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Introduction

This manual describes the information for programming on Mitsubishi Electric CNC.
Improper handling can cause unexpected malfunctions. To use this device correctly, be sure to read this manual before use.
Supported models of this manual are as follows:

Supported models Details
M800VW Series M850VW, M830VW
M800VS Series M850VS, M830VS
M80OVW Series M80OVW
M80V Series MB80V TypeA, M80V TypeB

Abbreviations for model names used in this manual are as follows:

Abbreviations Supported models
M800V, M800V Series M800VW Series/M800VS Series
M80V, M80V Series M80VW Series/M80V Series
M800V/M80V, M800V/M80V Series M800VW Series/M800VS Series/M80VW Series/M80V Series
M8V, M8V Series M800VW Series/M800VS Series/M80VW Series/M80V Series

To safely use this CNC unit, thoroughly study the "Precautions for Safety" before use.
Be sure to keep this manual on hand so that users can refer to it at any time.
Also refer to the manuals on "Manual List" as necessary.

ENotes on reading this manual

(1) The description concerning "signals" in this manual refers to information transmission between a machine and PLC
or between CNC and PLC. The method on controlling the signals (ON/OFF) differs depending on the machine. Refer
to the manual issued by the machine tool builder (MTB).

(2) Some parameters can be used by end-users and some parameters are set by the MTB according to the specifica-
tions. End-users may not be able to set or change some of the parameters described as "... can be set with the pa-
rameter #XXXX" in this manual. Confirm the specifications for your machine with the manual issued by the MTB.

HMDetails described in this manual
In this manual, the following abbreviations might be used.
L system: Lathe system
M system: Machining center system
MTB: Machine tool builder



Manual List

Manuals related to M80OV/M8O0V Series are listed as follows.

These manuals are written on the assumption that all optional functions are added to the targeted model.

Some functions or screens may not be available depending on the machine or specifications set by MTB. (Confirm the
specifications before use.)

The manuals issued by MTB take precedence over these manuals.

Manual IB No. Purpose and Contents
M800V/M80V Series IB-1501618 + Operation guide for NC
Instruction Manual + Explanation for screen operation, etc.
gz%?:éanig\é I\S/I(;:i:l IB-1501619 + G code programming for lathe system
(Lathe System) (1/2) + Basic functions, etc.
gz%?:éanig\é I\S/I(;:i:l IB-1501620 + G code programming for lathe system
(Lathe System) (2/2) + Functions for multi-part system, high-accuracy function, etc.
gz%?:éanig\é I\S/I(Z\:i:l IB-1501621 + G code programming for machining center system
(Machining Center System) (1/2) * Basic functions, efc.
';AZO?;/&M&?]V I\S/I(Z\:i:l IB-1501622 + G code programming for machining center system
(Ma?:hining Cg:’enter System) (2/2) + Functions for multi-part system, high-accuracy function, etc.
M800V/M80V Series + Alarms
Alarm/Parameter Manual 1B-1501623 + Parameters




Manuals for MTBs (NC)

Manual IB No. Purpose and Contents
M800V/M80V Series IB-1501610 + Model selection
Specifications Manual (Function) + Outline of various functions
M800V/M80V Series IB-1501611 + Model selection
Specifications Manual (Hardware) + Specifications of hardware unit
M800VW/M80OVW Series + Detailed specifications of hardware unit
. IB-1501612 . . . .
Connection and Setup Manual + Installation, connection, wiring, setup (startup/adjustment)
M800VS/M80V Series + Detailed specifications of hardware unit
) IB-1501613 . . - .
Connection and Setup Manual + Installation, connection, wiring, setup (startup/adjustment)
+ Electrical design
M800V/M80V Series + 1/O relation (assignment, setting, connection), field network
IB-1501614 ) )
PLC Development Manual + Development environment (PLC on-board, peripheral
development environment), etc.
MBOOVIMBOV Seri + Electrical design
eries .
PLC Programming Manual (1/2) IB-1501667 |+ Sequenc'e progr.ammlng.; .
+ Explanation for instructions, functions, and parameters
MBOOV/MSOV Seri + Electrical design
eries .
PLC Programming Manual (2/2) IB-1501668 |+ Sequence programmmg .
+ Usage examples of instructions
M800V/M80V Series IB-1501616 + Electrical design
PLC Interface Manual + Interface signals between NC and PLC
M800V/M80V Series + Cleaning and replacement for each unit
) IB-1501617 ) )
Maintenance Manual + Other items related to maintenance
Manuals for MTBs (drive section)
Manual IB No. Contents
MDS-E/EH Series o .
Specifications Manual IB-1501226 |+ Specifications for power supply regeneration type
MDS-E/EH Series . .
Instruction Manual IB-1501229 |+ Instruction for power supply regeneration type
MDS-EJ/EJH Series I . .
Specifications Manual IB-1501232 |+ Specifications for regenerative resistor type
MDS-E‘.J/EJH Series IB-1501235 |+ Instruction for regenerative resistor type
Instruction Manual
MDS-EM/EMH Series + Specifications for multi-hybrid, power supply regeneration
I IB-1501238
Specifications Manual type
MDS-EM/EMH Series . . . .
Instruction Manual IB-1501241 |+ Instruction for multi-hybrid, power supply regeneration type
DATA BOOK IB-1501252 |+ Specifications of servo drive unit, spindle drive unit, motor, etc.
MDS-EX-CVP Series e . . T
Specifications and Instruction IB-1501587 |' Specifications and instruction for the power supply unit with

Manual

large capacity




Manuals for MTBs (Others)

Manual

No.

Purpose and Contents

GOT2000 Series User's Manual
(Hardware)

SH-081194ENG

+ Outline of hardware such as part names, external dimensions,
installation, wiring, maintenance, etc. of GOTs

GOT2000 Series User's Manual
(Utility)

SH-081195ENG

+ Outline of utilities such as screen display setting, operation
method, etc. of GOTs

GOT2000 Series User's Manual
(Monitor)

SH-081196ENG

+ QOutline of each monitor function of GOTs

GOT2000 Series Connection Manual
(Mitsubishi Electric Products)

SH-081197ENG

+ Outline of connection types and connection method between
GOT and Mitsubishi Electric connection devices

GT Designer3 (GOT2000) Screen
Design Manual

SH-081220ENG

+ Outline of screen design method using screen creation
software GT Designer3

GOT2000/GOT1000 Series CC-Link

+ Explanation for handling CC-Link communication unit (for

ommunication Unit User's Manua i series, series

C ication Unit User's M | 1B-0800351 GOT2000 /GOT1000

GX Developer Version 8 Operating SH-080372E + Explanation for system configuration, installation, etc. of PLC
Manual (Startup) development tool GX Developer

GX Developer Version 8 Operating SH-080373E + Explanation for operations using PLC development tool GX
Manual Developer

GX Converter Version 1 Operating IB-0800004 + Explanation for operations using data conversion tool GX

Manual

Converter

GX Works2 Installation Instructions

BCN-P5999-0944

+ Explanation for the operating environment and installation
method of GX Works2

GX Works2 Version 1 Operating
Manual (Common)

SH-080779ENG

+ Explanation for the system configuration of GX Works2 and
the functions common to Simple project and Structured project
such as parameter setting, operation method for the online
function

GX Works2 Version 1 Operating
Manual (Simple Project)

SH-080780ENG

+ Explanation for methods for such as creating and monitoring
programs in Simple project of GX Works2

MELSEC-Q/L/F Structured
Programming Manual (Fundamentals)

SH-080782ENG

+ Explanation for programming methods, types of programming
languages, etc. required to create structured programs

MELSEC-Q/L Structured
Programming Manual (Application
Functions)

SH-080784ENG

+ Explanation for specifications and functions related to
application functions which can be used in structured
programs

GX Works2 Version 1 Operating
Manual (Simple Project, Function
Block)

SH-080984ENG

+ Explanation for methods for such as creating function blocks,
pasting function blocks to sequence programs, and operating
FB library in Simple project of GX Works2

GX Works2 Version 1 Operating
Manual (Structured Project)

SH-080781ENG

+ Explanation for methods for such as creating and monitoring
programs in Structured project of GX Works2

GX Works3 Installation Instructions

BCN-P5999-0391

+ Explanation for the operating environment and installation
method of GX Works3

MELSEC-Q CC-Link System Master/
Local Module User’'s Manual

SH-080394E

+ Explanation for system configuration, installation, wiring, etc.
of master/local modules for CC-Link system

GOT2000 Series Connection Manual
(Non-Mitsubishi Electric Products 1)

SH-081198ENG

GOT2000 Series Connection Manual
(Non-Mitsubishi Electric Products 2)

SH-081199ENG

+ Explanation for connection types and connection method
between GOT and other company's devices

GOT2000 Series Connection Manual
(Microcomputers, MODBUS/Fieldbus
Products, Peripherals)

SH-081200ENG

+ Explanation for connection types and connection method
between GOT and microcomputers, MODBUS/fieldbus
products, peripherals

GT SoftGOT2000 Version1 Operating
Manual

SH-081201ENG

+ Explanation for system configuration, screen configuration
and operation method of monitoring software GT
SoftGOT2000

MELSEC iQ-R Programming Manual
(CPU Module Instructions, Standard
Functions/Function Blocks)

SH-081266ENG

+ Explanation for instructions, general-purpose functions, and
general-purpose function blocks required for programming the
sequencer MELSEC iQ-R series




Reference Manual for MTBs

Manual

No.

Purpose and Contents

M800/M80 Series Smart safety
observation Specification manual

BNP-C3072-022

+ Explanation for smart safety observation function

M800/M80 Series CC-Link (Master/
Local) Specification manual

BNP-C3072-089

+ Explanation for CC-Link

M800/M80 Series PROFIBUS-DP
Specification manual

BNP-C3072-118

+ Explanation for PROFIBUS-DP communication function

M800/M80 Series Interactive cycle
insertion (Customization)
Specification manual

BNP-C3072-121-
0003

+ Explanation for interactive cycle insertion

M800/M80 Series EtherNet/IP
Specifications manual

BNP-C3072-263

+ Explanation for EtherNet/IP

M800/M80 Series CC-Link IE Field
(Master/local) Specifications manual

BNP-C3072-283

+ Explanation for CC-Link IE Field

M800/M80 Series GOT Connection
Specifications manual

BNP-C3072-314

+ Explanation for GOT connection

M800/M80 Series CC-Link IE Field
Basic Specifications manual

BNP-C3072-337

¢+ Explanation for CC-Link IE Field Basic

M800/M80 Series FL-net
Specifications manual

BNP-C3072-368

+ Explanation for FL-net

M800/M80 Series Synchronous
Control Specifications manual

BNP-C3072-074

+ Explanation for synchronous control

M800/M80 Series Multiple-Axis
Synchronization Control
Specifications manual

BNP-C3072-339

+ Explanation for multiple-axis synchronization control




Precautions for Safety

Always read the specifications issued by the machine tool builder, this manual, related manuals and attached documents
before installation, operation, programming, maintenance or inspection to ensure correct use.

Understand this numerical controller, safety items and cautions before using the unit.

This manual ranks the safety precautions into "DANGER", "WARNING" and "CAUTION".

/\ DANGER

When the user may be subject to imminent fatalities or major injuries if handling is mistaken.

/\ WARNING

When the user may be subject to fatalities or major injuries if handling is mistaken.

/\ CAUTION

When the user may be subject to injuries or when physical damage may occur if handling is mistaken.

Note that even items ranked as " CAUTION", may lead to major results depending on the situation. In any case, important
information that must always be observed is described.
The following signs indicate prohibition and compulsory.

This sign indicates prohibited behavior (must not do).
® For example, & indicates "Keep fire away".

This sign indicated a thing that is pompously (must do).
‘ For example, @) indicates "it must be grounded".

The meaning of each pictorial sign is as follows.

A A A A\
CAUTION CAUTION CAUTION HOT Danger Danger
rotated object Electric shock risk explosive
Prohibited Disassembly is KEEP FIRE AWAY | General instruction Earth ground
prohibited

For Safe Use

Mitsubishi Electric CNC is designed and manufactured solely for applications to machine tools to be used for industrial pur-
poses.

Do not use this product in any applications other than those specified above, especially those which are substantially influ-
ential on the public interest or which are expected to have significant influence on human lives or properties.

/\ DANGER

Not applicable in this manual.



/\ WARNING

1. Items related to operation

/A If the operation start position is set in a block which is in the middle of the program and the program is started, the pro-
gram before the set block is not executed. Please confirm that G and F modal and coordinate values are appropriate.
If there are coordinate system shift commands or M, S, T and B commands before the block set as the start position,
carry out the required commands using the MDI, etc. If the program is run from the set block without carrying out these
operations, there is a danger of interference with the machine or of machine operation at an unexpected speed, which
may result in breakage of tools or machine tool or may cause damage to the operators.

/A Under the constant surface speed control (during G96 modal), if the axis targeted for the constant surface speed control
(normally X axis for a lathe) moves toward the spindle center, the spindle rotation speed will increase and may exceed
the allowable speed of the workpiece or chuck, etc. In this case, the workpiece, etc. may jump out during machining,
which may result in breakage of tools or machine tool or may cause damage to the operators.

/\ CAUTION

1. Items related to product and manual

/\ For items described as "Restrictions" or "Usable State" in this manual, the instruction manual issued by the machine
tool builder takes precedence over this manual.

A\ Items not described in this manual must be interpreted as "not possible”.

/A This manual is written on the assumption that all the applicable functions are included. Some of them, however, may
not be available for your NC system.
Refer to the specifications issued by the machine tool builder before use.

A\ Refer to the Instruction Manual issued by each machine tool builder for details on each machine tool.

/A Some screens and functions may differ depending on the NC system (or its version), and some functions may not be
possible. Please confirm the specifications before use.

A\ To protect the availability, integrity and confidentiality of the NC system against cyber-attacks including unauthorized
access, denial-of-service (Dos) (*1) attack, and computer virus from external sources via a network, take security mea-
sures such as firewall, VPN, and anti-virus software.

(*1) Denial-of-service (Dos) refers to a type of cyber-attack that disrupts services by overloading the system or by ex-
ploiting a vulnerability of the system.

/A\ Mitsubishi Electric assumes no responsibility for any problems caused to the NC system by any type of cyber-attacks
including DoS attack, unauthorized access and computer virus.

2. ltems related to operation

A\ Before starting actual machining, always carry out graphic check, dry run operation and single block operation to check
the machining program, tool offset amount, workpiece compensation amount and etc.

A\ If the workpiece coordinate system offset amount is changed during single block stop, the new setting will be valid from
the next block.

/A Turn the mirror image ON and OFF at the mirror image center.

A\ If the tool offset amount is changed during automatic operation (including during single block stop), it will be validated
from the next block or blocks onwards.

/A\ Do not make the synchronized spindle rotation command OFF with one workpiece chucked by the reference spindle
and synchronized spindle during the spindle synchronization.
Failure to observe this may cause the synchronized spindle stop, and hazardous situation.



/\ CAUTION

3. Items related to programming
/\ The commands with "no value after G" will be handled as "G00".
/A\"""EOB" and "%" "EOR" are expressions used for explanation. The actual codes are: For ISO: "CR, LF", or "LF" and
Il%ll.
Programs created on the Edit screen are stored in the NC memory in a "CR, LF" format, but programs created with

external devices such as the FLD or RS-232C may be stored in an "LF" format.
The actual codes for EIA are: "EOB (End of Block)" and "EOR (End of Record)".

/A When creating the machining program, select the appropriate machining conditions, and make sure that the perfor-
mance, capacity and limits of the machine and NC are not exceeded. The examples do not consider the machining con-
ditions.

® Do not change fixed cycle programs without the prior approval of the machine tool builder.
/A When programming the multi-part system, take special care to the movements of the programs for other part systems.

/A The program including a character of any language other than the display language is not correctly displayed. Do not
edit such a program. Any part of the program other than the comment part may also be changed if edited.



Disposal

(Note)  This symbol mark is for EU countries only.
This symbol mark is according to the directive 2006/66/EC Article 20 Information for end-users and
Annex Il.

Your MITSUBISHI ELECTRIC product is designed and manufactured with high quality materials and components
which can be recycled and/or reused.

This symbol means that batteries and accumulators, at their end-of-life, should be disposed of separately from your
household waste.

If a chemical symbol is printed beneath the symbol shown above, this chemical symbol means that the battery or
accumulator contains a heavy metal at a certain concentration. This will be indicated as follows:

Hg: mercury (0,0005%), Cd: cadmium (0,002%), Pb: lead (0,004%)

In the European Union there are separate collection systems for used batteries and accumulators.

Please, dispose of batteries and accumulators correctly at your local community waste collection/recycling centre.

Please, help us to conserve the environment we live in!



Trademarks

MELDAS, MELSEC, EZSocket, EZMotion, iQ Platform, MELSEC iQ-R, MELSOFT, GOT, CC-Link, CC-Link/LT,
CC-Link IE, CC-Link IE/field, EcoMonitorLight and SLMP are either trademarks or registered trademarks of
Mitsubishi Electric Corporation in Japan and/or other countries.

Ethernet is a registered trademark of Xerox Corporation in the United States and/or other countries.

Microsoft®, Windows®, SQL Server® and Access® are either trademarks or registered trademarks of Microsoft
Corporation in the United States and/or other countries.

SD logo and SDHC logo are either registered trademarks or trademarks of LLC.

UNIX is a registered trademark of The Open Group in the United States and/or other countries.

Intel® and Pentium® are either trademarks or registered trademarks of Intel Corporation in the United States and/or
other countries.

MODBUS® is either a trademark or a registered trademark of Schneider Electric USA, Inc. or the affiliated
companies in Japan and/or other countries.

EtherNet/IP is a trademark of Open DeviceNet Vendor Association,Inc.

PROFIBUS-DP and PROFINET are either trademarks of Profibus International.

Oracle® is a registered trademark of Oracle Corporation, the subsidiaries, or the affiliated companies in the United
States and /or other countries.

VNC is a registered trademark of RealVNC Ltd. in the United States and other countries.

QR Code is a registered trademark of DENSO WAVE INCORPORATED.

McAfee is a registered trademark or a trademark of McAfee, LLC or its subsidiaries in the United States and other
countries.

Punchtap is licensed by EMUGE.

Other company and product names that appear in this manual are trademarks or registered trademarks of the
respective companies.
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Handling of our product
(English)

This is a class A product. In a domestic environment this product may cause radio interference in which case the user
may be required to take adequate measures.
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M800V/M80V Series Programming Manual (Lathe System) (1/2)
1 Control Axes
1.1 Coordinate Words and Control Axes

1.1 Coordinate Words and Control Axes

E Function and purpose

In the case of a lathe, axis names (coordinate words) and directions are defined as follows.

The axis at right angles to the spindle
Axis name: X axis

The axis parallel to the spindle
Axis name: Z axis

Coordinate axes and polarities

Tailstock
. 4!93 '
Spindle stoc a
! .\.\~\~\ TOO' a +7
U ~.x
+Y Turret

Since coordinates based on the right hand rule are used with a lathe, in the above figure, the positive direction of
the Y axis which is at right angles to the X-Z plane is downward.

Note that a circular on the X-Z plane is expressed as clockwise or counterclockwise as seen from the forward direc-
tion of the Y axis.

(Refer to "Circular Interpolation; G02, G03".)
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M800V/M80V Series Programming Manual (Lathe System) (1/2)
1 Control Axes
1.1 Coordinate Words and Control Axes

Relationship between coordinates

¢ Reference position

@ Basic machine coordinate
@ Workpiece coordinate zero point

ﬂ} Local coordinate zero point
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1 Control Axes
1.2 Coordinate Systems and Coordinate Zero Point Symbols

1.2 Coordinate Systems and Coordinate Zero Point Symbols

Reference position:

A specific position to establish coordinate systems and change tools
Basic machine coordinate zero point:

A position specific to machine

Workpiece coordinate zero points (G54 to G59)
A coordinate zero point used for workpiece machining

The basic machine coordinate system is the coordinate system that expresses the position (tool change position,
stroke end position, etc.) that is specific to the machine.

Workpiece coordinate systems are used for workpiece machining.

Upon completion of the dog-type reference position return, the parameters are referred and the basic machine co-
ordinate system and workpiece coordinate systems (G54 to G59) are automatically set.

The offset of the basic machine coordinate zero point and reference position is set by a parameter. (Normally, set
by MTB)

Workpiece coordinate systems can be set with coordinate systems setting functions, workpiece coordinate offset
measurement (additional specification), and etc.

IB-1501619-A 4



M800V/M80V Series Programming Manual (Lathe System) (1/2)
1 Control Axes
1.2 Coordinate Systems and Coordinate Zero Point Symbols

G52
v
s
’

G52
A4

G54 G55

2

-
-

A

Reference position
Basic machine coordinate zero point
Workpiece coordinate zero points

Local coordinate zero point

Offset set by a parameter

Offset set by a program
("0" is set when turning the power ON)

é‘@@@&

G52 Local coordinate system offset (*1)

G54 Workpiece coordinate (G54) system offset (*1)
G55 Workpiece coordinate (G55) system offset
G92 G92 Coordinate system shift

EXT External workpiece coordinate offset

(*1) G52 offset is independently possessed by G54 to G59 respectively.

The local coordinate systems (G52) are valid on the coordinate systems designated by workpiece coordinate sys-
tems 1 to 6.

Using the G92 command, the basic machine coordinate system can be shifted and made into a hypothetical ma-
chine coordinate system. At the same time, workpiece coordinate systems 1 to 6 are also shifted.
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1.2 Coordinate Systems and Coordinate Zero Point Symbols
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2 Minimum Command Unit
2.1 Input Setting Unit and Program Command Unit

2.1 Input Setting Unit and Program Command Unit

E Function and purpose

The input setting units are the units of setting data including tool compensation amounts and workpiece coordinates
compensation.

The program command units are the units of movement amounts in programs.

These are expressed with mm, inch or degree (°).

m Detailed description

Program command units for each axis and input setting units, common for all axes, are determined by the setting of
parameters as follows. (This depends on the MTB specifications.)

Parameter Linear axis Rotary axis (°)
Metric Inch
Input setting unit #1003 iunit =B 0.001 0.0001 0.001
=C 0.0001 0.00001 0.0001
=D 0.00001 0.000001 0.00001
= E 0.000001 0.0000001 |0.000001
Program command unit  [#1015 cunit =0 Follow #1003 iunit
(Input command unit) =1 0.0001 0.00001  ]0.0001
=10 0.001 0.0001 0.001
= 100 0.01 0.001 0.01
= 1000 0.1 0.01 0.1
= 10000 (1.0 0.1 1.0

W Precautions

(1) Inch/metric changeover can be handled by either a parameter screen (#1041 1_inch: valid only when the power
is turned ON) or G commands (G20 or G21).
However, the changeover by a G command applies only to the program command units, and not to the input
setting units. Consequently, the tool offset amounts and other compensation amounts as well as the variable
data should be preset in order to correspond to input setting units.

(2) The millimeter and inch systems cannot be used together.

(3) When performing a circular interpolation between the axes whose program command units are different, the cen-
ter command (1, J, K) and the radius command (R) are designated by the input setting units. (Use a decimal point
to avoid confusion.)
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2 Minimum Command Unit
2.2 Indexing Increment

2.2 Indexing Increment

E Function and purpose

This function limits the command value for the rotary axis.

This can be used for indexing the rotary table, etc. It is possible to cause a program error with a program command
other than an indexing increment (parameter setting value).

m Detailed description

When the indexing increment (parameter) which limits the command value is set, the rotary axis can only be posi-
tioned with that indexing increment. If a program other than the indexing increment setting value is commanded, a
program error (P20) will occur.

The indexing position will not be checked when the parameter is set to 0.

(Example) When the indexing increment setting value is 2 degrees, the machine coordinate position at the end point
can only be commanded with the 2-degree increment.

G90 G01 C102.000 ; Moves to the 102 degree angle.
G90 G01 C101.000 ; Program error
G90 G01 C102; Moves to the 102 degree angle. (Decimal point type Il)
The following axis specification parameter is used. (This depends on the MTB specifications.)
# Item Details Setting range
(unit)
2106 |(Index unit |Indexing incre- |Set the indexing increment with which the rotary axis |0 to 360(°)
ment can be positioned.

W Precautions

(1) When the indexing increment is set, positioning will be conducted in degree unit.
(2) The indexing position is checked with the rotary axis, and is not checked with other axes.

(3) When the indexing increment is set to 2 degrees, the rotary axis is set to the B axis, and the B axis is moved with
JOG to the 1.234 position, an indexing error will occur if "G90B5." or "G91B2." is commanded.
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2.2 Indexing Increment
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3 Program Formats
3.1 Program Format

3.1 Program Format

A collection of commands assigned to an NC to move a machine is called "program".

A program is a collection of units called "block" which specifies a sequence of machine tool operations.
Blocks are written in the order of the actual movement of a tool.

A block is a collection of units called "word" which constitutes a command to an operation.

A word is a collection of characters (alphabets, numerals, signs) arranged in a specific sequence.

%
Block
Block
Block
Block
Block
Block
Block
Block
Block v

%
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3 Program Formats
3.1 Program Format

m Detailed description

Program

A program format looks as follows.

(1) —>
(2) —>
®3) —;

@) —»<

N
(6) —>

%
00000,
(COMMENT)

Block

Block

Block

Block

Block

Block

Block

Block

%

(1) Program start

Input an End Of Record (EOR, %) at the head of a program.

It is automatically added when writing a program on an NC. When using an external device, do not forget to input

it at the head of a program. For details, refer to the description of the file format.

(2) Program No.

Program Nos. are used to classify programs by main program unit or subprogram unit. They are designated by
the address "O" followed by numbers of up to 8 digits. Program Nos. must be written at the head of programs.
A setting is available to prohibit O8000s and O9000s from editing (edit lock). Refer to the instruction manual for
the edit lock.

(3) Comment

Data between control out "(" and control in ")" is ignored.
Information including program names and comments can be written in.

(4) Program section

A program is a collection of several blocks.

(5) Program end

Input an end of record (EOR, %) at the end of a program.
It is automatically added when writing a program on an NC.

13
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3 Program Formats
3.1 Program Format

Block and word

[Block]

| Word || Word || Word | | Word | ;

T

EOCB

A block is a least command increment, consisting of words.

It contains the information which is required for a machine tool to execute a specific operation. One block unit con-
stitutes a complete command.

The end of each block is marked with an End of Block (EOB, expressed as ";" for the sake of convenience).

[Word]
D| 9 OO0 - Q () Aphabet (address

(a) (n)

A word consists of a set of an alphabet, which is called an address, and numerals (numerical information).
Meanings of the numerical information and the number of significant digits of words differ according to an address.

. Note

(1) Leading zeros can be omitted from numerals.

The major contents of a word are described below.

TI+T_T

(3) (4) EOB

(1) Sequence No.

"Sequence No." consists of the address "N" followed by numbers up to 8 digits. It is used as an index when
searching a necessary block in a program (as branch destination and etc.).
It does not affect the operation of a tool machine.

(2) Preparatory function (G code, G function)

"Preparatory function (G code, G function)" consists of the address G followed by numbers of 2 or 3 digits (it may
include 1 digit after the decimal point). G codes are mainly used to designate functions, such as axis movements
and setting of coordinate systems. For example, GO0 executes a positioning and GO1 executes a linear interpo-
lation.

G codes include the six G code lists 2, 3, 4, 5, 6 and 7. Refer to the description of G code system for available
G codes.

(3) Coordinate words

"Coordinate words" specify the coordinate positions and movement amounts of machine tool axes. They consist
of an address which indicates each axis of a tool machine followed by numerical information ("+" or "-" signs and
numerals).

X,Y,Z,U,V,W, A B and C are used as address. Coordinate positions and movement amounts are specified
by either "incremental commands" or "absolute commands".

The axis name can be expanded to two letters depending on the MTB specifications. For details, refer to "15.12
Axis Name Extension".

(4) Feed functions (F functions)

"Feed Functions (F functions)" designate the speed of a tool relative to a workpiece. They consist of the address
F followed by numbers.
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3 Program Formats
3.1 Program Format

Main program and subprograms

Main program

Subprogram 1

00010;

M98P1000;

M98P2000;

MO02;

-

01000;

M99;

\S:prrogram 2
02000;

M99;

Fixed sequences or repeatedly used parameters can be stored in the memory as subprograms which can then be

called from the main program when required.

If a command is issued to call a subprogram while a main program is being executed, the subprogram will be exe-

cuted. And when the subprogram is completed, the main program will be resumed.
Refer to "14.1 Subprogram Control; M98, M99, M198" for details of subprogram execution.

15
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3 Program Formats
3.2 File Format

3.2 File Format

E Function and purpose

Program file can be created using NC edit screen and PC.

It can be input/output between NC memory and an external I/O device. Hard discs stored in NC unit are regarded
as an external I/O device. For the details of input/output method, refer to the instruction manual.

Program file format differs depending on the device which creates the program.

m Detailed description

Devices available for input/output

Devices which can input/output program files are as follows.

External data input/output interface M800VW/M80VW M800VS/M80V
NC memory o o
NC memory 2 (*1) o o
Serial o o
SD card in control unit o -
Front-side SD card o o
Ethernet o o
Display unit-side data server (HD/DS) o o
Front-side USB memory o o
Industrial PC (IPC) - o (*2)

(*1) Only user programs can be stored in NC memory 2. MDI programs, fixed cycle programs, and machine tool
builder macros cannot be stored.

(*2) This function is valid only for M80V Series. The availability of the function depends on the MTB specifications.
(parameter "#1760 cfgPR10/bit2" (Enable HD mode on IPC))

‘ Note

Note the following points to use NC memory 2.

(1) Since processing time is required for the command part which changes the program flow such as subprogram
call, GOTO, and DO-END, the axis movement may slow down or stop.

(2) It requires time to search the sequence number and block number of a large-capacity program.
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3 Program Formats
3.2 File Format

Program file format

The file format for each external I/O device is as follows:

(1) NC memory, NC memory 2 (Creates program on NC)

(COMMENT) ;
G28XYZ;
M02 ;
%
End of record (EOR, %) The end of record (EOR, %) is automatically added.
It does not need to be input purposely.
Program No. (O No.) Not necessary.
File transfer When multiple programs within the NC memory are transferred to an external
device as serial, they will be integrated into one file in the external device.
When a file containing multiple programs in an external device is transferred
to NC memory as serial, it will be divided into one file per one program.

(2) External device (except for serials such as SD card and USB memory)

[Single program] [Multiple programs]

CRLF CRLF

(COMMENT) crir O100(COMMENT) crir

G28 XYZ crir G28 XYZ gk

MO2  crie MO2 crir

%~z O101(COMMENT1) cger
MO2 crir
%~z

End of record (EOR, %) The first line (from % to LF, or CR LF) will be skipped. Also, the content after

the second % will not be transferred.
"%" must be included in the first line because if not, the necessary information
when transferring a file to an NC memory cannot be transferred.

Program No. (O No.) O No. before (COMMENT) will be ignored and the file name will be given the
priority.
File transfer Multiple programs cannot be transfered or collated between the serial-con-

nected device and the external devices except for the serial connection.
When a file containing multiple programs in an external device is transferred
to NC memory as serial, it will be divided into one file per one program.
When transferring divided programs one by one from an external device,
which is not serial, (multiple programs) to an NC memory, the head program
name can be omitted like "(COMMENT)" only when the transferring destina-
tion file name is designated to the file name field of device B.

Program name Program name should be designated with up to 32 alphanumeric characters
(29 characters for a multi-part system program).
End of block (EOB, ;) When the 1/0 parameter "CR output" is set to "1", EOB becomes CRLF.
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3 Program Formats

3.2 File Format

(3) External device (serial)

% LF

%

O100(COMMENT) -
G28 XYZ

MO2

End of record (EOR, %)

The first line (from % to LF, or CR LF) will be skipped. Also, the content after
the second % will not be transferred.

"%" must be included in the first line because if not, the necessary information
when transferring a file to an NC memory cannot be transferred.

File transfer

Multiple programs cannot be transfered or collated between the serial-con-
nected device and the external devices except for the serial connection.
When transferring a file as serial, the head program name can be omitted like
"(COMMENT)" only when the transferring destination file name is designated
to the file name field of device B.

Program name

Program name should be designated with up to 32 alphanumeric characters
(29 characters for a multi-part system program).

End of block (EOB, ;)

When the 1/0 parameter "CR output" is set to "1", EOB becomes CRLF.

Character code of machining program

Chinese characters or the characters with umlaut symbol such as "i" can be used in the messages of system vari-
ables #3000 and #3006. Since it cannot be input on the NC edit screen, create it with a general text editor.

Use the character code corresponding to the display language (parameter "#1043 lang").

Messages with character codes which do not correspond to the display language cause character corruption.

#1043 lang Character code

0 English Windows-1252

Japanese Shift-JIS
11 German Windows-1252
12 French Windows-1252
13 Italian Windows-1252
14 Spanish Windows-1252
15 Chinese (traditional) Big5
16 Korean (Hangeul) KS C 5601-1987
17 Portugese Windows-1252
18 Dutch Windows-1252
19 Swedish Windows-1252
20 Hungarian Windows-1250
21 Polish Windows-1250
22 Chinese (simplified) GB2312
23 Russian Windows-1251
24 Turkish CP1254
25 Czech Windows-1250
31 Indonesian Windows-1252

IB-1501619-A
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3.3 Optional Block Skip
3.3.1 Optional Block Skip; /

E Function and purpose

This function selectively ignores a section of a machining program from a "/" (slash code) to the end of the block.

m Detailed description

Provided that the optional block skip switch is ON, a section of a machining program from a "/" to the end of the block
are ignored. They are executed if the switch is OFF.

Parity check is valid regardless of whether the optional block skip switch is ON or OFF.
When, for instance, all blocks are to be executed for one workpiece but specific blocks are not to be executed for

another workpiece, one machining program can be used to machine different parts by inserting the "/" into those
specific blocks.

@ Program example

(1) When the parameter "#1274 ext10/bit4" is set to "0" and the parameter "#1226 aux10/bit1" is set to "0":

A"/" placed in the middle of a block is always interpreted as a division instruction regardless of whether or not
the optional block skip signal state is ON or OFF.

G00 X0. Z0;

#101=[100./41]; Sets "25." to #101. (As the result of execution of a division instruction)
G00 Z[100./417; Moves Z axis to "25.". (As the result of execution of a division instruction)
#102 =100./#101 ; Sets "4." to #102. (As the result of execution of a division instruction)
M30 ;

(2) When the parameter "#1274 ext10/bit4" is set to "0" and the parameter "#1226 aux10/bit1" is set to "1":

A "/" placed in a bracketed ("[ ]") expression is interpreted as a division instruction.
As for a "/" that appears in any other contexts, the section of the block following the "/" will be skipped if the op-
tional skip signal is ON, and the "/" itself will be ignored if the optional skip signal is OFF.

<Operation example of a case when optional block skip signal is ON>

G00 X0. Z0;

#101=[100./41]; Sets "25." to #101. (As the result of execution of a division instruction)

G00 X100. / 2200. ; Moves X axis to "100. No Z axis movements made. (As the result of skipping the
section of the block after "/")

G00 Z[100./417; Moves Z axis to "25.". (As the result of execution of a division instruction)

#102 =100. /#101 ; Sets "100." to #102. (As the result of skipping the section of the block after "/")

M30 ;

<Operation example of a case when optional block skip signal is OFF>

G00 X0. 20,

#101=[100./47]; Sets "25." to #101. (As the result of execution of a division instruction)

G00 X100. / 2200. ; Moves X axis to "100." and Z axis to "200.". (As the result of ignoring "/")

GO00 Z[100./417; Moves Z axis to "25.". (As the result of execution of a division instruction)

#102 =100./#101 ; Program error (P242) occurs. (As the result of ignoring "/")

M30 ;
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3.3 Optional Block Skip

(3) When the parameter "#1274 ext10/bit4" is set to "1" :

When a "/" is placed in a bracketed expression or when an expression that includes a "/" is on the right side of
an equation, the "/" is interpreted as a division instruction.

As for a "/" that appears in any other contexts, the section of the block following the "/" will be skipped if the op-
tional skip signal is ON, and the "/" itself will be ignored if the optional skip signal is OFF.

<Operation example of a case when optional block skip signal is ON>

G00 X0. Z0;

#101=[100./4]; Sets "25." to #101. (As the result of execution of a division instruction)

G00 X100. / Z2200. ; Moves X axis to "100. No Z axis movements made. (As the result of skipping the
section of the block after "/")

G00 Z[100./417; Moves Z axis to "25.". (As the result of execution of a division instruction)

#102 = 100. / #101 ; Sets "4." to #102. (As the result of execution of a division instruction)

M30 ;

<Operation example of a case when optional block skip signal is OFF>

GO0 X0. Z0;

#101=[100./41; Sets "25." to #101. (As the result of execution of a division instruction)

G00 X100. / Z200. ; Moves X axis to "100." and Z axis to "200.". (As the result of ignoring "/")

GO00 Z[100./41]; Moves Z axis to "25.". (As the result of execution of a division instruction)

#102 = 100. /#101 ; Sets "4." to #102. (As the result of execution of a division instruction)

M30 ;

m Precautions

(1) When the parameter "#1274 ext10/bit4" is set to "0" and parameter "#1226 aux10/bit1" is set to "0", put the "/"

code for optional block skip at the beginning of a block. If it is placed inside the block, it is assumed as a user
macro, a division instruction.

(Example)
N20 G01 X25. /Z25. ; NG (User macro, a division instruction; a program error results.)
/IN20 GO1 X25. Z25. ; OK

When parameter "#1274 ext10/bit4" = "0" and parameter "#1226 aux10/bit1" = "1", a "/" placed in the middle of
a block functions as a starting point of the optional skip.
To use a "/" as a division instruction, bracket (enclose in square brackets) the formula containing a slash code.

(2) A space immediately followed by a "/" at the very beginning of a block is always regarded as equal to a "/" at the

head of a block regardless of the value set in parameter "#1226 aux10/bit1".

(3) The optional block skip is processed immediately before the pre-read buffer.

Consequently, it is not possible to skip up to the block which has been read into the pre-read buffer.

(4) This function is valid even during a sequence number search.
(5) All blocks with the "/" code are also input and output during tape storage and tape output, regardless of the po-
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3.3.2 Optional Block Skip Addition ; /n

E Function and purpose

Whether the block with "/n (n:1 to 9)" (slash) is executed during automatic operation and searching is selected.
By using the machining program with "/n" code, different parts can be machined by the same program.

m Detailed description

The block with "/n" (slash) code is skipped when the "/n" is programmed to the head of the block and the optional
block skip n signal is turned ON. For a block with the "/n" code inside the block (not at the head of the block), the
program is operated according to the value of the parameter "#1226 aux10/bit1" setting.

When the optional block skip n signal is OFF, the block with "/n" is executed.

@ Program example

(1) When the 2 parts like the figure below are machined, the following program is used. When the optional block skip
5 signal is ON, the part 1 is created. When the optional block skip 5 signal is OFF, the part 2 is created.

N1 G54 ;

N2 G90 G81 X50. Z-20. R3. F100 ;
15 N3 X30. ;

N4 X10.;

N5 G80 ;

MO02 ;

Part 1 Part 2
Optional block skip 5 signal ON Optional block skip 5 signal OFF

& &

N4 N N4 N3 N
<

D
S

e
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(2) When two or more "/n" codes are commanded at the head of the same block, the block will be ignored if either
of the optional block skip n signals corresponding to the command is ON.

NO1 G90 Z3. M03 S1000 ;
/172 N02 GO0 X50. ;
/1/2  NO03 G01 Z-20. F100 ;
/1/2  N04 GO0 Z3. ;
/1 13 NO05 G00 X30. ;
/1 /3 NO06 G01 Z-20. F100 ;
/1 13 NO7 GO0 Z3. ;
12/3  NO8 GO0 X10. ;
/2/3  NO9 G01 Z-20. F100 ;
12/13  N10 GO0 Z3. ;
N11 G28 X0 M05 ;
N12 M02 ;

(a) Optional block skip 1 signal ON
(Optional block skip 2.3 signal OFF)
NO1 -> NO8 -> N09 -> N10 -> N11 -> N12

(b) Optional block skip 2 signal ON
(Optional block skip 1.3 signal OFF)
NO1 -> NO5 -> N06 -> NO7 -> N11 -> N12

(c) Optional block skip 3 signal ON
(Optional block skip 1.2 signal OFF)
NO1 -> NO2 -> NO3 -> N04 -> N11 -> N12

(3) When the parameter "#1226 aux10/bit1" is "1"and two or more "/n" are commanded inside the same block, the
commands following "/n" in the block are ignored if either of the optional block skip n signals corresponding to

IB-1501619-A

the command is ON.

NO1 G91 G28 X0.Y0.Z0;
NO02 GO01 F1000;

NO3 X1./1Y1./2 21,
N04 M30;

22

NO3 block will operate as follows.
(a) Optional block skip 1 signal ON
Optional block skip 2 signal OFF
"Y1.Z1." is ignored.

(b) Optional block skip 1 signal OFF
Optional block skip 2 signal ON
"Z1." is ignored.
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3.4 G Code
3.4.1 Modal, Unmodal

G codes define the operation modes of each block in programs.
G codes can be modal or unmodal command.

Modal commands always designate one of the G codes in the group as the NC operation mode. The operation mode
is maintained until a cancel command is issued or other G code among the same group is commanded.
An unmodal command designates the NC operation mode only when it is issued. It is invalid for the next block.

When the specification of the program format switch function is provided, the G codes (G code system 1) of the M

system are available.

For details, refer to "15.13 Program Format Switch; G188/G189".

3.4.2 G Code Lists

G codes include the six G code lists 2, 3,4, 5,6 and 7.

cmdtyp G code lists
3 2
4 3
5 4
6 5
7 6
8 7

Here, G functions are explained using the G code list 3.

