generated at the end point of the previous block, and the tool does not

move. In the next block, offset mode is automatically resumed (in the same way as when two
or more continuous blocks do not specify any move commands).

Example: When CCN (bit 2 of parameter No. 5003) = 0, and type A is used

G53Z_

(G41GO0X_Y )

GO0

5 GO0 S

2 When a G53 block is specified to become a start—up block, the next block actually becomes

the start—up block. When CCN (bit 2 of parameter No. 5003) is set to 1, an intersection vector
is generated.

Example:

When CCN (bit 2 of parameter No. 5003) = 0 and type A is used
A
GO0 S

G41G53 GO0
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e G28, G30, or G30.1
command in cutter
compensation C mode

® G29 command in cutter
compensation C mode

When G28, G30, or G30.1 is specified in cutter compensation C mode,
an operation of FS15 typeis performed if CCN (bit 2 of parameter No.
5003) is set to 1.

This means that an intersection vector is generated in the previous block,
and aperpendicular vector isgenerated at anintermediate position. Offset
vector cancellation is performed when movement is made from the
intermediate position to the reference position. Aspart of restoration, an
intersection vector is generated between a block and the next block.

(1) G28, G30, or G30.1, specified in offset mode (with movement to both
an intermediate position and reference position performed)

(a) For return by G29
When CCN (bit 2 of parameter No. 5003) = 0

OXXXX; Intermediate
. Type A
G91GAL___; (Type Al position )
) G28/30/30.1 s Returnposiiton
G28X40.Y0;

G29X45.Y15.;

Reference position or floating
reference position

[Type B]

Intermediate
position
(G42G01) . G28/30/30.1

S Returnposiiton

/ Reference position or floating
reference position

When CCN (bit 2 of parameter No. 5003) = 1

[FS15 Type] Intermediate
position
G28/30/30.1 S Returnposiiton

Reference position or floating
reference position
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(b) For return by GOO
When CCN (bit 2 of parameter No. 5003) = 0

OXXXX;
G91G41___; (Type Al Intermediateposition

G28/30/30.1

G28X40.Y0;

4 Reference position or floating
reference position
Type B . "
(Type B] Intermediateposition
G28/30/30.1

/ S Reference position or floating
4 reference position

When CCN (bit 2 of parameter No. 5003) = 1

[FS15 Type]
Intermediateposition
G28/30/30.1
S S s GO01
(G42G01)

Reference position or floating
/ s reference position

(2) G28, G30, or G30.1, specified in offset mode (with movement to an
intermediate position not performed)
(a) For return by G29
When CCN (bit 2 of parameter No. 5003) = 0

Oxxxx;

G91G41__ _; [Type A] Intermediate position = return position
: (G42G01) -~

G28X0Y0; N

G29X0Y0; co1

~
Reference position orfloating\
reference position S N\
[Type B] Intermediate position = return position
(G42GO01) s GOl s

Reference position or floating™ g N
reference position
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When CCN (bit 2 of parameter No. 5003) = 1

[FS15Type] Intermediate position = return position
(G42G01) s Go1 s

>\
G28/30/30.1 N \G29

~N

Reference position or floating h \
reference position S

(b) For return by GOO

When CCN (bit 2 of parameter N0.5003)=0

OXXXX;

Go1Ga1___; [TypeAl Start—up

G28X0Y0, (G42G01)

Intermediate
position
G28/30/30.1

Reference position or floating
reference position

(Type B] Start—up

(G42G01)
Intermediate
position

Reference position or floating
reference position

When CCN (bit 2 of parameter N0.5003)=1

[FS15 Type]

(G41GO1) |ntermediate
position
G28/30/30.1

Reference position or floating
reference position
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(3) G28, G30, or G30.1, specified in offset mode
(with movement to a reference position not performed)

(a) For return by G29
When CCN (bit 2 of parameter N0.5003)=0

OXXXX; [Type A]
G91G41__ _; Return position
: (G42G01) s S Go1
G28X40.Y-40.;
< Reference position or floating

G29X40.Y40.;
. referenceposition=Intermedi-
ate position

[Type B] B
Return position

(G42G01)
S 628/30/30.1 S0t

" Reference position or floating
referenceposition=Intermedi-
ate position

When CCN (bit 2 of parameter N0.5003)=1

[FS15 Type] Return position
(G42G01) s s GO1
G28/30/30.1

Reference position or floating
referenceposition=Intermedi-

ate position
(b) For return by GOO
When CCN (bit 2 of parameter N0.5003)=0
@) ;
Gg)i)g(ﬁ‘-l__ s [Type A] Start_up
G28X40.Y-40.  Ga1G01) s GOl

Reference position or floating
referenceposition=Intermedi-
ate position

Type B
(Type B] Start—up

—_——

GO0 Reference position or floating
referenceposition=Intermedi-
ate position

G28/30/30.1\\ s

When CCN (bit 2 of parameter N0.5003)=1

[FS15 Type]