23
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3.4 G Code

3.4.3 Table of G Code Lists

G code lists
Standard Special Group Function name Section
2 3 4 5 6 7
AGO0 |AGOO |AGOO |AGOO |AGOO |AGOO |01 Positioning 6.1
AG0.5 |AG0.5 |AGO0.5 |AGO0.5 28 Rapid traverse block overlap 714
AGO1 |AGO1 |AGO1 |AGO1 |AGO1 |AGO1 |01 Linear interpolation 6.2
G02 G02 G02 G02 G02 G02 01 Circular interpolation CW/Helical interpo- |6.3
lation CW 6.4
6.7
G03 G03 G03 G03 G03 G03 01 Circular interpolation CCW/Helical inter- |6.3
polation CCW 6.4
6.7
G02.3 |G02.3 |G02.3 |G02.3 [G02.3 |G02.3 |01 Exponential interpolation CW 6.11
G03.3 |G03.3 |G03.3 |G03.3 |G03.3 [G03.3 |01 Exponential interpolation CCW 6.11
G04 G04 G04 G04 G04 G04 00 Dwell 8.1
8.2
GO05 GO05 GO05 G05 G05 G05 00 High-speed machining mode ON 171
High-speed high-accuracy control Il ON  [17.3
G05.1 |G05.1 |G05.1 |G05.1 |G05.1 |G05.1 |00 High-speed high-accuracy control |ON  |17.3
G07.1 |GoO7.1 |GO7.1 |GO7.1 |GO7.1 |GO7.1 |19 Cylindrical interpolation 6.9
G107 |G107 |G107 |G107 |G107 |G107
G08 G08 G08 G08 G08 G08 00 High-accuracy control ON 17.2
G08.5 |G08.5 |G08.5 |G08.5 |G08.5 |[G08.5 |00 Vibration cutting control (VCC) 15.14
G09 G09 G09 G09 G09 G09 00 Exact stop check 7.1
G10 G10 G10 G10 G10 G10 00 Data input by program 15.7
(Compensation input, Material shape in-
put, Parameter input)
Tool life management data registration 15.8
G11 G11 G11 G11 G11 G11 00 Data input by program cancel 15.7
(Compensation input, Material shape in-
put, Parameter input)
Tool life management data registration 15.8
G109 |G10.9 |G10.9 |G10.9 (G109 |[G10.9 |00 Diameter/Radius designation switch 5.2.2
G121 G121 |19 Polar coordinate interpolation ON 6.10
G112  |G112
G13.1 |G13.1 |19 Polar coordinate interpolation cancel 6.10
G113 |G113
G121 |G12.1 |G121 |G121 19 Milling interpolation ON 6.8
*G13.1 |*G13.1 |[*G13.1 |*G13.1 19 Milling interpolation cancel 6.8
*G14 *G14 *G14 *G14 18 e Balance cut OFF 16.2
G15 G15 G15 G15 18 e Balance cut ON 16.2
G16 G16 G16 G16 02 Milling interpolation plane selection (Y-Z |6.8.3
cylindrical plane)
AG17 |AG17 |AG17 |AG17  |AG17  |AG17 |02 X-Y plane selection 6.5
AG18 |AG18 |AG18 |AG18 |AG18 |AG18 |02 Z-X plane selection 6.5
AG19 |AG19 |AG19 |AG19 |AG19 |AG19 |02 Y-Z plane selection 6.5
AG20 |AG20 |AG20 |AG20 |AG20 |AG20 |06 Inch command 5.3
AG21 |AG21 |AG21 |[AG21 |AG21 |AG21 |06 Metric command 53
IB-1501619-A 24
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G code lists
Standard Special Group Function name Section
2 3 4 5 6 7
G22 G22 G22 G22 04 Barrier check ON 211
*G23 *G23 *G23 *G23 04 Barrier check OFF 211
G22 G22 00 Soft limit ON/Stored stroke check before [21.2
travel ON
G23 G23 00 Soft limit OFF/Stored stroke check before |21.2
travel OFF
G27 G27 G27 G27 G27 G27 00 Reference position check 20.14
G28 G28 G28 G28 G28 G28 00 Automatic reference position return 20.11
G29 G29 G29 G29 G29 G29 00 Start position return 20.11
G30 G30 G30 G30 G30 G30 00 2nd, 3rd and 4th reference position return {20.12
G30.1 |G30.1 |G30.1 |G30.1 |G30.1 |G30.1 |00 Tool exchange position return 1 20.13
G30.2 [G30.2 |G30.2 |G30.2 00 Tool exchange position return 2 20.13
G30.3 |[G30.3 |G30.3 |G30.3 00 Tool exchange position return 3 20.13
G304 |G304 |G304 |G30.4 00 Tool exchange position return 4 20.13
G30.5 |[G30.5 |G30.5 |G30.5 00 Tool exchange position return 5 20.13
G31 G31 G31 G31 G31 G31 00 Skip/Multi-step skip 2 22.2
225
G311 |G31.1 |G31.1 |G31.1 |G31.1 |G31.1 |00 Multi-step skip 1-1 22.3
G31.2 |G31.2 |G31.2 |G31.2 |G31.2 [G31.2 |00 Multi-step skip 1-2 223
G313 |G31.3 |G31.3 |G31.3 |G31.3 |G31.3 |00 Multi-step skip 1-3 22.3
G32 G33 G32 G33 G32 G33 01 Thread cutting 6.6.1
6.6.2
6.6.3
G34 G34 G34 G34 G34 G34 01 Variable lead thread cutting 6.6.4
G35 G35 G35 G35 G35 G35 01 Circular thread cutting CW 6.6.5
G36 G36 G36 G36 G36 G36 01 Circular thread cutting CCW 6.6.5
G37 G37 G36/ G36/ G36/ G36/ 00 Automatic tool length measurement 221
G37 G37 G37 G37
G37.1 |G371
G372 |G37.2
*G40 *G40 *G40 *G40 *G40 *G40 07 Tool nose radius compensation cancel 12.4
G41 G41 G41 G41 G41 G41 07 Tool nose radius compensation left 12.4
G42 G42 G42 G42 G42 G42 07 Tool nose radius compensation right 124
G46 G46 G46 G46 G46 G46 07 Tool nose radius compensation (automat-|12.4
ic direction identification) ON
G431 |G43.1 |G43.1 |G43.1 |G43.1 [G43.1 |20 1st spindle control mode 10.4.2
G44.1 |G44.1 |G441 |G441 |G441 G441 |20 2nd spindle/Arbitrary spindle control mode|10.4.2
G471 |G471 |G4T7TA  |G471  |G4T1 |[G471 |20 All spindles simultaneous control mode |10.4.2
G50.2 [G50.2 |00 Tool spindle synchronization IB/IC cancel {18.2.2
G250 G250
G51.2 [G51.2 |00 Tool spindle synchronization IB/IC ON 18.2.2
G251 G251
G52 G52 G52 G52 G52 G52 00 Local coordinate system setting 20.5
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G code lists
Standard Special Group Function name Section
2 3 4 5 6 7
G53 G53 G53 G53 G53 G53 00 Basic machine coordinate system selec- [20.3
tion
G53.1 |G53.1 |G53.1 |G53.1 00 Tool axis direction control 19.2
*G54 *G54 *G54 *Gb54 *G54 *Gb54 12 Workpiece coordinate system selection 1 {20.6
G55 G55 G55 G55 G55 G55 12 Workpiece coordinate system selection 2 |20.6
G56 G56 G56 G56 G56 G56 12 Workpiece coordinate system selection 3 {20.6
G57 G57 G57 G57 G57 G57 12 Workpiece coordinate system selection 4 |20.6
G58 G58 G58 G58 G58 G58 12 Workpiece coordinate system selection 5 {20.6
G59 G59 G59 G59 G59 G59 12 Workpiece coordinate system selection 6 |20.6
G541 |G54.1 |G54.1 |G54.1 |G54.1 |G54.1 |12 Work coordinate system selection 48 sets [20.6
expanded
G61 G61 G61 G61 G61 G61 13 Exact stop check mode 712
G61.1 |G61.1 |G61.1 |G61.1 |G61.1 [G61.1 |13 High-accuracy control ON 17.2
G62 G62 G62 G62 G62 G62 13 Automatic corner override 7.15.1
G63 G63 G63 G63 G63 G63 13/19 Tapping mode 7.16
*G64 *G64 *G64 *G64 *G64 *G64 13/19 Cutting mode 7.17
G65 G65 G65 G65 G65 G65 00 User macro simple call 14.41
G66 G66 G66 G66 G66 G66 14 User macro modal call A 14.4.2
G66.1 |G66.1 |G66.1 |G66.1 |G66.1 [G66.1 |14 User macro modal call B 14.4.3
*G67 *G67 *G67 *G67 *G67 *G67 14 User macro modal call cancel 14.4.2
14.4.3
G68 G68 G68 G68 15 Mirror image for facing tool posts ON 15.10
G69 G69 G69 G69 15 Mirror image for facing tool posts cancel [15.10
G68 G68 15 Mirror image for facing tool posts ON 15.10
Balance cut mode ON 16.2
*G69 *G69 15 Mirror image for facing tool posts cancel [15.10
Balance cut mode cancel 16.2
G68.1 |G68.1 |G68.1 |G68.1 |G68.1 [G68.1 |16 Coordinate rotation by program ON 20.10
3-dimensional coordinate conversion 20.9
mode ON
G68.2 |G68.2 |G68.2 |G68.2 |G68.2 [G68.2 |16 Inclined surface machining 19.1
G69.1 |G69.1 |G69.1 |G69.1 |G69.1 [G69.1 |16 Coordinate rotation by program cancel 20.10
3-dimensional coordinate conversion 20.9
mode OFF
Inclined surface machining cancel 19.1
Simple inclined surface control cancel 19.2
G70 G70 G70 G70 G70 G70 09 Finishing cycle 13.34
G71 G71 G71 G71 G71 G71 09 Longitudinal rough cutting cycle 13.3.1
G72 G72 G72 G72 G72 G72 09 Face rough cutting cycle 13.3.2
G73 G73 G73 G73 G73 G73 09 Formed material rough cutting cycle 13.3.3
G74 G74 G74 G74 G74 G74 09 End face cut-off cycle 13.3.5
G75 G75 G75 G75 G75 G75 09 Longitudinal cut-off cycle 13.3.6
G76 G76 G76 G76 G76 G76 09 Compound type thread cutting cycle 13.3.7
o Multi-part system simultaneous thread [16.6.1
cutting cycle parameter setting command
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Standard Special Group Function name Section
2 3 4 5 6 7
G76.1 |G76.1 |G76.1 |G76.1 |G76.1 [G76.1 |09 o Multi-part system simultaneous thread [16.6.2
cutting cycle | 16.7
G76.2 |G76.2 |G76.2 |G76.2 |G76.2 [G76.2 |09 e Two-part system simultaneous thread [16.6.3
cutting cycle Il 16.7
G90 G77 G90 G77 G90 G77 09 Longitudinal cutting fixed cycle 13.1.1
G92 G78 G92 G78 G92 G78 09 Thread cutting fixed cycle 13.1.2
G994 G79 G944 G79 G9%4 G79 09 Face cutting fixed cycle 13.1.3
*G80 *G80 *G80 *G80 *G80 *G80 09 Fixed cycle for drilling cancel 13.5
13.5.6
13.6
G81 G81 G81 G81 G81 G81 09 Fixed cycle (drill/spot drill) 13.6
13.6.1
G82 G82 G82 G82 G82 G82 09 Fixed cycle (drill/counter boring) 13.6
13.6.2
G79 G83.2 |G79 G83.2 |G79 G83.2 |09 Deep hole drilling cycle 2 13.5.4
G83 G83 G83 G83 G83 G83 09 Deep hole drilling cycle (Z axis) 13.5
13.5.1
G83.1 |G83.1 |G83.1 |G83.1 |G83.1 |G83.1 |09 Stepping cycle 13.6
13.6.4
G84 G84 G84 G84 G84 G84 09 Tap cycle (Z axis) 13.5
13.5.2
G85 G85 G85 G85 G85 G85 09 Boring cycle (Z axis) 13.5
13.5.3
G87 G87 G87 G87 G87 G87 09 Deep hole drilling cycle (X axis) 13.5
13.5.1
G88 G88 G88 G88 G88 G88 09 Tap cycle (X axis) 13.5
13.5.2
G89 G89 G89 G89 G89 G89 09 Boring cycle (X axis) 13.5
13.5.3
G84.1 |G84.1 |G84.1 |G84.1 |G84.1 |G84.1 |09 Reverse tapping cycle (Z axis) 13.5.2
G84.2 [|G84.2 |G84.2 |G84.2 |G84.2 [G84.2 |09 Synchronous tapping cycle 13.6
13.6.6
G88.1 |G88.1 |G88.1 |G88.1 |G88.1 [G88.1 |09 Reverse tapping cycle (X axis) 13.5.2
AG190 |AG90 |AG190 [AG90 |AG190 |AG90 |03 Absolute command 5.1
AG191 |AG91 [AG191 |AG91 |AG191 |AGI1 03 Incremental command 51
G50 G92 G50 G92 G50 G92 00 Spindle clamp speed setting 10.3
Coordinate system setting 20.4
G50.3 [G92.1 |G50.3 |G92.1 |G50.3 ([G92.1 |00 Workpiece coordinate system preset 20.8
AG96 |AG96 |AG96 |AGI96 |AG96 |AG96 (17 Constant surface speed control ON 10.2
AG97 |AG97 |AG97 |AG97 |AG97 |AG97 |17 Constant surface speed control cancel 10.2
AG98 |AG94 |AG98 |AG94 |AG98 |AG94 |05 Feed per minute (asynchronous feed) 7.4
AG99 |AG95 |AG99 |AGY95 |AG99 |AG95 |05 Feed per revolution (synchronous feed) (7.4
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G code lists
Standard Special Group Function name Section
2 3 4 5 6 7
- *G98 - *G98 - *G98 10 Fixed cycle (Initial level return) 13.5
13.5.8
- G99 - G99 - G99 10 Fixed cycle (R point level return) 13.5
13.5.8

G110 |G110 |G110 |G110 00 e Cross axis control 16.3

G111 G111 G111 G111 G111 G111 00 Axis name switch 15.9

G113 |G113 |G113 |G113 00 Spindle synchronization | cancel 18.1.1

G113.1 |G113.1 |G113.1 |G113.1 [G113.1 |G113.1 Spindle superimposition control cancel 18.4

G113 |G113 |G113 |G113 00 Tool spindle synchronization IA (Spindle - [18.2.1

G113.1 |G113.1 |G113.1 |G113.1 Spindle, Polygon) mode cancel

G113 |G113 |G113 |G113 |G80.4 |G80.4 |00 Tool spindle synchronization Il (Hobbing) [18.3.1

G113.1 |G113.1 |G113.1 |G113.1 |G113.1 |G113.1 cancel

G114.1 |G114.1 |G114.1 |G114.1 |G114.1 |G114.1 |00 Spindle synchronization | 18.1.1

G114.2 |G114.2 |G114.2 |G114.2 00 Tool spindle synchronization IA (Spindle - |18.2.1
Spindle, Polygon) mode ON

G114.3 |G114.3 |G114.3 |G114.3 |G81.4 |G81.4 |00 Tool spindle synchronization Il (Hobbing) |18.3.1
ON

G115 |G115 |G115 |G115 |G115 |G115 |00 o Start point designation timing synchroni-|16.1.2
zation Type 1

G116 |G116 |G116 |G116 |G116 [G116 |00 e Start point designation timing synchroni-|16.1.3
zation Type 2

G117 G117 |G117 |G117  |G117 G117 |00 e M code output during axis traveling 9.4

G120.1 |G120.1 |G120.1 |G120.1 |G120.1 |G120.1 |00 Machining condition selection | 17.4

G121 G121 G121 G121 G121 G121 00 Machining condition selection | cancel 17.4

G122 |G122 |G122 |G122 |G153 |G153 |00 Activate sub part system | 16.9.1

G125 |G125 |G125 |G125 00 e Control axis synchronization between [16.5
part systems

G126 G126 |G126 |G126 |G126 G126 |00 e Control axis superimposition 16.4.1

G127 G127 G127 G127 G127 G127 00 Prohibits the reverse run in all part sys- |15.6
tems

G136 |G136 |G136 |G136 |G136 [G136 |00 Two-dimensional barcode engraving cycle|15.15

G140 |G140 |G140 |G140 (G165 |[G165 |00 Arbitrary axis exchange command 16.3.2

G141 G141 G141 G141 G166 |G166 |00 Arbitrary axis exchange return command |16.3.2

G142 |G142 |G142 (G142 |G167 |G167 |00 Arbitrary axis exchange/reference axis ar-{16.3.2
range return command

G144 G144 |G144 G144 G154 G154 |00 Activate sub part system Il 16.9.2

G145 G145 |G145 |G145 |G155 G155 |00 Cancel sub part systems | and Il 16.9

G156 G156 |G156 |G156 00 e Arbitrary axis superimposition 16.4.2

G160 |G160 |G160 |G160 |G160 [G160 |00 Torque limitation skip 22.6

G162 G162 |G162 |G162 00 Spindle speed fluctuation detection 10.6

G163 G163 |[G163 |G163 00 Spindle speed fluctuation detection cancel

G164 |G164 |G164 |G164 |[G164 |G164 |00 Spindle superimposition control 18.4

G174 G174 |G174 |G174 08 Simple tool center point control 19.2

G175 |G175 |G175 |G175 08 Simple tool center point control cancel 19.2

G176 G176 |G176 |G176 16 Simple inclined surface control 19.2

G180 |G180 |G180 |G180 (G180 [G180 |00 Interactive cycle insertion program 15.11
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G code lists
Standard Special Group Function name Section
2 3 4 5 6 7
G186 |G186 |G186 |G186 |G186 [G186 |00 Interference check Il interfering object 21.3
data enable command
G187 |G187 |G187 |G187 |G187 |G187 |09 Thread milling cycle 13.5
G188 G188 |G188 G188 |G188 |G188 |24 Change to the G code system in the ma- [15.13
chining center system (G code system 1)
(However, equivalent to parameter "#1037
cmdtyp" = 2)
G189 G189 [G189 |G189 G189 |G189 |24 Change to the G code system in the lathe [15.13
system (G code system determined by pa-
rameter "#1037 cmdtyp")
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3.4 G Code

m Precautions

(1) A program error (P34) will occur if a G code unlisted on the Table of G code lists is commanded.
(2) An alarm will occur if a G code without additional specifications is commanded.

(3) An (*) symbol indicates the G code to be selected in each group when the power is turned ON or when a reset
is executed to initialize the modal.

(4) A (A) symbol indicates the G code for which parameters selection is possible as an initialization status when the
power is turned ON or when a reset is executed to initialize the modal. Note that inch/metric changeover can
only be selected when the power is turned ON.

(5) A (o) symbol indicates a function dedicated for multi-part system.

(6) If two or more G codes from the same group are commanded in a block, the last G code will be valid.

(7) The table of G code lists is a list of conventional G codes. Depending on the machine, movements that differ from
the conventional G commands may be included when called by the G code macro. Refer to the instruction man-
ual issued by the MTB.

(8) Whether the modal is initialized or not depends on each reset input.

+"Reset 1"
The modal is initialized when the reset initialization parameter (#1151 rstinit) is ON. (This depends on the MTB
specifications.)
+ "Reset 2" and "Reset & rewind"
The modal is initialized when the signal is input.
+Reset at emergency stop release
Conforms to "Reset 1".

+*When modal is automatically reset at the start of individual functions such as reference position return
Conforms to "Reset & rewind".

Precautions for G code lists 6 and 7

(1) G68, G69

When both the mirror image for facing tool posts function and balance cut function are valid, G68 and G69 will
be handled as the command to turn the mirror image for facing tool posts ON/OFF.
(The mirror image for facing tool posts has the priority.)

(2) G36
G36 is used for the two functions, automatic tool length measurement and circular thread cutting (CCW). Which
function to be applied depends on the MTB specifications (parameter "#1238 set10/bit0" (circular thread cut-
ting)).
When "#1238 set10/bit0" is set to "0"

G code Function
G35 Circular thread cutting clockwise (CW)
G36 Automatic tool length measurement X
G37 Automatic tool length measurement Z

When "#1238 set10/bit0" is set to "1"

G code Function
G35 Circular thread cutting clockwise (CW)
G36 Circular thread cutting counterclockwise (CCW)
G37 Automatic tool length measurement Z
/\ CAUTION

/\ The commands with "no value after G" will be handled as "G00".

IB-1501619-A 30



M800V/M80V Series Programming Manual (Lathe System) (1/2)

3 Program Formats
3.5 Precautions before Starting Machining

3.5 Precautions before Starting Machining

/\ CAUTION

/\ When creating the machining program, select the appropriate machining conditions, and make sure that the
performance, capacity and limits of the machine and NC are not exceeded. The examples do not take into ac-
count the machining conditions.

/\ Before starting actual machining, always carry out a graphic check, a dry run operation, and a single block op-
eration to check the machining program, tool offset amount, workpiece offset amount, etc.
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4.1 Pre-read Buffer

4.1 Pre-read Buffer

E Function and purpose

During automatic processing, the contents of one block ahead are normally pre-read so that program analysis pro-
cessing is conducted smoothly. However, during tool nose radius compensation, a maximum of 5 blocks are pre-
read for the intersection point calculation including interference check.

m Detailed description

The specifications of pre-read buffers in 1 block are as follows:

(1) The data of 1 block is stored in this buffer.

(2) When comments and the optional block skip function is ON, the data extending from the "/" (slash) code up to
the EOB code are not read into the pre-read buffer.

(3) The pre-read buffer contents are cleared with resetting.

(4) When the single block function is ON during continuous operation, the pre-read buffer stores the next block's
data and then stops operation.

(5) The way to prohibit the M command which operates the external controls from pre-reading, and to make it to
recalculate, is as follows:
Identify the M command which operates the external controls by a PLC, and turn on the "recalculation request”
on PLC output signal. (When the "recalculation request” is turned ON, the program that has been pre-read is
recalculated.)
These operations depend on the MTB specifications.

W Precautions

(1) Depending on whether the program is executed continuously or by single blocks, the timing of the validation/
invalidation of the PLC signals, including optional block skip, will differ.

(2) If the PLC signal such as optional block skip is turned ON/OFF with the M command, the PLC control operation
will not be effective for the program pre-read with the buffer register.
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5.1 Absolute Command/Incremental Command; G90, G91

5.1 Absolute Command/Incremental Command; G90, G91

E Function and purpose

There are two methods of issuing tool movement amount commands: the absolute command method, and the in-
cremental command method.

In the absolute command method, the commands are issued using the distance from the coordinate zero point.
Whereas in the incremental command method, the commands are issued using the distance from the present point.
To select these methods, use an axis address or a G command. Whether an axis address or a G command is valid
can be selected according to the parameter setting. (MTB specifications)

The following figure shows what happens when the tool is moved from point P1 to point P2.

X

(1) Movement command by an axis address (when "#1076 AbsiInc" is "1")
Absolute command G00 Xx1 Zz1;
Incremental command GO00 Uu1 Ww1 ;

(2) Movement command by G command (when "#1076 AbsInc" is "0")
Absolute command G90 GO0 Xx1 Zz1;
Incremental command G91 GO0 Xu1 Zw1 ;

E Command format

Absolute command

G90 ;

Incremental command

G91;

When the parameter "#1076 AbsInc" is set to "0", a G command selects either the absolute command or incremental
command.
After commanding G90/G91, coordinates will be commanded with absolute command or incremental command.

IB-1501619-A 36



M800V/M80V Series Programming Manual (Lathe System) (1/2)

5 Position Commands

5.1 Absolute Command/Incremental Command; G90, G91

m Detailed description

Selection of absolute command or incremental command by an axis address

When the parameter "#1076 AbsInc" is set to "1", an axis address selects either the absolute command or incre-

mental command.

(1) The correspondence between addresses and axes depends on the settings of the following parameters. (MTB

specifications)

+#1013 axname
+#1014 incax

The following table shows an example of when "X,Z,C,Y" are set for "#1013 axname" and when "U,W,H,V" are

set for "#1014 incax".

Command method

Absolute command X axis Address X
Z axis Address Z
C/Y axis Address C/Y
Incremental command | X axis Address U
Z axis Address W
C/Y axis Address H/V

<Note>

+The C/Y axis is an example of additional axes.

(2) Absolute command and incremental command can be used together in the same block.

(Example) X__ W__; ... An absolute command for X axis and an incremental command for Z axis

W Precautions

(1) Designation of a circular radius (R) and center (1,J,K) is always conducted with the incremental position.
(2) When parameter "#1076 AbsInc" is "1", and H is used for the incremental command address, address H of blocks

in M98, G114.2 will be handled as the parameter of the command, and the axis will not be moved.
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5.2 Diameter Designation and Radius Designation

5.2 Diameter Designation and Radius Designation

5.2.1 Diameter/Radius Designation

E Function and purpose

On a lathe, a workpiece rotates, so its coordinate positions, dimensions, and commands can be designated by ra-
dius/ diameter values. Commands using diameter values are called diameter designation, and commands with ra-
dius values are called radius designation.

Whether to use the radius designation or diameter designation depends on the MTB specifications (parameter
"#1019 dia)"). The figure below shows the command procedure when the tool is to be moved from point P1 to point

P2.
v
X command U command Remarks
Radius Diameter Radius Diameter |[Even when a diameter designation has been selected, the
X=r1 X=2*r1 |U=r2 U=2*r2 |Ucommand can exclusively be changed into a radius des-

ignation depending on the MTB specifications (parameter
"#1077 radius").

<Note>
+"U"is an incremental command address.

w Precautions and restrictions

(1) In the above example, the tool moves from P1 to P2 in the minus direction of the X axis. So when this is using
incremental command, the minus sign is given to the numerical value being commanded.

(2) In this manual, diameter commands are used in descriptions of both the X and U axes for the sake of conve-
nience.

IB-1501619-A 38



M800V/M80V Series Programming Manual (Lathe System) (1/2)
5 Position Commands
5.2 Diameter Designation and Radius Designation

5.2.2 Diameter/Radius Designation Switch; G10.9

E Function and purpose

The method of commanding a travel distance (command with a diameter dimension/command with a radius dimen-
sion (as-is distance)) in a program is defined individually for each axis depending on MTB specifications (parameter
"#1019 dia").

Diameter/Radius designation switch function, however, enables you to switch the diameter/radius designation of
each axis using a G code at your desired timing. When you use the function to switch diameter/radius designation,
it helps you create a program more flexibly according to each machining situation.

(a) Diameter designation (b) Radius designation

Term

Diameter/Radius being | This refers to a condition where the diameter/radius selection of an axis is different
switched from the power-ON state.

E Command format

Diameter/Radius designation switch enables you to select any desired NC axis, excluding rotary axes, and switch
the diameter/radius designation of the axis.

Diameter/Radius designation switch

G10.9 Axis name 1__ Axis name 2__ ... Axis name n___;

Axis name n Axis name for which diameter/radius designation is switched.

Select radius or diameter designation with a value that follows the axis name.

0: Radius designation

1: Diameter designation

If you do not command any axis name, the diameter/radius designation statuses
of all the axes of the part system are returned to the initial power-ON state.
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m Detailed description

(1) G10.9 is a non-modal command that belongs to Group 0.
(2) G10.9 is effective for all the G code lists.
(3) If G10.9 is commanded together with any other G code in a block, the program error (P33) occurs.

(4) For the axis name, specify the axis name that is set in "#1013 axname" or "#1014 incax" (*1). If the specified axis
name is not found, a program error (P33) will occur.

(*1) The axis name set in "#1014 incax" can be specified only when the setting value of "#1076 AbsInc" is "1".
These settings depend on the MTB specifications.

(5) If a rotary axis is specified with "Axis name", a program error (P32) occurs.

(6) If a number with a decimal point is specified with "Axis name", the fraction is ignored. If any value other than "0"
or "1" is specified, the program error (P35) occurs. If specified with a variable, the fraction is rounded to the clos-
est whole number.

(7) G10.9 switches the diameter/radius designation for programmed coordinates command and coordinates of
counter in Monitor screen. However, diameter/radius designation is not switched for data including parameters,
workpiece offsets, tool data and tool offsets.

(8) The axis specified for diameter/radius designation switch by G10.9 is effective until G10.9 is given again for
switching or until Reset or Emergency stop is input. After the Reset or Emergency stop, the diameter/radius des-
ignation before G10.9 is restored.

However, when "#1255 set27/bit3" is set to "1", the diameter/radius designation status is held even if resetting
is performed. (This parameter setting depends on the MTB specifications.)

(9) If diameter/radius designation switch is not performed for an axis in the part system of G10.9 command, the axis
behaves as follows:
+The axis behaves according to the setting of "#1019 dia" for L system. This setting depends on the MTB spec-
ifications.
+The axis acts as radius-designation axis in the M system.

(10) Irrespective of the "#1019 dia" and "#1077 radius" settings, the designation selected by G10.9 has priority.

(11) If you use G10.9 to switch diameter/radius designation for two axes (X axis and Z axis) at a time, program the
command as follows:
G10.9 X1 Z0;
In the example above, X axis is switched to diameter designation, and Z axis to radius designation.

E Relationship with other functions

(1) Restart search
If you perform restart search after a G10.9 block, the diameter/radius designation switched by G10.9 is applied.

(2) Arbitrary reverse run
If you perform reverse run for a G10.9 block, the reverse run stops at the G10.9 block, and is disabled for the
prior blocks before the G10.9 block.

(3) Manual arbitrary reverse run
If you perform forward run for G10.9 block, the diameter/radius designation switched by G10.9 is applied. If you
perform reverse run for a G10.9 block, the reverse run stops at the G10.9 block, and is disabled for the prior
blocks before the G10.9 block.

(4) Chopping
G10.9 is unable to switch diameter/radius designation of a chopping axis. If G10.9 is given to an axis that is in
chopping mode, or if you enable chopping mode for an axis for which diameter/radius designation is being
switched by G10.9, the operation error (M01 0095) occurs.
If the alarm above has been caused by giving G10.9 to an axis that is in chopping mode, the chopping axis keeps
moving.
Use the corresponding PLC signal or NC reset to stop the axis.

(5) Synchronous control
For a master or slave axis that is in synchronous operation, you can switch diameter/radius designation using
G10.9.
Even when the diameter/radius designation status is different between master and slave axes, their synchroni-
zation will not fail. The coordinates displayed on Monitor screen are dependent on the diameter/radius designa-
tion of each axis.
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(6) Mixed control | (cross control)
If a mixed control | command is given to an axis for which diameter/radius designation is being switched by
G10.9, the program error (P503) occurs. If G10.9 is given to an axis that is in mixed control |, the program error
(P705) occurs.

(7) Mixed control Il (PLC signal method)
If a mixed control Il is enabled for an axis for which diameter/radius designation is being switched by G10.9, the
operation error (M01 1035) occurs. If G10.9 is given to an axis that is in mixed control I, the operation error (M01
0095) occurs.

(8) Arbitrary axis exchange control
The diameter/radius command switching for an axis in arbitrary axis exchange control mode depends on the
MTB specifications(*1).

(*1) Parameters of the command address: "#12071 adr_abs[1]" - "#12078 adr_abs[8]", "#12079 adr_inc[1]" -
"#12086 adr_inc[8]"

If an arbitrary axis exchange-related command (G140/G141/G142) has given in a part system, all the axes of
the part system are returned to the initial status under the exchanged axis configuration after the axis exchange.

(9) Control axis synchronization between part systems | (Program command method)
If the control axis synchronization between part systems | is commanded to the axis for which diameter/radius
designation is being switched by G10.9, a program error (P521) occurs. If G10.9 is given to the axis that is in the
control axis synchronization between part systems I, the program error (P705) occurs.

(10) Control axis synchronization between part systems Il (PLC signal method)
If the control axis synchronization between part systems Il is enabled for an axis for which diameter/radius des-
ignation is being switched by G10.9, the operation error (M01 1037) occurs. If G10.9 is given to an axis that is
in the control axis synchronization between part systems I, the operation error (M01 0095) occurs.

(11) Program format switch
In M system, the setting of "#1019 dia" is disabled, thus all the axes are treated as radius-designation axis. How-
ever, G10.9 enables a diameter-value command.
When you switch the program format, the diameter/radius designation is returned to the default state for all the
axes of the part system.

(12) Axis name extension
Diameter/Radius designation switch with G10.9 is disabled for a name-extended axis.

(13) Manual arbitrary feed
If a position command in manual arbitrary feed is given, the diameter/radius axis setting of each axis at power
ON is applied. Therefore, even if a manual arbitrary feed command is given to an axis in diameter/radius desig-
nation switch mode using the G10.9 command, the diameter/radius switch status is ignored.

(14) Cylindrical interpolation/Polar coordinate interpolation/Milling interpolation
The diameter/radius designation of each axis at which these functions are being executed follows the setting of
"#8111 Milling Radius" without being affected by the G10.9 command.
When these functions are canceled, the setting returns to the diameter/radius axis designation that was valid
before the functions are executed.
If G10.9 is commanded while these functions are being executed, a program error (P481) will occur.

(15) Control axis superimposition/Arbitrary axis superimposition control
If G10.9 command is given to a superimposition control-related axis (reference axis or superimposed axis), the
program error (P705) occurs.
If a superimposition control command (reference axis or superimposed axis) is given to the axis for which diam-
eter/radius designation is being switched, the program error (P706) occurs.

(16) Direct command mode
If G10.9 is given during the direct command mode, the program error (P33) occurs.

(17) Axis name switch
When an axis name switch command is given to an axis for which diameter/radius designation is being switched
with G10.9, the axis name is switched, however, the diameter/radius designation is not switched.
When G10.9 is given to the axis whose name is being switched, diameter/radius designation is switched for the
control axis that corresponds to the command axis name.

(18) Graphic check (2D/3D), Graphic trace
During graphic check or graphic trace, even if the diameter and radius are switched with G10.9, neither the draw-
ing image nor coordinate value view is not switched.

(19) Sub part system control 1l
When the sub part system operation is completed at start-up by sub part system control Il, the diameter/radius
designation status switched in the sub part system is returned to the default.
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@ Program example

The table below shows program example that switches the X-axis diameter/radius designation with the diameter/
radius designation switch command (G10.9) to perform milling after performing turning with the following parameter
settings.

[Parameter setting]

Parameters Setting value of each axis
V4 C
#1017 rot 0 0
#1019 dia 1 0 0

[Machining program]

Program Description
NO1 G28 X0. Z0. ; Reference position return
NO2 T0101 ; Selects the turning tool
NO3 S1000 M3 ; 1st spindle forward rotation
NO4 G54 G90 G00 z2100. ; Approaches the workpiece
NO05 X30. ;
NO06 G99 G01 Z40. F0.3 ; Executes turning
NO7 GO X50. Z100.; Escape
NO8 M5 ; 1st spindle stop
NO09 G30.3; Tool exchange position return
N10 T0202 ; Select the milling tool
N11 M100 ; Switches Spindle/C axis
N12 G10.9 X0 ; Switches the X axis to the radius designation.(*1)
N13 GO CO. ; Index C axis
N14 G97 G94 S2=2000 M13; 2nd spindle (tool spindle) forward rotation
N15 G87 X-5. Z70. Q5. F100 K1; Executes drilling
N16 G28 XO0. Z0. ; Reference position return
N17 M15; 2nd spindle stop
N18 M30 ; (*2)

(*1) After the N12 block was executed, the counter on the Monitor screen is switched. (The display is changed to
the radius designation mode.)

(*2) After the program end was executed for the N18 block, the counter returns to the original setting value.
The counter value displayed on the Monitor screen varies depending on whether the diameter or radius is se-
lected.

Diameter designation axis | The "@" symbol is displayed on the right of the axis name.

Radius designation axis The coordinate value is half the diameter designation.
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m Precautions

(1) If diameter/radius designation is switched, the travel distance changes even though the command value is un-
changed. Thus special care must be taken when creating or executing a machining program.

(2) Command the feedrate with the radius value regardless of whether the diameter designation or radius designa-
tion is selected. (This is applied to both the movement amount per rotation and that per minute.)

(3) Diameter/Radius designation is not switched for a value that is read or written using PLC window or system vari-
ables. For M system, it is treated as a radius value. For L system, the value follows the setting of "#1019 dia".

(4) When manual handle feed or incremental feed is performed at manual interruption, the switched diameter/radius
designation is applied.

(5) In a G10.9 command block, the control confirms that all the axes of the part system are decelerated to a stop
before switching the diameter/radius designation. If G10.9 is given between cutting blocks, it causes acceleration
and deceleration, which may damage the workpiece. Thus make sure that the tool is away from the workpiece
before giving G10.9.

(6) If a G10.9 command which has the same diameter/radius designation as the existing operation is given, the
G10.9 command fails to be enabled. Thus if a G code that causes an error when combined with G10.9 is given
together, no error occurs.

(7) Do not give "Start point designation timing synchronization" or "M code output during axis traveling" command
to an axis for which diameter/radius designation is being switched. If commanded, it cannot be assured that the
timing synchronization or the M code output is performed in the correct position.

(8) Do not perform manual tool length measurement | for an axis for which the diameter/radius designation is
switched. The correct tool length cannot be measured for an axis for which the diameter/radius designation is

switched.
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5.3 Inch/Metric Conversion; G20, G21

E Function and purpose

The commands can be changed between inch and metric with the G20/G21 command.

g Command format

Inch command

‘GZO;

Metric command

\621;

m Detailed description

The G20 and G21 commands merely select the command units. They do not select the Input units.
G20 and G21 selection is meaningful only for linear axes. It is invalid for rotation axes.

Output unit, command unit and setting unit

The counter, parameter setting and display unit are determined by parameter "#1041 |_inch". The movement/speed
command will be displayed as metric units when "#1041 I_inch" is ON during the G21 command mode. The internal
unit metric data of the movement/speed command will be converted into an inch unit and displayed when "#1041
I_inch" is OFF during the G20 command mode. The command unit for when the power is turned ON and reset is
decided by combining the parameters "#1041 |_inch", "#1151 rstint" and "#1210 RstGmd/bit5".

These parameter settings depend on the MTB specifications.

NC axis
Item Initial inch OFF Initial inch ON
(metric internal unit) (inch internal unit)
#1041 |_inch=0 #1041 I_inch=1
G21 G20 G21 G20
Movement/speed command Metric Inch Metric Inch
Counter display Metric Metric Inch Inch
Speed display Metric Metric Inch Inch
User parameter setting/display Metric Metric Inch Inch
Workpiece/tool offset setting/display Metric Metric Inch Inch
Handle feed command Metric Metric Inch Inch
PLC axis
Item #1042 pcinch=0 (metric) #1042 pcinch=1 (inch)
Movement/speed command Metric Inch
Counter display Metric Inch
User parameter setting/display Metric Inch
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m Precautions

(1) The parameter and tool data will be input/output with the unit set by "#1041 |_inch".
If "#1041 |_inch" is not found in the parameter input data, the unit will follow the unit currently set to NC.

(2) The unit of read/write used in PLC window is fixed to metric unit regardless of a parameter and G20/G21 com-
mand modal.

(3) A program error (P33) will occur if G20/G21 command is issued in the same block as following G codes. Com-
mand in a separate block.
+G05 (High-speed machining mode)
+G7.1 (Cylindrical Interpolation)
+G12.1 (Polar coordinate interpolation)
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5.4 Decimal Point Input

E Function and purpose

This function enables to input decimal points. It assigns the decimal point in millimeter or inch units for the machining
program input information that defines the tool paths, distances and speeds.

Whether to apply minimum input command increment (type 1) or zero point (type Il) to the least significant digit of
data without a decimal point depends on the MTB specifications (parameter "#1078 Decpt2").

m Detailed description

(1) The decimal point command is valid for the distances, angles, times and speeds in machining programs.

(2) Refer to the table "Addresses used and validity of decimal point commands" for details on the valid addresses
for the decimal point commands.

(3) In decimal point command, the valid range of command value is as shown below. (When "#1015 cunit" (program
input command) is "10".)

Movement com- Movement com- Feedrate Dwell
mand (linear) mand (rotary)
Input unit [mm] [-99999.999 to -99999.999 to 0.001 to 0 to 99999.999
99999.999 99999.999 10000000.000
Input unit [inch] |-9999.9999 to 0.0001 to
9999.9999 1000000.0000

(4) The decimal point command is valid even for commands defining the variable data used in subprograms.

(5) Decimal point commands for decimal point invalid addresses are processed as an integer only data which ev-
erything after the decimal point is ignored. Decimal point invalid addresses include the followings;
(D,H,L,M,N,O,P,S,T)

All variable commands, however, are treated as data with decimal points.

Decimal point input I, Il and decimal point command validity

Decimal point input | and Il will result as follows when decimal points are not used in an address which a decimal
point command is valid.

Both decimal point input | and Il will produce the same result when a command uses a decimal point.
(1) Decimal point input |

The least significant digit of command data matches the command unit.

(Example) When "X1" is commanded in 1 pm system, the same result occurs as for an "X0.001" command.
(2) Decimal point input Il

The least significant digit of command data matches the command unit.

(Example) When "X1" is commanded in 1 ym system, the same result occurs as for an "X1." command.
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5 Position Commands
5.4 Decimal Point Input

[Addresses used and validity of decimal point commands]

Address |Decimalpoint Usage Remarks
command
A Valid Coordinate position data
Invalid 2nd miscellaneous function codes
Valid Angle data
Invalid MRC program No.
Invalid Parameter input by program No.
Valid Deep hole drilling cycle (2): Safety distance
Valid Spindle synchronization: Acceleration/deceleration time constant
Valid Tool spindle synchronization Il: Workpiece axis phase shift amount (For G
code lists 6 and 7)
Invalid Program No.
Valid Material shape input by program: Mounting angle
Invalid Interactive cycle insertion: Cycle ID
B Valid Coordinate position data
Invalid 2nd miscellaneous function codes
Invalid Sub part system | or sub part system Il identification No.
Valid Simple tool center point control: B-axis turning angle
C Valid Coordinate position data
Invalid 2nd miscellaneous function codes
Valid Corner chamfering amount ,C
Valid Tool compensation data input by program: Tool nose radius compensation
amount (incremental)
Valid Chamfering width (slitting cycle)
Invalid Target C axis in C axis mode for spindle position control (spindle/C axis)
Invalid Material shape input by program: Material shape
D Valid Automatic tool length measurement: ZONE d
Invalid Parameter input by program: Byte type data
Invalid Spindle synchronization: Designation of synchronized spindle
Invalid Multi-spindle control: Spindle designation
Invalid Superimposed spindle designation at spindle superimposition
Invalid Tool spindle synchronization IA: Workpiece axis selection (Synchronized
spindle)
Invalid Tool spindle synchronization IB: Rotary tool axis selection (Synchronized
spindle)
Invalid Tool spindle synchronization Il: Hob axis selection
Invalid Sub part system | or sub part system Il: Synchronous control designation
Valid Droop skip value
Valid Material shape input by program: Material external diameter
Valid Simple inclined surface control: Rotation angle
Invalid Synchronous tap: Designation of spindle used in tapping cycle (modal)
Invalid Subprogram device No. ,D
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Address |Decimal point Usage Remarks
command
E Valid Inch thread: number of ridges, precision thread: lead
Valid Corner cutting feedrate
Valid Material shape input by program: Material internal diameter
Valid Synchronous tap: Cutting feedrate (Number of screw threads)
Invalid 3-dimensional coordinate conversion: Command coordinate system selec- | ,E
tion
Invalid Tool spindle synchronization IA: Rotation ratio designation (Rotary tool axis)
Invalid Tool spindle synchronization II: Rotation ratio designation (Hob axis) (For G
code lists 2 to 5)
F Valid Cutting feedrate, skip speed
Valid Thread lead
Valid Feedrate ,F
Invalid Material shape input by program: Material color
G Valid Preparatory function code
H Valid Coordinate position data
Invalid Sequence Nos. in subprograms
Invalid Parameter input by program: Bit type data
Invalid Selection of intersection point between line and circular arc (geometric)
Invalid Spindle synchronization or spindle superimposition: Reference spindle des-
ignation
Invalid Tool spindle synchronization IA: Rotary tool axis selection (Reference spin-
dle)
Invalid Tool spindle synchronization IB: Workpiece axis selection (Reference spin-
dle)
Invalid Tool spindle synchronization II: Hob axis selection
Invalid Sub part system | or sub part system |l: Reset type
Valid Material shape input by program: Tapping or threading surface color
Invalid Sub part system II: Sub part system identification No.
Invalid Fixed cycle: Tool feed directions when the cutting-edge angle is compensat-
ed
| Valid Coordinates for arc center
Valid Tool nose radius compensation / Tool radius compensation: Vector compo-
nents
Valid Deep hole drilling cycle (2): First cut amount
Valid G00/G01 in-position width, Hole drilling cycle: GO0 in-position width |
Valid Material shape input by program: Interference surface color
Invalid Allowable fluctuation range of spindle speed
Valid Inclined surface machining: Rotation angle about the X axis (roll angle)
Valid Vibration cutting control (VCC): Frequency
J Valid Coordinates for arc center
Valid Tool nose radius compensation / Tool radius compensation: Vector compo-
nents
Invalid Deep hole drilling cycle (2): Dwell time at return point
Valid Drilling axis: GO1 in-position width J
Valid Material shape input by program: Cross-section surface color
Invalid Multi-part system simultaneous thread cutting cycle: Part system number
Valid Arc radius and approach direction
Valid Inclined surface machining: Rotation angle about the Y axis (pitch angle)
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Address |Decimalpoint Usage Remarks
command
K Valid Coordinates for arc center
Valid Tool nose radius compensation / Tool radius compensation: Vector compo-
nents
Invalid Hole drilling cycle, sub part system I, or sub part system Il: Number of rep-
etitions
Valid Deep hole drilling cycle (2): Second and subsequent cut amounts
Valid Thread lead increase/decrease amount (variable lead thread cutting)
Valid Material shape input by program: Workpiece zero point position Z on the
front side
Valid Arc radius and approach direction
Valid Inclined surface machining: Rotation angle about the Z axis (yaw angle)
Valid Vibration cutting control (VCC): Amplitude feed ratio
L Invalid Subprogram Number of repetitions
Invalid Tool compensation data input by program/workpiece offset input: type se- |L2/L10/
lection L11/L20
Invalid Parameter input by program: Selection L70
Invalid Parameter input by program: 2-word type data 4 bytes
Invalid Timing synchronization number
Invalid Tool life data
Valid Material shape input by program: Material length
Invalid Tool spindle synchronization IA: Rotation ratio designation (Workpiece axis)
Invalid Tool spindle synchronization |l: Rotation ratio designation (Workpiece axis)
(For G code lists 2 to 5)
Invalid Tool spindle synchronization II: Rotation ratio designation (Hob axis) (For G
code lists 6 and 7)
M Invalid Miscellaneous function codes
N Invalid Sequence No.
Invalid Parameter input by program: data numbers
(0] Invalid Program No.
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Address |Decimalpoint Usage Remarks
command
P Invalid Dwell time
Invalid Subprogram call: Program No.
Invalid 2nd, 3rd and 4th reference position No.
Invalid Constant surface speed control: Axis No.
Invalid MRC finishing shape, sub part system |, or sub part system II: Start se-
quence No.
Valid Cut-off cycle: Shift amount / Cut amount
Invalid Compound type thread cutting cycle: Number of cutting passes, chamfer-
ing, tool nose angle
Valid Compound type thread cutting cycle: Thread height
Invalid Tool compensation data input by program/workpiece offset input: Compen-
sation No.
Invalid Parameter input by program: Broad classification number
Invalid Material shape input by program: Machining surface color
Valid Coordinate position data
Invalid Skip signal command
Valid Arc center coordinates (absolute positions) (geometric)
Invalid Subprogram return destination sequence No.
Invalid Extended workpiece coordinate system No, external workpiece coordinate
system offset compensation No.
Invalid Tool life data group No.
Invalid Helical interpolation: Number of pitches P/,P
Valid Thread milling cycle: Pitch amount
Valid Spindle speed fluctuation detection: Start delay time
Invalid Interactive cycle insertion: Cycle information identification number
Invalid Tool spindle synchronization IB: Rotation ratio designation (Workpiece axis)
Invalid Tool spindle synchronization IC: Rotation ratio designation (Spindle)
Valid Tool spindle synchronization Il: Gear torsion angle designation
Q Invalid Minimum spindle clamp speed
Invalid MRC finishing shape, sub part system |, or sub part system II: End se-
quence No.
Valid Cut-off cycle: Cut amount/shift amount
Valid Compound type thread cutting cycle: Minimum cut amount
Valid Compound type thread cutting cycle: First cut amount
Valid Deep hole drilling cycle 1: Cut amount of each pass
Invalid Tool compensation data input by program: Hypothetical tool nose point
number
Invalid Deep hole drilling cycle (2): Dwell at cut point
Valid Arc center coordinates (absolute positions) (geometric)
Valid Thread cutting start shift angle
Invalid Tool life data management method
Invalid Droop skip value
Valid Spindle up-to-speed detection width
Valid Thread milling cycle: Dwell time
Invalid Inclined surface machining: Rotation order
Invalid Tool spindle synchronization IB/IC: Rotation ratio designation (Rotary tool
axis)
Valid Tool spindle synchronization Il: Module or diametral pitch designation
IB-1501619-A 50




M800V/M80V Series Programming Manual (Lathe System) (1/2)

5 Position Commands
5.4 Decimal Point Input

Address |Decimal point Usage Remarks
command
R Valid R-designated arc radius
Valid Arc radius of corner rounding ,R
Valid Automatic tool length measurement: ZONE r
Valid MRC longitudinal/face: Escape amount
Invalid MRC shaping: Division No.
Valid Cut-off cycle: Return amount
Valid Cut-off cycle: Escape amount
Valid Compound type thread cutting cycle: Finishing allowance
Valid Compound type thread cutting cycle turning cycle: Taper difference
Valid Hole drilling cycle/deep hole drilling cycle (2): Distance to R point
Valid Tool compensation data input by program: Nose R compensation amount
Valid Coordinate position data
Valid Rough cutting cycle (longitudinal) (face): Retract amount
Valid Synchronous tap: R point position (incremental position from initial point)
Invalid Synchronous tap/asynchronous tap changeover ,R
Valid Phase shift amount of synchronized spindle
Valid Tool spindle synchronization II: Phase shift amount (Workpiece axis) (For G
code lists 2 to 7)
Invalid Tool spindle synchronization Il: Rotation ratio designation (Workpiece axis)
(For G code lists 6 and 7)
Valid Rotation angle/rotation angle compensation amount
Invalid Skip acceleration/deceleration time constant
Invalid Material shape input by program: Number of corners
Invalid Allowable fluctuation rate of spindle speed
Valid Simple inclined surface machining: Tool axis rotation angle compensation
amount
S Invalid Spindle function codes
Invalid Maximum spindle clamp speed
Invalid Surface speed for constant surface speed control or constant surface speed
cancel
Invalid Parameter input by program: word type data 2 bytes
Valid Synchronous tap: Spindle rotation speed at retract S
Invalid Spindle designation
T Invalid Tool function codes
] Valid Coordinate position data
Valid Tool compensation data input by program: Compensation amount
Valid Rough cutting cycle (longitudinal): Cut amount
Valid Dwell
Valid Inclined surface machining: Feature coordinate system's zero point
\% Valid Coordinate position data
Valid Tool compensation data input by program: Compensation amount
Valid Inclined surface machining: Feature coordinate system's zero point
W Valid Coordinate position data
Valid Tool compensation data input by program: Compensation amount
Valid Rough cutting cycle (face): Cut amount
Valid Material shape input by program: Rear workpiece zero point position Z
Valid Inclined surface machining: Feature coordinate system's zero point
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Address |Decimalpoint Usage Remarks
command
X Valid Coordinate position data
Valid Dwell
Valid Tool compensation data input by program: Compensation amount
Valid Inclined surface machining: Feature coordinate system's zero point
Y Valid Coordinate position data
Valid Tool compensation data input by program: Compensation amount
Valid Inclined surface machining: Feature coordinate system's zero point
z Valid Coordinate position data
Valid Tool compensation data input by program: Compensation amount
Valid Inclined surface machining: Feature coordinate system's zero point
F Note

(1) Decimal points are all valid in user macro arguments.

@ Program example

(1) Program example of decimal point valid address

Program example Decimal point command 1 Decimal point com-

mand 2
When 1 =1 pm When 1 =10 pm When 1 =1 mm
GO00 X123.45 X123.450 mm X123.450 mm X123.450 mm
(decimal points are all mm
points)
GO0 X12345 X12.345 mm X123.450 mm X12345.000 mm
(last digit is 1 pm unit)
#111 =123 #112=5.55 X123.000 mm X123.000 mm X123.000 mm
X#111 Z#112 Z5.550 mm Z5.550 mm Z5.550 mm

#113 =#111 + #112
(addition)

#113 = 128.550

#113 = 128.550

#113 = 128.550

#114 =#111 - #112
(subtraction)

#114 = 117.450

#114 = 117.450

#114 = 117.450

#115 = #111 * #112
(multiplication)

#115 = 682.650

#115 = 682.650

#115 = 682.650

#116 = #111/#112
#117 = #112 / #111
(division)

#116 = 22.162
#117 = 0.045

#116 = 22.162
#117 = 0.045

#116 = 22.162
#117 = 0.045

W Precautions

(1) If an arithmetic operator is inserted, the data will be handled as data with a decimal point.

(Example 1) GO0 X123+0 ;
This is the X axis 123mm command. It will not be 123 um.
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6.1 Positioning (Rapid Traverse); GO0

E Function and purpose

This command is accompanied by coordinate words and performs high-speed positioning of a tool, from the present
point (start point) to the end point specified by the coordinate words.

g Command format

Positioning (Rapid Traverse)

GOOX_/U_Z /W__,I_ F

X_/U_ X axis end point coordinate (X is the absolute position of workpiece coordinate
system, U is the incremental position from current position)

Z IW_ Z axis end point coordinate (Z is the absolute position of workpiece coordinate
system, W is the incremental position from current position)

| In-position width. (1 to 999999)

This address is valid only in the commanded block. A block that does not contain
this address will follow the parameter "#1193 inpos" settings.

For details, refer to "7.13 Deceleration Check".

F Specifies the rapid traverse speed of the movement initiated by a GO0 command,
the movement in the GO0 mode, and the movement during the fixed cycle for drill-
ing. The range is equal to the range of the feed per minute F command (mm/min,
inch/min) in the GO1 mode. Switching inch/mm is invalid for rotary axes.

For details, refer to "7.1.2 GO0 Feedrate Command (,F Command)".

The command addresses are valid for all additional axes.

m Detailed description

(1) The rapid traverse speed varies depending on the MTB specifications (parameter "#2001 rapid").
When the "G00 feedrate designation (,F command)" function is enabled and an ",F" command is included in the
same block as for the GO0 command, positioning is carried out at the feedrate specified by the ",F" command. If
this function is invalid or an ",F" command is not included in the block of the GO0 command, positioning is carried
out at the feedrate specified in parameter "#2001 rapid".
(The rapid traverse speed determined in each specification is selected during control axis superimposition con-
trol or arbitrary axis superimposition control.)

(2) GO0 command belongs to the 01 group and is modal. When GO0 command is successively issued, the following
blocks can be specified only by the coordinate words.

(3) In the GO0 mode, acceleration and deceleration are always carried out at the start point and end point of the
block. Before advancing to the next block, a commanded deceleration or an in-position check is conducted at
the end point to confirm that the movement is completed for all the moving axes in each part system.

(4) G functions (G83 to G89) in the 09 group are canceled (G80) by the GO0 command.

/\ CAUTION

/\ The commands with "no value after G" will be handled as "G00".
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Tool path
Whether the tool moves along a linear or non-linear path varies depending on the MTB specifications (parameter

"#1086 GOIntp").
The positioning time does not change according to the path.