(G41G01)
G28/30/30.1

s GO01

Reference position or floating
referenceposition=Intermedi-
ate position
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(4) G28, G30, or G30.1 specified in offset mode (with no movement
performed)
(a) For return by G29
When CCN (bit 2 of parameter N0.5003)=0

Oxxxx;
GO1G41__ . [Type Al
. G28/30/30.1/G29  Intersection vector
G28X0YO; (G41G01) _r)j‘ /////7'\\
G29X0YO0; ’ > N
s GO01
: N GOl N
Reference position or floating
reference position
=Intermediateposition
=returnposition
[Type B] | .
G28/30/30.1/G29 ntersection vector
Gucoy 1§ ==\
s Go1 N
" Go1 N
Reference position or floating
reference position
=Intermediateposition
=returnposition

When CCN (bit 2 of parameter N0.5003)=1

FS15 Type
[ yrel G28/30/30.1/G29
Intersection vector
EZED AN
s GO1 \\
Reference position or floating G01
reference position
=Intermediateposition
=returnposition
(b) For return by GOO
When CCN (bit 2 of parameter N0.5003)=0
Oxxxx;
GO1G41__ [Type Al
. G28/30/301 Start_up
. (GA1G01) 7 p——
G28X0Y0; ( ) _)g‘ _ VAN
. S GO0 g N
Reference position or floating N
reference position
=Intermediateposition Go1
[Type B]
G28/30/30.1 Start-up
(G41G01) _r)ﬂ‘ " 7 N
S GO0 s\ O
Reference position or floating
reference position
=Intermediateposition 01
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When CCN (bit 2 of parameter N0.5003)=1

[FS15 Type]
G28/30/30.1

©a1c01) g =T N

's GO0 \\*
Reference position or floating GO01
reference position

=Intermediateposition

WARNING
1 When a G28, G30, or G30.1 command is specified during all-axis machine lock, a

perpendicular offset vector is applied at the intermediate position, and movement to the
reference position is not performed; the vector is preserved. Note, however, that even if the
FS15 type is used, the vector is canceled only when each—axis machine lock is applied.
(The FS15 type preserves the vector even when each—axis machine lock is applied.)

Examplel:  When CCN (bit 2 of parameter N0.5003)=1
and all-axis machine lock is applied

[FS15Type]
—_——
(G42G01)
G? P
k—‘s A Reference position or floating
Intermediateposition reference position

Example2: ~ When CCN (bit 2 of parameter No.5003)=1
and each—axis machine lock is applied

[FS15Type]
—_—_—
(G42G01)
S r
*(—Qs . Reference position or floating
Intermediateposition reference position

2 When G28, G30, or G30.1 is specified for a compensation axis in cutter compensation mode,
the vectors along the other axes are also canceled. (This also applies when CCN (bit 2 of
parameter No. 5003) is set to 1. When the FS15 type is used, only the vector along a specified
axis is canceled. Note thatthe FS15 type cancellation differs from the actual FS15 specification

in this point.)

Example: When CCN (bit 2 of parameter N0.5003)=1

—_—

(G41G00X_Z.)

G282

Intermediateposition Reference position or floating

reference position
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NOTE

1 When a G28, G30, or G30.1 command specifies an axis that is not in the cutter compensation
C plane, a perpendicular vector is generated at the end point of the previous block, and the tool
does not move. In the next block, offset mode is automatically resumed (in the same way as
when two or maore continuous blocks do not specify any move commands).

Example: When CCN (bit 2 of parameter No. 5003) = 1

[FS15 Type]
G28(G30/30.1)Z__

(G41GO1X_Y )
Go1

2 When a G28, G30, or G30.1 block is specified such that the block becomes a start—up block,
a vector perpendicular to the move direction is generated at an intermediate position, then

subsequently canceled at the reference position. In the next block, an intersection vector is
generated.

Example: When CCN (bit 2 of parameter No.5003)=1
[FS15 Type]

Go1 s s GO01
4—’7 — = G42G28
Go1
/
h -
2 ~ -~ Reference position or floating
) » reference position
Intermediateposition s S
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® G29 command in cutter
compensation C mode

When G29 is specified in cutter compensation C mode, an operation of
FS15 typeis performed if CCN (bit 2 of parameter No. 5003) is set to 1.

This means that an intersection vector is generated in the previous block,
and vector cancellationisperformed when amovement to anintermediate
position is performed. When movement from the intermediate position
to thereturn position is performed, the vector isrestored; an intersection
vector is generated between the block and the next block.

(1) G29 specified in offset mode (with movement to both an intermediate
position and reference position performed)
(a) For specification made immediately after automatic reference
position return
When CCN (bit 2 of parameter N0.5003)=0

Oxxxx;

G91G41___; [Tlype A] Intermediate
. position Return position
: s
G28X40.Y0: G28/s30/30.1 s o1
G29X45.Y15,;
: (G42G01)
/ s
Reference position or floating
reference position
[Type B]

Intermediateposition §eturn position
G28/30/30.1

Go1
N
(G42G01) N
Y S
/ Reference position or floating
reference position
When CCN (bit 2 of parameter N0.5003)=1
[FS15Type]
Intermediate Return position
G28/30/30.1 position S

Reference position or floating
reference position
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(b) For specification made other than immediately after automatic
reference position return

When CCN (bit 2 of parameter N0.5003)=0

Oxxxx;
: [Type A]

1G41 .
G9 _G - Return position

s 6ol

(G42G01)
Intermediate
position

s G29

G29X40.Y40.;

S

[Type B]

(G42G01) s__ G0l

Intermediate
position
S G29

Start—up

When CCN (bit 2 of parameter N0.5003)=1

[FS15 Type]

Return position
S G01

(G42G01) .
Intermediate
AN position P G

N S G29 s

\\\L

(2) G29 specified in offset mode (with movement to an intermediate
position not performed)
() For specification made immediately after automatic reference
position return
When CCN (bit 2 of parameter N0.5003)=0

Oxxxx;

GO1G4l__ (Type A]
: (G42G01) Return possition
G28X40.Y-40.; G28/30/30.1

G29X40.Y40.;

s

s " .
N\o/~ Reference position or floating
referenceposition=Intermedi-

ate position
[Type B]
(G42G01) Return position
S S GO1

s
~  Reference position or floating
referenceposition=Intermedi-

ate position
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When CCN (bit 2 of parameter N0.5003)=1

[FS15 Type]

Return position

(G42G01) ¢ s ool

G28/30/30.1

~ - )

.~ Reference position or floating
referenceposition=Intermedi-
ate position

S /-

(b) For specification made other than immediately after automatic
reference position return

When CCN (bit 2 of parameter N0.5003)=0

Oxxxx;
GO1G41 (Type Al

: Intermediateposition
G29X40.Y-40.; (G42G01) ¢ s GOl

Nr s
(Type B Returnposition
Intermediateposition
(G42G01) s s Go01

/
r /s
/' Return position

When CCN (bit 2 of parameter N0.5003)=1

[FS15 Type]
Intermediateposition

(G42G01)s S GO01

v /
\i//

Returnposition
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(3) G29 specified in offset mode (with movement to areference position
not performed)

(a) For specification made immediately after automatic reference
position return

When CCN (bit 2 of parameter N0.5003)=0

Oxxxx;

G91G41__ _; (Type Al

.7 Intermediateposition

: =Returnposition
G28X0YO0; (G42G01) s GO0l S

G29X0YO0;

Reference position or floating
reference position

[Type B]

Intermediateposition
=Returnposition

42G01
(642G01) GO01 s

Reference position or floating
reference position

When CCN (bit 2 of parameter N0.5003)=1

[FS15 Type]
Intermediateposition
=Returnposition

(G42G01) S GO1 S

N
Reference position or floating |
reference position S
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(b) For specification made other than immediately after automatic
reference position return

Oxxxx;
G91G41__ ; [Type Al

(G42G01)

G29X0YO0;

Intermediateposition
=Returnposition

[Type B]
(G42G01) s

Intermediateposition=
Returnposition

When CCN (bit 2 of parameter N0.5003)=1

[FS15 Type]
(G42G01)

Intermediateposition
=Returnposition
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(4) G29 specified in offset mode (with movement to an intermediate
position and reference position not performed)
(a) For specification made immediately after automatic reference
position return

When CCN (bit 2 of parameter N0.5003)=0

Oxxxx;
GO1G4l - (Type Al
. G28/30/30.1,G29

: Intersection vector
G28X0Y0;

- S
G29X0YO0; (G41G01) _r)j‘ o 7'\\
. v AN

s GOl s |
" Go1
Reference position or floating

reference position
=Intermediateposition
=returnposition

[Type B]

G28/30/30.1,G29 .
Intersection vector

_(64T661ﬂ PN
: N

Go1 s N
GOT
Reference position or floating

reference position
=Intermediateposition
=returnposition

When CCN (bit 2 of parameter N0.5003)=1

[FS15 Type]
G28/30/30.1,G29 Intersection vector

_(GizﬁoT)_r’j‘ - 7'\\
. N

coT 2
S N
Go1
Reference position or floating

reference position
=Intermediateposition
=returnposition
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(b) For specification made other than immediately after automatic
reference position return

When CCN (bit 2 of parameter N0.5003)=0

Oxxxx;
GO1G4l__ (Type Al

G29X0YO0; ———— >
. (G41G01) r I

s
Intermediate position=returnposition

[Type B] _ /VT\ ~_
-
G29 -~ >

—_———— >

S

Intermediate position=returnposition

When CCN (bit 2 of parameter N0.5003)=1

[FS15 Type]

(G41G01) '

Intermediate position=returnposition

NOTE

When a G29 command is specified for an axis that is not in
the cutter compensation C plane in cutter compensation C
mode, a perpendicular vector is generated at the end point
of the previous block, and the tool does not move. In the
next block, an intersection vector is generated (in the same
way as when two or more continuous blocks do not specify
any move commands).