(1) Linear path (When parameter "#1086 GOIntp" is set to "0")
In the positioning process, a tool follows the shortest path that connects the start point and the end point. The
positioning speed is automatically calculated so that the shortest distribution time is obtained in order that the
commanded speeds for each axis do not exceed the rapid traverse rate.
When, for instance, the X axis and Z axis rapid traverse rates are both 9600 mm/min and when programmed as
follows, the tool will follow the path shown in the figure below.
GO00 Z-300000 X400000; (With an input setting unit of 0.001 mm)

Z (S) Start point

(E) End point
fx=6400mm/min (fx) Actual X axis rate
(fz) Actual Z axis rate

———400—*

\4

< 300

fz=9600mm/min

(2) Non-linear path (When parameter "#1086 GOIntp" is set to "1" )
In positioning, the tool will move along the path from the start point to the end point at the rapid traverse rate of

each axis.
When, for instance, the X axis and Z axis rapid traverse rates are both 9600 mm/min and when programmed as

follows, the tool will follow the path shown in the figure below.
GO0 Z-300000 X400000; (With an input setting unit of 0.001 mm)

(E)

A

z (S) Start point

(E) End point
fx=9600mm/min  (fx) Actual X axis rate
(fz) Actual Z axis rate

(S)

T 400>

Y

A

300

4—
(mm)
fz=9600mm/min
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@ Program example

o

(S) Start point
(E) End point

m
=
N
o
i
+
N
(&)
e

(mm)

G00 X100. 2150. ;
GO00 U-80. W-150. ;

w Precautions for deceleration check

There are three methods of carrying out a deceleration check: the command deceleration check method, the
smoothing check method, and the in-position check method. The method used for rapid traverse or cutting feed var-
ies depends on the MTB specification (combination of parameters "#1306 InpsTyp", "#1389 G1SmthChk", "#1223
aux07/bit1", and "#1193 inpos").

A block with an in-position width command performs an in-position check with a temporarily changed in-position
width. (Programmable in-position width command)

A block without an in-position width command is processed using the deceleration check method based on the MTB
specifications (parameter "#1193 inpos").

During cutting feed and when the error detection is ON, the in-position check is forcibly carried out.

Absolute command

Incremental command

Rapid traverse #1193 inpos
(G00) 0 1
,| com- No Commanded deceleration method (Com- In-position check method (In-position check by
mand manded deceleration check that varies ac- "#2077 GOinps", "#2224 SV024")
cording to the type of acceleration/
deceleration, set in "#2003 smgst" bit3-0)
Yes In-position check method (In-position check by ",I", "#2077 GOinps", "#2224 SV024")
Cutting feedrate #1193 inpos
(Go1) 0 1
,Jcom- |No Commanded deceleration method (Com- In-position check method (In-position check by
mand manded deceleration check that varies ac- "#2078 G1inps", "#2224 SV024")
cording to the type of acceleration/
deceleration, set in "#2003 smgst" bit7-4)
Yes In-position check method (In-position check by ",I", "#2078 G1inps", "#2224 SV024")

Refer to "7.13 Deceleration Check" for the deceleration check method.
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6.2 Linear Interpolation; G01

E Function and purpose

This command is accompanied by coordinate words and a feedrate command. It makes the tool move (interpolate)
linearly from its current position to the end point specified by the coordinate words at the speed specified by address
F. In this case, the feedrate specified by address F always acts as a linear speed in the tool nose center advance

direction.

E Command format

Linear interpolation

\Go1 X U_Z W_ao_F_ |

X,U,Z,W,a Coordinate values (a is the additional axis.)

F Feedrate (mm/min or °/min)

A In-position width. (1 to 999999)
This address is valid only in the commanded block. A block that does not contain this ad-
dress will follow the parameter "#1193 inpos" settings.

X 4

[+ 7 Ple————\\}

~

N~C

X

r—/

m Detailed description

(1) GO1 command is a modal command in the 01 group. When G01 command is successively issued, the following
blocks can be specified only by the coordinate words. If there is no command, a program error (P62) will occur.

(2) The feedrate for a rotary axis is commanded by °/min (decimal point position unit). (F300=300°/min)
(3) The G functions (G70 to G89) in the 09 group are cancelled (G80) by the GO1 command.

Programmable in-position width command for linear interpolation

This command commands the in-position width for the linear interpolation command from the machining program.

GO1 X_Z_F_ ,I_;

X,Z Linear interpolation coordinate value of each axis
F Feedrate

| In-position width

The commanded in-position width is valid in the linear interpolation command only when carrying out deceleration
check.

*When the error detection switch is ON.
+*When G09 (exact stop check) is commanded in the same block.
*When G61 (exact stop check mode) is selected.
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6 Interpolation Functions
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‘ Note

(1) Refer to section "6.1 Positioning (Rapid Traverse); GO0" for details on the in-position check operation.

@ Program example

(Example 1)

20.0

50.0

(mm)

[G01 X50.0 Z20.0 F300; |

(Example 2) Cutting in the sequence of P1 -> P2 -> P3 -> P4 at 300 mm/min feedrate.
However, PO -> P1 and P4 -> PO0 are for tool positioning.

+X
ol Ty Qo
200+ -
+Z
140+
100+
— | | H (mm)
40 90 160 220 230
GO00 X200. z40. ; PO -> P1
GO01 X100. Z90. F300 ; P1-> P2
Z160. ; P2 -> P3
X140. Z220. ; P3 -> P4
GO00 X240. Z230. ; P4 -> PO
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6.3 Circular Interpolation; G02, G03

E Function and purpose

This function moves a tool along a circular arc on the selected plane by using the end coordinate and center coor-
dinate given by the machining program. The center coordinate can be assigned in 2 ways: assignment of center
coordinate with I, J and K, and assignment of radius with the address "R".

(For radius setting, refer to "6.4 R Specification Circular Interpolation; G02, G03".)

For the circular arc command, the end point coordinates are assigned with addresses X, Y (or Z, or parallel axis X,
Y, Z), and the coordinate value of the circular arc center is assigned with addresses |, J (or K).

E Command format

Circular interpolation : Clockwise (CW)

G02 X_/U__Z_/W__I__ K_ F__;

Circular interpolation : Counterclockwise (CCW)

Go3 X_/U__Z W__ I__ K_F__;

X/U Circular end point coordinates, X axis (X is the absolute position of workpiece coordinate
system, U is the incremental position from present position)

ZIW Circular end point coordinates, Z axis (Z is the absolute position of workpiece coordinate
system, W is the incremental position from present position)

| Circular center, X axis (I is the radius command incremental position of X coordinate at
the center as seen from the start point.)

K Circular center, Z axis (K is the incremental position of Z coordinate at the center as seen
from the start point.)

F Feedrate (The speed is controlled to always move along the circumference.)
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m Detailed description

(1) The circular arc center coordinate must be commanded in the input setting unit. Caution is required for the cir-
cular arc command of an axis for which the program command unit differs. Command with a decimal point to
avoid confusion.

(CP)

U2 N
\
X l R ¥ (S)

Z—he—— W—»L— K-

A

(S) Start point
(E) End point
(CP) Center point

(2) G02 (G03) is a modal command of the 01 group. When G02 (G03) command is issued continuously, the next
block and after can be commanded with only coordinate words.
The circular rotation direction is distinguished by G02 and G03.

G02 CW (Clockwise)
G03 CCW (Counterclockwise)

CCW(G03)

o e | UL

+Z

—>
+Z

______________________ ﬁﬁ

CCW(G03)

/
©

+Xl
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(3) An arc which extends for more than one quadrant can be executed with a single block command.
(4) The following information is needed for circular interpolation.

(a) Rotation direction Clockwise (G02) or counterclockwise (G03)
(b) Circular end point co- |Set by addresses X, Z, U, W

ordinates

(c) Circular center coordi- | Set by addresses |, K (incremental commands)
nates

(d) Feedrate Set by address F

(5) A program error results when |, K or R is not commanded.
Consideration must be given to the sign for | and K since | is the distance in the X-axis direction to the arc center
from the start point and K in the Z-axis direction.

(6) If an R specification and |, K specification are given at the same time in the same block, the circular command
with the R specification takes precedence.

(7) No T commands can be issued in the G02/G03 modal status.
A program error (P151) will occur if a T command is issued in the G02/G03 modal status.

Change into linear interpolation command

Program error (P33) will occur in general use when the center and radius are not designated at circular command.
Depending on the MTB specifications, the linear interpolation can be operated up to the terminal coordinate value
only for that block to which the center coordinate or radius is not designated (parameter "#11029 Arc to G1 no Cent"
(Tolerable from arc to linear when no arc center has been designated). However, a modal is the circular modal.
This function is not applied to a circular command by a geometric function.

(Example) #11029 ="1"

Y

G90 X0 YO ;
N1 N1 G02 X20. 110. F500; ... (a)
N2 GO0 X0 ;
N3 G02 X20. F500 ; .. (b)
MO2 ;
N3
—p X
0 20

(a) The circular interpolation (G02) is executed because there is a center command.
(b) The linear interpolation (G01) is executed because there is no center and radius command.
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@ Program example

X
A
- 7'y
\ 50.0
120.0
'y
20.0
@) > Z
\4
/ |
70.0 50.0
< > (mm)
G02 X120.0 Z70.0 150.0 F200 ; Absolute command
G02 U100.0 W-50.0 150.0 F200 ; Incremental command
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W Precautions

(1) The terms "clockwise" (G02) and "counterclockwise" (G03) used for circular operations are defined as a case
where, in a right-hand coordinate system, the negative direction is viewed from the positive direction of the co-
ordinate axis which is at right angles to the plane in question.

(2) If all the end point coordinates are omitted or the end point is at the same position as the start point, commanding
the center using | and K is the same as commanding a 360°arc (perfect circle).

(3) The following occurs when the start and end point radius do not match in a circular command :
(a) Program error (P70) results at the circular start point when error AR is greater than parameter "#1084 Rad-

Err".
#1084 RadErr parameter value 0.100

G02 Z9.899 K5. ; e Start point radius=5.000
e NG End point radius=4.899

yd AN Error AR =0.101

X / \
/ \
/ (AL) \ (S) Start point
// \\ (CP) Center point
S o . .
(S) (SR) (ER) I (SR) Start pc?lnt racjhus
AR (ER) End point radius

(AL) Alarm stop

(b) Spiral interpolation in the direction of the commanded end point will be conducted when error AR is less than
the parameter value.

#1084 RadErr parameter value 0.100
G02 Z9.9K5. ; (Sh) Start point radius=5.000
= End point radius=4.900
Error AR =0.100

(S) Start point

(CP) Center point

(E) End point

(SR) Start point radius
(ER) End point radius
(SI) Spiral interpolation

Also, if "#1084 RadErr" is set to "0", "0.1" is assumed to set.
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(c) If the start point radius differs from the end point radius but if the start point angle does not differ from the end
point angle, the linear interpolation or spiral interpolation is selected depending on the MTB specifications (pa-

rameter "#1278 ext14/bit7").

#1278 ext14/bit7 = 0
Linear interpolation

#1278 ext14/bit7 = 1
Spiral interpolation

G90 GO0 X10. YO0;
G02 X10.01 YO0. 1-10.01;

G90 GO0 X10. Y0,

G02 X10.01 YO0. 1-10.01;

(CP)

(L

Y
4

(Sh

(CP) Center point
(S) Start point
(E) End point

(SR) Start point radius
(ER) End point radius

(L) Linear interpolation
(SI) Spiral interpolation

IB-1501619-A
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6.4 R Specification Circular Interpolation; G02, G03

E Function and purpose

Along with the conventional circular interpolation commands based on the circular center coordinate (I, K) designa-
tion, these commands can also be issued by directly designating the circular radius R.

g Command format

R specification circular interpolation Clockwise (CW)

G02 XU_ZW_ R_ F__;

R specification circular interpolation Counterclockwise (CCW)

G03 X\U_ ZW_ R__ F__;

XU X axis end point coordinate
ZIW Z axis end point coordinate
R Circular radius

F Feedrate

The arc radius must be commanded in the input setting unit. Caution is required for the arc command of an axis for
which the program command unit differs. Command with a decimal point to avoid confusion.
A maximum of 6 digits before decimal point can be specified for the radius.
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m Detailed description

The circular center is on the bisector line which is perpendicular to the line connecting the start and end points of
the circular. The point, where the circular with the specified radius whose start point is the center intersects the per-
pendicular bisector line, serves as the center coordinates of the circular command.

If the R sign of the commanded program is plus, the circular is smaller than a semicircular; if it is minus, the circular
is larger than a semicircular.

(S) Start point
(E) End point
(C1): Arc center if R<0
(C2): Arc center if R>0

The following condition must be met with an R-specified arc interpolation command:

When (L/2 - r) > (parameter : #1084 RadErr), an alarm will occur.

Where L is the line from the start point to the end point. If an R specification and |, K specification are given at the
same time in the same block, the circular command with the R specification takes precedence. In the case of a full-
circle command (where the start and end points coincide), an R specification circular command will be completed
immediately even if it is issued and no operation will be executed. An |, K specification circular command should
therefore be used in such a case.

Circular center coordinate compensation

When "the error margin between the segment connecting the start and end points" and "the commanded radius x
2" is less than the setting value because the required semicircle is not obtained by calculation error in R specification
circular interpolation, "the midpoint of the segment connecting the start and end points" is compensated for as the
circular center.

The setting value depends on the MTB specifications (parameter "#11028 Tolerance Arc Cent" (Tolerable correction
value of arc center error)).
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(Example) #11028 = "0.000 (mm)"

Setting value Tolerance value
Setting value <0 0 (Center error will not be interpolated)
Setting value =0 2xminimum setting increment
Setting value > 0 Setting value
Y
G90 X0 YO ;
N1 G02 X10. R5.000;
N1. N3 N2 GO0 X0;
N5 N3 G02 X10. R5.001; ...(a)
N4 GO0 X0;
N5 G02 X10. R5.002; ...(b)
N6 GO0 XO0;
M02 ;
\: X
0 10

(a) Compensate the center coordinate: Same as N1 path
(b) Do not compensate the center coordinate: Inside path a little than N1

Calculation error margin compensation allowance value: 0.002 mm
Segment connecting the start and end points: 10.000

N3: Radius x 2 = 10.002 "Error 0.002 -> Compensate"

N5: Radius x 2 = 10.004 "Error 0.004 -> Do not compensate”

@ Program example

(Example 1)

‘GOS Zz1 Xx1 Rr1 Ff1 ; R specification circular on Z-X plane
(Example 2)

G02 Xx1 Zz1 li1 Kk1 Rr1 Ff1 ; R specification circular on Z-X plane

(When the R specification and |, K specification are con-
tained in the same block, the R specification has priority in
processing.)

W Precautions

(1) In the case of a full-circle command (where the start and end points coincide), an R specification circular com-
mand will be completed immediately even if it is issued and no operation will be executed. An |, J, K specification
circular command should therefore be used in such a case.

(2) If an R specification and I, K specification are given at the same time in the same block, the circular command
with the R specification takes precedence.
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6.5 Plane Selection; G17, G18, G19

E Function and purpose

These commands are used to select the control plane and the plane on which the circular exists.

If the 3 basic axes and the parallel axes corresponding to these basic axes are entered as parameters, the com-
mands can select the plane composed of any 2 axes which are not parallel axes. If a rotary axis is entered as a
parallel axis, the commands can select the plane containing the rotary axis.

These commands are used to select following planes.

+The plane for circular interpolation

+The plane for nose radius compensation

g Command format

‘G17 ; I-J plane selection ‘
‘G18 ; K-l plane selection ‘
‘G19 ; J-K plane selection ‘

m Detailed description

I, J and K indicate each basic axis or parallel axis.
When the power is turned ON or when the system is reset, the plane set by the parameters "#1025 |_plane" is se-

lected.

GO03
o)

G17 (I-J)

IB-1501619-A
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)
! (—~|Go3
I GO03 | 7 G02
)- — — |
// ‘X\
,/G02

G18 (K-)
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Parameter entry

#1026 to 1028 #1029 to 1031 Basic axes and parallel axes can be entered in the param-
Basic axis I, J, K Flat axis I, J, K eters. The same axis name can be entered in duplication,
but when it is assigned in duplication, the plane is deter-
| X Y . ;
mined by plane selection system (5).
J Y The axis which is not registered as the control axis cannot
K Z be set.

Table 1 Examples of plane selection parameter entry

Plane selection system

This section describes the plane selection shown in the "Table 1 Examples of plane selection parameter entry".

(1) Axis addresses assigned in the same block as the plane selection (G17, G18, G19) command determine which
of the basic axes or parallel axes are to be in the actual plane selected.

(Example)

Y G17XY; X G18XZ, z G19YZ;

A

GO3 G03 G03
G(ﬂ G(ﬂ G(ﬂ

X z Y

»
>

»

»

(2) Plane selection is not performed with blocks in which the plane selection G code (G17, G18, G19) is not as-

signed.
G18 X_Z_; Z-X plane
Y _Z_; Z-X plane (no plane change)

(3) When the axis addresses are omitted in the block containing the plane selection G codes (G17, G18, G19), it is
assumed that the axis addresses of the 3 basic axes have been assigned.
G18 ; (Z-X plane = G18 XZ ;)

(4) When the axis addresses are commanded to the same block as the plane selection G code (G17, G18, G19),
the commanded axes will travel.

(5) When the basic axes or their parallel axes are duplicated and assigned in the same block as the plane selection
G code (G17, G18, G19), the plane is determined in the order of basic axes, and then parallel axes.
G18 XYZ ; The Z-X plane is selected. Therefore, the Y movement is unrelated to the selected plane.

. Note

+ When the "2" in the parameter "#1025 Initial plane" is kept ON, the G18 plane is selected when the power is turned
ON or when the system is reset.
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6.6 Thread Cutting
6.6.1 Constant Lead Thread Cutting; G33

E Function and purpose

The G33 command exercises feed control over the tool which is synchronized with the spindle rotation and so this
makes it possible to conduct constant-lead straight thread-cutting, tapered thread-cutting, and continuous thread-
cutting.

\AAAﬁ@ﬁ F/E

Straight thread Scrolled thread Continuous thread

FIE
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E Command format

Normal lead thread cutting

‘G33 ZW__XU_F_Q

Z,W,X,U End point of thread cutting
F Lead of long axis (axis which moves most) direction
Q Thread cutting start shift angle (0.001 - 360.000°)

Precision lead thread cutting

G33 ZW__XU_E_ Q__;

Z,W,X,U End point of thread cutting
E Lead of long axis (axis which moves most) direction
Q Thread cutting start shift angle (0.001 - 360.000°)
X 02 01 ()
T (E) <>
W‘V’k\
u/2
(S)
z w
> 7 /
(b)
X
VA
F/E

01 > lllegal lead at start of thread cutting

02 > lllegal lead at end of thread cutting

(S) Start point

(a) One-rotation synchronization signal

(E) End point
(b) Thread cutting start position
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m Detailed description

(1) The E command is also used for the number of ridges in inch thread cutting, and whether the number of ridges
or precision lead is to be designated can be selected by parameter setting. (Parameter "#8156 Fine thread cut
E" is set to "1" for precision lead designation.)

(2) The lead in the long axis direction is commanded for the taper thread lead.
(t) Tapered thread section

X
A (E) w (E) End point

T‘\ }t) (S) Start point

u/2

J, a’° When a < 45°, Lead is in Z axis direction.

When a > 45°, Lead is in X axis direction.
[ >Z When a = 45°, Lead can be in either Z or X axis direc-
tion.
Thread cutting metric input
Input Setting B (0.001 mm) C (0.0001 mm)
Unit
Command Ad- F (mm/rev) E (mm/rev) E (ridges/inch) F (mm/rev) E (mm/rev) E (ridges/inch)
dress
Minimum 1 (=0.0001) 1 (=0.00001) 1(=1.00) 1 (=0.00001) 1 (=0.000001) 1 (=1.000)
command unit| (1.=1.0000) (1.=1.00000) (1.=1.00) (1.=1.00000) (1.=1.000000) (1.=1.000)
Range 0.0001 - 0.00001 - 0.03 - 0.00001 - 0.000001 - 0.026 -
999.9999 999.99999 999.99 999.99999 999.999999 222807.017
:;‘r‘l’i‘t‘t Setting D (0.00001 mm) E (0.000001 mm)
Command Ad- F (mm/rev) E (mm/rev) E (ridges/inch) F (mm/rev) E (mm/rev) E (ridges/inch)
dress
Minimum 1 (=0.000001) | 1(=0.0000001) | 1(=1.0000) | 1(=0.0000001) | 1(=0.00000001) | 1 (=1.00000)
command unit| (1.=1.000000) | (1.=1.0000000) | (1.=1.0000) | (1.=1.0000000) | (1.=1.00000000) | (1.=1.00000)
Range 0.000001 - 0.0000001 - 0.0255 - 0.0000001 - 0.00000001 - 0.02540 -
999.999999 999.9999999 | 224580.0000 | 999.9999999 999.99999999 224719.00000

Thread cutting inch input

Input Setting
Unit

B (0.0001 inch)

C (0.00001 inch)

Command Ad-| F (inch/rev) E (inch/rev) E (ridges/inch) F (inch/rev) E (inch/rev) E (ridges/inch)

dress

Minimum 1 (=0.00001) 1 (=0.000001) 1 (=1.000) 1 (=0.000001) | 1 (=0.0000001) 1 (=1.0000)

command unit| (1.=1.00000) (1.=1.000000) (1.=1.000) (1.=1.000000) | (1.=1.0000000) (1.=1.0000)

Range 0.00001 - 0.000001 - 0.025 - 0.000001 - 0.0000001 - 0.0254 -
39.37007 39.370078 9999.999 39.370078 39.3700787 9999.9999

Input Setting
Unit

D (0.000001 inch)

E (0.0000001 inch)

Command Ad-| F (inch/rev) E (inch/rev) E (ridges/inch) F (inch/rev) E (inch/rev) E (ridges/inch)
dress
Minimum 1 (=0.0000001) |1 (=0.00000001)| 1 (=1.00000) |1 (=0.00000001)|1 (=0.000000001)| 1 (=1.000000)
command unit| (1.=1.0000000) |(1.=1.00000000)| (1.=1.00000) |(1.=1.00000000)(1.=1.000000000)| (1.=1.000000)
Range 0.0000001 - 0.00000001 - 0.02540 - 0.00000001 - 0.000000001 - 0.025400 -
39.3700787 39.37007873 9999.99999 39.37007873 39.370078736 9999.999999
<Note>
+Itis not possible to assign a lead where the feedrate as converted into feed per minute exceeds the maximum
cutting feedrate.
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(3) The constant surface speed control function should not be used for taper thread cutting commands or scrolled
thread cutting commands.

(4) The spindle rotation speed should be kept constant throughout from the rough cutting until the finishing.

(5) If the feed hold function is employed during thread cutting to stop the feed, the thread ridges will lose their shape.
For this reason, feed hold does not function during thread cutting.
Note that this is valid from the time the thread cutting command is executed to the time the axis moves. If the
feed hold switch is pressed during thread cutting, block stop will occur at the end point of the block following the
block in which thread cutting is completed (no longer G33 mode).

(6) The converted cutting feedrate is compared with the cutting feed clamp rate when thread cutting starts, and if it
is found to exceed the clamp rate, an operation error will occur.

(7) In order to protect the lead during thread cutting, a cutting feedrate which has been converted may sometimes
exceed the cutting feed clamp rate.

(8) An illegal lead is normally produced at the start of the thread and at the end of the cutting because of servo sys-
tem delay and other such factors.
Therefore, it is necessary to command a thread length which is determined by adding the illegal lead lengths &1
and 62 to the required thread length.

(9) The spindle rotation speed is subject to the following restriction :

1 <= R <= Maximum feedrate/Thread lead
Where R <= Tolerable speed of encoder (r/min)
R: Spindle rotation speed (r/min)
Thread lead = mm or inches
Maximum feedrate= mm/min or inch/mim (this is subject to the restrictions imposed by the machine specifica-
tions.)

(10) A program error (P93) may occur when the result of the expression (9) is R<1 because the thread lead is very
large to the highest cutting feedrate.

(11) Dry run is valid for thread cutting but the feedrate based on dry run is not synchronized with the spindle rotation.
The dry run signal is checked at the start of thread cutting and any switching during thread cutting is ignored.

(12) Synchronous feed applies for the thread cutting commands even with an asynchronous feed command (G94).

(13) Spindle override and cutting feed override are invalid and the speeds are fixed to 100% during thread cutting.

(14) When a thread cutting command is programmed during nose R compensation, the compensation is temporarily
canceled and the thread cutting is executed.

(15) When the mode is switched to another automatic mode while G33 is executed, the following block which does
not contain a thread cutting command is first executed and then the automatic operation stops.

(16) When the mode is switched to the manual mode while G33 is executed, the following block which does not con-
tain a thread cutting command is first executed and then the automatic operation stops. In the case of a single
block, the following block which does not contain a thread cutting command (G33 mode is cancelled) is first ex-
ecuted and then the automatic operation stops. Note that automatic operation is stopped until the G33 command
axis starts moving.

(17) The thread cutting command waits for the single rotation synchronization signal of the rotary encoder and starts
movement.
Note that carry out timing synchronization operation between part systems before issuing a thread cutting com-
mand with multiple part systems. For example, when using the 1-spindle specifications with multi-part systems,
if one part system issues a thread cutting command during ongoing thread cutting by another part system, the
movement will start without waiting for the rotary encoder single rotation synchronization signal.

(18) The thread cutting start shift angle is not modal. If there is no Q command with G33, this will be handled as "Q0".
(19) The automatic handle interrupt/interruption is valid during thread cutting.

(20) If a value exceeding 360.000 is command in G33 Q, a program error (P35) will occur.

(21) G33 cuts one row with one cycle. To cut two rows, change the Q value, and issue the same command.
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@ Program example

X 7y
A
A
20.0

@) > 7

A

90.0

_Vv
40.0 50.0

< > (mm)

G33 X90.0 Z40.0 E12.34567 ;

Absolute command

G33 U70.0 W-50.0 E12.34567 ;

Incremental command

IB-1501619-A

74




M800V/M80V Series Programming Manual (Lathe System) (1/2)
6 Interpolation Functions
6.6 Thread Cutting

6.6.2 Inch Thread Cutting; G33

E Function and purpose

If the number of ridges per inch in the long axis direction is assigned in the G33 command, the feed of the tool syn-
chronized with the spindle rotation will be controlled, which means that constant-lead straight thread-cutting and ta-
pered thread-cutting can be performed.

E Command format

G33 ZW__X/U_E__Q__;
| |

Z,W,X,U Thread end point
E Number of ridges per inch in the long axis direction (axis which moves the most) (dec-
imal point command can also be assigned)
Q Thread cutting start shift angle, 0.001 to 360.000°
X 62 61 @
W (E) <>
u/2
(S)
z w
Y/ > /
z (b)
X
VA
z F/E

81> lllegal lead at start of thread cutting
02 > lllegal lead at end of thread cutting
(S) Start point

(E) End point

(a) One-rotation synchronization signal
(b) Thread cutting start position

m Detailed description

(1) The number of ridges in the long axis direction is assigned as the number of ridges per inch.

(2) The E code is also used to assign the precision lead length, and whether the number of ridges or precision lead
length is to be designated can be selected by parameter setting. (The number of ridges is designated by setting
the parameter "#8156 Fine thread cut E" to "0".)

(3) The E command value should be set within the lead value range when converted to lead.
(4) See Section "Constant lead thread cutting” for other details.
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@ Program example

X
A
A
20.0
@) > 7
A
90.0
40.0 50.0 -
< Ll (mm)

G33 X90.0 240.0 E12.0;

Absolute command

G33 U70.0 W-50.0 E12.0 ;

Incremental command

IB-1501619-A
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6.6.3 Continuous Thread Cutting ; G33

E Function and purpose

Continuous thread cutting is possible by assigning thread cutting commands continuously.
In this way, it is possible to cut special threads whose lead or shape changes.

G33 G33

G33

g Command format

‘G33 Zz1/Ww1 Xx1/Uu1 Ff1/Ee1 Qq1 ; ... Continuous thread cutting

Zzn,Wwn,Xxn,Uun End point of thread cutting

Ffn/Een Lead of long axis (axis which moves most) direction

Qgn Thread cutting start shift angle, 0.001 to 360.000°

m Detailed description

(1) The first thread cutting block in the continuous thread cutting command waits for the spindle's single rotation syn-
chronization signal before starting thread cutting. From the second and following blocks, movement starts with-

out waiting for the spindle's single rotation synchronization command.
Thus, the thread cutting start shift angle (Q) can be commanded only in the first block.

(2) G33 command can be omitted from the second and following blocks.

(3) When commanding continuous thread cutting, command the thread cutting commands in successive blocks. If

a command other than thread cutting is issued, continuous thread cutting will not take place.

Note that if a command that does not involve axis movement (G04 dwell command, MST command, etc.) is com-
manded between the thread cutting command blocks, whether to wait for the spindle's single rotation synchro-
nization signal after the 2nd block depends on the MTB specifications (parameter "#1270 ext06/bit6").

# No. Item Details

Setting
range

1270 ext06/bité | Set the continuous thread cutting Z phase wait operation.

tion signal.

0: If there is no movement command (MST command, etc.) between
the thread cutting blocks, the 2nd block thread cutting waits for the spin-
dle's single rotation synchronization signal before starting movement.
1: Even if there is no movement command (MST command, etc.) be-
tween the thread cutting blocks, the 2nd block thread cutting starts
movement without waiting for the spindle's single rotation synchroniza-

0/1

(4) See "Constant lead thread cutting” for other details.
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6.6.4 Variable Lead Thread Cutting; G34

E Function and purpose

Variable lead thread cutting is enabled by a command specifying a lead increment or decrement amount per turn of
the screw.

E Command format

Variable lead thread cutting

\634 XU_ZW_FIE__ K__;

X/U Z/IW End point of thread cutting
F/IE Standard screw lead
K Lead increment or decrement amount per turn of the screw
X
4
I S

| \\ %%%%% .

|
F+3.5K F+2.5K F+1.5K | F+0.5K
+—>
v

Pt 1

F+4K F+3K F+2K F+K F

(F) Lead speed

In the figure above, the X axis is a non-lead axis, and the Z axis is a lead axis.
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m Detailed description

(1) The command range is as shown below.

Thread cutting metric input

Input Setting

Minimum com-
mand unit

1 (=0.000001)
(1.=1.000000)

1 (=0.0000001)
(1.=1.0000000)

1 (=0.0000001)
(1.=1.0000000)

1 (=0.00000001)

(1.=1.00000000) | 2

unit B (0.001 mm) C (0.0001 mm)
Command Ad- F (mm/rev) E (mm/rev) F (mm/rev) E (mm/rev)
dress
Minimum com- 1 (=0.0001) 1 (=0.00001) 1 (=0.00001) 1 (=0.000001)
mand unit (1.=1.0000) (1.=1.00000) (1.=1.00000) (1.=1.000000)
Command range 0.0001 - 0.00001 - 0.00001 - 0.000001 -
999.9999 999.99999 999.99999 999.999999
L"npi:‘t Setting D (0.00001 mm) E (0.000001 mm) BIC/D/E
Command Ad- F (mm/rev) E (mm/rev) F (mm/rev) E (mm/rev) K(n * mm/rev)
dress n: Number of

pitches
Same as for F or

Minimum com-
mand unit

1 (=0.0000001)
(1.=1.0000000)

1 (=0.00000001)
(1.=1.00000000)

1 (=0.00000001)
(1.=1.00000000)

1 (=0.000000001)

(1.=1.000000000) E

Command range| 0.000001 - 0.0000001 - 0.0000001 - 0.00000001 - (éigned)
999.999999 999.9999999 999.9999999 999.99999999
Thread cutting inch input
L"nﬁ:‘t Setting B (0.0001 inch) C (0.00001 inch)
Command Ad- F (inch/rev) E (inch/rev) F (inch/rev) E (inch/rev)
dress
Minimum com- 1 (=0.00001) 1(=0.000001) | 1(=0.000001) | 1 (=0.0000001)
mand unit (1.=1.00000) (1.=1.000000) | (1.=1.000000) | (1.=1.0000000)
Command range 0.00001 - 0.000001 - 0.000001 - 0.0000001 -
39.37007 39.370078 39.370078 39.3700787
L"n’;,:“ Setting D (0.000001 inch) E (0.0000001 inch) BIC/D/E
Command Ad- F (inch/rev) E (inch/rev) F (inch/rev) E (inch/rev) K(n*inch/rev)
dress n: Number of

pitches
Same as for F or

(1) An invalid value is specified for F/E or Kiin a

thread cutting command.

range.

(2) The last lead goes outside of the F/E command

LL:
NP : Number of pitches

command range.

LL= + (F?+2K2)
NP= (-F + LL) /K

Last lead

Command range| 0.0000001 - 0.00000001 - 0.00000001 - 0.000000001 - (éigned)
39.3700787 39.37007873 39.37007873 39.370078736
(2) A positive value of K indicates incremental pitches.
Movement amount of one block (n pitches) = (F + K) + (F + 2K) + (F + 3K) + ... + (F + nK)
(3) A negative value of K indicates decremental pitches.
Movement amount of one block (n pitches) = (F - K) + (F - 2K) + (F - 3K) + ... + (F - nK)
(4) A program error will occur if the thread lead is not set correctly.
Error No. Details Action
P93 lllegal pitch value The last lead goes outside of the F/E

(5) The other details are the same as G33.

Refer to "Constant lead thread cutting ; G33".
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6.6.5 Circular Thread Cutting; G35,G36

E Function and purpose

Circular thread cutting making the longitudinal direction the lead is possible.

E Command format

Circular thread cutting Clockwise (CW)

\Gss XU_ZW_|_K_(R_)FE_Q_;

Circular thread cutting Counterclockwise (CCW)

‘G36 XU_2ZW_|_K_(R_)FE_Q_;
XU X axis circular end point coordinate (X is the absolute position of axis workpiece coor-
dinate system, U is the incremental position from current position)
ZIW Z axis circular end point coordinate (Z is the absolute position of workpiece coordinate
system, W is the incremental position from current position)
| X axis circular center (incremental position of circular center looking from start point)
K Z axis circular center (incremental position of circular center looking from start point)
R Circular radius
F/E Longitudinal (axis with largest movement amount) direction lead
+F: Normal lead thread cutting
+E: Precision lead thread, inch thread
Q Thread cutting start shift angle, 0 to 360.000°
X
A z P w =
(E)
y \
u/2
A )
A .
/ (S) Start point
x >z (E) End point
R (CP) Center
y _/
A
(CP) | o e
K
—>
F/E
Longitudinal direction lead
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m Detailed description

(1) A program error (P33) will occur if the start point and end point match or if the arc center angle is more than 180°.
(2) The following will occur if the start point radius and end point radius do not match.
+A program error (P70) will occur if the error AR is more than parameter "#1084 RadErr" (arc error).
+Interpolation will start from the arc center where the start point radius and end point radius match if the error AR
is less than parameter "#1084 RadErr".

#1084 RadErr parameter value: 0.100
G02 79.9K5. ; (SI) Start point radius = 5.000
= TE— End point radius = 4.900
Error A R =0.100

(S) Start point

(CP) Center

(E) End point

(SR) Start point radius
(ER) End point radius
AR (SI) Spiral interpolation

(SR)
i

(3) A program error (P33) will occur if the R_ sign is negative.
(4) A program error (P33) will occur if there is no |_K_ command and R_ command.
(5) The R_ command will have the priority if the |_K_ command and R_ command are issued in the same block.

(6) If the arc center is (0,0), the arc command can be issued for two successive quadrants. As shown on the right,
a program error (P33) will occur if an arc with more than three quadrants is issued.

[When Z axis is long axis] Program error due to more than three quadrants
X
(S) (E)
(CP) Z
(S) Start point (E) End point (CP) Center
(7) When the movement amount is equal, the horizontal direction in the selected plane will be the long axis.
Plane selection Long axis when movement amount is equal

G17 (XY plane) | axis
G18 (ZX plane) K axis
G19 (YZ plane) J axis
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(8) G36 is used for the two functions, automatic tool length measurement and circular thread cutting (CCW). Which
function to be applied depends on the MTB specifications (parameter "#1238 set10/bit0" (circular thread cut-
ting)).

When "#1238 set10/bit0" is set to "0"

G code Function
G35 Circular thread cutting clockwise (CW)
G36 Automatic tool length measurement X

When "#1238 set10/bit0" is set to "1"

G code Function
G35 Circular thread cutting clockwise (CW)
G36 Circular thread cutting counterclockwise (CCW)
G37 Automatic tool length measurement Z
G371 Automatic tool length measurement X
G37.2 Automatic tool length measurement Z

(9) If the lead axis and non-lead axis cutting feedrate is faster than the clamp speed when thread cutting is started,
an operation error (M01 0107) will occur, and thread cutting will not start.

(10) During thread cutting, the cutting feed rate may exceed the clamp speed to guarantee the lead. In this case,
the operation error (M01 0107) will appear, but thread cutting will continue. However, if the "cutting feedrate >
clamp speed" is established during circular thread cutting commanded in the second or following block of con-
tinuous thread cutting, automatic operation will be stopped just before the circular thread cutting command in the
2nd block, and the operation error (M01 0107) will appear.

(11) Continuous thread cutting is possible by assigning thread cutting commands continuously. In this way, it is pos-
sible to cut special threads whose lead or shape changes midway.
The continuous thread cutting command can be issued in the order of arc -> arc, arc -> constant lead, and con-
stant lead -> arc.

(12) An illegal lead is normally produced at the start of the thread and at the end of the cutting because of servo
system delay.
Thus, command the length of the required thread length and also the illegal thread length of the start and end of
the thread cutting.
As another method, command the required thread length as a circular thread (G35/G36), and then command the
illegal lead length before and after that command (start and end of thread cutting) as a constant lead thread
(G33). (Continuous thread cutting in order of constant lead -> arc -> constant lead.)
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E Relation with other functions

(1) A program error (P113) will occur if the G35/G36 command is issued to an axis not within the plane.

(2) The thread cutting speed is not synchronized with the spindle rotation when dry run is valid. (The thread pitch is
not guaranteed.)

(3) If the dry run switch is turned ON during thread cutting, the dry run signal will be ignored.

(4) If the feed hold switch is pressed during thread cutting, block stop will occur at the end point of the block following
the block in which thread cutting is completed (when the thread cutting mode is terminated).

(5) Circular thread cutting will function normally even during mirror image.

(6) A program error (P201) will occur if the G35/G36 circular thread cutting command is issued in the finish shape
program of the compound type fixed cycle for turning machining.

(7) A program error (P385) will occur if thread cutting corner rounding or corner chamfering is commanded during
circular thread cutting or the next block.

(8) Geometric and circular thread cutting cannot be commanded simultaneously. If commanded simultaneously, a
program error (P395 or P70) will occur.

(9) If thread cutting is commanded during nose R compensation, nose R compensation will be temporarily canceled,
and thread cutting will be executed.

(10) Do not issue the circular thread cutting command during constant surface speed control. The thread will not be
cut correctly because the spindle rotation speed will change during thread cutting.

W Precautions

(1) Spindle override does not function during thread cutting.

(2) A program error (P39) will occur if G35/G36 is commanded when the additional specifications are not provided.

83 IB-1501619-A



M800V/M80V Series Programming Manual (Lathe System) (1/2)

6 Interpolation Functions
6.6 Thread Cutting

6.6.6 Thread Cutting Override

E Function and purpose

Conventional thread cutting is performed with the spindle override fixed at 100%. By this function, thread cutting
feedrate can be changed by changing the spindle override depending on rough cutting, finish machining, etc.
The spindle speed during thread cutting is determined with the spindle override at the start of thread cutting.
The validity of this function depends on the MTB specifications. (Parameter "#1246 set18"/bit0)

m Detailed description

(1) Each thread must be cut securely in several steps. If the spindle speed is changed, threads may not be correctly
cut. This function automatically compensates for the thread cutting start point shift angle using the spindle over-
ride value at the start of thread cutting. This ensures that thread is cut correctly even if the spindle override is
changed.

(2) Spindle override change is enabled when the machine is not in a thread cutting cycle. The spindle override can
also be changed during thread cutting, however, the spindle speed will change after thread cutting is finished.
For continuous thread cutting, the spindle speed will change after the continuous thread cutting process is fin-
ished.

(3) Whether to perform the feed hold operation simultaneously when the spindle override is changed during thread
cutting depends on the MTB specifications (parameter "#1246 set18"/bit1).

#1246 set18/bit1 Operation
0 The machining program is continued without causing a block stop to
No feed hold activated take place after thread cutting.
1 The feed hold operation is simultaneously executed.
Feed hold activated

<Note>

+Changing the spindle override during thread cutting causes a block stop to occur at the end point of the block
following the block in which thread cutting is completed.

+In the thread cutting or compound type thread cutting cycle, thread cutting cycle retract is preferentially exe-
cuted if the specifications for thread cutting cycle retract are valid. (Refer to following figure.)

Block stop Block stop after the tool has arrived

Rapid traverse at the cycle start point

~

x
Rapid§ Rapid traverse
X axis traverse:

Thread cutting

ooeeee Y]

7\

g T T £ axis

Traverse according with the
chanfer amount and the angle
specified by paramters

The spindle override will be changed.

—3» Thread cutting cycle retract : Valid

«eececePp Thread cutting cycle retract : Invalid
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E Relationship with Other Functions

Interlock signal

If the start of thread cutting is interlocked, the operations differ depending on the interlock signal.
The operation of the interlock signal depends on the MTB specifications.

(1) Block start interlock
Changing the spindle override while the interlock is active causes the spindle speed to change. After the interlock
is reset, the compensation amount is calculated from the spindle override in effect at the time the interlock is
reset and thread cutting is performed.
After the interlock is reset, the feed axis starts to move after waiting for the single rotation synchronization signal
of the rotary encoder.
When #1246/bit1 is set to "1", changing the spindle override while the interlock is active does not cause feed
hold to be activated.

(2) Cutting block start interlock
If the start of cutting blocks is interlocked when the thread cutting is started, changing the spindle override while
the interlock is active does not change the spindle speed. It will change after thread cutting is finished. After the
interlock is reset, the compensation amount is calculated from the spindle override in effect at the time the inter-
lock is set and thread cutting is performed.
After the interlock is reset, the feed axis starts to move after waiting for the single rotation synchronization signal
of the rotary encoder.
When #1246/bit1 is set to "1", feed hold is activated by changing the spindle override while the interlock is active.
However, feed hold is activated as soon as the lead axis starts moving.
(If the retract signal is input, retract is performed; otherwise, operation stops at the end point of the block following
the block in which thread cutting is completed.)

(3) Axis interlock

The operation is the same as that of the cutting block start interlock.
However, the lead axis starts movement without waiting for the rotary encoder single rotation synchronization
signal after the interlock is reset, causing the thread cutting position to be misaligned.
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W Precautions

(1) Changing the spindle override must be completed before thread cutting is started. Once the spindle override is
changed, be sure to wait until the spindle speed is stabilized before starting machining. If the override is changed
just before thread cutting is started or machining is started while the spindle speed is unstable, the shift angle of
the thread cutting start position will not be correctly compensated for.

(2) Variable lead thread cutting
Although this function is also valid for variable lead thread cutting, it is not ensured that the tool passes the same
path it took before the spindle override was changed. (This happens especially when the incremental position
(K) of the lead is large, the number of threads is large, or the amount of change in the spindle override is large)
Do not change the value of the spindle override during the variable lead thread cutting process.

(3) This function does not compensate for the approach distance. If the spindle override is set to 100% or more, be
sure to provide a longer approach distance.

(4) The retracting path at thread cutting varies depending on the spindle override as shown below. (Spindle speed
overridden by 100% or less results in earlier retraction, whereas spindle speed overridden by 100% or more re-

sults in later retraction.)
Path at 100% or less

Path at 100%

Path at 100% or more

Thread bottom

Front view of workpiece

(5) This function does not support multi-part system simultaneous thread cutting.
(6) This function only supports a serially-connected encoder (parameter "#3025 enc_on"). For information of the
specifications of your machine, contact the MTB.
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6.6.7 Variable Feed Thread Cutting

E Function and purpose

This function changes the cutting feedrate by the spindle override at the time of thread cutting.
By using this function, the machining condition during thread cutting can be changed.
The validity of this function depends on the MTB specifications. Refer to the specifications of your machine tool.

m Detailed description

Enable variable feed thread cutting parameter

This function is enabled when "#8045 Varying spd thread" is set to "1".
Since #8045 is a parameter per part system, set it to "1" for each part system that uses this function.

If #8045 is set to "1", but none of the following conditions are satisfied, the thread cutting will not be started. An op-
eration error (M01 1029) will occur.

(1) The spindle encoder inputs are provided via serial. (This depends on the MTB specifications. "#3025 enc_on")

(2) The drive unit for the spindle, thread cutting lead axis, and axes configuring plane selected when thread cutting
is performed are MDS-E Series.

(3) The cutting feed acceleration/deceleration type for the thread cutting lead axis and axes configuring plane se-
lected when thread cutting is performed are not set to soft acceleration/deceleration. (Parameter "#2003 smgst")
(4) The spindle that is attempting thread cutting is not currently executing the following functions.

+Synchronous tap

+Spindle synchronization

+Guide bushing spindle synchronization
+Spindle/C Axis Control

Corresponding thread cutting command

This function can be used when any of the following thread cutting commands are issued.

G33 Thread cutting

G34 Variable lead thread cutting

G35/G36 Circular thread cutting (CW/CCW)

G78 Thread cutting cycle

G76 Compound thread cutting cycle

G76.1 Multi-part system simultaneous thread cutting cycle |
G76.2 Two-part system simultaneous thread cutting cycle Il

(This function can be used regardless of G code lists.)
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Cutting feedrates

(1) Changing feedrate

During thread cutting, the cutting feedrate can be changed by changing the spindle override.

Changing the spindle override will change the feedrate. Therefore, if the spindle override is set to "0", the spindle
is stopped and feed is stopped. This results in an operation error (M01 0105).

The cutting feedrate during thread cutting is calculated by the following formula.

F=(S*OVR)*P

F: Cutting speed (mm/min)

S: Spindle rotation speed (r/min)
OVR: Spindle override (%)

P: Screw pitch (mm/rev)

(2) Override
Changing the rapid traverse override or cutting override does not change the cutting feedrate. For that reason,
setting the cutting feed override to "0" does not cause the feed to stop.

(3) Speed clamp
If the cutting feedrate is found to exceed the clamp speed when thread cutting starts, an operation error (M01
0107) will occur.
If the spindle override is changed while the feed axis is moving and the cutting feedrate exceeds the clamp

speed, an operation error (M01 0107) will occur. However, thread cutting continues with the cutting feedrate ex-
ceeding the clamp speed.

(4) Dry run
If a dry run is valid during thread cutting with this function, the feedrate is not synchronized with the spindle ro-

tation. Therefore, the feedrate is changed by the feed override.
The validity of dry run during thread cutting depends on the MTB specifications (parameter"#1279 ext15/bit4").

Acceleration/deceleration of the spindle during thread cutting

If this function is used to change the spindle override during thread cutting, the acceleration/deceleration of the spin-
dle is performed in three steps based on the spindle speed as shown in the table below. The three-step acceleration/
deceleration is decided by the parameters shown in Figure (a) below.

These parameters can be set for each gear speed.

Correspondence between spindle speeds and number of steps in the acceleration/deceleration during thread cutting

Range of spindle speeds during thread cutting Number of steps in the multi-step ac-
(S: Spindle rotation speed during thread cutting) celeration/deceleration
S < vfths1 1
vfths1 < S < vfths2 2
vfths2 < S 3
Spindle speed Spindle speed
slimt slimt
VItG2 [
viths1 T
I<—> > » Time
vfths1 st
‘ vfths2 >
‘ vfths3 >
(a) Multi-step acceleration/deceleration during (b) Normal acceleration/deceleration

thread cutting

To perform three-step acceleration/deceleration, the parameters must be set as shown below.

+vfths1 < vfths2 < slimit
+One or more of these parameters; "vfths1", "vfths2", "vftht1", "vftht2", and "vftht3", must be set to nonzero.
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Acceleration/deceleration is performed for each step with the acceleration rate calculated based on the specified
spindle speed and time constant. If either of them is not specified, the acceleration rate is not calculated, and that
step becomes invalid.
(1) For the step that became invalid, acceleration/deceleration is performed using the acceleration rate in the step
that follows.
For example, if vfths1 is set to "0", multi-step acceleration/deceleration is not performed in the first step. So, ac-

celeration/deceleration is performed in the second step for an area where S is greater than or equal to vfths1
given in the table above.

(2) If the acceleration rate is not specified for the next step, acceleration/deceleration using the current acceleration
rate continues.
For example, if vftht3 is set to "0", multi-step acceleration/deceleration is not performed in the third step. There-
fore, acceleration/deceleration is performed in the second step for an area where "vfths2 is smaller than S" de-
scribed in the table above.

(3) If acceleration rate is not calculated for all steps, multi-step acceleration/deceleration is not performed and nor-
mal acceleration/deceleration is performed.
For example, if all of vftht1, vftht2, and vftht3 are set to "0", multi-step acceleration/deceleration is not performed
on all steps. For that reason, the acceleration/deceleration of the spindle during thread cutting is performed using
the normal acceleration rate of the spindle.
In addition, if the spindle speed is set so that vfths1 is greater than or equal to vfths2, the second step becomes
invalid. For a range within which the spindle speed is equal to or smaller than vfths1, acceleration/deceleration is
performed using the acceleration rate in the first step. For a range within which the spindle speed is equal to or great-
er than vfths1, acceleration/deceleration is performed using the acceleration rate in the third step.

Spindle mode and gain changeover during thread cutting

This function changes the spindle to the spindle synchronization mode at the start of thread cutting.