S

(G41GO1X_Y )
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14.6.9
Corner Circular
Interpolation (G39)

Format

Explanations

® Corner circular
interpolation

® G39 without I, J, or K

® G39 with I, J, and K

Limitations
® Move command

® Non—-move command

By specifying G39 in offset mode during cutter compensation C, corner
circular interpolation can be performed. Theradiusof the corner circular
interpolation equals the compensation value.

In offset mode

G39 ;
or
1J_
G394 I K_ ¢ -
JK_

When the command indicated above is specified, corner circular
interpolation in which the radius equals compensation value can be
performed. G41 or G42 preceding the command determines whether the
arcisclockwise or counterclockwise. G39 isaone-shot G code.

When G39; is programmed, the arc at the corner is formed so that the
vector at the end point of the arc is perpendicular to the start point of the
next block.

When G39is specified with I, J, and K, the arc at the corner isformed so
that the vector at the end point of the arc is perpendicular to the vector
defined by thel, J, and K values.

In ablock containing G39, no move command can be specified.

Two or more consecutive non—move blocks must not be specified after a
block containing G39 without I, J, or K. (A single block specifying a
travel distance of zero is assumed to be two or more consecutive
non—-move blocks.) If the non—move blocks are specified, the offset
vector istemporarily lost. Then, offset mode is automatically restored.
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Examples

® G39 without |, J, or K

® G39 with I, J, and K

X axis
(In offset mode)
N1Y10.0 ;
N2 G39; .
N3 X-10.0 ; Y axis
Block N1 Offset vector
\ Block N2
@0, o) | P Block N3
|
| Programmed path
|
} Tool center path
|
|
|
v
(-10.0, 10.0)
X axis
. (In offset mode)
N1Y10.0 ;
N2 G391-1.0 J2.0; .
N3 X-10.0 ¥20.0 ; Y axis
Block N2
Block N1 Offset vector

Block N3

Programmed
path

(0.0, 10.0)
(I=-1.0, J=2.0)

Tool center
path

(~10.0, 20.0)
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14.7 In cutter compensation C, two—dimensional offsetting is performed for a
THREE— selected plane. In three—dimensional tool compensation, the tool can be
shifted three—dimensionally when athree—dimensional offset directionis

DIMENSIONAL TOOL  programmed.

COMPENSATION

(G40, G41)

Format

® Start up When the following command is executed in the cutter compensation
(Starting three— cancel mode, the three—dimensional tool compensation mode is set:
dimensional tool G41 Xp_Yp_Zp_ | J K_D_;

compensation) Xp: X-axis or aparallel axis

Yp : Y-axis or a parallel axis
Zp : Z-axis or a parallel axis

|
J See “Explanation”.
K
D Code for specifying as the cutter compensation value
(1-3 digits) (D code)
® Canceling When the following command is executed in the three—dimensional tool
three—dimensional tool compensation mode, the cutter compensation cancel mode is set:

compensation ‘When canceling the three—dimensional tool compensation mode and

tool movement at the same time

G40 Xp_Yp_Zp_;
or
Xp_Yp_Zp_DO0OO;

‘When only canceling the vector
G40;
or
DO0o;

® Selecting offset space The three—dimensional space where three—dimensional tool compensation

isto be executed is determined by the axis addresses specified in the startup
block containing the G41 command. If Xp, Yp, or Zp is omitted, the corre-
sponding axis, X—, Y—, or Z—axis (the basic three axis), is assumed.
(Example)

When the U-axis is parallel to the X—axis, the V—axis is parallel to the
Y-axis, and the W-axis is parallel to the Z—axis

G41 X_1I_J_K_D_; XYZ space
G41 U_V_Z 1 J_K_D_; UVZ space
G41 W_I_J_K_D_; XYW space
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Explanations

® Three—-dimensional tool
compensation vector

® Relationship between
three—dimensional tool
compensation and other
compensation functions

In three—dimensional tool compensation mode, the following three
—dimensional compensation vector is generated at the end of each block:

—— Programmed path

— Path after three—dimensional tool
compensation

—_ > Three—dimensional tool
compensation vector

The three-dimensional tool compensation vector is obtained from the
following expressions:
i-r

VX = 0 (Vector component along the Xp—axis)
o

Vy = : B (Vector component along the Yp—axis)
k-r .

Vz = b (Vector component along the Zp—axis)

Inthe above expressions, i, j, and k arethe values specified in addresses
I, J, and K in the block. r is the offset value corresponding to the
specified offset number. p is the value obtained from the following
expression:

p= [i2+ 2 + K2

When the user wants to program the magnitude of athree—dimensional
tool compensation vector as well as its direction, the value of p in the
expressionsof Vx, Vy, and Vz can be set asaconstant in parameter (No.
5011.) If the parameter is set to 0, however, p isdetermined asfollows:

p= [i2+2 + K2

The specified path is shifted by three—dimensional tool com-
Tool length offset | pensation and the subsequent path is shifted by tool length
offset.

When tool offset is specified in the three—dimensional tool
Tool offset compensation mode, an alarm is issued (P/S alarm No.
042).