The position loop gain of the axis that configures the lead axis and selected plane is automatically changed over to

a value that is equal to the spindle synchronous position loop gain of the spindle to be used.

These are reverted back to their original state at the end of thread cutting.

+*When using this function, "spindle synchronous position loop gain" of the spindle must be adjusted.

+*When the spindle is under spindle synchronization and SHG control is enabled, SHG control is also enabled for
axes configuring lead axis and selected planes during variable feed thread cutting.

In the mode changeover at the start of thread cutting, phase alignment is performed to change the spindle mode.

The phase alignment takes 0 to a few seconds. Mode changeover at the end of thread cutting only needs a few

moments.

At each changeover point, the in-position check is performed on axes on which gain changeover is carried out.

Mode changeover takes place at the start of thread cutting even if a dry run during thread cutting is enabled or the

feed axis is in a machine lock condition.

In the spindle mode changeover, the parameter "#13036 SP036" may cause coil changeover because the spindle
is in the spindle synchronization mode.

The timing of spindle mode changeover varies depending on the thread cutting command or continuous thread cut-
ting. The following provides description about the thread cutting commands (G33, etc.), thread cutting cycle com-
mand (G78), and compound type thread cutting cycle commands (G76, etc.).
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(1) Changeover point when thread cutting is performed singly and when thread cutting is performed continuously

At the start of thread cutting, changeover takes place just before the thread cutting command. At the end of
thread cutting, it takes place once a tool has been retracted. For continuous threads, changeover does not take
place at block-to-block connections in a thread cutting command.

Thread cutting command Continuous thread cutting command

o ®
4 4

| |
GO0 ! GO0 !
| |

G33 G33
T IS

Q: Changeover point at the start of thread cutting

@ : Changeover point at the end of thread cutting

(2) Changeover point for the thread cutting cycle (G78)

For the thread cutting cycle, changeover takes place just before the thread cutting command is executed after
the tool has approached the programmed position. Changeover at the end of thread cutting takes place after
start position return has been performed.

When thread cutting cycles are to be executed in sequence, changeover takes place after the tool has ap-
proached the programmed position in the initial cycle and after start position return has been performed in the
final cycle.

If spindle stop (M5) is commanded immediately after G78, the spindle decelerates at the multi-step acceleration/
deceleration time constant during thread cutting.

Cycle command Succession of cycle commands

For the last cycle

g::::::::::::_-:I_TIGCyCIe start point
i S0 -P.I?_l <~ Cycle start point i :
G0o ! | G0o i: é
| G33 v D v

O <

Q: Changeover point at the start of thread cutting
@: Changeover point at the end of thread cutting
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(3) Changeover point for the compound type thread cutting cycle (G76, G76.1, G76.2)

In the compound type thread cutting cycle (G76) or multi-part system simultaneous thread cutting cycle (G76.1
or G76.2), thread cutting is performed multiple times with a single command For these cycles, changeover takes
place before thread cutting after the tool has approached the programmed position in the initial cycle and after
start position return has been performed in the final cycle.

However, if these commands are specified consecutively, mode changeover takes place at the start of and end
of thread cutting for each command.

Compound thread cutting cycle
[« Cycle start point
|

—————————————— >
Y S— el
P ol
|:" ::VI
e v O
— v

(O: Changeover point at the start of thread cutting
@: Changeover point at the end of thread cutting

E Relationship with Other Functions

Spindle override in thread cutting

When the "#8045 Varying spd thread" is set to "1", the "spindle override in thread cutting" function is disabled.

‘ Note

(1) The "spindle override in thread cutting" performs thread cutting using the spindle override at the start of thread
cutting and does not allow the user to change the spindle override during thread cutting. Since #8045 is incom-
patible with this function, the "spindle override in thread cutting" function is disabled if #8045 is set to "1".

Thread recutting

This function can also be used when reworking threads using the thread recutting function. In addition, the spindle
override can be changed during reworking.

Multi-part system simultaneous thread cutting

To use this function in the multi-part system simultaneous thread cutting, set "#8045 Varying spd thread" to "1" for
all the part systems to be used.

If the setting of #8045 differs between the part systems, thread cutting is performed using the individual setting for
the appropriate part system.

Observe other precautions regarding the multi-part system simultaneous thread cutting.
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m Precautions

(1) Depending on the cutting feed speed, the illegal lead length at the time of thread cutting will change. Because
increasing the cutting feedrate causes the illegal lead length to increase, be sure to keep approach distance that
is long enough.

(2) If the cutting feedrate exceeds the clamp speed when variable feed thread cutting is started, an operation error
(MO01 0107) will occur and machining cannot be continued. In such cases, it is required to interrupt the operation
using reset and change the spindle override before performing thread cutting again.

(3) The coil will not be switched during the thread cutting using this function. As a result, changing the spindle over-
ride may cause the spindle speed to change to a value outside the range specified for the motor of the selected
coil. Avoid performing the thread cutting under these circumstances.

(4) This function changes over the position loop gain for axes configuring lead axis and selected planes during
thread cutting. The gain, once it is changed over, may be reduced so that it is matched to the spindle. Reduced
gain in a thread cutting cycle command may cause the actual position (position that is fed back) of the machine
to be shifted inward compared to the commanded path in the appropriate cycle.

(5) Gain changeover is not carried out for an axis with Servo OFF, an axis to which a current limit is applied, an axis
for which axis detachment is specified and manual movement axes of simultaneous operation of manual and
automatic modes. Therefore, if they are reset after thread cutting is started and thread cutting is performed using
axes including them, the given accuracy will not be achieved because gain and other settings are not appropri-
ate.

(6) In a machine that performs turning for a single spindle in two part systems, if one part system starts thread cutting
while the other is in the turning process, the spindle accelerates or decelerates based on the spindle phase align-
ment. Even when machining is in progress, the other part system may cause the spindle to accelerate or decel-
erate.

(7) A plane selection switch command issued during variable feed thread cutting causes a program error (P34).

(8) When the tool is retracted without chamfering, the retracting path varies depending on the spindle override value
as shown below. (Screw is viewed from its bottom.)

Less than 100%

100%

Greater than 100%

Screw viewed from its bottom

(9) Refer to precautions on each thread cutting command.
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6.6.8 Thread Cutting Time Constant

E Function and purpose

Usually, incorrect lead parts occur at the start and the end of thread cutting due to the acceleration/deceleration of
the NC control axis. However, the acceleration/deceleration time, which causes incorrect lead parts, can be reduced
by applying the thread cutting time constant to the NC control axis during the thread cutting so that the incorrect
thread parts can be reduced. Additionally, the machining time can be reduced as much as the acceleration/decel-
eration time reduction of thread cutting.

. Note

(1) The use of this function requires the thread cutting time constant specifications and cutting feed acceleration/
deceleration specifications.
Also, the cutting feed acceleration/deceleration type must be set to the primary delay acceleration/deceleration
or linear acceleration/deceleration.
Refer to the MTB specifications for details (parameters "#2620 thr_t" and "#2003 smgst").

Axis speed
A
Ttop: GO1 time constant

Tthr: Thread cutting time constant
Cutting feedrate (max.)

GO01 acceleration curve with G0O1 time constant

Thread cutfing rate (max.)

/

Acceleration time can be reduced

|
0 Tthr Ttop T; t

G33 acceleration curve with thread cutting time constant

G33 acceleration curve with G01 time constant

When executing the thread cutting command or executing the thread cutting command in the thread cutting cycle,
carry out feed axis acceleration/deceleration in accordance with the MTB settings (thread cutting time constant pa-
rameter "#2620 thr_t").

The following shows the operation when a G33 or G34 command is issued.

Pass spindle Z-phase
Acceleration curve with thread time

GO0 constant
4 /
/ S
/- 1<_Acceleration curve with GO1 time
/ constant
G33/G34
3 GO0 ( G33/G34

When the thread cutting time constant is valid, thread cutting is clamped at the speed determined in the MTB spec-
ifications (parameter "#2619 thr_clamp").

93 IB-1501619-A



M800V/M80V Series Programming Manual (Lathe System) (1/2)

6 Interpolation Functions
6.6 Thread Cutting

E Relationship with Other Functions

Control axis superimposition control

This function is invalid for a thread cutting command that is issued during control axis superimposition control. (Op-
erated with the superimposition time constant.)

Arbitrary axis superimposition control

This function is invalid for a thread cutting command that is issued during arbitrary axis superimposition control. (Op-
erated with the superimposition time constant.)

Inclined axis control

To use the axis in the inclined-axis control mode for thread cutting, the thread cutting time constant parameter
"#2620 thr_t" must be set to the same value for each of two axes that are paired for inclined-axis control. If a different
value is specified, it causes a thread cutting failure.

These settings depend on the MTB specifications.

Program check operation

This function is invalid for a thread cutting command that is issued during program check operation. (Operated with
the GO1 cutting feed time constant.)

m Precautions

(1) If the value of the thread cutting clamp speed parameter "#2619 thr_clamp" exceeds that of the cutting feed
clamp speed parameter "#2002 clamp", thread cutting is clamped with the value of the cutting feed clamp speed

parameter.
These parameter values depend on the MTB specifications.

(2) If the cutting feed acceleration/deceleration type (parameter "#2003 smgst") is set to a type other than soft ac-
celeration/deceleration, linear acceleration/deceleration is applied to the acceleration/deceleration during thread

cutting.
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6.6.9 Thread Cutting Start Shift Angle Operation Switching

E Function and purpose

When the thread cutting start shift angle is commanded, the thread cutting can be started from the thread cutting
start shift angle regardless of whether the Z phase has been passed.

This can reduce the period from the time when the thread cutting is commanded to the time when the actual cutting
starts.

The validity of this function depends on the MTB specifications (parameter "#1260 set32/bit4").

m Detailed description

This function is available for a thread cutting operation for which the thread cutting start shift angle shown below can
be commanded. A thread cutting operation for which this function is not available remains unchanged regardless of
the parameter setting.

Function name G code
Thread cutting G33 (G32) (*1)
Circular thread cutting G35, G36
Thread cutting cycle G78 (G92) (*1)
Compound type thread cutting cycle G76 (*2)

(*1) The value enclosed in parentheses ( ) indicates the G code that is available when "#1037 cmdtyp" is set to 3,
5,or7.

(*2) Available only when the MITSUBISHI CNC special format is specified.

Case where thread cutting starts after the Z phase Case where thread cutting starts regardless of
has been passed whether the Z phase has been passed
("#1260 set32/bit4" = 0) ("#1260 set32/bit4" = 1)
Z phase Z phase

Spindle rotation . .
direction

Thread cutting commanded
position

Thread cutting start shift angle

Thread cutting start position

The spindle may rotate one or more revolutions until the |Itis possible to reduce the period from the time when the
cutting starts, depending on the position at which the |thread cutting is commanded to the time when the actual
thread cutting is commanded. cutting begins.
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m Precautions

(1) This function is available only when the thread cutting encoder pulse is directly input from the spindle drive unit.
When the encoder pulse input port of the NC main unit is used, the thread cutting starts from the thread cutting
start shift angle after the Z phase has been passed once, regardless of the setting of the parameter "#1260
set32/bit4".

The thread cutting encoder pulse setting depends on the MTB specifications (parameter "#3205 enc_on").

(2) When performing two-part system simultaneous thread cutting Il, do NOT use this function. The position of the
thread cutting command that is executed in two-part system simultaneous thread cutting Il differs by each thread
cutting command; therefore, the part system that first starts thread cutting may be changed for each instance of
thread cutting.
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6.6.10 Thread Cutting Feed Forward

E Function and purpose

Feed forward control can be performed for the thread cutting command.
This can shorten the incomplete thread area.

m Detailed description

(1) Feed forward control is enabled based on the settings of parameters "#2010 fwd_g" and "#1570 Sfilt2" when all
the conditions shown below are satisfied.
+The cutting mode (G64) is modal.
+The feed forward control request signal is set to ON.
+Any one of the thread cutting commands shown below is modal.

G code Function name
G32, G33 Thread cutting
G34 Variable lead thread cutting
G35 Circular thread cutting CW
G36 Circular thread cutting CCW

(2) When the thread cutting cycle (G78) is commanded, this function is enabled with the thread cutting command
for each cycle.

(3) If a greater value is set to "#2010 fwd_g", it may cause machine vibrations. In this case, set a lower value to

"#2010 fwd_g" or specify "#1570 Sfilt2"; this will help ensure smooth speed fluctuation and reduce machine vi-
brations.

@ Program example

The following shows an operation example in the case where the machining program below is executed when the
parameters below are specified while the feed forward control request signal (FFC) is set to ON.

[Parameter setting ($1)] [Machining program]
$1 :
#1570 15 N11 S1000;
N12 M3;
X 7 N13 G54 GO0 X20. Z30.;
N14 GO0 X15.;
#2010 40 40 N15 G33 Z10. F1.5;
N16 GO0 X20.;

97 IB-1501619-A



M800V/M80V Series Programming Manual (Lathe System) (1/2)
6 Interpolation Functions
6.6 Thread Cutting

[Timing chart]

[When this function is not used]

G00 X15. > G33 210. F1.5_>K_G00 X20. >

Z axis commanded speed /

Z axis feedback speed (

[When this function is used]

G00 X15. > G33210. F1.5_>K_ G00 X20. >

Feed-forward control ON
request:FFC OFF

Feed-forward control ON

ON:FFCO QFF -———————o——fmmmmm
Z axis commanded speed /
Z axis feedback speed /

E Relationship with other functions

The table below shows case (1) where the feed forward control request signal is set to ON for the part system in
which other functions are enabled and case (2) where other functions are commanded for the part system in which
the feed forward control request signal is set to ON. (Symbol "o" indicates that a combination is available.)

Function name (1) (2)
Mixed control | o] Program error (P501)
Mixed control I o] Operation error (M01 1035)

Control axis superimposition | (*1) Operation error (M01 1060) (*2) |Operation error (M01 1004)

Control axis superimposition Il (*1)

Control axis synchronization between |Operation error (M01 1060) (*2) |Operation error (M01 1037)
part systems | (*1)

Control axis synchronization between
part systems Il (*1)

(*1) The same operation is performed for each of the part systems that contain the superimposed axis or synchro-
nized axis.

(*2) An alarm is output only to the part system in which the feed forward control request signal is set to ON.
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w Precautions

(1) The settings of parameters "#1570 Sfilt2" and "#2010 fwd_g" can be switched using machining condition selec-
tion | and parameter input by program.

(2) When using this function in multiple part systems, set the same value to the parameter "#1570 Sfilt2" in all part
systems.

(3) When enabling the feed forward control for two-part system simultaneous thread cutting, set the same setting
values to parameters in both part systems, and set the feed forward control request signal ON for both part sys-
tems.

(4) To perform the thread recutting, set the same conditions as for thread cutting.

(5) Before issuing the thread cutting command to perform the feed forward control for, set the feed forward control
request signal. When the feed forward control request signal is set to ON during the thread cutting (G32 to G36)
or while a block to retract the thread cutting tool is being executed, the feed forward control is not enabled, how-
ever, it is enabled when the thread cutting (G32 to G36) command is issued again.

>< 633 > G00 < coo > G33

Feed-forward control

request:FFC OFF m—m—m— oo o
Not valid
Feed-forward control ON ---------- --- / _________
ON:FFCO OFF / _________

(6) If the feed forward control request signal is changed from ON to OFF while the thread cutting command (G32 to
G36) is modal with the feed forward control enabled, or while the block to retract the thread cutting tool is being
executed, the feed forward control is maintained up to the end of the retraction block.

G0 ><_ @33 > goo > Goo >k G33

Feed-forward control ON I
requestFFC  OFF ----------f-—----

Feed-forward control ON ----------

ON:FFCO OFF =—————doo--- \.--- ______________

Not invalid

(7) When the thread cutting feed forward control is enabled, the program waits for "all axes smoothing zero" at the
end of the thread cutting tool retraction block before executing the next block.

(8) If the thread cutting tool retraction command is a G1 command while thread cutting feed forward control is en-
abled, feed forward control is also applied to this retraction command based on the settings of the parameters
"#2010 fwd_g" and "#1570 Sfilt2".
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6.7 Helical Interpolation; G02, G03

E Function and purpose

When this interpolation is performed with 3 orthogonal axes, the tool will travel helically when circular interpolation
is executed for any 2 axes and, at the same time, when another 1 axis is synchronized with the rotation of the circular
and linear interpolation is executed synchronously with the rotation of the circular arc.

This command must be issued as the combination of the circular interpolation command with the height axis.

Z Y i

(S) Y

Program command path XY plane projection path

(S) Start point
(E) End point

Program command path
Circular interpolation components

T Linear interpolation components
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E Command format

Helical interpolation command (Specify arc center)

G17 G02/G03 X/U_YIV_ZW_I1_J_P_(,P_)F_;
G18 G02/G03 Z/W_ X/U_YN_K_I_P_(,P_)F_;
G19 G02/G03 Y/V_Z/W_X/U_J_K_P_(,P_)F_;

Helical interpolation command (Specify radius (R))

G17 G02/GO3 X/U_YN_ZW_R_F_;
G18 G02/G03 Z/W_X/U_YN_R_F_;
G19 G02/GO3 Y/V_ZW_X/U_R_F_;

G17, G18, G19 Arc plane

G17: XY plane

G18: ZX plane

G19: YZ plane
G02/G03 Arc rotation direction

GO02: Clockwise
GO03: Counterclockwise

X/U, YV, ZIW Arc end point coordinates:
(X, Y) (or (U, V))is setin G17, (Z, X) (or (W, U)) in G18, and (Y, Z) (or (V, W)) in
G19.

Linear axis end point coordinates:
Z (or W) is setin G17, Y (or V) in G18, and X (or U) in G19.

I, J, K Arc center coordinates:
(I, J)is setin G17, (K, ) in G18, and (J, K) in G19.
P/,P Number of pitches
R Circular arc radius
F Feedrate
J Note

(1) In this manual, the following setting descriptions are used. | axis: X; J axis: Y; K axis: Z

(2) If pitch count "P" and ",P" are designated at the same time, precedence is given with ",P" command.
(3) If the number of pitches is "0", address P can be omitted.

(4) If the radius (R) is designated, the number of pitches is ignored even when it is commanded.

(5) Two or more axes can be designated for the linear interpolation axis.
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m Detailed description

Speed designation during the helical interpolation

Speed designation "F" during the helical interpolation has the following types. The available type depends on the
MTB specifications.

Parameter #1235/bit0 Tangent speed (command value of address "F")

0 Speed designation for normal helical interpolation

Commands the tangent speed (equivalent to "fb" in the lower-right figure) in-
cluding interpolation component of the 3rd axis.

1 Speed designation by the arc plane component

Commands the tangent speed (equivalent to "fa" in the lower-left figure) in the
arc plane.

At this time, the NC automatically calculates the helical interpolation tangent
speed "fb" so that the tangent speed on the arc plane is "fa".

fa

fb (S) Start point
(E) (E) End point
fa: Tangent speed in arc plane

fb: Helical interpolation tangent
Y speed

®) ©

X X

Command the feedrate F as the resultant speed for each axis.

Speed designation by the arc plane component

If speed designation by the arc plane component is selected, the F command will be handled as modal data in the
same manner as the normal F command. This will also apply to the following G01, G02 and G03 commands.
For example, the program will be as follows.

G17 G02 U10.V10. Z-4. 110. F100 ; Helical interpolation is performed with such speed that arc plane
component is F100.
GO01 U20.; Linear interpolation is performed at the speed of F100.
G02 U10. V-10. Z4. J10. ; Helical interpolation is performed with such speed that arc plane
component is F100.
GO01 V-40. F120; Linear interpolation is performed at the speed of F120.
G02 U-10. V-10. Z-4. 1-10. ; Helical interpolation is performed with such speed that arc plane
component is F120.
G01 U-20. ; Linear interpolation is performed at the speed of F120.

When the speed designation by the arc plane component is selected, only the helical interpolation speed command
is converted to the speed commanded with the arc plane component and operates. The other linear and arc com-
mands operate as normal speed commands.

(1) The actual feedrate display (Fc) indicates the tangent component of the helical interpolation.

(2) The modal value speed display (FA) indicates the command speed.

(3) The speed data acquired with API functions follows the Fc and FA display.

(4) This function is valid only when feed per minute (asynchronous feed: G94) is selected. If feed per revolution (syn-
chronous feed: G95) is selected, the arc plane component speed will not be designated.
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Number of pitches

Y
6
z A
A fe
z
Y Os X
(S)
! v
i
i
X
(S) Start point (E) End point
(1) Pitch "L" is obtained with the following expression.
z
L= Fvoizn
ye ys
6= 6e-0s=tan" -tan”’ (0< 6<2m)
XS

xs, ys: Distance from the arc center to the start point (each of X and Y axes)
xe, ye: Distance from the arc center to the end point (each of X and Y axes)

(2) When address P is omitted, the number of pitches is set to "0". However, when the start point is equal to the end
point, the number of pitches is set to "1".

<Note>

+The pitch No. "P" command range is 0 to 9999.
The pitch No. designation ("P" command) cannot be made with the R-specified arc.

Plane selection

The helical interpolation arc plane selection is determined with the plane selection mode and axis address in the
same manner as the circular interpolation. For the helical interpolation command, the plane where circular interpo-
lation is executed is required to be commanded with the plane selection G code (G17, G18, G19), and two circular
interpolation axes and three linear interpolation axes (axes which perpendicular to the arc plane) are required to be
commanded.

X-Y plane circular, Z axis linear

Command the X, Y and Z axis addresses in the G02 (G03) and G17 (plane selection G code) mode.
Z-X plane circular, Y axis linear

Command the Z, X and Y axis addresses in the G02 (G03) and G18 (plane selection G code) mode.
Y-Z plane circular, X axis linear

Command the Y, Z and X axis addresses in the G02 (G03) and G19 (plane selection G code) mode.

The plane for an additional axis can be selected as with circular interpolation.
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E Relationship with other functions

Geometric IB

This function can be used together with the Geometric IB function. For details about Geometric IB, refer to "15.5
Geometric IB".

The arc of the second block of geometric IB can now be operated helically by commanding the pitch and height in
the second block (N2 block) as follows.
(1) When using |, J, and K in a similar way to geometric IB

N1 G02(G03) li1 Jj1 Ff1;
N2 G02(G03) Xx2 Yy2 li2 Jj2 Zz2 Pp2 ( ,Pp2 ) Ff2;

<Note>
+*When "P" and ",P" addresses are commanded simultaneously, the ",P" address command takes precedence.
(2) When using P, A, and Q (X, Y and Z axes of the arc center coordinates (absolute position)) instead of |, J, K

N1 G02(G03) i1 Jj1 Ff1;
N2 G02(G03) Xx2 Yy2 Pp2 Aa2 Zz2 ,Pp2 Ff2;

m Precautions and restrictions

(1) When executing helical interpolation, issue the circular interpolation command and another linear axis command
(several axes can be commanded) that does not contain the arc axis.

(2) The number of axes that can be commanded simultaneously is less than or equal to the number of simultaneous
contouring control axes.

(3) With helical interpolation, the axes that configure the plane are the circular interpolation axes, and the other axis
is the linear interpolation axis.

(4) The movement of the linear interpolation axis is stopped and only the circular interpolation axes operate during
the corner chamfering or corner rounding commands.

(5) Refer to description of "6.3 Circular Interpolation; G02, G03" and "15.5 Geometric IB" for other precautions.
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6.8 Milling Interpolation; G12.1

E Function and purpose

Milling interpolation is used to perform contouring control by converting commands programmed in an orthogonal
coordinate system into movements of a linear axis and rotary axis (workpiece rotation). (In the figure below, "(Y)" is
a hypothetical axis.)

X

(Y)

é A
L

G12.1 command starts a milling and G13.1 command cancels the milling to return to a normal turning.

E Command format

Milling mode ON

G121 D__ E=__ ;
D Selection of milling hypothetical axis name
E= Designation of rotary axis for milling interpolation

Milling mode OFF (Turning mode)

G13.1;

Address

Meaning of address

Command range (unit)

Remarks

D

Selection of milling hy-
pothetical axis name

0:Y axis
1: Rotary axis name

+ If there is no D command, the milling hypotheti-
cal axis name will follow parameter (#1517
mill_C).

+ If only the D command is issued, it will be han-
dled as DO.

+ A program error (P35) will occur if a value other
than 0 or 1 is set to the numerical command fol-
lowing the D command.
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Address | Meaning of address |Command range (unit) Remarks

E= Designation of rotary |G12.1 command part |*If there is no E command, the parameter (#1516
axis for milling interpo-|system rotation axis mill_ax) will be followed.
lation command address +A program error (P33) will occur if only an E com-

mand is issued.

+A program error (P33) will occur if an axis ad-
dress is not commanded after "E=".

+A program error (P482) will occur if an axis that
does not exist in the command part system is
designated as the rotary axis name.

+A program error (P32) will occur if a value is com-
manded for the rotary axis name.

+To issue a program command after the "E= rota-
ry axis name", delimit the "E= rotary axis name"
and the other command with a comma (,). A
program error (P33) will occur if there is no
comma.

The following G codes are used to select milling and to set the conditions.

G code Function Remarks
G12.1 Milling mode ON Default is G13.1
G13.1 Milling mode OFF
G16 Y-Z cylindrical plane selection G17, G16, or G19 can be designated as the default
G17 X-Y plane selection value (when G12.1 is issued) according to the follow-
G19 Y-Z plane selection ing parameter setting.

#8113 Milling initial G16
#8114 Milling initial G19

G41 Tool radius compensation left Default is G40 (radius compensation cancel).
G42 Tool radius compensation right

Machining mode

| |

G13.1 (Turning mode) G12.1 (Milling mode)
G17 G18 G19 G16 G17 G19
(X-Y plane) (Z-X plane)  (Y-Z plane) Y-Z (X-Y plane) (Y-Z plane)
cylindrical
plane

l
| |

G46,G41,G42/G40 (Nose R compensation) G41,G42/G40 (Tool compensation)
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6.8.1 Selecting Milling Mode

m Detailed description

(1) The G12.1 and G13.1 commands are used to switch between the turning (G13.1) and milling (G12.1) modes.
(2) These commands are modal and the initial mode effective at power ON is the turning mode.

(3) The following requirements must be satisfied before a G12.1 command is issued. Otherwise, a program error
(P485) will occur.

(a) Nose R compensation has been canceled.
(b) Constant surface speed control has been canceled.

(4) If one of the command axes in the milling mode has not completed reference position return, a program error
(P484) will occur.

m Precautions

(1) If G12.1 is executed with no movement command issued after nose R compensation has been canceled by G40
(commanded alone in a block), the subsequent operations are performed based on the axis of the G12.1 block,
which is used as the position to be set after nose R compensation has been canceled.

(2) If the milling interpolation command is issued during the mirror image, a program error (P486) will occur.
(3) When the G12.1 command is issued, the deceleration check is executed.

(4) If acommand other than a plane selection is issued in the same block as G12.1 command, a program error (P33)
will occur.
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6.8.2 Milling Interpolation Control and Command Axes

m Detailed description

(1) The two orthogonal linear axes (X and Z axis) and a rotary axis are used as control axes for milling interpolation.
The rotation axis is selected with the E command. The axis designated with the parameter (#1516 mill_ax) will
be selected if there is no E command. (This depends on the MTB specifications.)

(2) The command axes for milling interpolation are three orthogonal linear axes. The names of axes should be X, Z,
and a hypothetical axis.
A hypothetical axis is a virtual axis for interpolation command which intersects the X and Z axes at right angles.
The hypothetical axis name will be either of the control rotation axis names which are selected in Y or (1) by a
D command. The axis name designated with the parameter (#1517 mill_C) will be selected if there is no D com-
mand. (In the figure below, "(Y)" is a hypothetical axis.)

X

(Y)

(3) Command axis X for milling is not just the interpolated one of control axis X. It is handled as X in the milling
coordinate system when a G12.1 command is issued.

(4) Whether the position in the milling coordinate system is handled by a diameter command or radius command is
selected by the following parameter.

Parameter Details

#8111 Milling Radius 0 : Radius command for all axes

1 : Follows parameter (#1019 dia) for each axis.

(Example 1) When C axis is used for rotation axis, and "Y" for hypothetical axis name
(Program 1)

X

N1 GO0O X40. ;

N2 G12.1;

(or G12.1 E=C, D0 ;)
N3 G01 X10. Y10. F10. ;
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N3 of program 1 is executed as follows:

(a) X =Mill_ X (b) il X

(Y) D Y\%

Y
)
X

(c)

Mill _ X

()

(mm)

Current values of (d)
X 28.284 (diameter value display)
C  45.000 (Except tool radius compensation amount)

(5) Milling interpolation is also available for a two-control-axis system consisting of one linear axis and one rotation
axis. The X axis must be used as the linear axis. The rotation and milling hypothetical axes are selected as
shown above. In milling mode, the G17 plane must be selected.

(6) The table below lists the incremental axis names of the hypothetical axis used in milling mode. These axis com-
mands are radius commands only.

Selected hypothetical axis Absolute axis name Incremental axis name
Y axis Y \%
Rotation axis (C) #1013 axname set axis name (C) #1014 incax set axis name (H)

(The following description uses Y for the hypothetical axis name and C for the rotation axis name.)
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6.8.3 Selecting a Plane during the Milling Mode ; G17,G19,G16

E Function and purpose

A plane selection command decides the plane on which a tool moves by circular interpolation or tool radius com-
pensation in milling mode.

E Command format

‘G17; ... X-Y plane |

‘G19; ... Y-Z plane |

‘G16 C; ... Y-Z cylindrical plane |

‘C Cylinder radius value ‘

m Detailed description

These G commands for plane selection are modal. A plane is automatically selected according to parameters each
time the turning mode is switched to the milling mode by a G12.1 command.

Plane selection default value G17 G19 G16
#8113 Milling initial G16 0 0 1 1
#8114 Milling initial G19 0 1 0 1

When the milling mode is switched back to the turning mode by a G13.1 command, the plane, that was selected
before the milling mode is entered, is restored.
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Planes to be selected
The three planes to be selected are explained below.

(1) G16 Y-Z cylindrical plane
G16 indicates the plane obtained by developing a cylinder with its bottom radius X. This is useful to process the
side face of a workpiece.

(2) G17 (X-Y) plane
X-Y plane in an XYZ orthogonal coordinate system. This is useful to process the end face of a workpiece.

X
A

(3) G19 Y-Zplane
Y-Z plane in an XYZ orthogonal coordinate system.

x

P=diNNRAN

....... Center of workpiece
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6.8.4 Setting Milling Coordinate System

E Function and purpose

The coordinate system in a milling mode is set depending on a plane which is selected each time the turning mode
(G13.1) is switched to the milling mode by a G12.1 command.

m Detailed description

G16 plane

(1) To select a G16 plane, specify the radius value of a cylinder by "G16 C___;". If no radius value is specified, the
current X axis value at the time of G16 command is used as the radius value to define a cylinder. If no radius
value can be defined, a program error (P485) will occur.

(2) As in normal turning mode, the X axis indicates the distance from the center line of the workpiece.
(3) G16 (Y-Z cylindrical plane) is actually the side of a cylinder.

(4) The X axis indicates the distance from the center line of the workpiece. The Y axis indicates the circumference
with the radius value of the bottom of the cylinder which is defined by a G16 command.

(5) The zero point of the Y axis is the position where a G12.1 command is issued.
(Example)

G12.1 G16 C50. ; or G12.1; or G12.1 Ee,Dd or G12.1 Ee,Dd;
G16 C50; G16 C50; G16 C50 ;

—
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G17 and G19 planes

(1) For the X and Z axes, the current positions are set as radius value in the coordinate value.
(2) The Y axis is fixed as an axis which intersects the X and Z axes at right angles. Y=0 is set in a G12.1 command.

e
J Note

+In the milling mode on the G17 plane, the X axis is operated in the area (positive or negative side) that existed
before issuing the G12.1 command. To control the X axis in the positive side in the milling mode, move the X axis
to the positive area (including 0) before issuing the G12.1 command. To control the X axis in the negative side in
the milling mode, move the X axis to the negative area (not including 0) before issuing the G12.1 command.
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6.8.5 Preparatory Function

m Detailed description

Valid G codes in milling mode

Classi-| G code Function Classi-| G code Function
fication fication
* G00 Positioning G65 Macro call
* GO1 Linear interpolation G66 Macro modal call A
* G02 Circular interpolation (CW) G66.1 Macro modal call B
* G03 Circular interpolation (CCW) G67 Macro modal call
Cancel
G04 Dwell
G09 Exact stop check G80 Hole drilling cycle cancel
G83 Deep hole drilling cycle (Z axis)
G13.1 Turning mode G84 Tap cycle (Z axis)
G85 Boring cycle (Z axis)
G87 Deep hole drilling cycle (X axis)
o G16 Plane selection Y-Z cylindrical G88 Tap cycle (X axis)
plane
G17 Plane selection X-Y G89 Boring cycle (X axis)
G90 Absolute command
G19 Plane selection Y-Z G9I1 Incremental command
G22 Barrier check ON G9%4 Asynchronous feed
G23 Barrier check OFF G95 Synchronous feed (*1)
G98 Cycle initial point return
G99 Hole drilling cycle R point return
G61 Exact stop mode
G40 Tool radius compensation cancel
G41 Tool radius compensation left G64 Cutting mode
G42 Tool radius compensation right

*: Milling interpolation command
o: G code effective only in milling mode

(*1) The validity of G95 (synchronous feed) depends on the MTB specifications (parameter "#1293 ext29/bit0").
(1) If an invalid G code is issued in milling mode, a program error (P481) will occur.
If the milling interpolation ON (G12.1) is issued in milling mode, a program error (P481) will occur.

(2) In milling mode, all movement commands are issued by the coordinate system which is already determined by
the selected machining plane. The rotation axis thus cannot be moved by a direct command in milling mode. To
perform milling to a workpiece at a specific position, therefore, positioning must be done before a milling mode
command.

(Example)

GO0 X100. C180. :
G121 :
GO0 X50. :

=> Positioning before milling
(Otherwise, "G12.1 E=C,D0 ;" is also possible.)

(3) If an axis other than X, Z, and Y (rotation axis) is specified in milling mode, a program error (P481) will occur.

(4) In milling mode, the Y axis can be specified by only four G codes: G00, G01, G02, and G03. These are called
the milling interpolation commands.
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Positioning (G00)

If a GO0 command is issued in milling mode, positioning is made to the specified point on the selected plane at a
rapid traverse rate.

G00 X/U__ YIV__ ZIW__ ;

Linear interpolation (G01)

If a GO1 command is issued in milling mode, linear interpolation is made to the specified point on the selected plane
at the speed specified by an F command modal speed.

(1) G16 mode (plane selection Y-Z cylindrical plane)
Program Format
\Go1 YN _ZW_ XU__F

(S) <

Y (E)

(S) Start point (E) End point
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(2) G17 mode (plane selection X-Y)
Program Format

\Go1 XU_YN_ZW__ F__;

X

) E)

y
VA
Y
(S) Start point (E) End point
(3) G19 mode (plane selection Y-Z)
Program Format
‘G01 YN _ZW_ XU__F__;
X
(E)
X
z
v (E)
(S) Start point (E) End point
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Circular interpolation (G02/G03)

If a GO2 or GO3 command is issued in milling mode, circular interpolation is performed at the specified speed on the
selected plane.

(1) G16 mode

G02/G03 YIV__ ZW__ J__ K __F__;
or
G02/G03 YIV__ ZIW__ R__ F__ ;
G02 Circular interpolation (clockwise)
G03 Circular interpolation (counterclockwise)
YN Circular end point coordinate, Y axis (Y: absolute position, V: incremental position)
ZIW Circular end point coordinate, Z axis (Z: absolute position, W: incremental position)
JIK Circular center incremental position (radius command incremental position from the start
point to the center)
Circular radius
F Feedrate
Z
(S) Start point (E) End point (CP) Center of circular
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(2) G17 mode

G02/G03 X/U_ YN__ I__J__ F__;
or
G02/G03 X/U__ YN_ R_ F__;
X/U Circular end point coordinate, X axis (X: absolute position, U: incremental position)
YV Circular end point coordinate, Y axis (Y: absolute position, V: incremental position)
/8] Circular center incremental position (incremental position from the start point to the cen-

ter)

Circular radius
F Feedrate

A
(CP),_.~"

(S) Start point

(3) G19 mode

(E) End point (CP) Center of circular

G02/GO3YN__ZW_J__K_F_;
or
G02/GO3 YNV__ZW__R__F__;
YNV Circular end point coordinate, Y axis (Y: absolute position, V: incremental position)
ZIW Circular end point coordinate, Z axis (Z: absolute position, W: incremental position)
JIK Circular center incremental position (incremental position from the start point to the cen-

ter)

Circular radius
F Feedrate

X
> 7

Y
(S) Start point (E) End point (CP) Center of circular
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6.8.6 Switching from Milling Mode to Turning Mode; G13.1

m Detailed description

(1) A G13.1 command is used to cancel the milling mode and return to the turning mode.

(2) The G13.1 command is effective if the following requirement is met. If not, a program error (P485) will occur.
(a) Tool radius compensation has been canceled.
(3) The G13.1 command restores the plane selected before the G12.1 command was issued.

(4) The G13.1 command restores the synchronous/asynchronous mode and the asynchronous F value which was
selected before G12.1 command was issued.

m Precautions

(1) If G13.1 is executed with no movement command issued after nose R compensation is canceled by G40 (com-
manded alone in a block), nose R compensation is canceled in the G13.1 block.

(2) When the G13.1 command is issued, the deceleration check is executed.

(3) If a command other than the plane selection command is issued during the G13.1 command, a program error
(P33) will occur.
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6.8.7 Feed Functions

m Detailed description

The synchronous/asynchronous feed mode in the milling mode is the same as for the normal turning mode.
To issue the F command in the milling mode, command the speed in the milling coordinate system selected by G16,

G17, or G19.

Whether to enable or disable the synchronous feed in the milling mode depends on the MTB specifications (param-
eter "#1293 ext29/bit0").

(1) When the synchronous feed is disabled:
Only the asynchronous feed is valid during the milling mode.
If the synchronous feed command (G95) is issued during the milling mode, a program error (P481) will occur.
When the milling mode is started by G12.1, the asynchronous mode is forcibly set, and the F command modal
value is canceled. After the mode has been switched, specify the feedrate using the F command.

The operation to be performed when the milling mode is canceled varies depending on the feed mode that is
specified before the milling mode is started.

Case where the asynchronous
feed is specified before the milling
mode is started

The F command modal value and feed mode remain unchanged and
take over the previous state when the G13.1 milling mode is canceled.

is started

Case where the synchronous feed
is specified before the milling mode

When the milling mode is canceled by a G13.1 command, both the feed
mode and the F command modal value return to the state before the
G12.1 command is issued.

(2) When the synchronous feed is enabled:
Both the synchronous feed and asynchronous feed are valid during the milling mode.

The F command modal value and feed mode remain unchanged and take over the previous state when the mill-
ing mode is started by G12.1 or canceled by G13.1.

Parameter Before At execution of G12.1 At execution of G13.1
#1293/bit0 G:fﬂ Feed mode |F command modal value|Feed mode |F command modal value
starts
0 Asynchro- |Asynchro- 0 Asynchro-  |Modal value just before
(Invalid) nous nous (The modal value is can- |nous being canceled
Synchro- celed.) Synchro-  [Modal value just before
nous nous being started
1 Asynchro- |Asynchro- F modal value just before [Feed mode |Modal value just before
(Valid) nous nous being started just before  |being canceled
Synchro-  |Synchronous the mode is
nous canceled
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6.8.8 Tool Length Compensation

m Detailed description

(1) In milling mode, tool compensation is performed by adding the specified tool length offset amount to the cutting
coordinates converted from the milling coordinate system.

X

(a) (a) v

O O

e Tool position (a) Tool length offset

4+— Movement on the milling coordinate system

=== Milling coordinate system Actual tool position
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(2) As can be seen from (1) in previous page, if the specified compensation amount is different from the actual tool
length, desired shape will not be obtained.

(a) If the compensation amount is larger than tool (b) If the compensation amount is smaller than tool
length Example: The actual tool length is 15.0 when |length Example: The actual tool length is 25.0 when
tool length X = 20.0 tool length X = 20.0

<4----- - Milling command
44— Movement on the milling coordinate system

{- —— — Milling coordinate system Actual tool position
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6.8.9 Tool Radius Compensation

E Function and purpose

The workpiece shape can be compensated in the direction of the vector by the radius amount of the tool specified
by a G command (G40 to G42) and selected compensation No.

E Command format

Tool radius compensation cancel

GAOX__Y__;

Tool radius compensation (left)

GMX_Y_;

Tool radius compensation (right)

‘G42 X_Y_; |

(1) A tool radius compensation command must be issued after entering a milling mode.
The tool radius compensation command must be canceled before entering a turning mode.

(2) A tool compensation No. must be specified before entering a milling mode (before issuing a G12.1 command).
In a milling mode, a T command causes a program error (P485).

(3) Tool radius compensation is performed on the selected plane.

G17 plane XY axes
G19 plane YZ axes
G16 plane
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6.8.9.1 Tool Radius Compensation Operation

m Detailed description

Tool radius compensation cancel mode

The tool radius compensation cancel mode is established by any of the following conditions.

(1) While a G12.1 command is effective

(2) After the compensation cancel command (G40) is issued

In the compensation cancel mode, the compensation vector is 0 and the tool center path matches the programmed

path.
Programs including tool radius compensation must be terminated in the compensation cancel mode.

Tool radius compensation start (startup)

Tool radius compensation starts when all the following conditions are met in the compensation cancel mode.

(1) A G41 or G42 command is issued.

(2) The tool radius compensation No. is greater than 0 and equal to or less than the maximum compensation No.
(3) The movement command is not a circular command.

Whether in continuous or single block operation, compensation always starts after reading three blocks, or if the
three blocks do not contain any movement command, up to five continuous blocks will be pre-read.

In compensation mode, too, up to 5 blocks are pre-read and the compensation is arithmetically processed.
[Control state diagram]

Execution block Pre-read Buffer

: : N11T_;
N11T_; N11T_; N12 S_;
N12 S_; N12 S _; N13 G0O_;
N13 GOO_; +eees | N13G00_; [ N14 G41_; | N15GO1_; After pre-reading GA1, start

pre-reading Max. 5 blocks
N14 G41_; N14 G41 _; N15 GO1_; N16 G02_;
N15 GO1_; N15 GO1_; N16 G02_; :
\NV N16 G02_; :

There are two ways of starting the compensation operation: type A and type B.
Choose the type by the parameter "#8157 tool nose compensation type B".
This type is used in common with the compensation cancel type.

#8157 Nose R Type Description
comp type B
0 Type A |When starting up/canceling a command block with nose R compensation and ra-

dius compensation, type A will not conduct intersection operation processing to the
block and, instead, convert it to an offset vector which is vertical to the command
vector.

1 Type B |When starting up/canceling a command block with nose R compensation and ra-
dius compensation, Type B will conduct intersection operation processing to the
command block and the next block.
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Start operation for tool radius compensation

(1) Machining an inside corner

Linear -> Linear Linear -> Circular
0 T >
r
/ »
o7 s
e
// G42
/e
(S)
(CP)
(S) Start point (CP) Center of circular
r : Compensation amount s: Stop point with single block
(2) Machining an outside corner (obtuse angle) [90° <= 8 < 180°]

Linear -> Linear (Type A) Linear -> Circular (Type A)

S >

A L

7/
Z |r
//
G41 / >
/
7/
//
/ 0
/
7/,
Y/

S »
-
/,/ ) r
s >
s
a1 /
/ 6
/
/,
(S)
(S) Start point (CP) Center of circular
r : Compensation amount s: Stop point with single block
44—  Program path
4----- Tool center path
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(3) Machining an outside corner (acute angle) [0 < 90°]

Linear -> Linear (Type A) Linear -> Circular (Type A)
s e (CP
\ : /
A
\‘ .
\\9
\ G41
\
\
\
(S)
Linear -> Linear (Type B) Linear -> Circular (Type B)
S 4, o e (CP) f
/ Tr /
/
{ >
35( 6
r
\\\
~N
N,
~
\\\
G41
\\\\
N
(S)

(S) Start point
r : Compensation amount

(CP) Center of circular
s: Stop point with single block

44— Program path
<4----- Tool center path
<Note>

+If there is no axis movement command in the same block as G41 or G42, compensation is performed per-
pendicularly to the next block's direction.

Operation in compensation mode

Calculate the tool center path from the linear line/circular arc to perform compensation to the program path (G00,
GO01, G02, G03).

Even if the same compensation command (G41, G42) is issued in the compensation mode, the command will be
ignored.

When 4 or more blocks without a movement command are continuously commanded in the compensation mode,
overcutting or undercutting will occur.
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(1) Machining an outside corner

Linear -> Linear (90°<= 0 < 180°)

Linear -> Linear (0° < 8 < 90°)

/N L

% do

Linear -> Circular (90° <= 0 < 180°)

Linear -> Circular (0° < 8 <90°)

PR
T

Circular -> Linear (90° <= 8 < 180°)

Circular -> Linear (0° < 8 < 90°)

(CP)
)

Circular -> Circular (90° <= 8 < 180°)

(CP)

(CP)

(CP) Center of circular
r : Compensation amount

<4—— Program path

127

s : Single block stop point

<4——— Tool center path
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(2) Machining an inside corner

Linear -> Linear (Obtuse angle)

Linear -> Linear (Acute angle)

60

v

v

v

v

Linear -> Circular (Acute angle)

(CP)

Circular -> Linear (Obtuse angle)

)
(CP)

Circular -> Circular (Obtuse angle)

Circular -> Circular (Acute angle)

®
(CP) (CP)

6 cP
\es s (’)
\ /

(CP) Center of circular
r : Compensation amount

<4—— Program path

IB-1501619-A
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(3) When the circular end point is not on the circular
[Spiral circular command]
The area from the arc start point to the end point is interpolated as a spiral arc.

[Normal circular command]
If the error after compensation is within the parameter value, it is interpolated as a spiral arc.

A A
) _ _ .\.\‘\~
AN — (B)
N (E) End point of circular
_ r L (CP) Center of circular
e T r : Compensation amount
e \ s
7/ X -
r / R
(CP)

(4) When the inner intersection point does not exist
In cases such as that shown in the figure below, the intersection point of circulars A and B may not exist depend-
ing on the compensation amount.
In such cases, program error (P152) appears and the tool stops at the end point of the previous block.
In the pattern 1 and 2 in this figure, machining is possible because compensation amount r is small.
In pattern 3, compensation r is so large that an intersection does not exist and program error (P152) will occur.

3 A
2 - >
1 AR -  (CP) Center of circular A
k / o r: Compensation amount
i
<4——— Program path <4-——— Tool center path

Tool radius compensation cancel

If either of the following conditions is met in the tool radius compensation mode, the compensation will be canceled.
However, this must be any movement command except a circular command.
If the compensation is canceled by a circular command, program error (P151) will occur.

(1) The G40 command has been executed.
The cancel mode is established once the compensation cancel command has been read, 5-block pre-reading is

suspended and 1-block pre-reading will be operated.
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Tool radius compensation cancel operation

(1) Machining an inside corner

Linear -> Linear Circular -> Linear

/// s
e
- G40
s
Ve \‘
(E) (E) ° i
(CP)
(E) End point (CP) Center of circular
r : Compensation amount s : Single block stop point
4———  Program path
4----- Tool center path
(2) Machining an outside corner (obtuse angle) [90° <= 6 < 180°]
Linear -> Linear (Type A) Circular -> Linear (Type A)
s
/
el
G40 /
///
// 0
7/
/
(E)
(CP)
Linear -> Linear (Type B) Circular -> Linear (Type B)
s
A
_;
4
/'// r ]
R4
4
G40/
//
/ 6
/
/
(E)
(E) End point (CP) Center of circular
r : Compensation amount s : Single block stop point
4———  Program path
4----- Tool center path
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(3) Machining an outside corner (acute angle) [0 < 90°]

Linear -> Linear (Type A) Circular -> Linear (Type A)
]
r \\
\l
\
\9
\\
\G40
\
\
\
\
(E)
Linear -> Linear (Type B) Circular -> Linear (Type B)
=t (CP)
/ 1
/ Tr
¥
A
% 0
r
~N
N
\\\
G40\\\
\\\
(E)
(E) End point (CP) Center of circular
r : Compensation amount s : Single block stop point
44—  Program path
<4----- Tool center path
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Changing the compensation direction during tool radius compensation

G code Compensation direction
G41 Left-side compensation
G42 Right-side compensation

The compensation direction can be changed by changing the compensation command during the compensation
mode without canceling the mode.

However, it is impossible to change the direction in the compensation start block and the next block.

(1) Linear -> Linear
(a) When there is a point of intersection (A) when the compensation direction is changed.

(b) When there is no point of intersection when the compensation direction is changed.

G41 G441 G42

(2) Linear <-> Circular
(a) When there is a point of intersection (A) when the compensation direction is changed.

(b) When there is no point of intersection when the compensation direction is changed.

G41 G42 G41  G41 G42

<4—— Program path -

Tool center path
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(3) Circular -> Circular
(a) When there is a point of intersection when the compensation direction is changed.

(b) When there is no point of intersection when the compensation direction is changed.

(CP) Center of circular

(4) Linear return

G41
E T ———
G42

<

(5) When the compensation direction is switched using G41/G42, it is possible that the arc may exceed 360°.
If the arc exceeds 360°, compensation will be performed as shown in the figure and uncut section will be left.

G42 GO1 X_Y_;

G41GO2 X_Y_I1_J_;
G42 GO1 X_Y_;
+— Program path <4-——— Tool center path

————————— Section left uncut
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Command for eliminating compensation vectors temporarily

When the following command is issued in the compensation mode, the compensation vectors are temporarily elim-
inated and then, compensation mode will automatically return.

In this case, the compensation is not canceled, and the tool goes directly from the intersection point vector to the
point without vectors, in other words, to the programmed command point. When returning to the compensation
mode, it goes directly to the intersection point.

(1) Reference position return command

Compensation vector temporarily becomes 0 at the intermediate point (Reference position if there is no interme-
diate point).

N5 N6 N7 N8

»lg g g
Ll

<&
[l

(G41) - (CP) Intermediate point
N5 G01 X60. Y30. ;
N6 G28 X50. Y-40. ;
N7 X30.Y-60. ;
N8 X70.Y40.;

(2) The compensation vector will be eliminated temporarily with the G53 command (Basic machine coordinate sys-
tem selection).

<Note>

+*The compensation vectors do not change with the coordinate system setting (G92) command.
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(3) Positioning (GO0) commands
When GO0 command is issued, the tool radius compensation is temporarily canceled.

N1GO1X_Y_F_; 7

4
y N5 GO1,/
N2 GO0 X_Y_; N1 G°/1/ i
N3 GO0 X_Y_: s
N4 GO0 X_Y_: ’

N5 GO1 X_Y_;

N1 GO1 X_Y_F_; TN
N2 GO1 X_Y_:
N3 GO0 X_Y_;
N4 GO0 X_Y_;
N5 GO1 X_Y_;

N1 GO1 X_Y F_; //'\\ N2 GO
N2 GO1 X_Y_; N1 G017
N3 GO1 X_Y_;

N4 GO0 X_Y_; e
N5 GO1 X_Y_; el

N5 G017

N
V4 GOo e
. s
e
N

(4) G33 thread cutting command
Tool radius compensation does not apply to the G33 block.

G33

(5) Compound type fixed cycle for turning machining

When a compound type fixed cycle for turning machining | command (G70, G71, G72, G73) is issued, the nose
radius compensation will temporarily be canceled, since the finished shape already includes the compensation
amount and, upon completion of the cutting, operation will automatically return to the compensation mode.
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Blocks without movement and M commands inhibiting pre-reading

The following blocks are known as blocks without movement.

MO3 ; M command

S12; S command

T45; T command

GO04 X500 ; Dwell

G22 X200. Y150. Z100.; [Machining prohibited region setting

G10 L10 P01 R50 ; Compensation amount setting

G92 X600. Y400. Z500. ;

(G17)Z40 ; Movement outside the compensation plane
G90 ; G code only

G91 X0; Movement amount 0

MO0, M01, M02, and M30 are treated as M codes which prohibit pre-reading.

(1) When command is assigned at start of the compensation

Compensation vector cannot be created when there are four or more successive blocks without movement, or
when pre-reading prohibiting M command is issued.

N1 X30.Y60 ;

N2 G41 ;

N3 G04 X1000 ;

N4 F100 ; Block without movement
N5 S500 ;

N6 M3 ;

N7 X20.Y-50. ;

N8 X50.Y-20. ;

N2, 3,4,5,6

(2) When commanded during the compensation mode

IB-1501619-A

Compensation vector will be created as normal when there are not four or more successive blocks without move-
ment, or when pre-reading prohibiting M command is not issued.

N6 G91X100. Y200. ;

N7 G04 X1000 ; ... Block without movement \
N8 X200 ; ———
/N7 N8
/1
/
//NG

Block N7 is executed at N7 in the figure.

When four or more blocks without movement follow in succession or if there is a pre-reading inhibiting M code,
the compensation vectors are created perpendicularly at the end point of the previous block. In this case, a cut
may occur.

N6 X100. Y200. ;
N7 G04 X1000 ;

Y

; SN T
N8 F100 ; , } N ——
N9 S500 ; Block without movement // N7~ N10
N10 M4 ; /
. /
N11 X100 ; // N6

/
/
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(3) Compensation cancel alone

(a) GO1 precedes the block containing G40: Compensation is canceled by a movement command following G40.
(b) GO0 precedes the block containing G40: Compensation is canceled by a GO0 command before G40.

(@) —_———— (b) ,_————
. /4 . 7
N10GO1 X__Y_; RENY N20 GO1 X__Y_; K
N11 G40; N21GOOX__ Y _;
N12GO0OX__ Y _ ; N10 N22 G40;
<Note>

+ In program (a), if G13.1 is commanded after G40 without a movement command, cancellation is done at

G13.1 block.

Corner movement

When a multiple number of compensation vectors are created at the joints between movement command blocks,
the tool will move in a straight line between these vectors.

This action is called corner movement.

When the vectors do not coincide, the tool moves in order to machine the corner although this movement is part and
parcel of the joint block. Consequently, in the single block mode, the previous block + corner movement will be ex-
ecuted as a single block and the remaining joint movement + following block will be executed as a single block in

the next operation.

137

(CP) Center of circular
r: Compensation amount
s: Stop point with single block

«4——— Program path

<4——— Tool center path
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6.8.9.2 Interference Check

E Function and purpose

When tool radius is larger than the program path, a tool, compensated for by the tool radius compensation function,
may sometimes cut into the workpiece. This is known as interference, and interference check is the function which
prevents this from occurring.

The table below shows the three functions of interference check and each can be selected for use by parameter.

Function Parameters Operation
#8102 #8103
COLL. ALM | COLL. CHK
OFF OFF
(1) |Interference check 0 0 Operation stops with a program error (P153) be-
alarm function fore executing a block which will cause cutting.
(2) |Interference check 1 0 The tool path is changed to prevent cutting from
avoidance function occurring.
If the path cannot be changed, a program error
(P153) occurs and the program will be stopped.
(3) |Interference check in- 0/1 1 Cutting continues as is, even if the workpiece is
valid function cut into.
Use in the micro segment program.

m Detailed description

Conditions viewed as interference

When there is a movement command in three of the five pre-read blocks, and if the compensation calculation vectors
which are created at the contacts of movement commands intersect each other, it will be viewed as interference.

N1 N3

N2

r : Compensation amount
(a) Vectors intersect

¢—— Program path
4----- Tool center path
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(Example 1) When operating a program including a short segment with a tool with a large radius, cutting will occur
in the shaded section.

(G41)

N1 G01 X50. Y-100. ;
N2 X70. Y-100. ;

N3 X120. YO ;

(1) With alarm function

An alarm is output before N1 is executed. The buffer correction function can thus be used to change N1
to the following, enabling machining to continue: N1 G01 X20. Y-40.;

(2) With avoidance function

The intersection of N1 and N3 is calculated to create interference avoidance vectors.
Tool center path is (a) -> (e).

(3) With interference check invalid function

The tool passes while cutting the N1 and N3 line.
Tool center path is (a)->(b)->(c)->(d)->(e).
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(Example 2) When operating a program including a small circular with a tool with a large radius, cutting occurs near
the start point/end point of the circular in the following figure.

2) @) _ @
& o™ -

Interference check processing
Vectors (1) (4)' check -> No interference

!
Vectors (2) (3)' check -> No interference

!

Vectors (3) (2)' check -> Interference -> Erase vectors (3) (2)'

!
Erase vectors (4) (1)’

(1) With alarm function.
The alarm occurs before N1 is executed.
(2) With avoidance function.

With the above process, the vectors (1), (2), (3)' and (4)' will remain as the valid vectors. The tool center
path will follow the path that connects vectors (1), (2), (3)' and (4)', as the interference avoidance path.

4¢=--- (Thick broken line path)

(3) With interference check invalid function.

The tool center path will follow the path that connects (1), (2), (3), (4), (1), (2)', (3)', (4)', as the interference
avoidance path while cutting.

<4----- - (Thin broken line path)

When interference check cannot be executed

(1) When three of the movement command blocks cannot be pre-read
(when there are three or more blocks in the five pre-read blocks that are not moving)

(2) When there is an interference following the fourth movement block
(a) Interference check is not possible

¢—— Program path
4----- Tool center path
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Operation when interference avoidance function is valid

The movement will be as shown below when the interference avoidance check is valid.

/\
N1 N3
N2
(a) Program path (b) Tool center path
orfERasSassnsssssonsssasonsssocon
PrLs 'y
JPttas /
=s=sssssosonong ,/
N L —><— Vel
‘&— 7 N2 N3
% /
N1
e
/
/------------------------_--_--_-;-_--_-a-a-_--_--_--
* i
Y NN
l .= — ] »
1 Ll
74
N1 r (CP)
44—  Program path
4----- Tool center path without interference check
&--------- Tool center path when interference is avoided (*: Linear movement)
4— Valid vector
4----- Invalid vector
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If all of the line vectors for the interference avoidance are deleted, create a new avoidance vector as shown in below
to avoid the interference.

Tool center path (*1)

Program path

Tool center path 2 (*1)
Tool center path 1 (*1)

Program path
(a) Avoidance vector

(*1) Tool center path when interference is avoided

In the case of the figure below, the groove will be left uncut.

= <€——— Program path

4----- Tool center path

D —— Tool center path when interference is avoided
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Interference check alarm operation
The interference check alarm occurs under the following conditions.
(1) When the interference check alarm function has been selected
When all the vectors at the end of its own block have been deleted.
When, as shown in the figure below, vectors 1 through 4 at the end point of the N1 block have all been deleted,
program error (P153) will occur prior to N1 execution.

P153

N1

N2

(2) When the interference check avoidance function has been selected

(Example 1) When there are valid vectors at the end point of the following blocks even when all the vectors at
the end point of its own block have been deleted.

When, in the figure below, the N2 interference check is conducted, the N2 end point vectors are all
deleted but the N3 end point vectors are regarded as valid.

When, in the figure below, the N2 interference check is conducted, the N2 end point vectors are all
deleted but the N3 end point vectors are regarded as valid. Program error (P153) now occurs at the
N1 end point and the operation stops.

In the case shown in the figure below, the tool will move in the reverse direction at N2.
Program error (P153) now occurs before executing N1 and the operation stops.

1234
P153
-] -4
N1 N4
N2 \|/ N3
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(Example 2) When avoidance vectors cannot be created.

Even when, as in the figure below, the conditions for creating the avoidance vectors are satisfied,
it may still not be possible to create avoidance vectors, or the interference vectors may interfere

with N3.
Program error (P153) will occur at the N1 end point when the vector intersecting angle is more than

90° and the operation will stop.
P153

P153 4

A\ 4

N1

N2

N4
N2 Y R —— 6

4 N4 N yd

(Example 3) When the program advance direction and the advance direction after compensation are reversed.

When grooves, narrower than the tool radius with parallel or widening bottom, are programmed, it
will still be regarded as interference even if there is actually no interference.
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(Example 4) Command for eliminating compensation vectors temporarily.

Interference check will be executed even at the end point of the block right before the command to
eliminate compensation vectors temporarily, as well as when the command is not issued.

It may be regarded as an interference even if there is actually no interference. If regarded as an
interference, program error (P153) will occur.

In the figure below, only vector 1 is left as an end point vector in N2 because of the N3 G53 com-
mand to temporarily eliminate compensation vectors. However, the interference check will still be
conducted to vector 1 to 4 and an interference will be detected.

Program error (P153) now occurs at the end point of the previous block and the operation stops.

N1(G01)

44— Program path
<4----- Tool center path

Tool center path when the interference check is invalid

Tool center path when the interference check is invalid in N3 due to a com-
mand (GO01 etc.) not to eliminate compensation vectors.

4— Valid vector

4----- Invalid vector (Invalid, however, subject to interference check)
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6.8.10 Relationship between Milling Interpolation and Other Functions

E Relationship with other functions

Program support functions

The following program support functions are valid in milling mode:

1) Linear angle command
2) Variable commands
3) Automatic corner chamfering/corner rounding

5) Hole drilling cycle

(
(
(
(4) Geometric function
(
(6) Subprogram function
(

7) User macro

Restart search

(1) Restart search cannot be performed for all blocks after milling mode is started. The program error (P49) occurs.

Miscellaneous functions

(1) M and B commands can be issued in milling mode.
(2) In milling mode, an S command specifies not the spindle rotation speed but the rotary tool speed.
(3) Ifa T command is issued in milling mode, the program error (P485) occurs. Therefore, select the tool before is-

suing G12.1.
T1212 ; Specify a T command before a G12.1 command.
G00 X100. Z0. ;
G121 ; (or G12.1 E=C,DO ;)
T1200 ; In a milling mode, a T command causes the program error (P485).
G13.1 ;
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(4) Complete the tool compensation operation (movement of tool length and wear compensation amount) before
executing the milling interpolation.
If the tool compensation operation is not completed when the milling interpolation start command has been is-
sued, the operations are as follows:

+Machine coordinate does not change even if G12.1 is executed.
*When G12.1 is executed, the workpiece coordinate changes to that of the post tool length compensation.
(Even if the milling interpolation is canceled, this workpiece coordinate does not canceled.)

(Example)
Workpiece coordinate offset (X axis) = 20
Tool compensation amount of T0101 (X axis) = 100

Setting to perform compensation operation by movement command after T command

<Machining program> <Workpiece coordinate> <Machine coordinate>
: [X axis] [C axis] [X axis] [C axis]
G00 X200. CO.; 200. 0. 220. 0.

T0101; 200. 0. 220. 0.
G12.1; 100. 0. 220. 0. <-The workpiece coordinate system
is shifted (without moving the axis)

G01 X50. F1000; 50. 0. 170. 0.

Operation switching for circular interpolation in the center of a workpiece (G17)

Refer to "Operation switching for circular interpolation in the center of a workpiece" in "6.10 Polar Coordinate Inter-
polation; G12.1, G13.1/G112, G113 (Only 6 and 7 in G Code List)". In this case, read "polar coordinate plane" in the
text as "G17 plane".
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6.9 Cylindrical Interpolation; G07.1

E Function and purpose

This function develops a shape on the side of a cylinder (shape in a cylindrical coordinate system) into a plane.
When the developed shape is programmed as the plane coordinates, it will be converted into a linear axis movement
and rotation axis (hypothetical C axis) movement in the original cylindrical coordinates to conduct contour control

when machining.

As programming can be carried out to the developed shape of the side of the cylinder, this is effective for machining
cylindrical cams, etc. When programmed with the rotary axis and its orthogonal axis, grooves and other shapes can
be machined on the side of the cylinder.

— 00‘

2nr

- 360°-"

E Command format

Cylindrical interpolation mode start

‘G07.1 Rotary axis name, rotation radius value; ‘

‘G107 Rotary axis name, rotation radius value; ‘

Rotary axis name Axis name assigned to rotary axis

Rotation radius value Command a value other than "0".
When a value other than "0" is commanded, the cylindrical interpolation mode
starts.

Cylindrical interpolation mode cancel

‘G07.1 Rotary axis name 0; ‘

‘G107 Rotary axis name 0; ‘
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m Detailed description

(1) The cylindrical interpolation is carried out between the rotary axis designated in the G07.1 block and another
linear axis. (The following example shows a case in which the rotary axis name is set to "C".)

G19; Plane selection
G07.1 C20.; Cylindrical interpolation mode start (Cylindrical interpolation will start.)

: (The coordinate commands in this interval will be the cylindrical coordinate system)
G07.1 CO; Cylindrical interpolation mode cancel (Cylindrical interpolation will be canceled.)

(2) G107 can be used instead of G07.1.

(3) Command G07.1 alone in a block. If it is commanded in the same block with other G code, a program error (P33)
will occur.

(4) The cylindrical interpolation mode is canceled when the power is turned ON or at resetting.

(5) Linear interpolation or circular interpolation can be commanded during the cylindrical interpolation mode. Note
that the plane selection command must be issued just before or after the G07.1 block.

(6) The coordinate commands can be both an absolute command or incremental command.

(7) Tool radius compensation can be applied on the program command. Cylindrical interpolation will be executed to
the path after it has gone through a tool radius compensation.

(8) Command the tangent speed on the developed cylinder by F. F is in mm/min or inch/min unit.

(9) A program error (P484) will occur if any axis commanded during cylindrical interpolation has not completed the
reference position return.

(10) The deceleration check is made for the cylindrical interpolation start command block.

Cylindrical interpolation accuracy

In the cylindrical interpolation mode, the movement amount of the rotary axis commanded with an angle is converted
into distance on a circle periphery, and after calculating the linear and circular interpolation between the other axes,
the amount is converted into an angle again.

Thus, the actual movement amount may differ from the commanded value such as when the cylinder radius is small.
Note that the gap generated by this will not be cumulated.

Cylindrical interpolation mode cancel

(1) To cancel the cylindrical interpolation mode, the following condition must be satisfied.

+Tool radius compensation is canceled.

(2) When the cylindrical interpolation mode is canceled, the plane selected before the cylindrical interpolation will be
restored.

(3) The deceleration check is made for the cylindrical interpolation cancel command block.
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Plane selection
The axis used for cylindrical interpolation must be set with the plane selection command.

Use parameters (#1029, #1030 and #1031) to set which parallel axis corresponds to the rotary axis.

The circular interpolation and tool radius compensation, etc., can be designated on that plane.

The plane selection command is set immediately before or after the G07.1 command. If a movement command is
issued without this command, a program error (P485) will occur.

(Example)
G19 Z0. CO. ; Plane selection command for cylindrical interpolation, and 2-axis com-
mand of Z axis and C axis for interpolation

G07.1 C100.; Cylindrical interpolation start

G07.1CO; Cylindrical interpolation cancel

-
.

Basic coordinate system

XY.Z G17 G18 G19

Cylindrical coordinate Y c
system A
c,Y,z

(Rotary axis is X axis' par-
allel axis)

#1029

o

G17 G18

Cylindrical coordinate c z
system ‘
X,C,z

(Rotary axis is Y axis' par-
allel axis)

#1030

G17 G19

Cylindrical coordinate X c
system

X,Y,C

(Rotary axis is Z axis' par-
allel axis)

#1031

o

G18 G19
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@ Program example

<Program>

NO1 G28 XZC ;

NO02 T0202 F500 ;

NO3 G97 S100 M23 ;

N04 GO0 X50. Z0. ;

NO05 G94 G01 X40. F100. ;

NO6 G19 CO Z0 ;

NO7 G07.1 C20. ;

NO8 G41 ;

NO9 G01 Z-10. C80. F150 ;
N10 Z-25. C90. ;

N11 Z-80. C225. ;

N12 G03 Z-75.C270. R55. ;
N13 GO01 Z-25. ;

N14 G02 Z-20.C280. R80. ;
N15 G01 C360. ;

N16 G40 ;

N17 G07.1 CO ;

N18 GO1 X50. ;

N19 GO0 X100. Z100. ;
N20 M25 ;

N21 M30 ;

<Parameters>
#1029 aux_|
#1030 aux_J C
#1031 aux_K

Plane selection command for cylindrical interpolation and two axes

command for interpolation
Cylindrical interpolation start

Cylindrical interpolation cancel

| I

I I

I [ /I/

: | N10 NO9| 100
I

-20  (mm)
I 50
|
I
: 150
I 200
I
: 250
IN14
300
350°
N15
\J
C
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E Relationship with other functions

Circular interpolation

(1) Circular interpolation between the rotary axis and linear axis is possible during the cylindrical interpolation mode.

(2) Only the R specification command (mm/inch) is available for circular interpolation. (I, J and K cannot be desig-

nated.)

Tool radius compensation/tool nose radius compensation

The tool radius can be compensated during the cylindrical interpolation mode.

(1) Command the plane selection in the same manner as circular interpolation.

When using tool radius compensation, start up/cancel the compensation in the cylindrical interpolation mode.

(2) A program error (P485) will occur if GO7.1 is commanded during tool radius compensation.

(3) If the GO7.1 command is issued with no movement command after the tool radius compensation has been can-

celed by commanding G40 alone, the position of the axis in the G07.1 command block is interpreted as the po-
sition applied after the tool radius compensation has been canceled and the following operations are performed.

Miscellaneous functions

(1) The miscellaneous functions (M) and 2nd miscellaneous functions (B) can be issued in the cylindrical interpola-

tion mode.

(2) The S command in the cylindrical interpolation mode specifies the rotary tool's rotation speed instead of the spin-

dle rotation speed.

Tool length compensation

(1) Issue the T command before starting cylindrical interpolation. Program error (P485) will occur if T command is

issued in the cylindrical interpolation mode.

T1212; T command before cylindrical interpolation -> Valid
G00 X100. Z0. ;

G19ZC;

G07.1 C100. ;

T1200; T command in cylindrical interpolation mode -> Program error

G07.1 CO;

(2) Complete the tool compensation operation (movement of tool length and wear compensation amount) before

IB-1501619-A

executing the cylindrical interpolation.

If the tool compensation operation is not completed when the cylindrical interpolation start command is issued,
the followings will occur:

The workpiece coordinate system shifts so that the relationship between the machine coordinate position and
workpiece coordinate position matches the "positional relationship after the tool compensation has been com-
pleted" without actually moving the axis.

The workpiece coordinate system shifted here is not reset even if the cylindrical interpolation is canceled. The
subsequent operations are performed, assuming that the tool compensation operation has been completed.
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Feed mode and F command before and after cylindrical interpolation mode

The operation varies depending on whether the synchronous feed is valid or invalid during cylindrical interpolation.
Whether the synchronous feed is valid or invalid depends on the MTB specifications (parameter "#1293 ext29"/bit0).

(1) When the synchronous feed is invalid (#1293 ext29/bit0 = 0):

Only the asynchronous feed is valid during the cylindrical interpolation mode.
If the synchronous feed command (G95) is issued during the cylindrical interpolation mode, a program error

(P481) will occur.

The operation to be performed when the cylindrical interpolation mode is started or canceled varies depending

on the feed mode that is specified before the cylindrical interpolation mode is started.

Feed mode before

Operation in cylindrical interpolation mode

start (At start/cancel)
Asynchronous feed |The previous feed mode (asynchronous feed) and the feedrate designated with the F
(G94) command are inherited when the cylindrical interpolation mode is started or canceled.
Synchronous feed |When the cylindrical interpolation mode is started, the asynchronous mode is enabled
(G95) forcibly, and the feedrate is canceled.

After the cylindrical interpolation mode has been started, designate the feedrate using
the F command.

A program error (P62) will occur if the F command is not designated.

When the cylindrical interpolation mode is canceled, the setting returns to the feed
mode (synchronous feed) and feedrate before the cylindrical interpolation mode
starts.

(2) When the synchronous feed is valid (#1293 ext29/bit0 = 1):
Both the synchronous feed and asynchronous feed are valid during the cylindrical interpolation mode.

The feed mode and feedrate remain unchanged and take over the previous state when the cylindrical interpola-

tion mode is started or canceled.

Synchronous

Change of feed mode and feedrate

feed function

valid/invalid | Before the cylindrical in- | When the cylindrical in- |When the cylindrical interpo-
(#1293 bit0) terpolation mode starts | terpolation mode starts lation mode is canceled

Invalid Asynchronous feed Asynchronous feed Asynchronous feed

Feedrate just before start |Feedrate just before cancel

Synchronous feed Asynchronous feed Synchronous feed

Feedrate = 0 (Cancel) Feedrate before cylindrical in-
terpolation starts

Valid Asynchronous feed Asynchronous feed Feed mode just before the

mode is canceled
Feedrate just before start |Feedrate just before cancel

Synchronous feed Synchronous feed

Feedrate just before start

Cylindrical interpolation coordinate system

In the cylindrical coordinate system of the rotary axis for cylindrical interpolation, the coordinate positions depend
on the MTB specifications (#1270 ext06/bit7).

Parameter set- Coordinate position of rotary axis in cylindrical coordinate system
ting
(#1270 bit7)
0 In this coordinate system, the rotary axis position is set to "0" when the cylindrical inter-
polation start command is issued.
1 The workpiece coordinate positions just before the cylindrical interpolation starts are also
continued to be used during cylindrical interpolation.
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Cylindrical interpolation function: Combinations of G code commands

The table below shows whether G codes are available during the cylindrical interpolation mode (G07.1).

o: This function is available during the cylindrical interpolation mode.
A: This function is available, however, it is partially restricted.
x: Alarm generation (the text in parentheses refers to the number of the program error to be generated.)

Group G code (G code list: 3) Availability

0 G04 o
G09 o
G10 x (P481)
G11 x (P481)
- (G22(%)) o
- (G23(%)) )
G27 x (P481)
G28 x (P481)
G29 x (P481)
G30 x (P481)
G30.1 x (P481)
G30.2 x (P481)
G30.3 x (P481)
G304 x (P481)
G30.5 x (P481)
G31 x (P481)
G31.1 x (P481)
G31.2 x (P481)
G31.3 x (P481)
G37 (G36/G37,G37.1,G37.2(*)) x (P481)
G92 x (P481)
- (G50.2,G250(*)) o
- (G51.2,G251(*%)) x
G92.1 x (P481)
G52 x (P481)
G53 x (P481)
G65 o
G110 x (P501)
G111 x (P411)
G113 o
G114.1 o
G114.2 x
G114.3 x
G115 x (P481)
G116 x (P481)
G117 x (P481)
G122 )
G125 o (*1)
G126 x (*2)
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Group G code (G code list: 3) Availability
0 G140 x (P501)
G141 x (P501)
G142 x (P501)
G144 o
G145 o
G156 x (*2)
1 G00 o
G01 o
G02 o (*3)
G03 o (*3)
G2.3 x (P481)
G3.3 x (P481)
G33 x (P481)
G34 x (P481)
G35 x (P481)
G36 x (P481)
2 G16 o
G17 o
G18 o
G19 o
3 G90 o
G9I1 o
4 G22 o
G23 o
5 G9%4 o
G95 x (P481)
6 G20 x (P481)
G21 x (P481)
7 G40 o
G41 o
G42 o
G46 x (P481)
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Group G code (G code list: 3) Availability
9 G70 x (P204/P481)
G71 x (P481)
G72 x (P481)
G73 x (P481)
G74 x (P481)
G75 x (P481)
G76 x (P481)
G76.1 x (P210)
G76.2 x (P210)
G83.2 o
G80 o
G81 o
G82 o
G83 o
G83.1 o
G84 o
G84.1/G84.2 o
G85 o
9 G87 o
G88 o
G88.1 o
G89 o
G77 x (P481)
G78 x (P481)
G79 x (P481)
10 G98 o
G99 o
12 G54 x (P481)
G55 x (P481)
G56 x (P481)
G57 x (P481)
G58 x (P481)
G59 x (P481)
G54.1 x (P481)
13 G61 o
G61.1 o (*4)
13/19 G62 x (P481)
G63 x (P481)
G64 o
14 G66 o
G66.1 o
G67 o
15 G68 x (P481)
G69 x (P481)
- (G68(*)) x (P481)
- (G69(*)) x (P481)
16 G68.1 x (P481)
G69.1 x (P481)
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Group G code (G code list: 3) Availability

17 G96 x (P481)
G97 o

18 G14 x (P481)
G15 x (P481)

19 - (G07.1/G107(*)) A (*5)
- (G12.1/G112(%)) x (P481)
- (G13.1/G113(*)) x (P481)

20 G43.1 x (P34)
G441 x (P34)
G471 x (P34)

24 G188 x (P29)
G189 x (P29)

(*) Only applies to G code lists 6 and 7

(*1) Only the command for the reference axis is available.

(*3) The R specification is possible.

)

(*2) The operation error (M01 1004) will occur.
)
)

(*4) To enable the GO8P1 or G61.1 (high-accuracy control) mode during the G07.1 (cylindrical interpolation) or
G12.1 (polar coordinate interpolation) mode or to enable the G07.1 (cylindrical interpolation) or G12.1 (polar
coordinate interpolation) mode during the GO8P1 or G61.1 (high-accuracy control) mode, you need to en-
able the axis-specific acceleration tolerance control (optimum acceleration control). (The validity of these

functions depends on the MTB specifications.)

If the cylindrical interpolation or polar coordinate interpolation command is issued during the high-accuracy

control mode while the functions above are invalid, a program error (P126) will occur.

Also, if the high-accuracy control command is issued during the cylindrical interpolation or polar coordinate
interpolation mode, a program error (P481) will occur.

(*5) Only the cylindrical interpolation mode cancel command is available. If the cylindrical interpolation command

is re-issued, a program error (P481) will occur.

W Restrictions and precautions

(1) The cylindrical interpolation mode is canceled when the power is turned ON or reset.

(2) Program cannot be restarted (program restart) when the block is in the cylindrical interpolation.

(3) The cylindrical interpolation command cannot be issued in mirror image (parameter/external input ON). If the
command is issued, a program error (P486) will occur.

(4) A program error (P481) will occur if the cylindrical interpolation command (G07.1), the polar coordinate interpo-
lation command (G12.1), or the milling interpolation command (G12.1) is issued again during the cylindrical in-
terpolation mode.
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6.10 Polar Coordinate Interpolation; G12.1, G13.1/G112, G113 (Only 6 and 7
in G Code List)

E Function and purpose

This function converts the commands programmed with the orthogonal coordinate axis into linear axis movement
(tool movement) and rotary axis movement (workpiece rotation), and controls the contour.
The plane that uses the linear axis as the plane's 1st orthogonal axis, and the intersecting hypothetical axis as the
plane's 2nd axis (hereafter "polar coordinate interpolation plane") is selected. Polar coordinate interpolation is car-
ried out on this plane. The workpiece coordinate system zero point is used as the coordinate system zero point
during polar coordinate interpolation.

Linear axis

'/ //
Rotary axis (Hypothetical
—
/ Polar coordinate interpo-
m lation plane
(G17 plane)

This is effective for cutting a notch in a linear line to the external diameter of the workpiece, for cutting cam shafts,
etc.

E Command format

Polar coordinate interpolation mode start

G121 ;

Polar coordinate interpolation mode cancel

G13.1;
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m Detailed description

(1) The coordinate commands in the interval from the start to cancellation of the polar coordinate interpolation mode
will be polar coordinate interpolation.

G12.1; Polar coordinate interpolation mode start
(Polar coordinate interpolation starts.)

(The coordinate commands in this interval will be the polar coordinate interpolation.)

G13.1; Polar coordinate interpolation mode cancel
(Polar coordinate interpolation is canceled.)

(2) G112 and G113 can be used instead of G12.1 and G13.1.

(3) G12.1 must be commanded alone in a block, which also applies to G13.1. If it is commanded in the same block
with other G code, the program error (P33) occurs.

(4) Linear interpolation or circular interpolation can be commanded during the polar coordinate interpolation mode.
(5) Both absolute command and incremental command can be specified for the coordinate command.

(6) Tool radius compensation can be applied on the program command. Polar coordinate interpolation is executed
to the path after it has gone through a tool radius compensation.

(7) For the feedrate, command the tangent speed in the polar coordinate interpolation plane (orthogonal coordinate
system) by F. F is in mm/min or inch/min unit.

(8) When the G12.1/G13.1 command is issued, the deceleration check is executed.

Plane selection

The linear axis and rotary axis used for polar coordinate interpolation depend on the MTB specifications (parameter
#1533).

(1) The deemed plane to perform polar interpolation is determined by the parameter (#1533) of the linear axis used
for polar interpolation.

#1533 setting value Deemed plane
X G17 (XY plane)

Y G19 (YZ plane)

z G18 (ZX plane)

Blank (no setting) G17 (XY plane)

(2) The program error (P485) occurs if the plane selection command (G16 to G19) is issued during the polar coor-
dinate interpolation mode.

<Note>
+Depending on the model or version, the parameter (#1533) may not be provided. In this case, the operation is
the same as when the parameter (#1533) is blank (no setting).

Related parameter

#1516 mill_ax (Milling axis name)
#1517 mill_c (Milling interpolation hypothetical axis name)

#8111 (Milling Radius)
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@ Program example

Hypothetical C axis

A

Tool

— — — p» Path after tool radius compensation

p» Programmed path

<Program>

T0101;

NO1 G17 G90 GO0 X40.0 CO Z0; Setting of start position

NO02 G12.1; Polar coordinate interpolation mode: Start
NO3 G01 G42 X20.0 F2000; Actual machining start

N04 C10.0;

NO05 G03 X10.0 C20.0 R10.0;

NO06 G01 X-20.0; Shape program

NO7 C-10.0;

NO08 G03 X-10.0 C-20.0 110.0 JO; (Depends on orthogonal coordinate positions on X-C hypothetical axis

plane.)

N09 G01 X20.0;

N10 CO;

N11 G40 X40.0;

N12 G13.1; Polar coordinate interpolation mode: Cancel
M30 ;
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E Relationship with other functions

Program commands during polar coordinate interpolation

(1) The program commands in the polar coordinate interpolation mode are issued by the orthogonal coordinate val-
ue of the linear axis and rotary axis (hypothetical axis) on the polar coordinate interpolation plane.
The axis address of the rotary axis (C) is specified as the axis address for the plane's 2nd axis (hypothetical axis)
command.
The command unit is not deg (degree). Issue the command with the unit (mm or inch) that is the same as the
unit of the plane's 1st axis (linear axis) address.

(2) The hypothetical axis coordinate value at the time G12.1 is commanded is "0". In other words, the position where
G12.1 is commanded is interpreted as an angle of "0" degree, and the polar coordinate interpolation is started.

Circular interpolation on polar coordinate plane

The arc radius address for carrying out circular interpolation during the polar coordinate interpolation mode is deter-
mined with the linear axis parameter (#1533).

#1533 setting value Center designation command
X I, J (polar coordinate plane is interpreted as XY plane)
Y J, K (polar coordinate plane is interpreted as YZ plane)
Z K, | (polar coordinate plane is interpreted as ZX plane)
Blank (no setting) I, J (polar coordinate plane is interpreted as XY plane)

The arc radius can also be designated with the R command.

‘ Note

(1) Depending on the model or version, the parameter (#1533) may not be provided. In this case, the operation is
the same as when the parameter (#1533) is blank (no setting).

Tool radius compensation

The tool radius can be compensated during the polar interpolation mode.

(1) Command the plane selection in the same manner as polar coordinate interpolation.
To conduct tool radius compensation, it must be started up and canceled during the polar coordinate interpola-
tion mode.

(2) The program error (P485) occurs if polar coordinate interpolation is executed during tool radius compensation.

(3) If the G12.1 or G13.1 command is issued with no movement command after the tool radius compensation is can-
celed, the position of the axis in the G12.1 or G13.1 command block is interpreted as the position after the tool
radius compensation is canceled and the subsequent operations are performed.

Cutting asynchronous feed

(1) The asynchronous mode is forcibly set when the polar coordinate interpolation mode is started.

(2) When the polar coordinate interpolation mode is canceled, the synchronous mode returns to the state before the
polar coordinate interpolation mode was started.

(3) The program error (P485) occurs if G12.1 is commanded in the constant surface speed control mode (G96).

161 IB-1501619-A



M800V/M80V Series Programming Manual (Lathe System) (1/2)
6 Interpolation Functions
6.10 Polar Coordinate Interpolation; G12.1, G13.1/G112, G113 (Only 6 and 7 in G Code List)

Miscellaneous functions
(1) The miscellaneous function (M) and 2nd miscellaneous function can be issued in the polar coordinate interpola-
tion mode.

(2) The S command in the polar coordinate interpolation mode specifies the rotary tool's rotation speed instead of
the spindle rotation speed.

(3) Issue the T command before starting polar coordinate interpolation. The program error (P485) occurs if T com-
mand is issued in the polar coordinate interpolation mode.

T1212; T command before polar coordinate interpolation -> Valid

G00 X100. Z0. ;

G12.1;

T1200; T command in polar coordinate interpolation mode -> Program error
G13.1;

(4) Complete the tool compensation operation (movement of tool length and wear compensation amount) before
executing the polar coordinate interpolation.
If the tool compensation operation is not completed when the polar coordinate interpolation start command has
been issued, the operations are as follows:

+Machine coordinate does not change even if G12.1 is executed.
*When G12.1 is executed, the workpiece coordinate changes to that of the post tool length compensation.
(Even if polar coordinate interpolation is canceled, this workpiece coordinate is not canceled.)

F command during polar coordinate interpolation

As for the F command during polar coordinate interpolation mode, whether to use the previous F command depends
on the previous mode of the feed per minute command (G94) or feed per rotation command (G95).

(1) When G94 is commanded just before G12.1

If there is no F command in the polar coordinate interpolation, the feedrate of the previous F command is used
as is.

After the polar coordinate interpolation mode is canceled, the feedrate of the F command issued at the start of
the polar coordinate interpolation mode or the feedrate of the F command issued last during polar coordinate
interpolation will continue to be the feedrate.

(2) When G95 is commanded just before G12.1
The previous F command feedrate cannot be used during polar coordinate interpolation. A new F command must
be issued.

The feedrate after the polar coordinate interpolation mode is canceled returns to the state before the polar coor-
dinate interpolation mode was started.

[When there is no F command in G12.1]

Previous mode No F command After G13.1
G94 Previous F is used (Same as on the left)

G95 Program error (P62) F just before G12.1 is used
[When F is commanded in G12.1]

Previous mode With F command After G13.1
G94 Commanded F is used (Same as on the left)

G95 Commanded F is used (*1) F just before G12.1 is used

(*1) Moves with the feed per minute command during G12.1.
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Hole drilling axis in the fixed cycle for drilling command

Hole drilling axis in the fixed cycle for drilling command during the polar coordinate interpolation is determined with
the linear axis parameter (#1533).

#1533 setting value Hole drilling axis
X Z (polar coordinate plane is interpreted as XY plane)
Y X (polar coordinate plane is interpreted as YZ plane)
Z Y (polar coordinate plane is interpreted as ZX plane)
Blank (no setting) Z (polar coordinate plane is interpreted as XY plane)

Operation switching for circular interpolation in the center of a workpiece

In circular interpolation that passes through the center of the workpiece, a large movement occurs on the C axis
when the axis passes through the center of the workpiece. By using the parameter "#19104 G12.1 no reversal", you
can switch whether the rotation direction of the C axis at that time to be a short rotation or the previous rotation di-
rection to be maintained. Set "0" to make a short turn, and set "1" to maintain the rotation direction up to that point.
The parameter "#19104 G12.1 no reversal" can be switched only for the movement of the timing when the axis pass-
es through the center of the workpiece. Specify the range to be judged as the center of the workpiece using the
parameter "#19105 G12.1 zero range".

If one axis on the polar coordinate plane crosses the quadrant and the other axis is within the range of the parameter
"#19105 G12.1 zero range", it is assumed that the axis have passed through the center of the workpiece.

The rotation direction of the C axis that is used immediately before the position of the axis on the polar coordinate
plane enters the range specified with the parameter "#19105 G12.1 zero range" is set as the rotation direction of the
C axis used when the quadrant is switched.

[Timing to acquire the rotation direction of the C axis used when the quadrant is switched]

(1) Circular command direction

(2) Timing to acquire the movement direction of the C axis
(

(

3) Range specified with the parameter #19105

4) Timing at which the C axis rotates in the same direction as (2)
! (When the parameter #19104 is set to "1")

©)

When the parameter #19104 is set to "1", adjust the setting value of the parameter #19105.

The movement of the C axis becomes unstable near the center of the workpiece; therefore, set the parameter
#19105 to a value larger than "0.0". Execute the machining program including the target circular interpolation and
check the rotation direction of the C axis at the center of the workpiece. If there is no problem, the setting is com-
pleted.

If the rotation direction of the C axis that passes through the center of the workpiece is not improved, change the
setting value of the parameter #19105 to a larger value.

‘ Note

(1) If the arc does not pass through the center of the workpiece, the direction does not change suddenly when the
quadrant is switched, so set the parameter #19104 to "0".

(2) In the case of an arc of which the start point is near the center of rotation (the start point is within the range spec-
ified with the parameter #19105), the rotation direction of the C axis used at the time of quadrant switching is
shortcut regardless of the setting of the parameter #19104. Therefore, set the start point of the arc away from
the center of the workpiece (outside the range specified with the parameter #19105).
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m Restrictions and precautions

(1) The following G code commands can be used during the polar coordinate interpolation mode.

G Code Details
GO0 Positioning
GO01 Linear interpolation
G02 Circular interpolation (CW)
GO03 Circular interpolation (CCW)
G04 Dwell
G09 Exact stop check
G22/23 Chuck barrier ON/OFF
G40-42 Tool radius compensation
G61 Exact stop mode
G64 Cutting mode
G65 Macro call (simple call)
G66 Macro modal call (modal call)
G66.1 Macro modal call (block call per macro)
G67 Macro modal call cancel (modal call cancel)
G80-89 Fixed cycle for drilling
G90/91 Absolute command/Incremental command
G9%4 Asynchronous feed
G98 Hole drilling cycle initial return
G99 Hole drilling cycle R point return

The program error (P481) may occur if a G code other than those listed above is commanded during polar co-
ordinate interpolation.

(2) Program cannot be restarted (program restart) when the block is in the polar coordinate interpolation.

(3) Before commanding polar coordinate interpolation, set the workpiece coordinate system so that the center of the
rotary axis is at the coordinate system zero point. Do not change the coordinate system during the polar coordi-
nate interpolation mode. (G50, G52, G53, relative coordinate reset, G54 to G59, etc.)

(4) The feedrate during polar coordinate interpolation is the interpolation speed on the polar coordinate interpolation
plane (orthogonal coordinate system).
(The relative speed with the tool varies according to the polar coordinate conversion.)
When passing near the center of the rotary axis on the polar coordinate interpolation plane (orthogonal coordi-
nate system), the rotary axis side feedrate after polar coordinate interpolation becomes very high.

(5) The axis movement command outside of the plane during polar coordinate interpolation makes axis movement
independently of the polar coordinate interpolation.

(6) The current position counters during polar coordinate interpolation all indicate the actual coordinate value. How-
ever, the "remaining movement amount" indicates the movement amount on the polar coordinate input plane.

(7) The polar coordinate interpolation mode is canceled when the power is turned ON or reset.

(8) The program error (P484) occurs if any of the axes commanded during polar coordinate interpolation has not
completed the reference position return.

(9) Tool radius compensation must be canceled before canceling the polar coordinate interpolation mode.

(10) When the polar coordinate interpolation mode is canceled and switched to the turning mode, the plane selected
before polar coordinate interpolation is returned.

(11) The program error (P486) occurs if the polar coordinate interpolation command is issued during the mirror im-
age.

(12) The program error (P481) occurs if the cylindrical interpolation or the polar coordinate interpolation is command-
ed during the polar coordinate interpolation mode.

(13) The G84, G88 synchronous tapping cycles cannot be used in the polar coordinate interpolation mode. The
asynchronous tapping can be used during the polar coordinate interpolation mode; however, the synchronous
tapping command must not be issued.
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6.11 Exponential Interpolation; G02.3, G03.3

E Function and purpose

Exponential function interpolation changes the rotary axis into an exponential function shape in respect to the linear
axis movement.

At this time, the other axes carry out linear interpolation between the linear axis.

This allows a machining of a taper groove with constant torsion angle (helix angle) (uniform helix machining of taper
shape).

This function can be used for slotting or grinding a tool for use in an end mill, etc.

+Uniform helix machining of taper shape

4

A
(G00)

1(@01)
(GO1) (G02.3/G03.3)

|/ A: A axis (rotation ax-
is)
X: X axis (linear axis)

A

Torsion angle: J1=J2=J3

+Relation of linear axis and rotary axis

X A X=B(eca-1)

A: A axis (rotation axis)
X: X axis (linear axis)
*:{B, C... constant}

\
>
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E Command format

Forward rotation interpolation

G02.3 Xx1 Yy1 Zz1 li1 Jj1 Rr1 Ff1 Qq1 ;

Negative rotation interpolation

G03.3 Xx1 Yy1 Zz1 li1 Jj1 Rr1 Ff1 Qq1 ;

X axis end point (*1)

Y axis end point (*1)

N| <| X

Z axis end point (*1)
Angle i1 (*2)

Angle j1 (*2)
Constant value r1 (*3)
Initial feedrate (*4)

Q Feedrate at end point (*5)

[ o] <

(*1) Designate the end point of the linear axis specified by parameter "#1514 expLinax" and the axis that carries out
linear interpolation between that axis.
If the end point on of the rotary axis designated with parameter "#1515 expRotax" is specified, linear interpola-
tion without exponential function interpolation will take place. These parameter settings depend on the MTB
specifications.

(*2) The command unit is as follows.
#1003=B
0.001

#1003=E
0.000001

#1003=C
0.0001

#1003=D
0.00001

Setting unit
(Unit =°)

The command range is -89 to +89°.
A program error (P33) will occur if there is no address | or J command.
A program error (P35) will occur if the address | or J command value is 0.

(*3) The command unit is as follows.

Setting unit #1003=B #1003=C #1003=D #1003=E Unit
Millimeter system |0.001 0.0001 0.00001 0.000001 mm
Inch system 0.0001 0.00001 0.000001 0.0000001 inch

The command range is a positive value that does not include 0.
A program error (P33) will occur if there is no address R command.
A program error (P35) will occur if the address R command value is 0.

(*4) The command unit and command range is the same as the normal F code. (Command as per minute feed.)
Command the composite feedrate that includes the rotary axis.
The normal F modal value will not change by the address F command.
A program error (P33) will occur if there is no address F command.
A program error (P35) will occur if the address F command value is 0.
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(*5) The command unit is as follows.

Setting unit #1003=B #1003=C #1003=D #1003=E Unit
Millimeter system |0.001 0.0001 0.00001 0.000001 mm
Inch system 0.0001 0.00001 0.000001 0.0000001 inch

The command unit and command range is the same as the normal F code.

Command the composite feedrate that includes the rotary axis.

The normal F modal value will not change by the address Q command.

The axis will interpolate between the initial speed (F) and end speed (Q) in the CNC according to the linear axis.
If there is no address Q command, interpolation will take place with the same value as the initial feedrate (ad-
dress F command). (The start point and end point feedrates will be the same.)

A program error (P35) will occur if the address Q command value is 0.

[Example of uniform helix machining of taper shape]

4 4

A\ 5 i1
\ \ m:r R
)

x0 i x1

X : X axis (linear axis)

m Detailed description

Relational expression of exponential function

(ke
¥y <

A : A axis (rotation axis) x0 : linear axis (X axis) start point

The exponential function relational expression of the linear axis (X) and rotary axis (A) in the G02.3/G03.3 command
is defined in the following manner.

X(0) =r1* (€%P - 1) /tan(i1) Linear axis (X) movement (1)

A(B) = (-1)® *360* 8/ (2m) Rotary axis (A) movement

where, "D" is as follows.

D =tan(j1) / tan(i1)

During forward rotation (G02.3): w =0

During backward rotation (G03.3): w =1

0 is the rotation angle (radian) from the rotary axis' start point. The rotary axis' rotation angle (8) is as follows ac-
cording to expression (1).

8=D*1n{(X*tan(i1)/r1) + 1}
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Machining example

[Uniform helix machining of taper shape]

z
A
N
Al — e I
9 _ IR WEPPSE RS .....;..‘.).‘.m
g A
. N LA
[ WY Y% X2 i WY A
r2 r1
‘ H

<Relational expression of exponential function in machining example>
Z(8) = r1 *(€®P-1)* tan(p1) / tan(i1) +z0 (1)

X(8) = r1 *e®P-1)/ tan(i1) (2)

A(B) = (-1)* * 360 * 6/ (2m)

where, "D" is as follows.
D =tan(j1) / tan(i1)

f1

q1
k1

IB-1501619-A

Absolute position from zero point of Z axis (axis that linearly interpolates with linear axis (X axis))
Absolute position from X axis (linear axis) start point

Absolute position from A axis (rotary axis) start point

Exponential function interpolation constant value (address R command)

Workpiece left edge radius

X axis (linear axis) position at the left edge of the workpiece

X axis (linear axis) end point (address X command)

X axis (linear axis) start point (Set as "x0 < x1" so that workpiece does not interfere with the tool)

End point of Z axis (axis that linearly interpolates between interval with linear axis (X axis)) (ad-
dress Z command)

Start point of Z axis (axis that linearly interpolates between interval with linear axis (X axis))
Taper gradient angle (address | command)

Slot base gradient angle

Torsion angle (helix angle) (address J command)

Torsion direction (0: Forward rotation, 1: reverse direction)

Workpiece rotation angle (radian)

Initial feedrate (address F command)

Feedrate at end point (address Q command)

Insignificant data (address K command)
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According to expressions (1) and (2), expression (3) is obtained.
Z(8) = X(8) * tan(p1) + 20 ...(3)

According to expression (3), the slot base gradient angle (p1) is set from the X axis and Z axis end point positions
(x1, z1).

The Z axis movement amount is determined by the slot base gradient angle (p1) and X axis position.