When addresses |, J, and K are all specified at startup,
three—dimensional tool compensation mode is set. When
not all of the addresses are specified, cutter compensation
C mode is set. Therefore, cutter compensation C cannot be
specified in three—dimensional tool compensation mode
and three—dimensional tool compensation cannot be speci-
fied in cutter compensation C mode.

Cutter
compensation C
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® Specifying I, J, and K

® G42

e Offset vector in
interpolation

® Reference position
return check (G27)

® Return to a reference
position (G28, G30,
G30.1)

® Alarm issued at startup

e Alarm during
three—dimensional tool
compensation

Addresses|, J, and K must al be specified to start three—dimensional tool
compensation. When even one of the three addresses is omitted,
two—dimensional cutter compensation C is activated. When a block
specified in three—dimensional tool compensation mode contains none of
addresses |, J, and K, the same vector as the vector generated in the
previous block is generated at the end of the block.

Generally, G41 isspecifiedto start three—dimensional tool compensation.
Instead of G41, G42 can be specified for startup. With G42, three—
dimensional tool compensation is performed in the opposite direction.

When circular interpolation, helical interpolation (both specified with
G02, GO3), or involute interpolation (G02.2, G03.2) is specified, the
vector generated in the previous block is maintained.

Vector generated in the block before an arc

~ /7'
/ The same vector is
V4 generated.

A
/
/

»
L4

— Programmed path

Path after three—dimensional
tool compensation

— —> Three—dimensional tool compensation vector

Before specifying reference position return check (G27), cancel
three—dimensional tool compensation. In the compensation mode, G27
bringsthetool to aposition shifted by the offset value. If the position the
tool reached is not the reference position, the reference position return
LED does not go on (the P/S darm N0.092 alarm is issued).

Whenreturntothereferenceposition (G28), tothesecond, third, or fourth
reference position (G30), or to the floating reference position (G30.1) is
specified, the vector is cleared at a middle point.

If one of the following conditionsis present at the startup of three—
dimensional tool compensation, an alarm is issued:

® Two or more axes are specified in the same direction.
(P/Sadarm No0.047)

e Although Xp, Yp, or Zp is omitted, the basic three axes are not set.
(P/S adarm N0.048)

If one of thefollowing G codesis specified in the three-dimensional tool
compensation mode, an alarm is issued:

GO05 High—speed cycle machining (P/S alarm178)

G31 Skip function (P/S alarm 036)

Gb1 Scding (P/S alarm141)
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e Commands that clear the When one of thefollowing G codesis specified in three-dimensional tool
vector compensation mode, the vector is cleared:
G73  Peck drilling cycle
G74 Reversetapping cycle
G76 Fineboring
G80 Canned cycle cancel
G81 Dirill cycle, spot boring
G82  Dirill cycle, counterboring
G83  Peck drilling cycle
G84 Tapping cycle
G85 Boring cycle
G86 Boring cycle
G87 Back boring cycle
G88 Boring cycle
G89 Boring cycle
G53  Machine coordinate system selection

e Commands that generate When one of thefollowing G codesis specifiedin three-dimensional tool

the same vector as the compensation mode, the same vector as the vector generated in the
vector in the previous previous block is generated at the end point of the next movement:
block G02  Circular or helical interpolation (CW)

GO03  Circular or helical interpolation (CCW)
G02.2 Involute interpolation (CW)

G03.2 Involute interpolation (CCW)

G04  Dwell

G10 Data setting

G22  Stored stroke check function enabled
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14.8 Tool compensation values include tool geometry compensation

TOOL values and tool wear compensation (Fig. 14.8 (a)).

COMPENSATION

VALUES, NUMBER NN

OF COMPENSATION el

VALUES, AND OFI 7

ENTERING VALUES lG A

FROM THE OFSw v OFSe:Geometriccompensation val
L. G-Geometriccompensation value

PROG RAM (GlO) T OFSyy:Wear compensation value

Fig. 14.8 (a) Geometric compensation and wear compensation

Tool compensation values can be entered into CNC memory from the
CRT/MDI panel (see section 111-11.4.1) or from a program.

A tool compensation value is selected from the CNC memory when the
corresponding code is specified after address H or D in a program.

The valueis used for tool length compensation, cutter compensation, or
the tool offset.

Explanations Table 14.8 (a) shows the valid input range of tool compensation val ues.

e Valid range of tool

compensation values Table 14.8 (a) The valid input range of tool compensation value

In-

cre- | Geometric compensation value Wear compensation value
ment
Sys- . . o .

tem Metric input Inch input Metric input Inch input
IS-B | £999.999 mm | £99.9999inch | £99.999 mm +9.9999 inch
IS-C | £999.9999 mm | £99.99999inch | £99.9999 mm | £9.99999 inch

e Number of tool
compensation values
and the addresses to be
specified

Thememory can hold 32, 64, 99, 200, 400, 499, or 999 tool compensation
values (option).

Address D or H is used in the program. The address used depends on
which of the following functions is used: tool length compensation(see
[1-14.1), tool offset (see 11-14.3), cutter compensation B (see |- 14.4),
or cutter compensation C (see 11-14.6).