In the above diagram, the exponential function interpolation's constant value (r1) is determined with the following
expression using the workpiece left edge radius (r2), X axis start point (x0), X axis position at workpiece left edge
(x2) and taper gradient angle (i1).

r1 =r2 -{(x2 - x0) * tan(i1)}

The taper gradient angle (i1) and torsion angle (j1) are set by the command address | and J, respectively.

Note that if the shape is a reverse taper shape, the taper gradient angle (i1) is issued as a negative value.

The torsion direction (w) is changed by the G code. (Forward rotation when G02.3 is commanded, negative rotation

when G03.3 is commanded)
The above settings allow uniform helix machining of a taper shape (or reverse taper shape).

169 IB-1501619-A



M800V/M80V Series Programming Manual (Lathe System) (1/2)

6 Interpolation Functions
6.11 Exponential Interpolation; G02.3, G03.3

Command and operation

(1) G2.3 (equivalent to G3.3if j1 < 0)
In the conditional figure below, the upper side shows a command, and the lower side shows an operation.

X movement direction > 0 X movement direction <0
i1>0 i1<0 i1>0 i1<0
z
S) (E)§
i
r1 X ®r1
A A A A
X X X [ X
N10 G28XYZC; N10 G28XYZC; N10 G28XYZC; N10 G28XYZC;
N20 G91G0 X100. N20 G91G0 X100. N20 G91G0 X-100. N20 G91G0 X-100.
Z100; Z200.; Z100.; Z200;
N30 G2.3 X100. Z100. [N30 G2.3 X100. Z-100. I-|N30 G2.3 X-100. Z100. |N30 G2.3 X-100. Z-100.
150. J80. R105. F500.; |50. J80. R105. F500.; 150. J80. R105. F500.; |I-50. J80. R105. F500.;
N40 M30; N40 M30; N40 M30; N40 M30;

(S) Start point, (E) End point

(2) G3.3 (equivalent to G2.3 if j1 < 0)
In the conditional figure below, the upper side shows a command, and the lower side shows an operation.

X movement direction > 0 X movement direction <0
i1>0 i1<0 i1>0 i1<0
. z
(E) i1
\‘s
i (S)
AIT\ A A A
X X X X
N10 G28XYZC; N10 G28XYZC; N10 G28XYZC; N10 G28XYZC;
N20 G91G0 X100. N20 G91G0 X100. N20 G91G0 X-100. N20 G91G0 X-100.
Z100.; Z200.; Z100.; Z200.;
N30 G3.3 X100. Z100. N30 G3.3 X100. Z-100. I-|N30 G3.3 X-100. Z100. |N30 G3.3 X-100. Z-100.
150. J80. R105. F500.; |50. J80. R105. F500.; 150. J80. R105. F500.; |I-50. J80. R105. F500.;
N40 M30; N40 M30; N40 M30; N40 M30;

(S) Start point, (E) End point
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m Precautions

(1) When G02.3/G03.3 is commanded, interpolation takes place with the exponential function relational expression
using the start position of the linear axis and rotary axis as 0.

(2) Linear interpolation will take place in the following cases, even if in the G02.3/G03.3 mode.
The feedrate for linear interpolation will be the F command in that block. (Note that the normal F modal is not

updated.)
+The linear axis designated with the parameter (#1514 expLinax) is not commanded, or the movement amount

for that axis is 0.
+ The rotary axis designated with the parameter (#1515 expRotax) is commanded.

(3) Tool length offset and nose R compensation cannot be used during the G02.3/G03.3 mode. Note that the tool
length offset which started interpolation before the G02.3/G03.3 mode will normally continue.

(4) A program error (P481) will occur if commands are issued during the pole coordinate interpolation, cylindrical
interpolation or milling interpolation modes.

(5) Program error (P612) will occur if commands are issued during the mirror image.
(6) G02.3/G03.3 will function with feed per minute even during the feed per revolution mode.

(7) If the parameter "#1515 expRota" setting is the same axis name as the initial C axis, the axis selected with the
C axis selection signal will interpolate as the rotary axis.
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6.11 Exponential Interpolation; G02.3, G03.3
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7.1 Rapid Traverse Rate
7.1.1 Rapid Traverse Rate

E Function and purpose

The rapid traverse rate can be set independently for each axis. The available speed ranges are from 1 mm/min to
10000000 mm/min. The upper limit is subject to the restrictions limited by the machine specifications. Refer to the
specifications manual of the machine for the rapid traverse rate settings. Two paths are available for positioning: the
interpolation type where the area from the start point to the end point is linearly interpolated, or the non-interpolation
type where movement proceeds at the maximum speed of each axis. The type of interpolation that is used depends
on the MTB specifications (parameter "#1086 GOIntp"). The positioning time is the same for each type.

If the high-accuracy control mode's rapid traverse rate is set, the axis will move at that federate during high-accuracy
control, high-speed high-accuracy control I/1l, or SSS control.

+If the value set for the high-accuracy control mode rapid traverse rate is 0, the axis will move at the rapid traverse
rate

+The high-accuracy control mode rapid traverse rate can be set independently for each axis.

+The high-accuracy control mode rapid traverse rate is effective for the G00, G27, G28, G29, G30 and G60 com-
mands.

+Override can be applied on the high-accuracy control mode rapid traverse rate using the PLC signal supplied. (The
operation of the PLC signal depends on the MTB specifications.)

‘ Note

(1) Rapid traverse override
Override can be applied by a PLC input signal for both manual and automatic rapid traverse. There are 2 types
which are determined by the PLC specifications.
Type1 : Override in 4 steps (1%, 25%, 50% and 100%).
Type2 : Override in 1% steps from 0% to 100%.
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7.1 Rapid Traverse Rate

7.1.2 GO0 Feedrate Command (,F Command)

E Function and purpose

Use this function to specify GO0 (positioning command) and an axis feedrate in GO0 mode.

The speed of tool exchange, axis movement of gantry, etc. can be specified with the machining program so that the
mechanical vibration can be suppressed.

Operations other than the feedrate follows the GO0 specification.

E Command format

Rapid traverse at a feedrate specified with the ",F" command

‘GOO X_Z_(Y_) ,F1000;

F Specifies the rapid traverse rates for GO0, movement in GO0 mode and the move-
ment during the fixed cycle for drilling.

The range is equal to the range of the feed per minute F command (mm/min, inch/
min) in the GO1 mode.

Switching inch/mm is invalid for rotary axes.

m Detailed description

(1) ",F" command is in effect only in the block in which it is commanded.

(2) If",F" is commanded in GO0, G27 to G30, G60, GO0 mode, a block other than the one that specifies the move-
ment to the initial point of the hole position for the drilling cycle or a block that does not contain a movement
command (axis address command), ",F" is ignored.

(3) ",F" command in the feed per revolution (G95) mode will also be considered a feed per minute feedrate.

(4) The motion of the ",F" command varies depending on the status of parameter "#1086 GOIntp".

"#1086 GOIntp" Handling of ",F"command
OFF (see figure shown at below left) Handled as an interpolation speed.
ON (see figure shown at below right) Handled as a commanded speed for each axis.

Feedrates when commanding GO0 X200. Z300. ,F1000

When "GO0 non-interpolation” is OFF When "GO0 non-interpolation” is ON
X X
E E
N~ [ N 41
7 = £
: 000( E : g
| /77/)7 ol £ | o| £
| ORE | Nk
B 2
! . | .
\ sl ! \ Al
z 300 S z 300 S
_ fz=832.05(mm/min) _ fz = 1000(mm/min)

fx: Actual X axis rate

fz: Actual Z axis rate

(5) When the ",F" command has not been issued, the rapid traverse rate set by the axis specification parameter will
be valid. (*1)
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(6) The ",F" command is clamped by the rapid traverse rate set by the axis specification parameter. (*1)

Feedrate clamping depends on the setting of parameter "#1086 GOIntp".

"#1086 GOIntp"

Speed clamp

OFF If it is found that, after converting ",F" command value (interpolation speed) into a
speed for each axis, there is an axis for which the programmed feedrate exceeds
the rapid traverse rate parameter, the interpolation speed is calculated so that it
does not exceed the rapid traverse rate. (*1)

ON An axis whose ",F" command value (per axis speed) exceeds the rapid traverse

rate parameter is clamped to a speed specified by the parameter. (*1)

For an axis that does not exceed the rapid traverse rate parameter, the command-
ed speed is applied.

(*1) The rapid traverse rate parameter depends on the MTB specifications.

Typically, parameter "#2001 rapid" is selected. For axes related to control and arbitrary axis superimposition
control, one of the following rates is selected depending on the direction and mode in which a superimposi-

tion related axis moves.

+Rapid traverse rate (#2001 rapid)

+Rapid traverse rate during the superimposition control (#2090 plrapid)

+Rapid traverse rate 2 during the superimposition control (#2621 plrapid2)

+Rapid traverse rate during the 3-axis tandem superimposition control (#2626 pl3rapid)
*Rapid traverse rate 3 during the 2-axis tandem superimposition control (#2627 pl3rapid2)
+Rapid traverse rate 3 during the 3-axis tandem superimposition control (#2628 pl3rapid3)

(For details, refer to "16.4.1 Control Axis Superimposition ; G126" and "16.4.2 Arbitrary Axis Superimposition

: G156")

@ Program example

(2) Speed command for the movement to the initial point of the hole position for the drilling cycle (for a longitudinal

IB-1501619-A

(1) Feedrate command in GO0 block and GO0 mode (for GOO interpolation)

G00 X100. 2100. ,F1000 ;

The tool moves at the combined feedrate, 1000 (mm/min), of XZ.

X200. Z200. ;

The X and Z axes interpolate at the fastest feedrate that does not exceed the
rapid traverse rate parameter for each of these axes.

X300.Z300. ,F2500 ;

The tool moves at the combined feedrate, 2500 (mm/min), of XZ.

tapping cycle)

G88 X-20. Z30 R5. F1.D3
S500 ,R1,F2000 ;

The tool moves to the initial point (Z30.) of the hole position at 2000 (mm/min).
Positioning (G00) during the drilling cycle moves at 2000 (mm/min).

X-20. Z35. R5. ;

The tool moves to the initial point (Z35.) of the hole position at the Z axis rapid
traverse rate (parameter setting value).

X-20. Z40. R5.,F3000 ;

The tool moves to the initial point (Z40.) of the hole position at 3000 (mm/min).
Positioning (G00) during the drilling cycle moves at 2000 (mm/min).

G80;
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E Relationship with Other Functions

Rapid traverse constant-gradient acceleration/deceleration

When ",F" is specified, constant-gradient acceleration/deceleration control is applied to the feedrate specified by
"F".

The feedrate (vertical axis in the figure below) varies depending on whether or not the ",F" command has been is-
sued. When the ",F" command has not been issued, the parameter "#2001 rapid" (Rapid traverse rate) setting is
applied to the feedrate. When the ",F" command has been issued, the ",F" command is applied to the feedrate.

When the travel distance is short (a) Rapid traverse rate by #2001 or ",F" command speed

When the travel distance is long (Ts) Time constant

Rapid traverse override

An override for ",F" command

Override cancel

The override cancel for the rapid traverse override is also invalid when ",F" is specified.

Dry run

Dry run is valid when the parameter "#1085 GOODrn" is ON and the rapid traverse is OFF. The axis will move at the
manual feedrate that is set. If the manual override valid is turned ON, the cutting feed override also becomes valid.

External deceleration

It is also valid when ",F" is specified.

Programmable in-position check

It is also valid when ",F" is specified.

Milling interpolation

The ",F" command is effective in milling mode:
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Control axis superimposition (G126)

Clamping of the ",F" command is performed according to the rapid traverse rate parameters that are selected de-
pending on the direction and mode in which a superimposition related axis moves (rapid traverse rate during super-
imposition control (#2090 plrapid), rapid traverse rate 2 during superimposition control (#2621 plrapid2), rapid
traverse rate during 3-axis tandem superimposition control (#2626 pl3rapid2), rapid traverse rate 2 during 3-axis tan-
dem superimposition control (#2627 pl3rapid2), and rapid traverse rate 3 during 3-axis tandem superimposition con-
trol (#2628 pl3rapid3)).

Inclined axis control

",F" command is also effective in inclined axis control. The feedrates on the programmed coordinates (orthogonal
coordinates) become the ones specified by ",F".

Reference position check, Start point return, Tool change position return

When an ",F" command is specified in the same block as G27 (reference position check), G29 (start point return),
and/or G30.n (tool change position return), the feedrate specified by ",F" is assumed.

Reference position return, 2nd to 4th reference position return

When an ",F" command is specified in the same block as G28 (reference position return) and G30 (2nd to 4th ref-
erence position return), the feedrate specified by ",F" is assumed.

Axes not subject to high-speed reference position return are returned by the dog-type of in the same way as with
the manual type. The feedrate depends on the MTB specifications (parameter "#2025 G28rap").

W Precautions

(1) Ifan",F" command is specified when there is no specifications for the feedrate specified for GO0, a program error
(P39) will occur.

(2) ",F" and "F" commands may be specified in the same block. The "F" command is assumed to the feedrate for
cutting feed.

(3) Depending on the MTB specifications (parameter "#1100 Tmove"), compensation may be performed on a block
that does not contain a move command.
If an ",F" is specified in a tool compensation command (T command) block in which no move command is spec-
ified, compensation move is made at the feedrate specified by ",F" only in GO0 mode.

(4) If an ",F" is specified in a nose R compensation cancel command (G40) block in which no move command is
specified, nose R compensation is canceled at the specified feedrate only in GO0 mode.
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7.2 Cutting Feedrate

E Function and purpose

This function specifies the feedrate of the cutting commands, and a feed amount per spindle rotation or feed amount
per minute is commanded. Once commanded, it is stored in the memory as a modal value. The feedrate modal is
cleared to zero only when the power is turned ON. The maximum cutting feedrate is clamped by the cutting feedrate
clamp parameter (whose setting range is the same as that for the cutting feedrate).

The cutting feedrate is assigned with address F and numerals.

The cutting feedrate is valid for the G01, G02, G03, G33 and G34 commands.

If the high-accuracy control mode's cutting clamp speed is set, the cutting feedrate will be clamped at that feedrate
during high-accuracy control, high-speed high-accuracy control I/ll, or SSS control.

+If the value set for the high-accuracy control mode cutting clamp speed is "0", the axis will be clamped at the cutting

feed clamp speed.

+ The cutting feedrate is clamped with high-accuracy control mode cutting clamp speed in the parameter.

Examples Feed per minute (asynchronous feed)

Metric input

Feedrate
GO01 X100. Z100. F200 ; 200.0mm/min F200 or F200.000 gives the same rate.
GO1 X100. Z100. F123.4; 123.4mm/min
GO01 X100. Z100. F56.789; [56.789mm/min
Inch input

Feedrate
G01 X100. Z100. F200 ; 2.0inch/min
GO1 X100. Z100. F200 ; 200.0inch/min
G01 X100. Z100. F123.4; [123.4inch/min
GO1 X100. Z100. F56.789 ; [56.789inch/min

Speed range that can be commanded (when input setting unit is 1um)

Command Mode

Feedrate command range

Remarks

mm/min

0.001 to 10000000

inch/min

0.0001 to 1000000

0.001 to 10000000

‘ Note

(1) A program error (P62) will occur when there is no F command in the first cutting command (G01, G02, G03, G33,
G34) after the power has been turned ON.
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7.3 F1-digit Feed

E Function and purpose

By setting the F1-digit feed parameter, the feedrate which has been set to correspond to the 1-digit number following
the F address serves as the command value.

When FO is assigned, the rapid traverse rate is established and the speed is the same as for G00. (G modal does
not change, but the acceleration/deceleration method follows the rapid traverse setting.)

When F1 to F5 is assigned, the feedrate set to correspond to the command serves as the command value.

If F1-digit feedrate changing valid signal is turned ON when F1-digit feed is commanded, the feedrate specified by
the parameter can be increased or decreased by operation of manual handle. For the changing of F1-digit feedrate
with the handle feed, refer to the instruction manual.

m Detailed description

(1) To validate the F1-digit feed, the parameter "#8145 Validate F1 digit" or "#1079 f1digt" must be ON.

(2) The feedrates that correspond to F1 to F5 depend on the MTB specifications (parameters "#1185 spd_F1" to
"#1189 spd_F5").
The increase/reduction range is from "0" to the set value of the parameter "#1506 F1_FM".
An operation error (M01 0104) will occur when the feedrate is "0".
When FO0 is commanded, the acceleration or deceleration method follows the rapid traverse setting. Note that
the G modal is not changed.

(3) Use of both the F1-digit command and normal cutting feedrate command is possible when the F1-digit is valid.
(Example 1) FO Rapid traverse rate
F1toF5 F1 digit
F6 or more Normal cutting feedrate command

(4) The F1-digit command is valid in a G01, G02, G03, G02.1 or G03.1 modal.
(5) The F1-digit command can also be used for fixed cycle.

(6) The F1-digit feedrate command can also be used during high-speed high-accuracy control 1l.
However, a program error (P62) will occur when FO command is issued.

(7) The F1-digit command is modal.
(8) The number of manual handle pulses is 1 pulse per scale unit regardless of the scaling factor.

(9) During a F1-digit command, the F1-digit number and F1-digit command signal are output as the PLC signals.
(Based on the MTB specifications.)
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m Precautions

(1) F1 to F5 are invalid in the GO0 mode and the rapid traverse rate is established instead.

(2) If FO is used in the G02, G03, G02.1 or G03.1 mode, the program error (P121) will occur. The error will be elim-
inated if the FO command is rewritten.

(3) When F1. to F5. (with decimal point) are assigned, the 1mm/min to 5mm/min (direct numerical value command)
are established instead of the F1-digit feed command.

(4) When the commands are used with inch units, one-tenth of the feedrate set correspond to F1 to F5 serves at the
assigned speed inch/min.

(5) When the commands are used with the millimeter or degree units, the feedrate set to correspond to F1 to F5
serves as the assigned speed mm (°)/min.

(6) Even if the F1-digit feed is commanded during feed per revolution (G95), it is executed as a normal F command
(direct numerical value command).

(7) When both the F1-digit feed command and inverse time feed command are present, the inverse time feed com-
mand will have priority.
(The inverse time feed function is available only for a machining center system.)

(8) When both the F1-digit feedrate changing and the manual speed command are present, the manual speed com-
mand will have the priority.

(9) In the synchronous tapping command, the speed cannot be changed with the handle.
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7.4 Feed Per Minute/Feed Per Revolution (Asynchronous Feed/
Synchronous Feed); G94,G95

E Function and purpose

Feed per minute (asynchronous feed)

By issuing the G94 command, the commands from that block are issued directly by the numerical value following F
as the feedrate per minute (mm/min, inch/min).
Feed per revolution (synchronous feed)

By issuing the G95 command, the commands from that block are issued directly by the numerical value following F
as the feedrate per spindle revolution (mm/rev, inch/rev).
When this command is used, the rotary encoder must be attached to the spindle.

E Command format

Feed per minute (mm/min) (asynchronous feed)

\694;

Feed per revolution (mm/rev) (synchronous feed)

‘G95;

m Detailed description

G94/G95 commands are modal commands.

(Example) After the G95 command is assigned, the G95 command is valid until the G94 command is assigned next.

(1) The F code command range is as follows.

Metric input
Input Setting unit B (0.001 mm) C (0.0001 mm)
Command Mode Feed per minute Feed per revolution Feed per minute Feed per revolution
Command Address F (mm/min) F (mm/rev) F (mm/min) F (mm/rev)
Minimum command 1 (=1.000) 1 (=0.0001) 1 (=1.0000) 1 (=0.00001)
unit (1.=1.000) (1.=1.00) (1.=1.0000) (1.=1.00)
Command range 0.001 - 0.0001 - 0.0001 - 0.00001 -
1000000.000 999.9999 1000000.0000 999.99999
Input Setting unit D (0.00001 mm) E (0.000001 mm)
Command Mode Feed per minute | Feed per revolution | Feed per minute | Feed per revolution
Command Address F (mm/min) F (mm/rev) F (mm/min) F (mm/rev)
Minimum command 1 (=1.00000) 1 (=0.000001) 1 (=1.000000) 1 (=0.0000001)
unit (1.=1.00000) (1.=1.00) (1.=1.000000) (1.=1.00)
Command range 0.00001 - 0.000001 - 0.000001 - 0.0000001 -
1000000.00000 999.999999 1000000.000000 999.9999999
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Inch input
Input Setting unit B (0.0001 inch) C (0.00001 inch)
Command Mode Feed per minute Feed per revolution Feed per minute Feed per revolution
Command Address F (inch/min) F (inch/rev) F (inch/min) F (inch/rev)
Minimum command 1 (=0.0100) 1 (=0.000001) 1 (=0.01000) 1 (=0.0000001)
unit (1.=1.0000) (1.=1.000) (1.=1.00000) (1.=1.000)
Command range 0.0001 - 0.00001 - 0.00001 - 0.000001 -
100000.0000 99.99999 100000.00000 99.999999
Input Setting unit D (0.000001 inch) E (0.0000001 inch)
Command Mode Feed per minute Feed per revolution Feed per minute | Feed per revolution
Command Address F (inch/min) F (inch/rev) F (inch/min) F (inch/rev)
Minimum command 1 (=0.010000) 1 (=0.00000001) 1 (=0.0100000) 1 (=0.000000001)
unit (1.=1.000000) (1.=1.000) (1.=1.0000000) (1.=1.000)
Command range 0.000001 - 0.0000001 - 0.0000001 - 0.00000001 -
100000.000000 99.9999999 100000.0000000 99.99999999

(2) The effective rate (actual movement speed of machine) under per-revolution feed conditions is given in the fol-
lowing formula (Formula 1).
FC=FxNxOVR ..... (Formula 1)
FC: Effective rate (mm/min, inch/min)
F: Commanded feedrate (mm/rev, inch/rev)
N: Spindle rotation speed (r/min)
OVR: Cutting feed override

When multiple axes have been commanded at the same time, the effective rate FC in formula 1 applies in the
vector direction of the command.

w Precautions

(1) The effective rate (mm/min or inch/min), which is produced by converting the commanded speed, the spindle
rotation speed and the cutting feed override into the per-minute speed, appears as the FC on the monitor 1.
Screen of the setting and display unit.

2) When the above effective rate exceeds the cutting feed clamp rate, it is clamped at that clamp rate.
3) If the spindle rotation speed is zero when feed per revolution is executed, an operation error (M01 0105) occurs.
4) Feedrate during the machine lock becomes the command speed.

Py

5) Under dry run conditions, feed per minute applies and movement results at the manual feedrate (mm/min or inch/
min).

(6) Whether feed per minute (G94) or feed per revolution (G95) is to be established when the power is turned ON

or when M02 or M30 depends on the MTB specifications (parameter "#1074 1_Sync").
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7.5 Feedrate Designation and Effects on Control Axes

E Function and purpose

It has already been mentioned that a machine has a number of control axes. These control axes can be divided into
linear axes which control linear movement and rotary axes which control rotary movement. The feedrate is designed
to assign the displacement speed of these axes, and the effect exerted on the tool movement speed which poses
problems during cutting differs according to when control is exercised over the linear axes or when it is exercised

over the rotary axes.
The displacement amount for each axis is assigned separately for each axis by a value corresponding to the respec-

tive axis. The feedrate is not assigned for each axis but assigned as a single value. Therefore, when two or more
axes are to be controlled simultaneously, it is necessary to understand how this will work for each of the axes in-

volved.
The assignment of the feedrate is described with the following related items.
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m Detailed description

When controlling linear axes

Even when only one machine axis is to be controlled or there are two or more axes to be controlled simultaneously,
the feedrate which is assigned by the F code functions as a linear speed in the tool advance direction.

(Example) When the feedrate is designated as "f" and linear axes (X and Z) are to be controlled:

X

A

X

E fx = f x /7—/—
B (E) X e

... Feedrate for X axis

z ... Feedrate for Z axis

fz=1x 77—
X«/ x2 + 72

N e — — 2

NY

(S)

(S) Tool start point (E) Tool end point
(F) Speed in this direction is "f".

When only linear axes are to be controlled, it is sufficient to designate the cutting feed in the program.
The feedrate for each axis is such that the designated rate is broken down into the components corresponding to
the movement amounts.

(Example) When the feedrate is designated as "f" and the linear axes (X and Z) are to be controlled using the circular
interpolation function:

The rate in the tool advance direction, or in other words the tangential direction, will be the feedrate designated in
the program.

X

A

Xpm————— — — — = (8) Tool start point
s : (F) (E) Tool end point

(F) Speed in this direction is "f".

\

(S)
i Z

|

|
e JI‘/

|

1

z

In this case, the feedrate of the X and Z axes will change along with the tool movement. However, the combined
speed will always be maintained at the constant value "f".
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When controlling rotary axes

When rotary axes are to be controlled, the designated feedrate functions as the rotary speed of the rotary axes or,
in other words, as an angular speed.

Consequently, the cutting feed in the tool advance direction, or in other words the linear speed, varies according to
the distance between the center of rotation and the tool.

This distance must be borne in mind when designating the feedrate in the program.

(Example) When the feedrate is designated as "f" and rotary axis (C) is to be controlled ("f" units = °/min)

e fc

i (S) Tool start point

Y .
- (E) Tool end point
-~ W (F) (CP) Center of rotation
//ic (F) Angular speed is "f".
(GP) ==t |

[« r >

In this case, the cutting feed (linear feed) in the tool advance direction "fc" is obtained as follows:

mr
fe=1 > g0
Therefore, the feedrate to be designated in the program must be as follows:

180
mr

f= fc
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When linear and rotary axes are to be controlled at the same time

The controller proceeds in exactly the same way whether linear or rotary axes are to be controlled.

When a rotary axis is to be controlled, the numerical value assigned by the coordinate word (C, H) is the angle and
the numerical values assigned by the feedrate (F) are all handled as linear speeds. In other words, 1° of the rotary
axis is treated as being equivalent to 1mm of the linear axis.

Consequently, when both linear and rotary axes are to be controlled simultaneously, in the components for each
axis of the numerical values assigned by F will be the same as previously described "When controlling linear axes".
However, although in this case both the size and direction of the speed components based on linear axis control do
not vary, the direction of the speed components based on rotary axis control will change along with the tool move-
ment (their size will not change). This means, as a result, that the combined tool advance direction feedrate will vary
along with the tool movement.

(Example) When the feedrate is designated as "f" and the linear axis (X) and the rotary axis (C) are to be controlled
simultaneously:

In the figure below, the X axis incremental command value is "x" and the C axis incremental command values
is "c":

(S) Tool start point

(E) Tool end point

(CP) Center of rotation

Size and direction are fixed for "fx".
Size is fixed for "fc" but direction varies.
Size and direction vary for "ft".

/£ —=
/Re - fx
/ig X ——

/
/
/-

(CP)

X axis feedrate (linear speed) "fx" and C axis feedrate (angular speed) "w" are expressed as:

X c
x=f x——r w=f x ———
A/ x2+c? Ix2+cZ

Linear speed "fc" based on C axis control is expressed as:

T xr
180

fc= wx

If the speed in the tool advance direction at start point (S) is "ft" and the component speeds in the X axis and
Y axis directions are "ftx" and "fty", respectively, then these can be expressed as:

m

ftx="-rsin (—— 6 x w + fx
180 180
...... (4)
™
fty= -rcos( — 0) «x T w
180 180
...... (5)

Where "r" is the distance (in millimeters) between center of rotation and tool and "8" is the angle (in degrees)
between the (S) point and the X axis at the center of rotation.
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The combined speed "ft" according to (1), (2), (3), (4) and (5) is as follows:

ft= ~ ftx 2+fty 2

5 . L TTXr Xc )
X% - X X ¢ %rsin ( EG)EH T)

x2 +¢c?

Consequently, feedrate "f* designated by the program must be as follows:

x2 +¢c?

m m TXr xc
2 _ i —_— + (—mMmM8M =2
/x X % ¢ % rsin( 180 8) % ( 180 )

"ft" in formula (6) is the speed at the (S) point and the value of 6 changes as the C axis rotates, which means
that the value of "ft" will also change. Consequently, in order to keep the cutting feed "ft" as constant as possible
the angle of rotation which is designated in one block must be reduced to as low as possible and the extent of
the change in the 6 value must be minimized.
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7.6 Thread Cutting Mode

E Function and purpose

F command or E commands for thread leads can be issued for the thread cutting mode (G33, G34, G76 G78 com-

mands).
For the thread leads command range, refer to "Thread Cutting".
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7.7 Automatic Acceleration/Deceleration after Interpolation

E Function and purpose

Acceleration/deceleration is applied to axis traverse automatically. There are four types of acceleration/deceleration
patterns: linear acceleration/deceleration, primary delay acceleration/deceleration, exponential acceleration-linear
deceleration, and soft acceleration/deceleration. Which type of the pattern is used depends on the MTB specifica-
tions (axis specification parameter "#2003 smgst").

For rapid traverse, acceleration/deceleration is always made for each block, and the time constant is set separately
for each axis.

Refer to the following figures for the acceleration/deceleration patterns of rapid feed and cutting feed.

Rapid traverse Cutting feed
<Linear acceleration/deceleration> <Linear acceleration/deceleration>
'y r N
F F
t t
GOtL GOtL G1tL G1tL
<Primary delay> <Primary delay>
Fn // Fn /,/
t t
GOt1 GOt1 G1t1 G1t1
<Exponential acceleration-Linear deceleration> <Exponential acceleration-Linear deceleration>
Fu (// F“ /,/
/ t / t
— f———— - —> — -
GOt1 2xGO0t1 G1t1 2xG1t1
<Soft acceleration/deceleration> <Soft acceleration/deceleration>
A A
F F
/[ R t /| P t o
o o Got1 Gotller " < oleitr el -
GOt1 GOt1 G1t1 G1t1
‘GOtL' ) GOtLV ‘G1tL' ) G1tL'

GOtL: GO time constant (Linear)
GO0t1: GO time constant (Primary delay) / 2nd step time constant of soft acceleration/deceleration
G1tL: G1 time constant (Linear)
G1t1: G1 time constant (Primary delay) / 2nd step time constant of soft acceleration/deceleration
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‘ Note

(1) The rapid traverse feed acceleration/deceleration patterns are effective for the following:
GO00, G27, G28, G29, G30, rapid traverse feed in manual run, JOG feed, incremental feed, return to referencepo-
sition.

Itis invalid to G31 and handle feed.

(2) Acceleration/deceleration in handle feed mode is usually performed according to the acceleration/ deceleration
pattern for cutting feed. However, a parameter can be specified to select a pattern with no acceleration/deceler-
ation (step).

m Detailed description

(1) Acceleration/deceleration are automatically controlled both in automatic and manual operations. The accelera-
tion/deceleration patterns depend on the MTB specifications (parameter "#2003 smgst").

(2) Acceleration/deceleration time of soft acceleration/deceleration depends on the MTB specifications (parameter
"#1219 aux03/BIT7").

[When the basic specification parameter "#1219 aux03/bit7" is OFF.]

V)

(ac)

&
<
P
<

GOtL

V.

Got1

- GOt1

[When the basic specification parameter "#1219 aux03/bit7" is ON.]

U]

(ac)

FN

GotL

'y

GOtL+GOt1

h 4

GOt1

Got1

(t)

191

Total accelerating time: GOtL
S-pattern part time: GOt1
Linear part time: GOtL-(2xG0t1)

(f): Speed
(t): Time
(ac): Acceleration rate

Total accelerating time: GOtL+GO0t1
S-pattern part time: GOt1
Linear part time: GOtL-GOt1

(f): Speed
(t): Time
(ac): Acceleration rate
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(3) Use the rapid traverse time constant changeover request signal to switch the rapid traverse time constant. The
operations via PLC signals and the settings of related parameters depend on the MTB specifications.

-
X1 Y1 Z1
Basic rapid Rapid traverse Basic rapid Rapid traverse Basic rapid Rapid traverse
traverse time time constant traverse time time constant traverse time time constant
Set the rapid traverse time < constant for switching constant or switching constant for switching
constant by axis
#2004 GOtL |#2598 GOtL_2 #2004 GOtL |#2598 GOtL_2 #2004 GOtL  |#2598 GOtL_2
#2005 GOt1 #2599 GOt1_2 #2005 GOt1 |#2599 GOt1_2 #2005 GOt1  |#2599 GOt1_2
\

Rapid traverse time ‘ ‘ Rapid traverse time ‘ ‘ Rapid traverse time
constant to use constant to use constant.to use

Switch between basic rapid
traverse time constant and

rapid traverse time constant for
switching using the rapid

traverse time constant changeover
request signal

Rapid traverse Rapid traverse Rapid traverse
acceleration/deceleratiop acceleration/deceleratiop acceleration/deceleration

[Parameters]

Rapid traverse time constants for switching and for basic are set in the following paramaters.
Rapid traverse time constant for Basic rapid traverse time constant
switching

Rapid traverse time constant Axis specification parameter #2598 |Axis specification parameter #2004
GOtL_2 GOtL

Rapid traverse time constant (primary |Axis specification parameter #2599 |Axis specification parameter #2005

delay) / 2nd step time constant of soft (GOt1_2 GOt1

acceleration/deceleration

‘ Note

(1) When #2598 is "0", #2004 is used. When #2599 is "0", #2005 is used.

[How to switch time constants]

Turn ON the rapid traverse time constant changeover request signal so that the rapid traverse time constant is
changed to the rapid traverse time constant for switching. Turn OFF the rapid traverse time constant changeover
request signal so that the rapid traverse time constant is changed to the basic rapid traverse time constant.

[Timing to switch time constants]

Automatic operation: When the changeover is requested during rapid traverse, the axis is decelerated and stopped
at the end of the block, and then the time constant will be changed.

Automatic operation: When the changeover is requested during cutting feed or axis stop state, the time constant will
be changed immediately.

Manual operation: When the changeover is requested while the axis is moving, the time constant will be changed
after the axis is decelerated and stopped.
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[Operation examples]

Rapid traverse time constant switching 1 ( turn on the rapid traverse time constant changeover request signal during
the axis travel.)

Rapid traverse time constant

changeover request signal

Machining program >< GO0 X200. >< GO0 X400. ><

Speed 4 | P i
' Vo “':‘": '
i © Ts2 14 Ts2 i i Time
e e e |
1 1 HE Td2 ! 1

After the motor decelerates and stops, switch to the rapid traverse time
constant for switching.

—— Command to motor
--------- Movement of motor

rapid: Rapid traverse rate (Axis specification parameter "#2001 rapid")

Ts1: Acceleration/deceleration time (Axis specification parameter "#2004 GOtL" (Rapid traverse time con-
stant) = 100 ms)

Ts2: Acceleration/deceleration time (Axis specification parameter "#2598 GOtL_2" (Rapid traverse time
constant 2) = 300 ms)

Td1: Commanded deceleration check time (Td1=Ts1+(0 to 14 ms))

Td2: Commanded deceleration check time (Td2=Ts2+(0 to 14 ms))

Rapid traverse time constant switching 2 (turn off the rapid traverse time constant changeover request signal during
the axis travel.)

Rapid traverse time constant
changeover request signal

Machining program >< GO0 X400. >< G00 X600. ><

Speed 4

rapid

)

s
:

s

: T —— T >
< < < > — Time
Ts2 | Ts2 v :Ts1i iTs1- !
e P —>!
Vo Td2 1 : ' v Td1 '
After the motor decelerates and stops, return to the rapid traverse time
constant.

—— Command to motor
......... Movement of motor

rapid: Rapid traverse rate (Axis specification parameter "#2001 rapid")

Ts1: Acceleration/deceleration time (Axis specification parameter "#2004 GOtL" (Rapid traverse time con-
stant) = 100 ms)

Ts2: Acceleration/deceleration time (Axis specification parameter "#2598 GOtL_2" (Rapid traverse time
constant 2) = 300 ms)

Td1: Commanded deceleration check time (Td1=Ts1+(0 to 14 ms))

Td2: Commanded deceleration check time (Td2=Ts2+(0 to 14 ms))
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m Precautions

(1) When the time constant < 2nd step time constant under the soft acceleration/deceleration, the feedrate pattern
of the time constant and 2nd step time constant are interchanged.
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7.8 Rapid Traverse Constant-gradient Acceleration/Deceleration

E Function and purpose

This function performs acceleration and deceleration at a constant gradient during linear acceleration/deceleration
in the rapid traverse mode. The constant-gradient acceleration/deceleration method can be more beneficial in re-
ducing cycle time in comparison to the acceleration/deceleration with fixed time constant method.

m Detailed description

(1) Rapid traverse constant-gradient acceleration/deceleration are valid only for a rapid traverse (G0O0) command.
Also, this function is effective only when the rapid traverse command acceleration/deceleration mode is linear
acceleration/deceleration or soft acceleration/deceleration.

(2) The acceleration/deceleration patterns in the case where rapid traverse constant-gradient acceleration/deceler-
ation are performed are as follows.

[When the interpolation distance is long enough for the rapid traverse rate to be achieved]

rapid

L GO0 Xx1 ;

A 4

Ts Ts

T

L
T= —— +Ts
rapid

Td=Ts + (0-14ms)
rapid
Ts

6 =tan” [

rapid : Rapid traverse rate
Ts : Acceleration/deceleration time constant
Td : Command deceleration check time
0 : Acceleration/deceleration gradient
T : Interpolation time
L : Interpolation distance
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[When the interpolation distance is so short that the rapid traverse rate is not achieved]

(a) Acceleration/deceleration with fixed time constant:

Even if the interpolation distance is short, interpolation takes twice as long as the time constant.

Speed 4

rapid

Next block

Ts2

(b) Constant-gradient acceleration/deceleration:

Ts1 Ts1

Time

The interpolation time is shorter than the acceleration/deceleration with fixed time constant.

Speed 4

rapid

°L N

Next block

rapid
Ts1

Td

T1
T2

IB-1501619-A

I
T2

Ts1 |

Acceleration/deceleration time to reach the maximum speed

: Command deceleration check time

: Acceleration/deceleration gradient

: Interpolation time (Acceleration/deceleration with fixed time constant)
: Interpolation time (Constant-gradient acceleration/deceleration)

: Interpolation distance

\

Time

: Rapid traverse rate (Parameter "#2001 rapid")
: Acceleration/deceleration time (Parameter "#2004 GOtL")
Ts2:

T1 =2xTs1

T2 =2x [Ts1 x %apid
Td="T125+(0- 14 ms)

tan” ;
=" (rapid
0 Ts1 ( )
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(3) The time required for the command deceleration check during rapid traverse constant-gradient acceleration/de-
celeration is the longest one among the deceleration check times of the axes which are commanded simultane-
ously.

The deceleration check times of each axis is determined by the following items; rapid traverse rate (set by the
parameter "#2001 rapid"); rapid traverse acceleration/deceleration time constant (set by the parameter "#2004
GOtL"); and interpolation distance (L).

When multi-axis simultaneous interpolation (linear interpolations) is performed during rapid traverse constant-
gradient acceleration/deceleration, the longest one among the acceleration/deceleration times of all axes is ap-
plied to the other axes which were commanded simultaneously.

The acceleration/deceleration time is determined for each axis by the following items; rapid traverse rate; rapid
traverse acceleration/deceleration time constant; and the interpolation distance. Consequently, linear interpola-
tion is performed even when the acceleration/deceleration time constant for each axis is different.

However, the axis of which the acceleration/deceleration time constant is greater than the rapid traverse accel-
eration/deceleration time constant ("#2004") is accelerated/decelerated with the rapid traverse acceleration/de-
celeration time constant.

[2-axis simultaneous interpolation (When linear interpolation is used, Tsx < Tsz, Lx # Lz)]

Speed A
rapid X
Lx Next block
X axis ‘ — AN >
 Tsx N Tsx - Time
<*— Tdx
rapid Z
Next block
Lz
Z axis — ~ >
Tsz Tsz Time
4 Tdz —*™

When the result is "Tsx < Tsz", the acceleration/deceleration time (Ts) of this block is set to Tsz (acceleration/
deceleration time of the Z axis).

Since "Tdx < Tdz" is obtained as the result, the command deceleration check time (Td) of this block is set to Tdz
(command deceleration check time of the Z axis).

Tsx : X axis acceleration/deceleration time
Tsz : Z axis acceleration/deceleration time
Tdx : X axis commanded deceleration check time
Tdz : Z axis commanded deceleration check time
Lx : X axis interpolation distance
Lz : Z axis interpolation distance
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(4) If a minimum time constant for constant-gradient acceleration/deceleration has been set by the parameter, ac-
celeration/deceleration speed is adjusted to prevent the acceleration/deceleration time calculated by interpola-
tion distance from going below the minimum time constant.

[When the interpolation distance is so short that the acceleration/deceleration time is shorter than the
minimum time constant for constant-gradient acceleration/deceleration]

Speed A
rapid .
$ Next block
7|\
7 N
/ L\
A\ >
Ts2 Time
Ts3
 Ts1
le—— Td —»
T
T=2xTs2

Td=T/,+(0to 14 ms)

rapid : Rapid traverse rate (Parameter "#2001 rapid")
Ts1 : Acceleration/deceleration time (Parameter "#2004 GOtL")
Ts2 : Acceleration/deceleration time to reach the maximum speed
Ts3 : Minimum time for constant-gradient acceleration/deceleration (Parameter "#2198 GOtMin")
Td : Command deceleration check time
T : Interpolation time
L : Interpolation distance

(5) Use the "Rapid traverse time constant: Switchover request” signal to switch the rapid traverse time constant. The
operations via PLC signals and the settings of related parameters depend on the MTB specifications.
The time constant is switched in the block next to where the "Rapid traverse time constant: Switchover request”
signal is turned ON/OFF.

Basic rapid traverse time |Rapid traverse time constant

constant (signal OFF) for switching (signal ON)
Rapid traverse time constant #2004 GOtL #2598 GOtL_2
Rapid traverse time constant (primary delay) |#2005 GOt1 #2599 GOt1_2

/ 2nd step time constant of soft acceleration/
deceleration

<Note>
+*When "#2598" is "0", use "#2004".# When "#2599" is "0", use "#2005".
+The time constant switched by the "Rapid traverse time constant: Switchover request" signal is only the rapid
traverse time constant or the rapid traverse time constant (primary delay)/2nd step time constant of soft ac-
celeration/deceleration.
(6) The program format of GOO (rapid traverse command) when rapid traverse constant-gradient acceleration/decel-
eration are executed is the same as when this function is invalid (acceleration/deceleration with fixed time con-
stant).
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E Relationship with other functions

(1) The constant-gradient acceleration/deceleration during dry run is disabled.
When the constant-gradient acceleration/deceleration is valid and the speed is changed by dry run during axis
traveling, dry run is disabled in the currently executed block, and the constant-gradient acceleration/deceleration
is performed at the same speed as before. Dry run is enabled from the next block, and the manual feedrate is
applied. However, the acceleration/deceleration time remains unchanged.
When dry run is enabled and it canceled during axis traveling, dry run is immediately disabled, and the cutting
feedrate is applied. After the speed was changed, the constant-gradient acceleration/deceleration is enabled.
When the high-speed machining mode is valid (under G5P2, under G5P 10000, etc.), dry run is disabled. How-
ever, when the high-speed machining mode is canceled by the positioning command (GO0 command) or single
block stop command, dry run is enabled.
To enable dry run during the constant-gradient acceleration/deceleration, use the high-accuracy control function
(G61.1). Do not use this function.

[When constant-gradient acceleration/deceleration is enabled and the "Dry run" signal is turned ON
during axis traveling]

clamp poooooooeeeooeeiooeos PR

mF oo feeeee S—

Ts1

[When dry run is enabled and the "Dry run" signal is turned OFF during axis traveling]

o
A
o

clamp fcocooie opeee-

RSP RR E fump

X

mF |------- SARRESY:

0
Ts2 ' Ts2 ' " Ts2
Ts1 Ts1

clamp : Maximum cutting feedrate (Parameter "#2002 clamp")
F : Cutting feedrate
mF : Manual feedrate
Ts1 : Acceleration/deceleration time (Parameter "#2007 G1tL")
Ts2 : Acceleration/deceleration time to reach the cutting feedrate
0 : Acceleration/deceleration gradient
ON : "Dry run" signal ON
OFF : "Dry run" signal OFF
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(2) The constant-gradient acceleration/deceleration is valid for the rapid traverse command in the fixed cycle.
To switch the rapid traverse time constant in the fixed cycle, issue the "Rapid traverse time constant: Switchover
request" during G80 mode.
If the "Rapid traverse time constant: Switchover request” is issued in the fixed cycle, the time constant may not
be switched.

W Precautions

(1) Rapid traverse constant-gradient acceleration/deceleration is performed only when the motion path of the rapid
traverse command is the interpolation type (parameter "#1086 GOIntp" is set to "0").

(2) When "#2003 smgst" (acceleration/deceleration mode) is set to the soft acceleration/deceleration, and "#1219
aux03 bit7" (time constant setting changeover for soft acceleration/deceleration) is set to "1", the acceleration/
deceleration speed is adjusted to prevent the sum of the 1st step and 2nd step acceleration/deceleration times
from going below the minimum time constant for constant-gradient acceleration/deceleration. In this case, the
acceleration time will be "GOtL+GO0t1" or "G1tL+G1t1".

(3) When "#2003 smgst" (acceleration/deceleration mode) is set to the soft acceleration/deceleration, if the acceler-
ation/deceleration is shorter than GOtL (or G1tL), the 2nd step time constant will be reduced by the same rate as
the 1st step time constant.

(4) If acommanded travel distance in a block is small, acceleration/deceleration time becomes quite short when the
constant-gradient acceleration/deceleration method is enabled. Although this does contribute to reduce the cycle
time, this can also be a cause of machine vibrations. In these cases, if the minimum time constant for constant-
gradient acceleration/deceleration is set in parameter "#2198 GOtMin", it is possible to perform acceleration/de-
celeration to prevent the acceleration/deceleration time from being below this setting value. This parameter de-
pends on the MTB specifications.

(5) When the parameter "#1253 set25/bit2" (Acceleration/deceleration mode change in hole drilling cycle) is set to
"1" (constant-gradient, acceleration/deceleration after interpolation), the rapid traverse in the fixed cycle modal
is set to the constant-gradient acceleration/deceleration regardless of the setting of the parameter "#1200
GO0_acc" (Validate acceleration and deceleration with inclination constant GO).

(6) If any one of the following commands is issued in the next block in which the "Rapid traverse time constant: Swi-
tchover request" signal is turned ON, the time constant switching may be delayed.

+G27 (Reference position check)
+G28 to G30 (Reference position return)
+G30.1 to G30.5 (Tool exchange position return)
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7.9 Cutting Feed Constant-gradient Acceleration/Deceleration

E Function and purpose

This function performs linear acceleration/deceleration at a constant inclination in the cutting feed mode. The con-
stant-gradient acceleration/deceleration method can be more beneficial in reducing cycle time in comparison to the
acceleration/deceleration with fixed time constant method.

m Detailed description

(1) Cutting feed constant-gradient acceleration/deceleration function is effective only when the commanded cutting
feed acceleration/deceleration mode is linear method or soft method in linear interpolation (G01) command.

(2) The program format of linear interpolation when cutting feed constant-gradient acceleration/deceleration is exe-
cuted is the same as when this function is invalid (acceleration/deceleration with fixed time constant).
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(3) The acceleration/deceleration patterns in the case where cutting feed constant-gradient acceleration/decelera-
tion is performed are as follows.

[When the interpolation distance is long enough for the cutting feedrate to be achieved]

(a) Acceleration/deceleration with fixed time constant:

'\

clamp

T1=£+Ts1x2
F

1, F
61 = tan 1(—)
01 Ts1

Ts1 Ts1
T — >

[

(b) Constant-gradient acceleration/deceleration:

A

clamp
L Ts1xF
F T2= -4
F  clamp
- |
02 = 1 ( clamp )
L Ts1
62
Ts1 Ts1
- T2 >

clamp : Maximum cutting feedrate (Parameter "#2002 clamp")
F : Cutting feedrate
Ts1 : Acceleration/deceleration time (Parameter "#2007 G1tL")
01 : Acceleration/deceleration gradient (Acceleration/deceleration with fixed time constant)
02 : Acceleration/deceleration gradient (Constant-gradient acceleration/deceleration)
T1 : Interpolation time (Acceleration/deceleration with fixed time constant)
T2 : Interpolation time (Constant-gradient acceleration/deceleration)
L : Interpolation distance

In the case of acceleration/deceleration with fixed time constant, the acceleration/deceleration gradient is deter-
mined by the cutting feedrate. In the case of constant-gradient acceleration/deceleration, it is determined by the
maximum cutting feedrate; therefore, the cycle time will be shorter than in the former case.
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[When the interpolation distance is so short that the cutting feedrate is not achieved]

The acceleration/deceleration gradient is determined by the maximum cutting feedrate.

/

clamp y;
F T=2x_[Ts2 x V
clamp
- |
6 =tan(22TP
Ts1
L
5]

O Ts2

o Tst i

- - >

clamp : Maximum cutting feedrate (Parameter "#2002 clamp")
F : Cutting feedrate
Ts1 : Acceleration/deceleration time (Parameter "#2007 G1tL")
Ts2 : Acceleration/deceleration time to reach the cutting feedrate
0 : Acceleration/deceleration gradient
T : Interpolation time
L : Interpolation distance

[When the interpolation distance is so short that the maximum cutting feedrate is not achieved and the
override for cutting feed constant-gradient acceleration/deceleration is activated]

/'y
clamp
F x OVR
T = 2x Ts2 x L x OVR
clamp
R |
8 =tan (2P
L Ts1
\ N\
— "
Ts2
o Tst -
- = >

clamp : Maximum cutting feedrate (Parameter "#2002 clamp")
F : Cutting feedrate

OVR : Maximum override value for cutting feed constant-gradient acceleration/deceleration (Parameter
"#1367 G1AccOVRMax")

Ts1 : Acceleration/deceleration time (Parameter "#2007 G1tL")
Ts2 : Acceleration/deceleration time to reach the cutting feedrate
0 : Acceleration/deceleration gradient
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[2-axis simultaneous interpolation (When Tsx < Tsz, Lx # Lz)]

When multi-axis simultaneous interpolation is performed during linear interpolation constant-gradient accelera-
tion/deceleration, the longest one among the acceleration/deceleration times of all axes is applied to the other
axes which were commanded simultaneously.

The acceleration/deceleration time is determined for each axis by the following items; maximum cutting fee-
drates (parameter "#2002 clamp"); cutting feed acceleration/deceleration time constant (parameter "#2007
G1tL"); cutting feed rates (F); and the interpolation distance (L).

However, the axis of which the acceleration/deceleration time constant is greater than the cutting feed acceler-
ation/deceleration time constant (parameter "#2007 G1tL") is accelerated/decelerated with the cutting feed ac-
celeration/deceleration time constant.

4
clampX
Fx /
Lx
Tsx Tsx
clampz
Fz
Lz
Z
Tsz Tsz

Tsx : X axis acceleration/deceleration time
Tsz : Z axis acceleration/deceleration time
Lx : X axis interpolation distance
Lz : Z axis interpolation distance
Fx : X axis feedrate
Fz : Z axis feedrate

When Tsx < Tsz, the acceleration/deceleration time (Ts) of this block is set to Tsz (acceleration/deceleration time
of the Z axis).
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[When the feedrate is so low that the acceleration/deceleration time is shorter than the minimum time
constant for constant-gradient acceleration/deceleration]

Acceleration/deceleration speed is adjusted to prevent the acceleration/deceleration time calculated by the cut-
ting feedrate from going below the minimum time constant.

I\
clamp 7 Rty
E ;
/ N
/, L \
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clamp : Maximum cutting feedrate (Parameter "#2002 clamp")
F : Cutting feedrate
Ts1 : Acceleration/deceleration time (Parameter "#2007 G1tL")
Ts2 : Acceleration/deceleration time to reach the cutting feedrate
Ts3 : Minimum time for constant-gradient acceleration/deceleration (Parameter "#2199 G1tMin")
T : Interpolation time
L : Interpolation distance

[When the interpolation distance is so short that the acceleration/deceleration time is shorter than the
minimum time constant for constant-gradient acceleration/deceleration]

Acceleration/deceleration speed is adjusted to prevent the acceleration/deceleration time calculated by interpo-
lation distance from going below the minimum time constant.

A clamp : Maximum cutting feedrate (Parameter "#2002
clamp")
clamp s F : Cutting feedrate
Ts1 : Acceleration/deceleration time (Parameter "#2007
F  SORE ERRPERS "
A G1tL")
/ M\ Ts2 : Acceleration/deceleration time to reach the cutting
/ N feedrate
/ L \\ Ts3 : Minimum time for constant-gradient acceleration/
> deceleration (Parameter "#2199 G1tMin")
CTs2 T : Interpolation time
L : Interpolation distance
Ts3
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T
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7 Feed Functions
7.9 Cutting Feed Constant-gradient Acceleration/Deceleration

E Relationship with other functions

(1) The constant-gradient acceleration/deceleration during dry run is disabled.
When the constant-gradient acceleration/deceleration is valid and the speed is changed by dry run during axis
traveling, dry run is disabled in the currently executed block, and the constant-gradient acceleration/deceleration
is performed at the same speed as before. Dry run is enabled from the next block, and the manual feedrate is
applied. However, the acceleration/deceleration time remains unchanged.
When dry run is enabled and it canceled during axis traveling, dry run is immediately disabled, and the cutting
feedrate is applied. After the speed was changed, the constant-gradient acceleration/deceleration is enabled.
When the high-speed machining mode is valid (under G5P2, under G5P10000, etc.), dry run is disabled. How-
ever, when the high-speed machining mode is canceled by the positioning command (GO0 command) or single
block stop command, dry run is enabled.
To enable dry run during the constant-gradient acceleration/deceleration, use the high-accuracy control function
(G61.1). Do not use this function.

[When constant-gradient acceleration/deceleration is enabled and the "Dry run" signal is turned ON
during axis traveling]

clamp  poooooooeeeoieeiooeos PR

mF oo feeeee S—

[When dry run is enabled and the "Dry run" signal is turned OFF during axis traveling]

OFF
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clamp : Maximum cutting feedrate (Parameter "#2002 clamp")
F : Cutting feedrate
mF : Manual feedrate
Ts1 : Acceleration/deceleration time (Parameter "#2007 G1tL")
Ts2 : Acceleration/deceleration time to reach the cutting feedrate
0 : Acceleration/deceleration gradient
ON : "Dry run" signal ON
OFF : "Dry run" signal OFF
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7 Feed Functions
7.9 Cutting Feed Constant-gradient Acceleration/Deceleration

(2) The constant-gradient acceleration/deceleration is valid for the linear interpolation command in the fixed cycle.
However, the constant-gradient acceleration/deceleration for linear interpolation is invalid for the linear interpo-

lation command in the synchronous tapping cycle.
(The synchronous tapping acceleration/deceleration is enabled.)

W Precautions

(1) If a value greater than 100 (%) is designated for cutting feed override under cutting feed constant-gradient ac-
celeration/deceleration control, the acceleration/deceleration gradient becomes steeper as the feedrate increas-

es.
To use the cutting feed override function at a rate higher than 100%, set the parameter "#1367 G1AccOVRMax"

accordingly. (This parameter depends on the MTB specifications.) When the setting of this parameter is between
0 and 99 for "#1367 G1AccOVRMax", the override value is handled as 100% even if the specified cutting feed

override is greater than 100%.
(2) If there are one or more NC control axes that are set to soft acceleration/deceleration for G1, the parameter
"#1367 G1AccOVRMax" setting will be ignored and the cutting feed override value is handled as 100%.

(3) When "#2003 smgst"(acceleration/deceleration mode) is set to the soft acceleration/deceleration, and "#1219
aux03 bit7: Time constant setting changeover for soft acceleration/deceleration” is set to "1": Acceleration time
is obtained by GOtL+GO0t1 (G1tL+G1t1)", acceleration/deceleration speed is adjusted to prevent the sum of the
1st step and 2nd step acceleration/deceleration times from going below the minimum time constant for constant-

gradient acceleration/deceleration.
(4) When "#2003 smgst" (acceleration/deceleration mode) is set to the soft acceleration/deceleration, if the acceler-
ation/deceleration is shorter than GOtL (or G1tL), the 2nd step time constant will be reduced by the same rate as

the 1st step time constant.

(5) If the commanded travel distance in the block is small or the commanded linear interpolation (G01) feedrate is
low, acceleration/deceleration time becomes quite short when the constant-gradient acceleration/deceleration
method is enabled. Although this does contribute to reduce the cycle time, this can also be a cause of machine
vibrations. In these cases, if the minimum time constant for constant-gradient acceleration/deceleration is set in
parameter "#2199 G1tMin", it is possible to perform acceleration/deceleration to prevent the acceleration/decel-
eration time from being below this setting value.

This parameter depends on the MTB specifications.

(6) If the linear interpolation command is continuously executed in two blocks for the same axis during constant-
gradient acceleration/deceleration for linear interpolation, the gradient at deceleration becomes greater than the
reference value. Therefore, the load of the servo system may increase. Consider so that the speed command (F

command value) does not change suddenly.

(clamp )

_ —1
6 = tan Ts

0: Reference value of gradient
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7 Feed Functions
7.9 Cutting Feed Constant-gradient Acceleration/Deceleration

W Restrictions

(1) When the linear interpolation command is continuously executed in two or more blocks for the same axis during

IB-1501619-A

constant-gradient acceleration/deceleration for linear interpolation, processing of the 3rd block is started after
the deceleration processing of the 1st block was completed.

N10 N20

\ N30 N10 G01 X100. ;
\ N20 GO1 X20. ;
N30 G01 X70. ;

bt
(1 @)
(1) Processing start of 2nd block

(2) Processing of the 3rd block is not started because deceleration processing of the 1st block is not com-
pleted.

(3) Processing start of 3rd block
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7.10 Speed Clamp

E Function and purpose

This function exercises control over the actual cutting feedrate in which override has been applied to the cutting fee-
drate command so that the speed clamp value which has been preset independently for each axis is not exceeded.

‘ Note

(1) Speed clamping is not applied to synchronous feed and thread cutting.
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7.11 Exact Stop Check; G09

E Function and purpose

In order to prevent roundness during corner cutting and machine shock when the tool feedrate changes suddenly,
there are times when it is desirable to start the commands in the following block once the in-position state after the
machine has decelerated and stopped or the elapsing of the deceleration check time has been checked. The exact
stop check function is designed to accomplish this purpose.

A deceleration check is performed when the G09 (exact stop check) command has been designated in the same
block. The GO9 command is unmodal.

Either the deceleration check time or in-position state is based on the parameter settings specified by the MTB. (Re-
fer to section "7.13 Deceleration Check".)

The in-position width is set in servo parameter "#2224 sv024", "#2077 GOinps" or "#2078 G1inps". This parameter
also depends on the MTB specifications.

E Command format

Exact stop check

‘GOQ G01 (G02, G03);

The exact stop check command G09 has an effect only with the cutting command (G01 - G03) in its particular block.
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m Detailed description

[With continuous cutting feed]

GO0 Xx1; GO0 Xx2;
AN
/ \
~ ~
Ts
[With cutting feed in-position check]
,/
4
’
’
GO0 Xx1; ,’ GO0 Xx2;
’
’
’
Ao
_ Ts | Ts
Ts : Cutting feed acceleration/deceleration time constant I:] In-position width

The in-position width, as shown in the figure above, is the remaining distance (shaded area in the above figure) of
the previous block when the next block is started is set in the servo parameter "#2224 sv024". (This depends on the
MTB specifications.)

The in-position width is designed to reduce the roundness at the workpiece corners to below the constant value.

Lc

To eliminate corner roundness, set the value as small as possible to servo parameter "#2224 sv024" and perform
an in-position check or assign the dwell command (G04) between blocks.
(The parameter setting depends on the MTB specifications.)
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With deceleration check

(1) With linear acceleration/deceleration

GO0 Xx1; GO00 Xx2;

1%

Ts: Acceleration/deceleration time Td: Deceleration check time Td = Ts + a (0 to 10ms)
constant

(2) With exponential acceleration/deceleration

G00 Xx1; GO00 Xx2;

.

Td .|

<
< Lt

Ts: Acceleration/deceleration time Td: Deceleration check time Td =2 x Ts + a (0 to 10ms)
constant

(3) With exponential acceleration/linear deceleration

_—

GO0 Xx1; G00 Xx2;

2xTs

<
<

A4

Td Ts

& » »!
l Lt

Ts: Acceleration/deceleration time Td: Deceleration check time Td =2 x Ts + a (0 to 10ms)
constant

The time required for the deceleration check during cutting feed is the longest among the cutting feed decelera-
tion check times of each axis determined by the cutting feed acceleration/deceleration time constants and by the
cutting feed acceleration/ deceleration mode of the axes commanded simultaneously.

‘ Note

+To execute exact stop check in a fixed cycle cutting block, insert command GO09 into the fixed cycle subprogram.
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@ Program example

NO001 G09 G01 X100.000 F150 ; The commands in the following block are started once the
deceleration check time or in-position state has been
checked after the machine has decelerated and stopped.

N002 Z100.000 ;

[Exact stop check result]
f: Commanded speed Tool

f

NO0O1 N

N002
X NOO1

t: Time

N
e —— e

Solid line indicates speed pattern with G0O9 command
Broken line indicates speed pattern without GO9 command
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7.12 Exact Stop Check Mode; G61

E Function and purpose

Whereas the G09 exact stop check command checks the in-position status only for the block in which the command
has been assigned, the G61 command functions as a modal. This means that deceleration will apply at the end
points of each block to all the cutting commands (G01 to G03) subsequent to G61 and that the in-position status will
be checked.

The modal command is released by the following commands.

G61.1........ High-accuracy control mode
G62 .......... Automatic corner override
G63 .......... Tapping mode

G64 .......... Cutting mode

g Command format

‘G61 ; ... Exact stop check mode

In-position check is executed when the G61 command has been selected, and thereafter, the in-position check is
executed at the end of the cutting command block until the check mode is canceled.
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7.13 Deceleration Check
7.13.1 Deceleration Check

E Function and purpose

The deceleration check reduces the machine shock that occurs when the control axis feedrate is suddenly changed
and prevents corners from becoming rounded. This is accomplished by decelerating the motor to a stop at axis
movement block joints before the next block is executed.

Without deceleration check With deceleration check
NO10 GO1 X100 ; NO10 G09 G01 X100 ;
NO11 GO1 Y-50; NO11 GO1 Y-50 ;

N

A

A sharp edge is formed because

Corner rounding occurs because :

! the NO11 block is started after the
the NO11 block is sta}rted before NO10 command is decelerated and
the NO10 command is completely stopped

finished.

The conditions for executing a deceleration check are described below.

(1) Deceleration check in the rapid traverse mode

In the rapid traverse mode, the deceleration check is always performed when block movement is completed be-
fore executing the next block.
(2) Deceleration check in the cutting feed mode
In the cutting feed mode, the deceleration check is performed and the program starts moving the next block when
one of the following conditions is satisfied.
(a) When G61 (Exact stop check mode) is selected
(b) When the G09 (Exact stop check) command has been designated in the same block
(c) When the error detect switch (PLC signal) is ON

There are three methods for deceleration check: command deceleration check method, smoothing check method,
and in-position check method.

The method that is selected for rapid traverse or cutting feed depends on the MTB specifications (combination of
parameters "#1306 InpsTyp", "#1389 G1SmthChk", "#1223 aux07/bit1", and "#1193 inpos").

Depending on the MTB specifications, different deceleration check methods may be used for each feed command
during rapid traverse command and cutting feed command (parameter "#1306 InpsTyp").
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m Detailed description

Behavior for each combination of movement commands

Next block Current block
Goo Go1 G00/G01 without move-
ment
GO0 o (0) (1)(2) x
G01 o (©) (1)(3) x
Others o (©) (1) x
o Deceleration check is performed
(o) (1) A deceleration check is performed when the error detection signal is ON or when G09 or G61 is en-
abled.

(2) A command deceleration check is performed when G01 => G0O block is specified, "#1502 GOlpfg"
is ON, or the movement reverses to the opposite direction.

(3) A command deceleration check is performed when G01 => G01 block is specified, "#1503 G1lpfg"
is ON, or the movement reverses to the opposite direction.

For the deceleration check when movement in the opposite direction is reversed, refer to "7.13.2 Decel-
eration Check When Movement in the Opposite Direction Is Reversed".
A deceleration check is not performed if the above conditions are not satisfied.

x Deceleration check is not performed.

Types of deceleration check

(1) Command deceleration check

NC command speed  Deceleration check time
method !

Speed —>
Deceleration is completed after
the deceleration check time (*1)
has passed after the interpola-
tion.

\
\
\
\ \
\
\
\

Interpolation is completed BIock is completed

(2) Smoothing check method NC command speed  Deceleration check time

Deceleration is completed after Speed —
the deceleration check time (*1)
has passed after the interpola-
tion and all axis smoothing has
become zero.

\
\ '

\ H

\ \

\ H

\ H

v i

Interpolation is completed ' Block is completed

(3) In-position check method NC command speed Deceleration check time

The deceleration is completed Speed —
after the deceleration check : \~ "~
time (*1) had passed after the
interpolation, all axis smoothing
has become zero, and all axes
have become in-position.

AN

// Actual motor
l .

,/ rotation speed

Interpolation is completed  FTBlock is completed

(*1) Deceleration check time is automatically calculated from the acceleration/deceleration mode and time constant.
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Selecting deceleration checks (MTB specifications)

(1) When a rapid traverse command (G00/G53) block is to be executed

Parameters Deceleration check method Conditions of deceleration check
#1193 inpos
0 Command deceleration check meth- |Deceleration check time has elapsed.
od
1 In-position check method Deceleration check time has elapsed,

all axis smoothing has become zero,
and all axes have become in-position.

2 Smoothing check method Deceleration check time has elapsed,
and smoothing zero for all axes.

(2) When a cutting command (G01/G02/G03) block is to be executed
When parameter "#1306 InpsTyp" is "0", the following occurs (MTB specifications).

Parameters Deceleration check method Conditions of deceleration check
#1389 #1223
G1SmthChk | aux07/bit1
0 0 Command deceleration check meth- |Deceleration check time has elapsed.
od
1 In-position check method Deceleration check time has elapsed,

all axis smoothing has become zero,
and all axes have become in-position.

1 - Smoothing check method Deceleration check time has elapsed,
and smoothing zero for all axes.

When parameter "#1306 InpsTyp" is "1", the same method as for rapid traverse in (1) is used regardless of the
value of parameter "#1389 G1SmthChk".
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Command deceleration check method

Execution of the next block starts after confirming that the deceleration of the command system is completed upon
completion of interpolation for one block.

The following explains an example of transition from the current block (rapid traverse) to the next block.

The time required for the deceleration check is the longest among the deceleration check times of each axis deter-
mined by the acceleration/deceleration mode and time constants of the axes commanded simultaneously.

(a) For linear acceleration/deceleration

Execution block Next block

Ts
]
Td '

T
|
|
|
|
|
——————p>|
'

(Ts) Linear acceleration/deceleration time constant
(Td) Deceleration check time: Td = Ts + a (0 to 10 ms)

(b) For exponential acceleration/deceleration

I
I
I
Execution block I Next block
I
I
I
I
| N
| I |
I I
I Ts |
! ' I
< Td !
(Ts) Exponential acceleration/deceleration time constant
(Td) Deceleration check time: Td =2 x Ts + a (0 to 10 ms)
(c) For soft acceleration/deceleration
Execution block Next block

i

(Ts) Soft acceleration/deceleration time constant
(Td) Deceleration check time: Td =2 x Ts + a (0 to 10 ms)
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Smoothing check method

Execution of the next block starts after the command deceleration check is performed and after confirming that the
smoothing for all axes in the part system has reached zero.

For exponential acceleration/deceleration

Command

Execution block Next block

Ts: "'\

Smoothing zero for all axes

(Ts) Exponential acceleration/deceleration time constant
(Td) Deceleration check time
(Tp) Waiting time for a block to complete

In-position check method

Execution of the next block starts after the command deceleration check is performed and after confirming that the
remaining distances for all axes in the part system are below certain values.

The confirmation of the remaining distance should be done with the imposition width.

The bigger one of the servo parameter "#2224 SV024" or GO in-position width "#2077 GOinps" (For G01, in-position
width "#2078 G1inps"), will be adapted as the in-position width.

(For a rotary axis, the setting value of spindle parameter "#13024 SP024" is assumed to be the in-position width.)

With linear acceleration/deceleration

Execution block Next block

(Ts) Linear acceleration/deceleration time constant

: >
Ts I !
<—>I | : In-position width
Td > : I
|
Tp ! |
|

(Td) Deceleration check time
(Tp) Waiting time for a block to complete

As shown in the figure above, the in-position width is the remaining distance from the previous block at the start of
the next block. (Shaded area of the figure above).
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The purpose of the deceleration check is to minimize the positioning time. The bigger the setting value for the in-
position width, the shorter the time is, but the remaining distance of the previous block at the start of the next block
also becomes larger, and this could become an obstacle in the actual processing work.

The check for the remaining distance is done at set intervals. Accordingly, it may not be possible to get the effect of
time reduction for positioning as in-position width setting value.

(1) In-position check by the GOinps: When SV024 < GOinps (Stop is judged at A in the figure.)

/—\ Command to motor
< Outline of motor movement
GOinps
SV024

: GOinps
Y ¢ SV024

(2) In-position check by the SV024: When GOinps < SV024 (Stop is judged at A in the figure.)

ﬂ
« Outline of motor movement
SV024
GOinps

: GOinps
A Y : SV024

A

Command to motor
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Programmable in-position width command

This command commands the in-position width for the positioning command from the machining program.

[GOOX_Z (Y),I_;

X,Z(,Y_) Positioning coordinate value of each axis

A In-position width (setting range: 1 to 999999)

Execution of the next block starts after confirming that the position error amount in the block in which the decelera-
tion check is to be performed is less than the in-position width.

The in-position width specified by parameter (SV024, GOinps (G1inps for G01)) or the one specified in the program,
whichever is greater, will be adapted as the in-position width.

When there are several movement axes, the system confirms that the position error amount of each movement axis
in each part system is less than the in-position width issued in this command before executing the next block.

For ",I" command, also refer to "6.1 Positioning (Rapid Traverse); G00".

The differences of In-position check

The differences between the in-position check with parameter and with programmable command are as follows:
(1) In-position check with parameter
After completing deceleration of the command system ("A" in the figure), the servo system's position error
amount and the parameter setting value (in-position width) are compared.

e
(Ts) Acceleration/deceleration time constant

GO0 Xx1; (Td) Deceleration check time: Td = Ts + a (0 to 10 ms)

Servo machine position

........ Command
A /] In-position width (Servo system position error amount)

(2) In-position check with programmable command (",I" address command)

After starting deceleration of the command system ("A" in the figure), the position error amount and commanded
in-position width are compared.

Y (Ts) Acceleration/deceleration time constant
GO0 Xx1; (Td) Deceleration check time: Td = Ts + a (0 to 10 ms)
Ts
« 1d Servo machine position
—  mmmeaaaa- Command
A

/] In-position width (Servo system position error amount)
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E Relationship with Other Functions

Tool compensation

The deceleration check acts on the compensated block when tool compensation is performed.

Control axis synchronization (G125), Control axis superimposition (G126), Arbitrary axis exchange (G140),
Arbitrary axis superimposition (G156)

When control axis synchronization (G125), control axis superimposition (G126), arbitrary axis exchange (G140), or
arbitrary axis superimposition (G156) takes place in another part system, in a cutting block for a part system where
axes related to these function exist, the start of the next block may be delayed.

Automatic error detection

The automatic error detection is disabled in a block in which deceleration check is enabled.

High-speed machining mode

When the axis movement reverses to the opposite direction in a G01 — G01 successive block during the high-speed
machining mode other than high-speed machining mode | (G05 P1) the commanded deceleration will not take place
even if parameter "#1503 G1lpfg" is set to 1.

Note that the GOIpfg setting will be followed if the axis direction reverses to the opposite direction in a G01 — G00
successive block.

High-speed simple program check

A deceleration check is performed even when high-speed simple program check is running. During high-speed sim-
ple program checking, the deceleration check time is reduced according to the time reduce coefficient.

W Precautions

(1) When the in-position check is valid, the parameter for the in-position width "#2224 SV024" must be set. (Based
on the MTB specifications.)

(2) This function is disabled for an axis to which automatic machine lock is applied.

(3) If MSTB is commanded in the block that follows a cutting command, the MSTB code is output before deceleration

is completed in the cutting command. If an MSTB command must be executed after the completion of axis move-
ment, check the PLC signals (DEN) before executing it. (The behavior depends on the MTB specifications.)

(4) If there is an axis in control axis synchronization/superimposition in the part system for which the in-position
check method is specified, deceleration is considered to be completed when all axis smoothing has become ze-
ro. (Equivalent to smoothing check method)

(5) If thread cutting commands are specified in succession, a deceleration check is not carried out at block joints.

(6) If the parameter "#1205 GObdcc" is set to "1", the value set with the parameter "#2224 SV024" (in-position de-
tection width) will be used as the in-position width.
The setting of the parameter "#2077 GOinps" (GO0 in-position width) and the programmable in-position check with
" 1" address are disabled. These parameters depend on the MTB specifications.
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7.13.2 Deceleration Check When Movement in the Opposite Direction Is Reversed

E Function and purpose

A deceleration check cannot be designated for GO1 -> GO0 or GO1 -> G01, but it can be designated in the following
manner only when the movement reverses to the opposite direction in successive blocks.

A deceleration check can also be executed if even one axis is moving in the opposite direction while several axes
are interpolating.

For the relation with other functions and precautions, refer to "Deceleration Check".

m Detailed description

Designating deceleration check for G01 -> G00 opposite direction movement reversal

If the axis movement reverses to the opposite direction in a GO1 to GO0 successive block, the deceleration check
for the movement in the opposite direction can be changed with the MTB specifications (parameter "#1502 GOlpfg").

Same direction Opposite direction

#1502 =0

GO01 G00

The acceleration rate is excessive due to the GO1 and GO0
composite speed.

Enlarged figure

GO0

(a) Commanded speed

(b) Resultant speed
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Same direction Opposite direction
#1502 = 1 /_\
G01
G00
G01 GO0

Command deceleration
Enlarged figure

GO1
GO0

(a) Commanded speed
(b) Resultant speed

(c) Command deceleration is completed.

Example of program: When there is a deceleration check in the movement of several axes

(1)

G91 G01 X100. Z100. F4000 ; |A deceleration check is carried out, because the X axis moves in the reverse
GO00 X-100. Z2120. ; direction in the program.

)

G91 G0O1 X100. Z-100. F4000 ;| A deceleration check is carried out, because the Z axis moves in the reverse
G00 X80. Z2100. ; direction in the program.

®)

G90 G01 X100. Z100. F4000 ; |A deceleration check is carried out, because the X axis moves in the reverse
GO00 X80. Z2120. ; direction in the program.
(When the program start position is X0 Z0)

4)

G91 G01 X100. Z100. F4000 ; |A deceleration check is not carried out, because both the X axis and the Z
GO00 X100. Z100. ; axis move in the same direction in the program.

®)

G91 G0O1 X100. Z80. F4000 ; |A deceleration check is not carried out, because the X axis moves in the
GO0 X80. ; same direction, and there is no Z axis movement command in the program.
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Designating deceleration check for G01 -> G01 opposite direction movement reversal

If the axis movement reverses to the opposite direction in a GO1 to GO1 successive block, the deceleration check
for the movement in the opposite direction can be changed with the MTB specifications (parameter "#1503 G1Ipfg").

Same direction Opposite direction
#1503 =0 /_
GO1
GO1 GO1
The acceleration rate is excessive due to the GO1 and
GO01 composite speed.
#1503 = 1

[\

GO1 G01

GO1 Go1

Command deceleration

Example of program: When there is a deceleration check in the movement of several axes

(1)

G91 G01 X100. Z100. F4000 ; |A deceleration check is carried out, because the X axis moves in the reverse
GO01 X-100. Z2120. ; direction in the program.

)

G91 G01 X100. Z-100. F4000 ;| A deceleration check is carried out, because the Z axis moves in the reverse
G01 X80. 2100. ; direction in the program.

@)

G90 G01 X100. Z100. F4000 ; |A deceleration check is carried out, because the X axis moves in the reverse
GO01 X80. Z2120. ; direction in the program.
(When the program start position is X0 Z0)

(4)
G91 G01 X100. Z100. F4000 ; |A deceleration check is not carried out, because both the X axis and the Z
G01 X100. Z100. ; axis move in the same direction in the program.

()

G91 G01 X100. Z80. F4000 ; |A deceleration check is not carried out, because the X axis moves in the
GO01 X80. ; same direction, and there is no Z axis movement command in the program.
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7.14 Rapid Traverse Block Overlap; G0.5 P1

E Function and purpose

This function enables the next block to start (overlap) without waiting for positioning (G00) or reference position re-
turn (G28/G30).

Consequently, cycle time of machining including operation of positioning (G0O0) or reference position return (G28/
G30) can be reduced.

Adjust the overlap amount according to the command issued by the machining program or with the parameter, and
specify it as in-position width for rapid traverse block overlap.

Also, the operation does not decelerate between blocks if the movement command continues in same direction.
The overlap is also valid when GOO is followed by a GO1 block, rather than GO0 or G28/G30.

It is not invalid when G28 is followed by GO0 or G28/G30.

The validity of this function depends on the MTB specifications.

Example of behavior and velocity waveform 1 (example of application of rapid traverse block overlap in tool
change motion)
Intermediate point

7O\ ——

Speed
—
4

N2(G28) Time

N1 (Go% Speed

Program path
---------- Command path from NC

y
: In-position width

N2(G28

Cycle time is reduced.

Time

Example of behavior and velocity waveform 2 (example of application of rapid traverse block overlap in con-
tinuous drilling motion)
In-position width

Speed
N1 x N2 \/ N3 \/ N4 \/ N5 Time
% Speed Cycle time is reduced.
\

N1 ~ N2 "\N3.\ N4 » N5

—>
______ ! ! Time
F \WS T
- N3(G00)
_______ . N4(G00)
N2(G00) {
r 3
N1(GO1) N5(GO1)

Program path
............ Command path from NC
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Deceleration check method using in-position width

For a deceleration check method that uses the in-position width for rapid traverse (G0O0) or reference position return
(G28/G30), a function with a higher priority that is enabled will be applied.
If none of the functions is enabled, the command deceleration is carried out.

Function Deceleration
Check
Enabling conditions Priority
(Deceleration check Enabled behav-
method) ior
Programmable in-posi- |Valid when the in-position width is designated with | GO0 1
tion address ",I" in the same block as GO0O.
(It is valid only for a block in which address ",I" is
specified.)

(For details, refer to "6.1 Positioning (Rapid Tra-
verse); GO0" and "7.13 Deceleration Check".)

Rapid traverse block (1) For GOO G00/G28/G30 2
overlap (this function) Parameter "#1442 GOol" must be "1" and GO0
rapid traverse block overlap must be valid modal
code (G0.5P1).

(2) For G28/G30
Parameter "#1443 G28ol" must be "1".

In-position check by pa- |Parameter "#1193 inpos" must be "1". GO0 3
rameter settings (For details, refer to "7.13 Deceleration Check".)

For GOO overlap, refer to "7.14.1 Rapid Traverse Block Overlap for GOO; G0.5". For G28/G30 overlap, refer to
"7.14.2 Rapid Traverse Block Overlap for G28".
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7.14.1 Rapid Traverse Block Overlap for G00; G0.5

E Function and purpose

This function enables the next block to start (overlap) without waiting for positioning (G00) or reference position re-
turn (G28/G30).

For the rapid traverse block overlap function, also refer to "7.14 Rapid Traverse Block Overlap; G0.5 P1".
G28/G30 can be overlapped when the rapid traverse block overlap for G28 is enabled. For details, refer to "7.14.2
Rapid Traverse Block Overlap for G28".

g Command format

Starting rapid traverse block overlap for G00

G0.5P1J_K_; |
P Starting or canceling the rapid traverse block overlap function (0: Cancel, 1: Start)
J Liner axis in-position width (0.000 to 1000.000 (mm))

K Rotary axis in-position width (0.000 to 1000.000 (°))

Canceling rapid traverse block overlap for GO0

‘GO.S PO;

‘ Note

(1) A program error (P35) will occur when this command is not issued alone in a block.

(2) This block can be specified simultaneously with an N code (sequence number).

(3) The in-position width at joints between two blocks containing G28/G30 cannot be changed with G0.5P1 com-
mand.

(4) G0.5P1 and G0.5P0 are modal.
(5) Address J in G20 must be programmed in inches.

(6) If an address is omitted, the width determined by the MTB specifications becomes valid. (Parameters "#2224
SV024" and "#13024 SP024")
If a value less than the width determined by the MTB is specified, that width becomes valid.

(7) If address J or K is set to "0", the conventional deceleration check is performed.
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Enabling conditions

m Detailed description

The rapid traverse block overlap function for GO0 becomes effective when all of the following conditions are satisfied.

(1) The rapid traverse block overlap for GO0 must be enabled.
Refer to the MTB specifications (parameter "#1442 GQOol").

(2) G0.5P1 modal must be active.
To make G0.5P1 modal active:

+Specify a G code (G0.5P1) in which rapid traverse block overlap is enabled in the machining program.
+Set parameter "#12056 |_GOoL G00" to "1" (valid).

N1 G0.5 P1; Rapid traverse block overlap function: Enabled
N2 G91 GO0 X10.;

N3 G00 X20.;

N4 G0.5 PO; Rapid traverse block overlap function: Disabled

Motion subject to rapid traverse block overlap

(1) When the rapid traverse block overlap for GO0 is enabled, a G code (positioning (G00) or linear interpolation
(G01)) following positioning (G00) may not be subject to rapid traverse block overlap depending on the current
control mode or parameter settings that are specified by the MTB. (Parameters "#1086 GOintp" and "#1205

GObdcc")

For details, refer to the table below.

Control mode Parameters G code following positioning (G00)
High-accuracy #1086 #1205 G0o G01
mode
OFF 0 0 o
1 o
2 o
1 0/1/2 o
ON 0 0 o
1 o
2 o
1 0/1/2 o

o : Motion subject to rapid traverse block overlap for GOO

x : Motion not subject to rapid traverse block overlap for GOO
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(2) When executing a rapid traverse block overlap in GO0 multi-step acceleration/deceleration, the next block (N2 in
the following program) will be started after the deceleration at the last step in the execution bock (N1) has started.
The hatched area in the figure below is an area in which the in-position width can be specified.

N1 G91 G00 X10.;
N2 X10.;

Speed Command to motor Start of deceleration at the last step

g
<
o+
o
o
o
0
D
o
o
5
o
.
0
o
o
o
o
o

Motor movement Deceleration stop

Time

(3) When the rapid traverse block overlap for GO0 is enabled, this function is valid if positioning (G00) is followed by
a fixed cycle, subprogram or macro call command block.

In addition, this function is valid if a fixed cycle, subprogram or macro program contains consecutive move com-
mands to which this function is applied.

(If the in-position width is specified in a fixed cycle command, that value is given priority.)

Adjustment of start position of overlap

The start position of overlap when a rapid traverse block overlap for GOO is executed can be adjusted with the in-

position width. The next block is started when the remaining distances of all movement axes in the current move-

ment block are smaller than the in-position width. (Refer to following figure.)

When setting the in-position width with J and K commands, set a value for each linear and rotary axis. Setting the

in-position width for axes with parameter settings depend on the MTB specifications (parameter "#2631 GOolinps").

The start position of the next block based on the remaining distance and in-position width for each movement axis
is shown below.

This shows an example of when the X axis in-position width is set to 0.5 mm and the Y axis in-position width to 1 mm.

(a) For X axis (b) For Y axis

Program example Program example

N1 G91 GO0 X50.; N1 G91 GO0 Y50.;

N2 Y50.; N2 X-50.;

Operation Operation

Start position of N2 block Y axis in-position width = 1mm

A N2
< . A
N2 j
R N1
N1 /
X axis in-position width = 0.5mm Start position of N2 block
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(c) For X and Y axes

Program example

N1 G91 GO0 X50. Y50.;
N2 X-50. Y50.;

Operation

If the position error amount is smaller
than the in-position width for both of the
X and Y axes, the next block is started.

Y axis in-position width =
1mm

If the Y axis position error amount is
smaller than the in-position width, but
the X axis position error amount is larg-
er than that width, the next block is not
started.

Start position of N2 block

X axis in-position width = 0.5mm

The in-position width is determined by the G code address or parameter value.
(1) When specifying the in-position width with a G code, the one specified with address J/K becomes effective.
Note that if address J or K is set to "0", the rapid traverse block overlap is disabled.

(2) If a command with address J/K is omitted, the in-position width determined for each of positioning and cutting
feed by the MTB specifications becomes effective. (Parameters "#2631 GOolinps" and "#2632 G1olinps")

(a) Positioning (G00) - Positioning (G00): Parameter "#2631 GOolinps"
(b) Positioning (G00) - Cutting feed (G01)(high-accuracy mode is OFF): Parameter "#2632 G1olinps"

Upper and lower limits for in-position width

(1) Upper limit for in-position width
When rapid traverse block overlap is enabled, the in-position check is performed after starting deceleration spec-
ified in the speed command ("A" in the figure). Thus, the distance from the servo machine position after starting
the command deceleration to the commanded position (hatched area in the figure below) is the upper limit for
the actual in-position width.

Speed

Time

Motor movement
Command to motor

m Upper limit for in-position width

(2) Lower limit for in-position width

The lower limit for the in-position width depends on the MTB specifications (parameters "#2224 SV024" or
"#13024 SP024").

The value of this parameter is applied even if a value less than or equal to this parameter is specified as an in-
position width.
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Compensation for in-position width based on the path

The conventional deceleration check (in-position check method) applies the same in-position width regardless of the
path (corner angle). Therefore, an extra speed change occurs and cycle time is increased even though path direction
stays almost the same. The rapid traverse block overlap automatically compensates for the in-position width based

on the path (corner angle).

However, the in-position width is not compensated for based on the path if a block without a movement command
is inserted between the movement commands to be overlapped.

(1) If the angle is greater than 90°, the rapid traverse block overlap function is temporarily canceled.

(2) If the angle is less than 90°, the in-position width is compensated for so that it matches the amount of droop at
a corner when the corner angle is 90°.

@ Program example

When the in-position width is specified with address J (G0.5P1 J_)

The following are examples of using GOO rapid traverse block overlap in combination with GOO (rapid traverse) and
GO01 (cutting feed). (When the high-accuracy control mode is OFF)

Parameter setting X axis Z axis
#2631 (GOolinps) 2mm 1.5mm
#2632 (G1olinps) 1 mm 0.5 mm

N1 G0.5P1 J1.0;

N2 G91 G01 225,
N3 G00 Z25.;

N4 G00 Z50.;

N5 G00 X125,

N6 GO0 Z-75.;

N7 G01 Z-25. F1000.;

z

N4

N3
N2

Z axis in-position width is set to 1 mm with the J address command.

% X axis in-position width is set to 1 mm
R

N5 e with the J address command.

N6

A 4

N7

Program path
Command path from NC

Speed
Time
Speed
N2 “,(’ N3 /'\\ N4 ,’)‘ N5 X N6 ,’"‘\ N7
’I \\ ’I AY ’/ ’/ \\ 1' \\ Time
< |  Cycle time is re-
duced.
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Example behavior in fixed cycle

When specifying G0O (positioning) -> G81 (drilling)

(Main program) (G81 program)
N10 G0.5 P1 J0.5; N31 GO0 X50. YO.;
N20 G91 G98 G64 GO0 Z-50.; N32 GO0 Z-25.;
N30 G81 X50. Y0. Z-25. R-25. F1000. L1.,12.0 ,J1.0;  |N33 G01 Z-25. F1000.;
N40 GO0 X50. ; N34 GO0 Z50.;
Rapid traverse block overlap function: Enabled
z (Start G81 command before positioning is complet-
ed.)
Rapid traverse block overlap function: Invalid
X (Valid when address ",I" is omitted)
N20 |,
ou, .. g N4OL
N3t F g
Rapid traverse block overlap function: Invalid
N32 (Valid when address ",J" is omitted)

R point position
Rapid traverse block overlap function: Enabled

Hole bottom position
e——  Program path

TV VV V

--------- Command path from NC
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E Relationship with Other Functions

Programmable in-position

If an ",I" address command is used to specify the in-position width from the program when the rapid traverse block
overlap is enabled, the in-position width of programmable in-position is given priority.

Because the programmable in-position is an unmodal command, the in-position width specified with the rapid tra-
verse block overlap enabled is assumed for commands following ",I" address.

This shows an example of when the X and Y axis in-position widths for GOO are set to 1 mm by parameters.

N1 G0.5 P1; G0.5 command (for G0O)

N2 G91 G00 X50.; Rapid traverse block overlap for G0O: Valid
N3 Y50. ,11.5; "I" address command is valid

N4 X50.; Rapid traverse block overlap for G0O: Valid
N5 Y50.;

In-position width: 1.5 mm
(",I" address command is given priority.)

4
Y .
= N5
L |
LJ
X o _N4 N In-position width: 1 mm
hainlinlininle 'l ’T / (Parameter setting value) (*1)
N3
L
L
‘0
W Program path
/ ismmmmm Command path from NC

In-position width: 1 mm
(Parameter setting value) (*1)

(*1) The in-position width is the parameter setting value because the programmable in-position is an unmodal com-
mand.

‘ Note

(1) The programmabile in-position (",I" command) for GOO pre-interpolation acceleration/deceleration can only be
used when the rapid traverse block overlap is enabled.

(2) When GO0 is followed by a block without a movement command, a command of address ",1", if specified for GOO,
is handled as a command specifying a rapid traverse block overlap. Therefore, the overlap takes place only when
overlapped movements are executed.
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Deceleration Check

When the rapid traverse block overlap is enabled, the conventional deceleration check is disabled for the behavior
subject to this function.

When the rapid traverse block overlap is disabled, the conventional deceleration check is enabled.

This shows an example of when the X and Y axis in-position widths for GO0 are set to 1 mm by parameters.

N1 G0.5 P1; G0.5 command (for G0O0)
N2 G91 GO0 X50.; Rapid traverse block overlap for GOO is valid
N3 Y50.; Deceleration check is valid.
N4 G0.5 PO;
N5 X50.; Deceleration check is valid.
N6 Y50.; Deceleration check is valid.
Y
X N6
N5
ry >y
N3 . ) .
) Deceleration check is valid.
o (Command deceleration method/in-position check method)
N2

Program path
rmmmmsn  Command path from NC

In-position width: 1 mm
(Parameter setting value)

W Precautions

(1) When a block without a movement command is inserted between blocks that are subject to the rapid traverse
block overlap, blocks are overlapped if the high-accuracy mode is OFF (they are not overlapped if the mode is
ON).

If the high-accuracy mode is OFF, a block without movement that is inserted between a GO0 command and G28/
30 block is not overlapped when the rapid traverse block overlap for GOO is disabled ("#1442 GOol" is "0") and
rapid traverse block overlap for G28 is enabled ("#1443 G28ol" is "1").

(2) When a block without a movement command is inserted between blocks that are subject to the rapid traverse
block overlap, the in-position width is not compensated for based on the path.

(3) When the high-accuracy control mode is selected or the parameter #1205 is set to "1" or "2", the next block will
not be performed until the speed is reduced below the rapid speed (#2001) if the speed at the completion of in-
position check is higher than the rapid speed (parameter #2001) of the next block.

(4) Even when the overlap process blocks continue, if one or more axes are moved in reversed direction, the overlap
function is temporarily canceled.
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7.14.2 Rapid Traverse Block Overlap for G28

E Function and purpose

This function enables the next block to start (overlap) without waiting for positioning (G00) or reference position re-
turn (G28/G30).

For the rapid traverse block overlap function, also refer to "7.14 Rapid Traverse Block Overlap; G0.5 P1".

GO0 can be overlapped when the rapid traverse block overlap for GO0 is enabled. For details, refer to "7.14.1 Rapid
Traverse Block Overlap for GOO; G0.5".

m Detailed description

Enabling conditions

The rapid traverse block overlap function for G28 becomes effective when all of the following conditions are satisfied.

(1) The rapid traverse block overlap for G28 is enabled.
(Refer to the MTB specifications. "#1443 G28ol")
(2) High-speed reference position return is active. (Dog-type is not subject to this.)

(3) When the rapid traverse block overlap for GO0 is enabled, a GO0 command is followed by G28 or G30 positioning
command.

‘ Note

+For G28/G30, whether or not the appropriate block, if its movement is made via an intermediate point, is overlapped
depends on the MTB specifications (parameters "#1205 GObdcc" and "#1086 GOintp").

+If G28/G30 command is followed by another G28/G30, blocks are not overlapped in rapid traverse. (Blocks are not
overlapped.

Intermediate point

Rapid traverse block overlap

N1:G00

Adjustment of start position of overlap

The start position of overlap when a rapid traverse block overlap for G28 is executed can be adjusted with the in-
position width. The next block is started when the remaining distances of all movement axes in the current move-
ment block are smaller than the in-position width.

The in-position width depends on the MTB specifications (parameter "#2633 G28olinps").
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@ Program example

The following are examples of using rapid traverse block overlap for G28 in combination with G28/G30 (reference

position return) and GO0 (rapid traverse).

Parameter setting X axis

Z axis

#2633 G28olinps 0.5 mm

1 mm

Initial position of axes: X axis = -50 mm; Z axis = -100 mm

Intermediate point

%\

e
.

2(G28)

N1 G91 GO0 Z50;

N2 G91 G28 X0.250 ; N1(G00)
| 4

In-position width: 1 mm

Program path
Command path from NC

E Relationship with Other Functions

Refer to "7.14 Rapid Traverse Block Overlap; G0.5 P1".

W Precautions

Refer to "7.14 Rapid Traverse Block Overlap; G0.5 P1".
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7.15 Automatic Corner Override

E Function and purpose

When cutting with nose radius compensation, to prevent machining surface distortion due to the increase in the cut-
ting load when cutting corners, this command automatically applies an override on the cutting feedrate so that the

cutting amount is not increased for a set time at the automatic corner R.

Automatic corner override (G62) is valid until the nose R compensation cancel (G40), exact stop check mode (G61),

high-accuracy control mode (G61.1), tapping mode (G63), or cutting mode (G64) command is issued.

m Detailed description

Machining inside corners

When cutting an inside corner, as shown in the figure below, the machining allowance amount increases and a
greater load is applied to the tool. To remedy this, override is applied automatically within the corner set range, the
feedrate is reduced, the increase in the load is reduced and cutting is performed effectively.

However, this function is valid only when finished shapes are programmed.

\}\\\\\\\ e

(Finished shape)
4+—— Machining allowance

v

S
W (s Y.~ Workpiece surface shape
— \"\, P3
‘-\.\}?2'\.
P1T ™ \-.\ » Nose R center path
N
AR
\
; \
‘ Cie \ l Deceleration range Ci (IN)
i\ l i
/N i Tool
AN i !"7\
2NN 7
N~ =7 K ©: Max. angle at inside corner
\'\.\ - i

[Operation]

(1) If there is no G62 command:
When the tool moves in the order of P1 -> P2 -> P3 in the above figure, the machining allowance at P3 increase
by an amount equivalent to the area of shaded section S compared to P2 and so that tool load increases.

(2) If there is G62 command:

When the inside corner angle 6 in the above figure is less than the angle set in the parameter, the override set
into the parameter is automatically applied in the deceleration range Ci.
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[Parameter setting]

The following parameters are set into the machining parameters. Refer to the Instruction Manual for details on the

setting method.

# Parameters Setting range
#8007 Override 0 to 100 (%)
#8008 MAX ANGLE 0to 180 []
#8009 DSC.ZONE 0 t0 99999.999 [mm] or
0 to 3937.000 [inches]

Automatic corner R

Program path

*

A
/
A

~

Nose R center path

A

Corner R center
Corner R section

Deceleration range (Ci)

Workpiece surface shape

«4—— Machining allowance
/77/_:__ Workpiece

(1) The override set in the parameter is automatically applied at the deceleration range Ci and corner R section for
inside offset with automatic corner R. (There is no angle check.)
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E Application example

The lines in the figure denote:

Programmed path
— — — Nose R center
Arc (inside offset)

(1) Linear - linear corner

[
L

0
—_—_—
A

L

The override set in the parameter (#8007) is applied in the deceleration range Ci.

(2) Linear - arc (outside offset) corner

The override set in the parameter (#8007) is applied in the deceleration range Ci.

(3) Arc (outside offset) - linear corner

The override set in the parameter (#8007) is applied in the deceleration range Ci.
The deceleration range Ci where the override is applied is the length of the arc with an arc command.
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(4) Linear - arc (inside offset) corner

For straight lines, the override set in the parameter (#8007) is applied in the deceleration range Ci.

(5) Arc (inside offset) - linear corner

The override set in the parameter (#8007) is applied in the deceleration range Ci.
The deceleration range Ci where the override is applied is the length of the arc with an arc command.

(6) Arc (inside offset) - arc (outside offset) corner

The override set in the parameter (#8007) is applied in the deceleration range Ci.
The deceleration range Ci where the override is applied is the length of the arc with an arc command.
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E Relationship with other functions

Function Operation of automatic corner override (G62)
F1-digit Feed Automatic corner override is applied to the F1-digit speed.
Cutting feed override Cutting feed override is applied to automatic corner override.
Override cancel Automatic corner override will not be canceled by override cancel.

External deceleration speed will be applied after automatic corner override is ap-

External deceleration plied to the cutting feedrate.

Clamp speed will be applied after automatic corner override is applied to the cut-

Speed clamp ting feedrate.

Dry run Automatic corner override will not be applied.

Synchronous feed Automatic corner override is applied to the synchronous feedrate.
Thread cutting Automatic corner override will not be applied.

G31 Skip Program error occurs with G31 command during nose R compensation.
Machine lock Automatic corner override is applied even in the machine lock state.
Positioning Automatic corner override is not applied to the positioning command.
(G00)

Linear interpolation Automatic corner override is applied to linear interpolation.

(G01)

Circular interpolation Automatic corner override is applied to circular interpolation.