Therange of the number that comes after the address (D or H) depenson
the number of tool compensation values: 0to 32, 0to 64, 0t0 99, 0to
200, 0 to 400, 0 to 499, or 0 to 999.
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® Tool compensation
memory and the tool

compensation value to

be entered

Tool compensation memory A, B, or C can be used.

Thetool compensation memory determinesthetool compensation values

that are entered (set) (Table 14.8 (b)).

Table 14.8 (b) Setting contents tool compensation memory and tool compensation value

Tool compensation value

Tool compensation
memory A

Tool compensation
memory B

Tool compensation
memory C

Tool geometry compensation
value for address D

Tool geometry compensation
value for address H

Tool wear compensation for
value address D

Tool wear compensation
value for address H

Set tool geometry + tool
wear compensation values
for addresses D and H (val-
ues can be specified with ei-
ther address).

Set tool geometry com-

pensation values for ad- set
dresses D and H (values can
be specified with either ad-

set
dress).
Set tool wear compensation set
values for addresses D and
H (values can be specified
with either address). set

Format

e Input of tool

compensation value by

programing

The programming format depends on which tool compensation memory

is used.

Table 14.8 (¢c) Setting range of Tool compensation memory and
Tool compensation value

Variety of tool compensation memory Format
Tool compensation value (geometry com- | G10L11P_R_;

A | pensation value+wear compensation val-
ue)

B Geometry compensation value G10L10P_R_;
Wear compensation value G10L11P_R_;
Geometry compensation value for H code | G10L10P_R_;

c Geometry compensation value for D code | G10L12P_R_;
Wear compensation value for H code G10L11P_R_;
Wear compensation value for D code G10L13P_R_;

P : Number of tool compensation

R : Tool compensation value in the absolute command(G90) mode
Value to be added to the specified tool compensation value in the
incremental command(G91) mode (the sum is also atool
compensation value.)

NOTE

L11.

To provide compatibility with the format of older CNC
programs, the system allows L1 to be specified instead of
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14.9
SCALING
(G50, G51)

Format

A programmed figure can be magnified or reduced (scaling).

The dimensions specified with X_, Y_, and Z_ can each be scaled up or
down with the same or different rates of magnification.

The magnification rate can be specified in the program.

Unless specified in the program, the magnification rate specified in the
parameter is applied.

Y
A
P4 Ps
Py o — - P3
. Po -
v
I I P2
P, P2
0 » X
Po:Scaling center

Fig. 14.9 (a) Scaling(P; Py P3 P4—P1:P>P3Py)

SCALING UP OR DOWN ALONG ALL AXES
AT THE SAME RATE OF MAGNIFICATION

Format Meaning of command
G51X_Y_Z_ P_; Scaling start X_Y_Z—_: Absolute command for
, center coordinate value
, Scaling is effective. of scaling
' (Scaling mode) P_ : Scaling magnification

G50 ; Scaling cancel

Scaling up or down along each axes at a different
rate of magnification (mirror image)

Format Meaning of command

G51_X_Y_Z_1_J_K_;Scaling start X_Y_Z_ Absolute command for
, o _ center coordinate value
, Scaling is effective. of scaling
' (Scaling mode) I_J_K_  Scaling magnification for

X axis Y axis and Z axis

G50 Scaling cancel respectively

WARNING
Specify G51 in a separate block. After the figure is enlarged
or reduced, specify G50 to cancel the scaling mode.
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Explanations

e Scaling up or down
along all axes at the
same rate of
magnification

® Scaling of each axis,
programmable mirror
image
(negative magnification)

Least input increment of scaling magnification is: 0.001 or 0.00001 It is
depended on parameter SCR (No. 5400#7) which valueisselected. Then,
set parameter SCLx (N0.5401#0) to enable scaling for each axis. |If
scaling P is not specified on the block of scaling (G51X_Y_Z P_;), the
scaling magnification set to parameter (No. 5411) is applicable. If X,Y,Z
are omitted, the tool position where the G51 command was specified
serves as the scaling center.

Each axiscan bescaled by different magnifications. Alsowhen anegative
magnification is specified, a mirror image is applied. First of all, set a
parameter XSC (No. 5400#6) which validates each axis scaling (mirror
image).

Then, set parameter SCLx (No. 5401#0) to enabl e scaling along each axis.
Least input increment of scaling magnification of each axis (1, J, K) is
0.001 or 0.00001( set parameter SCR (No. 5400#7)).

Magnification is set to parameter 5421 within the range +0.00001 to
+9.99999 or +0.001 to +999.999

If anegative valueis set, mirror image is effected.

If magnification I, Jor K isnot commanded, a magnification value set to
parameter (No. 5421) iseffective. However, avalue other than O must be
set to the parameter.

NOTE
Decimal point programming can not be used to specify the
rate of magnification (I, J, K).

a/b : Scaling magnification of X axis
c/d : Scaling magnification of Y axis
0 : Scaling center

Y axis
A
Programmed figure
d !
Scaled figure
c /
v |©
X axis
< a ———>
<«<—— b >

Fig. 14.9 (b) Scaling of each axis
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® Scaling of circular
interpolation

Even if different magnifications are applie to each axis in circular
interpolation, the tool will not trace an ellipse.

When different magnifications are applied to axes and a circular
interpolation is specified with radius R, it becomes as following figure
14.9 (c) (in the example shown below, a magnification of 2 isapplied to
the X—component and a magnification of 1 is applied to the Y-
component.).

G90 GO0 X0.0 Y100.0 ;

G51 X0.0 Y0.0 Z0.0 12000 J1000;

G02 X100.0 Y0.0 R100.0 F500 ;

Above commands are equivalent to the following command:

G90 GO0 X0.0 Y100.0 Z0.0;
G02 X200.0 Y0.0 R200.0 F500 ;

Magnification of radius R depends on |, or J whichever is larger.

Y
Scaled shape
> X
(0,0) (100.0) (200.0)

Fig. 14.9 (c) Scaling for circular interpolationl

When different magnifications are applied to axes and a circular
interpolation is specified with I, Jand K, it becomes as following figure
14.9 (d) (In the example shown below, amagnification of 2 isapplied to
the X—component and a magnification of 1 is applied to the
Y —component.).

G90 GO0 X0.0 Y0.0;

G51 X0.0 Y0.0 12000 J1000;

G02 X100.0 Y0.0 10.0 J-100.0 F500 ;

Above commands are equivalent to the following commands.

G90 GO0 X0.0 Y100.0;
G02 X200.0 Y0.010.0 J-100.0 F500 ;

In this case, the end point does not beet the radius, a linear section is

included.
Y
(200.0)“
Scaled shape
(100.0)
(0,0) (100.0)  (200.0) "X

Fig. 14.9 (d) Scaling for circular interpolation 2
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® Tool compensation

e Invalid scaling

e Commands related to
reference position return
and coordinate system

This scaling is not applicable to cutter compensation values, tool length
offset values, and tool offset values (Fig. 14.9 (e) ).

) ) > @
© -
.

.‘ + Programmed figure

Scaled figure

O =0

Cutter compensation values are not scaled.

Fig. 14.9 (e) Scaling during cutter compensation

Scaling isnot applicabl e to the Z—axis movement in case of thefollowing
canned cycle.

-Cut—in value Q and retraction value d of peck drilling cycle (G83, G73).
-Fine boring cycle (G76)

-Shift value Q of X and Y axesin back boring cycle (G87).

In manual operation, thetravel distance cannot beincreased or decreased
using the scaling function.

Inscalingmode, G28, G30, or commandsrelated to the coordinate system
(G52 to G59) must not be specified. When any of these G codes is
necessary, specify it after canceling scaling mode.

WARNING

1 If a parameter setting value is employed as a scaling magnification without specifying P, the
setting value at G51 command time is employed as the scaling magnification, and a!change
of this value, if any, is not effective.

2 Before specifying the G code for reference position return (G27, G28, G29, G30) or!coordinate
system setting (G92), cancel the scaling mode.

3 If scaling results are rounded by counting fractions of 5 and over as a unit and disregarding
the rest, the move amount may become zero. In this case, the block is!regarded as a no
movement block, and therefore, it may affect the tool movement by!cutter compensation C. See
the description of blocks that do not move the tool at 11-14.6.3.
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NOTE

1 The position display represents the coordinate value after scaling.

2 When a mirror image was applied to one axis of the specified plane, the following!results:
(2)Circular command Direction of rotation is reversed.

(2)Cutter compensation C ...t Offset direction is reversed.
(3)Coordinate system rotation . ................ccciiiiiian.. Rotation angle is reversed.
(4)Cutter compensationB ................... Offset direction is reversed. (Including G39)
Examples Example of a mirror image program
Subprogram
09000 ;

G00 G90 X60.0 Y60.0;

GO01 X100.0 F100;

GO01 Y100.0;

GO01 X60.0 Y60.0;

M99;

Main program

N10 GO0 G90;

N20M98P9000;

N30 G51 X50.0 Y50.0 1-1000 J1000;
N40 M98 P9000;

N50 G51 X50.0 Y50.0 1-1000 J-1000;
N60 M98 P9000;

N70 G51 X50.0 Y50.0 112000 J-1000
N80 M98 P9000;

N90 G50;

Y
4
1004

60 - - -
50— --------=-=-]--- fmeccccccccccccacan-=
40

0 40 50 60 100

Fig. 14.9 (f) Example of a mirror image program

— 366 —



B—63534EN/02

PROGRAMMING 14. COMPENSATION FUNCTION

14.10
COORDINATE
SYSTEM ROTATION
(G68, G69)

Format

A programmed shape can be rotated. By using this function it becomes
possible, for example, to modify a program using a rotation command
when a workpiece has been placed with some angle rotated from the
programmed position on the machine.Further, when there is a pattern
comprising some identical shapes in the positions rotated from a shape,
the time required for programming and thelength of the program can be
reduced by preparing a subprogram of the shape and calling it after
rotation.

Angle of rotation

Center of rotation

Fig. 14.10 (a) Coordinate system rotation

Format

G17
{glg }668 o_B_R__; Startrotation of a coordinate system.

Coordinate system rotation mode
(The coordinate system is rotated.)

G69; Coordinate system rotation cancel command

Meaning of command

G17 (G18 or G19) . Select the plane in which contains the figure to be
rotated.
o B Absolute command for two of the x_,y_,and Z_ axes

that correspond to the current plane selected by a
command (G17, G18, or G19). The command
specifies the coordinates of the center of rotation for
the values

specified subsequent to G68.

R Angular displacement with a positive value indicates
counter clockwise rotation. Bit 0 of parameter 5400
selects whether the specified angular displacement is
alwarys considered an absolute value or is considered
an absolute or incremental value depending on the
specified G code (G90 or G91).

Least input increment: 0.001 deg
Valid data range : —=360,000 A360,000
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X
4
Angle of rotation R (incremental value)
Center of Angle of rotation (absolute value)
rotation
(. B)
> Z
Fig. 14.10 (b) Coordinate system rotation
NOTE
When a decimal fraction is used to specify angular
displacement (R_), the 1's digit corresponds to degree
units.
Explanations
® G code for selecting a The G code for selecting a plane (G17,G18,0or G19) can be specified
plane: G17,G18 or G19 before the block containing the G code for coordinate system rotation
(G68). G17, G18 or G19 must not bedesignatedinthe modeof coordinate
system rotation.
® Incremental command in The center of rotation for an incremental command programmed after
coordinate system G68 but before an absolute command is the tool position when G68 was
rotation mode programmed (Fig. 14.10 (c)).
® Center of rotation When o3 is not programmed, the tool position when G68 was
programmed is assumed as the center of rotation.
® Angular displacement When R_ is not specified, the value specified in parameter 5410 is
assumed as the angular displacement.
® Coordinate system The G code used to cancel coordinate system rotation (G69) may be
rotation cancel specified in a block in which another command is specified.
command
® Tool compensation Cutter compensation, tool length compensation, tool offset, and other
compensation operations are executed after the coordinate system is
rotated.
® Relationship with Both coordinate system rotation and three-dimensiona coordinate
three—dimensional conversion use the same G codes: G68 and G69. The G code with I, J,
coordinate conversion and K is processed as a command for three-dimensional coordinate
(G68, G69) conversion. The G code without |, J, and K is processed as a command

for two—dimensional coordinate system rotation.
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Limitations

e Commands related to
reference position return
and the coordinate
system

® Incremental command

Explanations

Absolute/Incremental
position commands

In coordinate system rotation mode, G codesrelated to reference position
return (G27, G28, G29, G30, etc.) and thosefor changing the coordinate
system (G52 to G59, G92, etc.) must not be specified. If any of these G
codes is necessary, specify it only after canceling coordinate system
rotation mode.

The first move command after the coordinate system rotation cancel
command (G69) must be specified with absolutevalues. If anincremental
move command is specified, correct movement will not be performed.

N1 G92 X—-5000 Y —5000 G69 G17 ;

N2 G68 X7000 Y3000 R60000 ;

N3 G90 G01 X0 YO F200 ;
(G91X5000Y5000)

N4 G91 X10000 ;

N5 G02 Y10000 R10000 ;

N6 GO3 X —10000 I-5000 J-5000;

N7 GO1 Y —10000 ;

N8 G69 G90 X —5000 Y —5000 M02 ;

Tool path when the incremental
command is designated in the N3

block (in parenthesis) Originally programmed tool path

Center of rotation
(7000,3000)

(-500.0,-500.0)
Tool path after rotation

Fig. 14.10 (c) Absolute/incremental command during
coordinate system rotation
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Examples

® Cutter compensation C

and coordinate system
rotation It is possible to specify G68 and G69 in cutter compensation C mode.
The rotation plane must coincide with the plane of cutter compensa-
tion C.

N1 G92 X0 Y0 G69 GO01 ;

N2 G42 G90 X1000 Y1000 F1000 D01 ;

N3 G68 R—30000 ;

N4 G91 X2000 ;

N5 G03 Y1000 R1000 J500 ;

N6 GO1 X —2000 ;

N7 Y—-1000;

N8 G69 G40 G90 X0 YO M30 ; Programmed shape before

/ coordinate system rotation

\
=, \ Programmed shape
P after coordinate
, system rotation
1

Tool path

Fig. 14.10 (d) Cutter compensation C and coordinate system rotation

® Scaling and coordinate If acoordinate system rotation command is executed in the scaling mode
system rotation (G51 mode), the coordinate value (a.,3,) of therotation center will also be
scaled, but not therotation angle (R). When amove command isissued,
the scaling is applied first and then the coordinates are rotated.
A coordinate system rotation command (G68) should not be issued in
cutter compensation C mode (G41, G42) on scaling mode (G51). The
coordinate system rotation command should always be specified prior to
setting the cutter compensation C mode.

1