(G02, G03)

Nose radius compensation |The automatic corner override will not be applied while the nose R compensation
cancel (G40) is being canceled.

Nose radius compensation |Automatic corner override is applied during the nose radius compensation.
(G41, G42, G46)

High-speed machining Automatic corner override is applied during high-speed machining mode.
mode I/l
(GO5P1, GO5P2)

High-speed high-accuracy |Automatic corner override is applied during high-speed high-accuracy control I/11.

control I, Il

(G05.1Q1, GO5P10000)

High-accuracy control A program error will occur if the G62 command is issued during high-accuracy
(GO8P1) control (GO8P1).

High-accuracy control Both high-accuracy control (G61.1) and automatic corner override are functions
(G61.1) of G code group 13; therefore, they cannot be combined.

SSS Control Automatic corner override is applied to SSS control.

Corner rounding Automatic corner override is applied to corner rounding.

Feedrate override OFF Automatic corner override will not be applied while the feedrate override is invalid.

(#3004 bit1 = ON)
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m Precautions

(1) Automatic corner override (G62) is valid only in the G01, G02, and G03 modes; it is not effective in the GO0 mode.
When switching from the GO0 mode to the G01 (or GO2 or G03) mode at a corner (or vice versa), automatic
corner override will not be applied at that corner in the GO0 block.

(2) Even if the automatic corner override mode is entered, the automatic corner override will not be applied until the
nose R compensation mode is entered.

(3) Automatic corner override will not be applied on a corner where the nose R compensation is started or canceled.

(4) Automatic corner override will not be applied on a corner where the nose R compensation I, K vector command
is issued.

(5) Automatic corner override will not be applied when intersection calculation cannot be executed.
Intersection calculation cannot be executed in the following case.
+*When the movement command block does not continue for four or more times.

(6) The deceleration range with an arc command is the length of the arc.

(7) The inside corner angle, as set by parameter, is the angle on the programmed path.

(8) When the parameters are set as shown below, the automatic corner override (G62) is disabled.
(a) Conditions that disable the automatic corner override (G62)

+#8007 (override) is set to 0 or 100
+#8008 (max. angle) is set to 0 or 180
+#8009 (DSC.ZONE) is setto 0

7.15.1 Automatic Corner Override ; G62

g Command format

‘G62 ; ... Automatic Corner Override |

Automatic corner override (G62) is valid until the nose R compensation cancel (G40), exact stop check mode (G61),
high-accuracy control mode (G61.1), tapping mode (G63), or cutting mode (G64) command is issued.

For detailed description, execution example, the relationship with other functions and precautions, refer to "7.15 Au-
tomatic Corner Override".
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7.16 Tapping Mode; G63

E Function and purpose

The G63 command allows the control mode best suited for tapping to be entered, as indicated below:

(1) Cutting override is fixed at 100%.

(2) Deceleration commands at joints between blocks are invalid.
(3) Feed hold is invalid.

(4) Single block is invalid.

(

5) In-tapping mode signal is output.

G63 is released by the exact stop check mode (G61), high-accuracy control mode (G61.1), automatic corner over-
ride (G62), or cutting mode (G64) command.

The machine is in the cutting mode status when its power is turned ON.

E Command format

‘G63; ... Tapping mode
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7.17 Cutting Mode; G64

E Function and purpose

The G64 command allows the cutting mode in which smooth cutting surfaces are obtained to be established. Unlike
the exact stop check mode (G61), the next block is executed continuously with the machine not decelerating and
stopping between cutting feed blocks in this mode.

G64 is released by the exact stop check mode (G61), high-accuracy control mode (G61.1), automatic corner over-
ride (G62), or tapping mode (G63).

The machine is in the cutting mode status when its power is turned ON.

g Command format

‘G64; ... Cutting mode
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8.1 Dwell (Time-based Designation); G04

E Function and purpose

The machine movement is temporarily stopped by the program command to make the waiting time state. Therefore,
the start of the next block can be delayed. The waiting time state can be canceled by inputting the skip signal.

The dwell functions are classified into two types: "dwell (time-based designation)" and "dwell (revolution-based des-
ignation)".

This chapter describes the dwell (time-based designation) function.

To perform the dwell (time-based designation), command "G04" in the asynchronous feed mode (G94). The ma-
chine waits for the specified amount of time before executing the next block.

E Command format

Dwell (Time-based designation)

‘G94 G04 X/U__; |

‘G94 G04 P__; |

‘X/U/P \ Dwell time \

When the asynchronous feed mode (G94) is being executed, there is no need to specify G94.

The setting unit of the dwell time depends on the parameter settings. For addresses X and U, the dwell time setting
unitis 1 (ms) when the parameter "#1078 Decimal pnt type 2" is set to "0" and 1 (s) when itis setto "1". If the address
"P" is designated, the setting unit of the dwell time is determined by the setting value of the parameters "#8112 DEC-
IMAL PNT-P" and "#19014 G04 P factor". For details, refer to "Detailed description".

In addition to the address P and X, the address U (actually, the address corresponding to the X-axis designated with
the "#1014 incax") can be used.

m Detailed description

(1) The decimal point command is enabled for the dwell time designation with X and U.

(2) When designating the dwell time with P, the availability of the decimal point command can be selected with the
parameter "#8112 DECIMAL PNT-P". When the decimal point command is set to be invalid, the command value
below the decimal point with P is ignored.

(3) When the decimal point command is valid or invalid, the range of dwell time is as follows.

Command range when the decimal point com- |Command range when the decimal point command
mand is valid is invalid

0 to 99999.999 (s) 0 to 99999999 (ms)

(4) The dwell time setting unit applied when there is no decimal point can be made 1 (s) by setting "1" in the param-
eter "#1078 Decimal point type 2". This is effective only for X, U and P for which the decimal command is valid.
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(5) The setting unit of the P command can be changed with the parameter "#19014 G04 P factor" under the following
conditions.
+"#8112 DECIMAL PNT-P" is set to "0".
+"#8112 DECIMAL PNT-P" is set to "1", "#1078 Decimal pnt type 2" is set to "0" and the value of address "P"
has no decimal point.

The actual duration of dwell (time) can be obtained from the following formula.
Px10"

P: command value of address "P"
n: setting value of #19014 ("-3" to "3")

Setting value of #19014 Command increment (ms) Maximum duration of dwell (ms)
-3 0.001 99999.999 (ms)
-2 0.01 999999.99 (ms)
-1 0.1 9999999.9 (ms)
0 1 99999999 (ms)
1 10 999999.99 (s)
2 100 9999999.9 (s)
3 1000 99999999 (s)

(6) When a cutting command is in the previous block, the dwell command starts calculating the dwell time after the
machine has decelerated and stopped. When it is commanded in the same block as an M, S, T or B command,
the calculation starts simultaneously.

Previous block

cutting command Next block

Dwell command

i -

| Dwell section

(7) Operations vary depending on whether or not the dwell override specifications are provided. This depends on
the MTB specifications (parameter "#1436 mstsyn").
Refer to "16.8.1 Dwell/Miscellaneous Function Time Override" for details.

(a) When the dwell/miscellaneous function time override function is valid:
The specified time (s) is affected by cutting feed override.
For example, if cutting feed override is set to 50%, the dwell time is doubled. This is not affected by other
overrides (rapid traverse override, manual traverse override, and spindle override).

(b) When the dwell/miscellaneous function time override function is invalid:
The specified time is not affected by any override.

(8) If a feed hold signal is input during dwelling, dwelling is interrupted, and after the machine has been restarted,
dwelling is performed using the remaining wait time required to execute the next block.

(9) The dwell is valid during the interlock.
(10) The dwell is valid even for the machine lock.

(11) Depending on the MTB specifications, the dwell can be canceled by the skip signal (parameter "#1173 dwliskp").
If the set skip signal is input during the dwell time, the remaining time is discarded, and the following block will
be executed.
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@ Program example

Here is a program example which satisfies the following conditions.

+#100 = 1000 ;
+The parameter "#19014 G04 P factor" is set to "0".

Command Dwell time [s]
#1078=0 #1078 = 1
#8112=0 #8112 =1 #8112=0 #8112 =1
G04 X500 ; 0.5 500
G04 X5000 ; 5 5000
G04 X5 ; 5 5
GO04 X#100 ; 1000 1000
G04 P5000 ; 5(*1) 5(*1) 5000
G04 P12.345 ; 0.012 (*1) 12.345 0.012 (*1) 12.345
GO04 P#100 ; 1(*1) 1000 1(*1) 1000

(*1) When the parameter "#19014 G04 P factor" is set to a value other than "0", refer to the description for the pa-
rameter #19104 in "Detailed description".

‘ Note

(1) The operation command described by address "U" is the same as that of address "X" shown in the above exam-
ple.

E Relationship with Other Functions

Fixed cycle command

The G04 operation in the fixed cycle subprogram follows the asynchronous feed (G94) or synchronous feed (G95)
mode that is set when the fixed cycle is commanded. However, if the parameter "#8130 Dwell in rev." is invalid, the
dwell (time-based designation) is carried out.

Synchronous tapping cycle command

The G04 operation in the synchronous tapping cycle subprogram is set to the dwell (time-based designation) re-
gardless of whether the asynchronous (G94) or synchronous (G95) mode is set.

W Precautions and restrictions

(1) To use this function, G04 must be commanded before "X" or "U". When "X" or "U" is commanded before G04,
the dwell time may differ from the estimated one.
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8.2 Dwell (Revolution-based Designation); G04

E Function and purpose

The machine movement is temporarily stopped by the program command to make the waiting time state. Therefore,
the start of the next block can be delayed. The waiting time state can be canceled by inputting the skip signal.

This chapter describes the dwell (revolution-based designation) function.
To perform the dwell (revolution-based designation), command "G04" in the synchronous feed mode (G95). The ma-
chine waits for the spindle to rotate the designated number of revolutions.

E Command format

Dwell (Revolution-based designation)

\Ggs G04XU__D__; |

\Ggs GO4P__ D__ ; |
X/U/IP Number of revolutions for dwell
D Spindle designation (*1)

For spindle number: 1 to n (n: Maximum number of available spindles)
For spindle name: 1to 9

G95 is not necessary in the synchronous feed mode (G95).

When there is a "D" command in the same block as G04, dwell (revolution-based designation) is executed regard-
less of the parameter "#8130 Dwell in rev." setting and irrespective of asynchronous feed mode (G94) or synchro-
nous feed mode (G95).

When there is no "D" command, the setting will be as follows depending on the parameter "#8130 Dwell in rev."

setting.
#8130
1 Dwell (revolution-based designation) is executed for the first spindle.
0 Dwell (time-based designation) is executed.

The setting unit of the number of revolutions for dwell depends on the parameter settings. For addresses X and U,
the setting unit for the number of dwell rotations is 0.001 (rev) ("rev" means revolution) when the parameter "#1078
Decimal pnt type 2" is "0" and 1 (rev) when it is "1". When address P is specified, the setting unit of the number of
revolutions of dwell is determined by the setting value of "#8112 DECIMAL PNT-P" and "#19014 G04 P factor". For
details, refer to "Detailed description".

In addition to the address P and X, the address U (actually, the address corresponding to the X-axis designated with
the "#1014 incax") can be used.

(*1) There are two types of spindle designation methods: spindle number method and spindle name method, which
vary depending on the MTB specifications. When the name (1 to 9) has been specified for all the spindles with
the parameter "#3077 Sname" (Spindle command name), a command is given with the spindle name. For oth-
ers, command with the spindle number.
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m Detailed description

(1) The decimal point command is enabled for the number of revolutions designation with X and U for dwell.

(2) When designating the number of revolutions for dwell with P, the availability of the decimal point command can
be selected with the parameter "#8112 DECIMAL PNT-P". When the decimal point command is set to be invalid,
the command value below the decimal point with P is ignored.

(3) When the decimal point command is valid or invalid, the range of the number of revolutions for dwell, is as follows.

Command range when the decimal point com- | Command range when the decimal point command
mand is valid is invalid

0 to 99999.999 (rev) 0 to 99999999 (0.001 rev)

(4) The setting unit of the number of revolutions for dwell applied when there is no decimal point can be made 1
rotation by setting "1" in the parameter "#1078 Decpt2".

This is effect only for X, U and P for which the decimal command is valid.

(5) The setting unit of the P command can be changed with the parameter "#19014 G04 P factor" under the following
conditions.
+"#8112 DECIMAL PNT-P" is set to "0".
+"#8112 DECIMAL PNT-P" is set to "1", "#1078 Decimal pnt type 2" is set to "0" and the value of address "P"
has no decimal point.

The actual duration of dwell (number of revolutions) can be obtained from the following formula.
Px10"

P: command value of address "P"
n: setting value of #19014 ("-3" to "3")

Setting value of #19014 Command increment (rev) Maximum duration of dwell (rev)
-3 0.000001 99.999999
-2 0.00001 999.99999
-1 0.0001 9999.9999
0 0.001 99999.999
1 0.01 999999.99
2 0.1 9999999.9
3 1 99999999

(6) When a cutting command is in the previous block, the dwell command starts calculating the number of revolutions
for dwell after the machine has decelerated and stopped. When it is commanded in the same block as an M, S,
T or B command, the calculation starts simultaneously.

Previous block
cutting command Next block
extbloe When the number of revolutions for dwell is set
to 100 (rev) and the spindle rotation speed is
set to 1000 (r/min), the machine waits for 6

seconds during the dwell interval.

Dwell command

— -

i Dwell section

(7) Details for override
The dwell time is not affected by cutting feed override, rapid traverse override, or manual traverse override re-
gardless of whether the dwell override/miscellaneous function time override function is valid or invalid ("#1436
mstsyn").
However, if the spindle rotation speed is changed by spindle override, the spindle rotation wait time is also
changed.

(8) If a feed hold signal is input during dwelling, dwelling is stopped, and after the machine has been restarted, dwell-
ing is performed using the number of remaining rotation times required to execute the next block.

(9) The dwell is valid during the interlock.

(10) The dwell is valid even for the machine lock.
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(11) Depending on the MTB specifications, the dwell can be canceled by the skip signal (parameter "#1173 dwliskp").
If the set skip signal is input during dwelling, dwelling is skipped by the number of remaining spindle rotation
times, and the following block will be executed.

(12) Dwell is also stopped while the spindle is stopped. When the spindle starts to rotate again, dwell also restarts.
(13) The spindle that is targeted for dwelling varies depending on the following conditions.
When multiple-spindle control | is valid:

(a) If a D command is not included in the same block as for G04:
Dwell is applied to the spindle designated in the spindle selection command (G43.1/G44.1/G47.1).

(b) If a D command is included in the same block as for G04:
Dwell is applied to the spindle designated in the D command.

When multiple-spindle control Il is valid:

Dwell is applied to the spindle selected by the "spindle selection" signal from the PLC.
The spindle designated in the spindle selection command (G43.1/G44.1/G47.1) or "D" command is invalid.
To command the dwell (rotation-based designation), G95 needs to be designated.

E Relationship with Other Functions

Spindle selection command

The spindle designation (D) for the dwell (revolution-based designation) is valid only in the G04 block. This does not
affect the spindle designated in the spindle selection command (G43.1/G44.1/G47 .1).
Fixed cycle command

The G04 operation in the fixed cycle subprogram follows the asynchronous feed (G94) or synchronous feed (G95)
mode that is set when the fixed cycle is commanded. However, if the parameter "#8130 Dwell in rev." is invalid, the
dwell (time-based designation) is carried out.

Synchronous tapping cycle command

The G04 operation in the synchronous tapping cycle subprogram is set to the dwell (time-based designation) re-
gardless of whether the asynchronous (G94) or synchronous (G95) mode is set.

W Precautions

(1) To use this function, G04 must be commanded before "X" or "U". When "X" or "U" is commanded before G04,
the number of revolutions for dwell may differ from the estimated one.
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9.1 Miscellaneous Functions (M8-digits)

E Function and purpose

The miscellaneous functions are also known as M functions, and they command auxiliary functions, such as spindle
forward and reverse rotation, operation stop and coolant ON/OFF.

m Detailed description

These functions are designated by an 8-digit number (0 to 99999999) following the address M, and multiple com-
mands can be issued in a single block. The number of M commands that can be issued within the same block de-
pends on the MTB specifications (parameter "#12005 Mfig").

(Example) GO0 Xx Mm1 Mm2 Mm3 Mm4;

When the number of M commands in a single block is greater than the setting value of the parameter "#12005 Mfig",
the commands issued later are valid.

Whether to BCD output or binary output the 2nd miscellaneous function can be selected by a parameter.

The eight commands of MO0, M01, M02, M30, M96, M97, M98 and M99 are used as auxiliary commands for specific
objectives and so they cannot be used as general auxiliary commands.

Reference should be made to the instructions issued by the MTB for the actual correspondence between the func-
tions and numerical values.

When the M00, M01, M02, and M30 functions are used, the next block is not read into the pre-read buffer due to
pre-read inhibiting.

If the M function is designated in the same block as a movement command, the commands may be executed in
either of the following two orders. The machine specifications determine which sequence applies.

(1) The M function is executed after the movement command.

(2) The M function is executed at the same time as the movement command.

An override can be applied to the miscellaneous function time depending on the MTB specifications (parameter
"#1436 mstsyn").

When this specification is valid, refer to "16.8.1 Dwell/Miscellaneous Function Time Override".

Processing and completion sequences are required in each case for all M commands except M96, M97, M98 and
M99.

Program stop (M00)

When the NC has read this function, it stops reading the next block. As far as the NC system's functions are con-
cerned, it only stops reading the next block. Whether machine functions such as the spindle rotation and coolant
supply are stopped or not differs according to the machine in question.

Re-start is enabled by pressing the automatic start button on the machine operation board.

Whether resetting can be initiated by MO0 depends on the machine specifications.
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Optional stop (M01)

If the MO1 command is read when the optional stop switch on the machine operation board is ON, it will stop reading
the next block and perform the same operation as the MOO.
If the optional stop switch is OFF, the MO1 command is ignored.

(Example)
N10 GO0 X1000; The state and operation of optional stop switch
N11 MO1 ; Stops at N11 when the switch is ON
N12 G01 X2000 Z3000 F600 ; Next command (N12) is executed without stopping at N11 when the

switch is OFF

Program end (M02 or M30)

This command is normally used in the final block for completing the machining, and so it is primarily used for cueing
up the machining program. Whether the program is actually cued up or not depends on the machine specifications.
Depending on the machine specifications, the system is reset by the M02 or M30 command upon completion of cue-
ing up the program and any other commands issued in the same block.

(Although the contents of the command position display counter are not cleared by this reset action, the modal com-
mands and compensation amounts are canceled.)

The next operation stops when the cueing up operation is completed (the in-automatic operation lamp goes off).
To restart the unit, the automatic start button must be pressed or similar steps must be taken. When the program is
restarted after MO2 and M30 are completed, if the first movement command is designated only with a coordinate

word, the interpolation mode will function when the program ends. It is recommended that a G function always be
designated for the movement command designated first.

‘ Note

(1) Individual signals are also output respectively for the MO0, M01, M02 and M30 commands and these outputs are
each reset by pressing the reset key.

(2) M02 or M30 can be assigned by manual data input (MDI).
At this time, commands can be issued simultaneously with other commands.

Macro interruption (M96, M97)

M96 and M97 are M codes for user macro interrupt control.

To use M96 and M97 as miscellaneous functions, change to another M code with the parameter ("#1109 subs_M",
"#1110 M96_M" and "#1111 M97_M").

Sequence processing is unnecessary for the M commands (No M code signal nor strove signal is output).

Subprogram call/completion (M98, M99)

These commands are used as the return instructions from branch destination subprograms and branches to sub-
programs.
Sequence processing is unnecessary for the M commands (No M code signal nor strove signal is output).

Internal processing with M00/M01/M02/M30 commands

Internal processing suspends pre-reading when the M00, M0O1, M02 or M30 command has been read. Other tape
rewinding operations and the initialization of modals by resetting differ according the machine specifications.
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9.2 Second Miscellaneous Functions (A8-digits, B8-digits or C8-digits)

E Function and purpose

These serve to assign the indexing table positioning, etc. In this controller, they are assigned by an 8-digit number
from 0 to 99999999 following address A, B or C. The MTB determines which codes correspond to which positions.

m Detailed description

The address that is used for the second miscellaneous function (A, B, or C, or MA, MB, or MC) depends on the MTB
specifications (combination of parameters "#1170 M2name" and "#12089 M2adr"). (Except the address that is used
for the axis name and the increment command axis name.)

The second miscellaneous function can be issued for up to 4 sets in a block. The number of commands that can be
issued within the same block depends on the MTB specifications (parameter "#12011 Bfig").

Whether to BCD output or binary output the second miscellaneous function can be selected by a parameter.

If the A, B or C function is designated in the same block as a movement command, the commands may be executed
in either of the following two orders. The machine specifications determine which sequence applies.

(1) The A, B or C function is executed after the movement command.
(2) The A, B or C function is executed simultaneously with the movement command.

Processing and completion sequences are required for all secondary miscellaneous functions.
The table below gives address combinations. It is not possible to use an address that is the same for the axis name
of an additional axis and secondary miscellaneous function. The following shows an example for addresses A, B,

and C.
Additional axis name
A B Cc
2nd miscellaneous function A - o o
B o - o
C o I -

W Precautions

(1) When A has been assigned as the secondary miscellaneous function address, the following commands cannot
be used.
+Linear angle commands (",A" can be used.)
+Geometric command
+Deep hole drilling cycle 2 command

IB-1501619-A 258



M800V/M80V Series Programming Manual (Lathe System) (1/2)
9 Miscellaneous Functions
9.3 Index Table Indexing

9.3 Index Table Indexing

E Function and purpose

Index table indexing can be carried out by setting the index axis.

The indexing command only requires specifying the indexing angle to the axis set for indexing. It is not necessary
to command special M codes for table clamping and unclamping, thus simplifying the program.

There are the following two types for this function. Which type is valid and which axis is set as the indexing axis
depend on the MTB specifications (parameters "#1282 ext18/bit3" and "#2076 index_x").

+Type A: When the unclamp command signal is turned OFF, the clamp operation is performed.
+Type B: When the clamp command signal is turned ON, the clamp operation is performed.

The PLC operation and each signal input/output depend on the MTB specifications.

g Command format

G00 B0 ; |
‘B Index table indexing axis (designated with parameter "#2076 index_x") ‘
m Detailed description
Type A operations

(1) The movement command (either absolute or incremental) for the selected axis is executed with the program
command.

(2) The unclamp command signal is now output prior to the axis movement.

(3) When the axes are unclamped, the unclamp completion signal is turned ON by the PLC.
(Turn the signal ON after performing required process such as servo ON or the unclamp process.)

(4) After checking the unclamp completion signal, the designated axis starts moving.
(5) Upon completion of the movement, the unclamp command signal is turned OFF.

(6) Clamp the axes and turn the unclamp completion signal OFF with the PLC.
(Turn the signal OFF after performing required process such as in-position check, servo OFF or the clamp pro-
cess.)

(7) After checking that the unclamp completion signal is OFF, processing of the next block is initiated.
[Operation time chart]

Programmed command G00 B90.; <
Unclamp command \
(CNC -> PLC) —]\
Unclamp completion
(PLC -> CNC)

B axis movement

T10 FIN WAIT 0800 T10 FIN WAIT 0800
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Type B operations
(1) The movement command (either absolute or incremental) for the selected axis is executed with the program
command.
(2) The unclamp command signal is now output prior to the axis movement.

(3) When the axes are unclamped, the unclamp completion signal is turned ON by the PLC.
(Turn the signal ON after performing required process such as servo ON or the unclamp process.)

(4) After checking the unclamp completion signal, turn the unclamp command signal OFF and the designated axis
starts moving.

(5) Turn the unclamp completion signal OFF with the PLC.
(6) Upon completion of the movement, the clamp command signal is turned ON.

(7) Clamp the axes and turn the clamp completion signal ON with the PLC.
(Turn the signal OFF after performing required process such as in-position check, servo OFF or the clamp pro-
cess.)

(8) After checking that the clamp completion signal is ON, turn the clamp command signal OFF and processing of
the next block is initiated.

(9) Turn the clamp completion signal OFF with the PLC.

Programmed command >§ G00 B9O.;

Unclamp command
(CNC -> PLC) \
- 1
Unclamp command [
(PLC ->CNC) |
S—
Clamp command I /
(CNC -> PLC) b /\
ey | —
Clamp completion . | Rt
(PLC -> CNC) b |
| | |
| | L ; :
Axis movement \ | | |
‘ | | .
<> <>
T10 FIN WAIT 0800 T10 FIN WAIT 0800

Cutting feed prohibit of index table indexing axes
When the cutting feed of index table indexing axes is prohibited, the cutting feed can be prohibited by issuing a pro-
gram error (P20) if all of the following conditions are satisfied during automatic operation.

+The indexing axis movement command is issued. (*1)
+*The modal of G code group 1 is other than "G00" or "G60".

(*1) If a cutting feed command without axis movement (such as "G01 BO;" during incremental command) is issued,
the program error does not occur. Also, the unclamp command is not output.

The cutting feed prohibit function is valid for both type A and type B, and the parameter settings depend on the MTB
specifications (Parameter "#2580 index_Gcmd").
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E Relationship with other functions

Index table indexing and other functions

Function

Details

Machine coordinate system selection (G53)

Possible.

Unidirectional positioning

1)

Servo ON/OFF signal control

Perform the required process on the PLC.

(*1) The unidirectional positioning function can be used in the machining center system only.

+If parameter "#8209 G60 SHIFT" is not in the indexing unit, a program error (P20) will occur.

+When an axis command that cannot be divided in the command unit is issued, a program error (P20) will occur.
+In a single block operation, the block stop is carried out for the indexing axis at the position specified by param-

eter #8209, and the clamp or unclamp operation

Single block

is carried out.

The clamp and unclamp operations are not executed when the movement commands of the index table indexing

axis are successively issued.

Note that the clamp and unclamp operations are executed even when the movement commands are continued

during single block operation.

A combination of G codes that executes clamp or unclamp operation with continuous blocks is listed below.
(The unclamp operation is executed before the axis movement of previous block is started, and the clamp operation

is executed after the axis movement of the next block.

)

(1) Clamp and unclamp operations between continuous blocks

Command Continuous block Condition
and result
Reference position check (G27) GO00 -> G27 *1)
G27 -> G00 (*2)
Start position return (G29) GO00 -> G29 (*1)
G29 -> GO0 (*1)
Tool change position return 1 to 6 GO00 -> G30.1 *1)
Lathe system: G30.1 to G30.5
Machining center system: G30.1 to G30.6
Normal line control cancel (G40.1) G40.1 -> GO0 *1)
(Machining center system only)
Basic machine coordinate system selection (G53) G00 -> G53 (*3)
G53 -> GO0
Unidirectional positioning (G60) GO00 -> G60 (*1)
(Machining center system only) G60 -> GO0 (*2)
G60 -> G60
Program stop (M00) MO0 (*1)
Optional stop (M01) MO1 (*1)

(*1) The clamp and unclamp operations are execu

ted between blocks.

(*2) The clamp and unclamp operations are NOT executed between blocks.

(*3) The clamp and unclamp operations are executed during workpiece installation error compensation (G54.4)
or during inclined surface machining command (G68.2).
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(2) Clamp and unclamp operations between continuous blocks (Reference position return)

The operation during reference position return depends on the ignoring of intermediate points during return, and
it depends on the MTB specifications (Parameter "#1091 Mpoint").

Command Continuous block Condition and result
#1091 =1 #1091 =0
1st reference position return (G28) GO00 -> G28 (*1) (*2)
G28 -> GO0 (*3) (*4)
2nd to 4th reference position return (G30) G00 -> G30 (*1) (*2)
G30 -> GO0 (*3) (*4)

(*1) Performs the clamp operation at the end of GO0 movement, and performs the unclamp operation before ref-
erence position return.

(*2) The clamp/unclamp operation will not be performed until the reference position return is completed.

(*3) Performs the clamp operation after the reference position return, and performs the unclamp operation before
GO00 movement.

(*4) The clamp/unclamp operation will not be performed when movement to the intermediate point is completed.
The clamp operation will be performed after the reference position return, and the unclamp operation will be
performed before GO0 movement.

Macro interruption

Clamp/unclamp operations during macro interrupt are as follows.

Parameter Settings
#1112 S_TRG Edge trigger mode
#1113 INT_2 Immediately start the interrupt program without waiting for
the completion of currently executing block.
#8101 MACRO SINGLE 1

(1) When the macro interrupt program, executed during indexing axis movement, contains a movement command.

IB-1501619-A

The commands in the interrupted block are lost, and the interrupt program is executed. After completion of inter-
rupt program, when executing from the block next to the interrupt block, the clamp/unclamp operation is execut-
ed even if the interrupt program and main program specify the continuous movement.

(Example)

[Main program] [Interrupt program]

0O620(MINT MAIN)

N100 G90G9Y4;

N110 G28B0.X0.;

N120 M96P621;

N130 G01X10.B10.F150.;
N132 G01B15;

N140 G04X3.;

N150 M97;

MO02;

0621(MINT SUB)
N100 G01B1.F500.;
M99;

A

(a) Performs unclamp operation at the beginning of main program N130 block.
(b) Executes macro interrupt during main program N130 execution.

(c) Performs clamp operation after end of interrupt program 0621 N100 block B1.
(

d) Performs unclamp operation at the beginning of main program N132 block, and performs clamp operation
after axis movement.
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(2) When the macro interrupt program, executed during indexing axis movement, does not contain a movement
command

When executing the remaining blocks after completion of interrupt program, perform the unclamp operation at
the restart of main program.
Also, perform the clamp/unclamp operation even when the next block continues.

(Example)

[Main program] [Interrupt program]
0622(MINT MAIN) O623(MINT SUB)
N100 G90G94; — | N100 #100=#100+1;
N110 G28B0.X0.; M99;

N120 M96P623;

N130 G01X10.B10.F150.;
N132 G01B15.;

N140 G04X3.;

N150 M97;

MO02;

a) Performs unclamp operation at the beginning of main program N130 block.
b) Executes macro interrupt during main program N130 execution.
c) Interrupt program 0623 execution is completed.

Py

d) Performs unclamp operation at the restart of main program N130 block, and performs clamp operation after
completion of axis movement.

(e) Performs unclamp operation at the beginning of main program N132 block, and performs clamp operation
after completion of axis movement.

m Precautions

(1) Several axes can be set as index table indexing axes.

(2) The movement speed of index table indexing axes follows the feedrate of the modal (G00/G01) at that time.

(3) The unclamp command for the indexing axes is also issued when the index table indexing axes are commanded
in the same block as other axes. Thus, the movement of other axes commanded in the same block is not carried
out until the unclamp operation completes.

Note that the movement of other axes commanded in the same block is carried out during a non-interpolation
commands.

(4) Index table indexing axes are used as normal rotation axes, but this function performs an unclamp operation
even for linear axes.

(5) If some error that makes unclamp command OFF occurs during indexing axis movement in automatic operation,
the unclamp state will remain, and the indexing axis will execute a deceleration stop.
Other axes commanded in the same block will also execute a deceleration stop, except during non-interpolation
commands.

(6) If the axis movement is interrupted by an interlock, etc., during indexing axis movement, the unclamp state will
remain.

(7) The clamp and unclamp operations are not executed when the movement commands of the index table indexing
axis are successively issued.
Note that the clamp and unclamp operations are executed even when the movement commands are continued
during single block operation. Refer to "Single block" of the "Relationship with other functions".

(8) Make sure that the command position is at a position where clamping is possible.

(9) Set the unidirectional positioning (G60) parameter "#8209 G60 SHIFT" in indexing increment. A program error
(P20) will occur if it is not set in indexing increment.
In a single block operation, the block stop is carried out at the "#8209 G60 SHIFT" position, and the clamp or
unclamp operation is carried out.
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9.4 M Code Output during Axis Traveling ; G117

E Function and purpose

This function controls the timing at which miscellaneous functions are output, and it outputs a miscellaneous function
when axis reaches at the designated position movement.

g Command format

‘G117 Xx1 Zz1 Cc1 Mm1 Mm2 Mm3 Mm4;

Xx1,Zz1,Cc1 Movement start points

Mm1,Mm2,Mm3,Mm4 Miscellaneous function

m Detailed description

(1) Issue this command alone in a block just before the movement command that activates the miscellaneous func-
tion has been issued.

(2) Single block stop does not apply to this command.
(3) The maximum number of groups to which the miscellaneous functions in the G117 block can be issued is as

follows:
M commands 4 sets
S commands 2 sets
T commands 1 set
2nd miscellaneous function 1 set

(4) This command can be issued in up to two consecutive blocks.
When issued in three or more consecutive blocks, the last two blocks will be valid.

@ Program example

G117 Xx1 Zz1 Mm1 Mm2 Mm3 Mm4 ;G117 Xx2 Zz2 Mm5 Mm6 Mm7 Mm8 ;
G01 X200 Z200;

Mm 1 (E) (200, 200)

Mm 2

Mm 3

Mm 4 \» Mms
Mme

s (x 1,z 1) Mm 7
Mms

(E) End point (S) Start point
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10.1 Spindle Functions

E Function and purpose

(1) Spindle function (S 8-digit)
This function allows you to designate an S command with an 8-digit number (0 to 99999999) following address
S and include one pair of S commands in a single block.
The output signal is a 32-bit binary data with sign and start signal.
Processing and completion sequences are required for all S commands.

(2) Spindle function (S 6-digit analog)
When the S 6-digit function is added, S commands can be designated in the range from S0 to S999999.
This function outputs the appropriate gear signal or the voltage and start signals matching the spindle rotation
speed (r/min) to be commanded using the 6-digit numerical command following the S code.
Processing and completion sequences are required for all S commands.
If the gear level is switched manually while an S command is not running, this function obtains the appropriate
voltage from the rotation speed designated for the gear level and the previously commanded rotation speed, and
outputs the result.
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10.2 Constant Surface Speed Control; G96, G97

E Function and purpose

This function adjusts the spindle rotation speed (constant surface speed control) in accordance with the movement
of the tool nose point so that the cutting point always remains at the constant speed (constant surface speed).
Using this function for processes such as a cutting-off process is effective in terms of machining time, tool life, etc.
Note that when the tool nose point is moving to the workpiece zero point, the rotation may be at the maximum rota-
tion speed defined in the machine specifications; this is dangerous. Be sure to specify the maximum clamp rotation
speed with the spindle clamp speed setting command (G92/G50).

Constant surface speed control at constant surface speed command G96 S314 m/min

Workpiece diameter: 50 mm (Radius value) = Workpiece diameter: 25 mm (Radius value)

X X

=

314(m/min) 314(m/min) gt 25

999(r/min) 1999(r/min)

To keep the surface speed constant, this function obtains and automatically adjusts the spindle rotation speed in
accordance with the movement of the tool nose point.

In the example above, to keep the surface speed (314 (m/min)) constant, the rotation speed is changed from 999
(r/min) to 1999 (r/min) with changes of the workpiece radius (50mm — 25mm).

Spindle rotation speed (r/min) =  Surface speed (m/min) / Workpiece surface (m/r)

G96 command value Automatically calculated from the work-
piece zero point and tool nose position

‘ Note

(1) When the surface speed constant control is commanded under Inch system, the error of the spindle rotation
speed specification depends on the MTB specifications (parameter "#1255 set27/bit0").
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E Command format

Constant surface speed ON

‘G96 S _P_: |
S Surface speed (-99999999 to 99999999 (m/min), -99999999 to 99999999 (feet/min))
P Constant surface speed control axis 0 to n (n: Number of axes that can be controlled in

the part system with G96 commanded)

‘ Note

(1) The S command is handled as the absolute value (the sign is ignored).
(2) If the value of the S command exceeds the allowable range, a program error will occur (P35).
(3) If the value of the P command exceeds the allowable range, a program error will occur (P133).

Constant surface speed cancel

‘G97 s_;

\ S

|Spindle rotation speed (-99999999 to 99999999 (r/min)) \

‘ Note

(1) The S command is handled as the absolute value (the sign is ignored).

m Detailed description

(1) When the PO or P command is not specified, the operation depends on the MTB specifications (parameter
"#1181 G96_ax").
However, if this parameter is set to "0", the first axis is used as the surface speed axis regardless of whether

address P is specified or not.
0: Fixed at 1st axis (P command invalid)

1: 1st axis
2: 2nd axis

(2) To change the constant surface speed control axis in the constant surface speed control mode, specify the com-
mand in the G96 P_ format. (However, when the parameter above is set to "0", no change can be made.)
If the S command is issued simultaneously, the surface speed can also be changed.

IB-1501619-A

<Example 1>

Control axis sequence in constant

Machining |5y rface speed command part system Details of Operation
program
1st axis 2nd axis 3rd axis
: X1 Z1 C1 The X1 axis is used as the constant surface speed
G96 S200 P1; ! 1 ! control axis.
: l 1 l (Controls the spindle rotation so that the surface
l 1 l speed is set to 200 (m/min) for the X1 axis.)
G96 P2; l 1 l The Z1 axis is used as the constant surface speed
: l 1 l control axis.

<Example 2>

Control axis sequence in constant

Machining |gyrface speed command part system Details of Operation
program - - :
1st axis 2nd axis 3rd axis
: Z1 C1 - The Z1 axis is used as the constant surface speed
G96 S200 P1; l 1 - control axis.
: ! ! - (Controls the spindle rotation so that the surface
! 1 - speed is set to 200 (m/min) for the Z1 axis.)
’ ! -
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(3) The spindle to be controlled is determined in the MTB specifications (parameter "#1300 ext36/bit0").
For multiple-spindle control | (*1), the spindle is determined by the spindle selection command in the G group 20.
For multiple-spindle control 1l (*2), the spindle is determined by the spindle selection signal from the PLC.
(*1) Multiple-spindle control by G43.1 or G44.1 command

(*2) Multiple-spindle control with the PLC signal used Whether the specification is provided and the details de-
pend on models and MTB specifications.

(4) Specify the spindle surface speed with the S command when constant surface speed control ON is commanded.
In constant surface speed control mode, the surface speed can only be changed with the S command.

(5) The spindle clamp speed setting (G92S___ Q__ ) is to be commanded when the spindle speed needs to be limited
depending on the workpiece to be machined, the chuck to be mounted on the spindle and the tool specifications,
etc.

Whether the spindle clamp speed setting is made valid only in the constant surface speed control mode or also
made valid for normal spindle rotation commands depends on the MTB specifications (parameter "#1227 aux11/
bit5").

Once the maximum clamp rotation speed and the minimum clamp rotation speed are set using the spindle clamp
speed setting (G92 S__ Q _ ), the maximum speed clamp will not be canceled even if the command "G92 S0"

is issued.

Whether the commanded spindle clamp speed setting is kept when NC is reset during constant surface speed

control depends on the MTB specifications (parameter "#1210 RstGmd/bit19").

(6) The constant surface speed control and spindle clamp speed setting can be commanded to the mth spindle or
nth spindle.

Whether the command is to be issued to the mth spindle or nth spindle is commanded with the G code (G43.1/
G44.1) of the spindle selection command.

Whether the mth spindle or nth spindle is selected in the initial state depends on the MTB specifications (param-
eter "#1199 Sselect").

. Spindle for constant surface speed control
Spindle - -
During G43.1 During G44.1
mth spindle o x
nth spindle x o

(7) Whether the surface speed is always calculated or at the end of a block when the rapid traverse command is
issued depends on the MTB specifications (parameter "#1087 G96_G0").

(8) The constant surface speed cancel command (G97) cancels constant surface speed control in the part system
that has executed the constant surface speed ON command (G96).
The constant surface speed control cannot be canceled from another part system.
The spindle rotation speed is maintained at the speed specified when the constant surface speed cancel com-
mand (G97) has been executed.

(9) If NC is reset during constant surface speed control, the spindle rotation speed is changed to "0" (r/min) after
reset.
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Temporary cancellation of constant surface speed control

Whether a spindle rotation command from another part system is made invalid or valid for the spindle in the constant
surface speed control mode in multiple-spindle control | depends on the MTB specifications (parameter "#1447
tmp_cancel").

[When the temporary cancellation of constant surface speed control is invalid:]

If a spindle rotation command from another part system is executed for the spindle in the constant surface speed
control mode, it is ignored.

[When the temporary cancellation of constant surface speed control is valid:]

(1) If a spindle rotation command from another part system is executed for the spindle in the constant surface
speed control mode, the constant surface speed control is canceled temporarily. After this, if a spindle rota-
tion command is issued from the part system in the constant surface speed control mode to the spindle in
the constant surface speed control mode, it is executed as the surface speed command, and the surface
speed is made constant.

The constant surface speed is temporarily canceled when a spindle rotation command is issued from another
part system even in a block in which the spindle rotation speed is changed by the constant surface speed
control axis movement command.

Machining program

Part system that | Other part | Status of constant
the constant sur-| system | surface speed con- Details of Operation
face speed was trol spindle
commanded
G96 S100 P1; : Constant surface |Performs constant surface speed control.
speed
: l
S1=1200; Steady rotation This command is issued for the constant surface
! speed control spindle; therefore, the constant sur-
face speed control is canceled, and the spindle ro-
tates at the commanded rotation speed.
S200; : Constant surface  |Restarts constant surface speed control.
speed
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(2) If a constant surface speed control command from another part system is executed for the spindle in the con-
stant surface speed control mode,
When a constant surface speed control command is issued from another part system even in a block in which
the spindle rotation speed is changed by the constant surface speed control axis movement command, the
constant surface speed control shifts to the commanded part system.

Machining program Constant surface
System 1 ($1)] System 2 ($2) speed control part Details of Operation
system
G43.1; G43.1;
G96 S100 P1; : $1 The constant surface speed control is carried out
: ! from the first axis of $1.
G96 S200 P1; $2 The constant surface speed control is carried out
! from the first axis of $2.
The spindle rotation speed does not change even
when the first axis of $1 moves.
S200; : $1 The constant surface speed control is carried out
! from the first axis of $1.
The spindle rotation speed does not change even
when the first axis of $2 moves.

E Relationship with Other Functions

Checking the maximum clamp rotation speed

When the constant surface speed control is commanded, check whether the spindle speed clamp is valid.

If the constant surface speed control axis is near the zero point, it causes the spindle to rotate at the maximum ro-
tation speed.

Check the spindle speed clamp command to prevent the spindle from rotating at high speed.

(1) In multiple-spindle control I, when error cancellation occurs when no spindle speed clamp command is disabled
according to the machine at the time of no spindle speed clamp command is disabled in the MTB specifications
(parameter "#1448 Sclamp_err_cancel" is set to "0"), if any spindle clamp command is not specified in the part
system with the constant surface speed commanded, it causes a program error will occur (P134). If such an error
occurs, reset to finish processing, and review the machining program to command a spindle speed clamp.

If the program error described above occurs, the G96 block is not executed.
Therefore, commands in the same block as for G96 are not executed. (The modal also remains unchanged.)

(2) In multiple-spindle control Il, if the speed clamp command is not valid for the selected spindle, it causes an op-
eration error (M01 1043). When such an error occurs, reset to finish the program, and issue the spindle speed
clamp command after selecting a spindle.

When the operation error above occurs, execute the commands in the same block.

(a) G96 S100 M03 command: When the spindle forward rotation signal is input from the user PLC by the
MO03 command, the spindle runs forward.
(The spindle speed is set to the previously commanded rotation speed.)

(b) G96 S100 X30. command: If an error occurs, axis movement is performed until the program is reset.

(3) When spindle speed clamp command check is valid, the spindle speed clamp command value is set to "0" if the
G92/G50 SO command is issued.

(4) In multiple-spindle control Il, spindle speed clamp check is conducted for the spindle selected in the G96S com-
mand. Specify the spindle speed clamp command for all the currently selected spindles.
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(5) Whether to conduct spindle speed clamp command check depends on the MTB specifications (parameters
"#1146 Sclamp" and "#1284 ext20/bit0".)
If parameter "#1146 Sclamp" is set to "0", the spindle speed clamp command cannot be executed when constant
surface speed control is turned off; therefore, the spindle speed clamp command cannot be issued before con-
stant surface speed control.

Parameter "#1284 ext20/bit0" has the following setting:
0: Checks the spindle speed clamp.
1: Does not check the spindle speed clamp.

(6) The spindle speed clamp may be performed only in the constant surface speed mode depending on the MTB
specifications (parameter "#1227 aux11/bit5"). If the program is then reset, the clamp may be rendered ineffec-
tive.

For information on whether the setting is configured to keep the clamp status, refer to the MTB specifications.
(Parameter "#1210 RstGmd/bit10, bit19")

BIT10: Group 17, constant surface speed control command modal
BIT19: Spindle clamp rotation speed initialization

(7) When operating the system in the initial constant surface speed mode or with the constant surface speed modal
by holding the constant surface speed control command modal, the constant surface speed control mode is set
by the S command (surface speed). When spindle speed clamp command check is valid, issue the spindle speed
clamp command before the S command.

(8) In multiple-spindle control I, when the speed clamp command is not valid for the selected spindle while error can-
cellation at the time of no spindle speed clamp command is enabled (parameter "#1448 Sclamp_err_cancel" is
setto "1"), it causes an operation error (M01 1043), and the program stops in the block for which constant surface
speed control is commanded. In this case, constant surface speed control is ignored, and the spindle rotation
speed is maintained to the value specified before the G96 command is issued.

Control axis sequence in
Machining constant surface speed |Status of constant

roaram command part system surface speed Details of Operation
prog control spindle

1st axis | 2nd axis | 3rd axis

S1=500 X1 Z1 C1 Steady rotation |The spindle rotation speed is set to 500 (r/
: ! ! ! ! min).
G96 S100 P1 1 l l l Since constant surface speed control is
! ! | ! commanded while the maximum clamp

rotation speed is not specified, an opera-
tion error occurs, and the system stops in
the block with the G96 command issued,
keeping the spindle rotation speed at 500
(r/min).

If a command is issued from other part systems to the spindle for constant surface speed control while an oper-
ation error is occurring (M01 1043), the rotation speed is set to the commanded value.

Machining program

Part system that | Other part
the constant sur- system
face speed was

Status of constant surface

speed control spindle Details of Operation

commanded
S1=500 : Steady rotation The spindle rotation speed is set to 500 (r/
: ! min).
G96 S100 P1 : Steady rotation Since constant surface speed control is
! commanded while the maximum clamp ro-

tation speed is not specified, an operation
error occurs, and the system stops in the
block with the G96 command issued, keep-
ing the spindle rotation speed at 500 (r/

min).
S1=1500 Steady rotation The spindle rotation speed is set to 1500 (r/
. ! min).
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If the program is interrupted by reset or emergency stop while an operation error (M01 1043) occurs, the constant
surface speed control mode is released, causing the operation error to be canceled. Whether to initialize the
modal by reset depends on the MTB specifications (parameter "#1210 RstGmd/bit10").

The axis included in the part system in which an operation error (M01 1043) occurs cannot be exchanged as an
arbitrary axis. Whether to wait until axis exchange becomes possible or cause an operation error (M01 1101)
during waiting depends on the MTB specifications (parameter "#1432 Ax_Chg_Spec/bit0").

If the maximum clamp rotation speed command is issued from other part systems to the spindle for constant
surface speed control while an operation error (M01 1043) occurs, the operation error is canceled, and constant

surface speed control starts.

Machining program

Other part |Status of constant
surface speed Details of Operation

Part system that

the constant sur- system
face speed was control spindle
commanded
S1=500 : Steady rotation |The spindle rotation speed is set to 500 (r/min).
: !
G96 S100 P1 : Steady rotation |Since constant surface speed control is commanded
! while the maximum clamp rotation speed is not spec-
ified, an operation error occurs, and the system stops

in the block with the G96 command issued, keeping
the spindle rotation speed at 500 (r/min).

G92 S3000 Constant surface | The maximum clamp rotation speed has been com-
speed manded. This cancels an operation error and starts
! constant surface speed control.
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Arbitrary axis exchange control

(1) If constant surface speed control axes are rearranged by the arbitrary axis exchange command, the spindle ro-
tation speed is maintained at the value specified before rearrangement.

(2) If a new surface speed is specified by the S command while the spindle rotation speed is maintained, it becomes
valid when the rearranged constant surface speed axes are returned to the original status.
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The following example shows a case in which constant surface speed control axes are renumbered by the arbi-
trary axis exchange command in the constant surface speed command part system.

Machining program

Control axis sequence in
constant surface speed
command part system

Details of Operation

1st axis | 2nd axis | 3rd axis
G140 X=X1 Z=21 C=C1 X1 Z1 C1
: ! ! !
G96 S100 P1 ! ! ! Conducts constant surface speed control for the X1
: l l l axis.
G140 Z=21 Z1 - - The first axis has been changed from the X1 axis to
: l - - the Z1 axis; therefore, the spindle rotation speed is
set to the constant rotation speed according to the fi-
nal command value of the constant surface speed for
the X1 axis.
S200 l - - The command for changing the surface speed from
! - - 100 (m/min) to 200 (m/min) does not become valid
because the constant surface speed rotation speed
is maintained.
G140 X=X1 X1 - - The first axis returns to the X1 axis, and the constant
: l - - surface speed calculation restarts. The surface
speed is set to 200 (m/min).

The following example shows a case in which constant surface speed control axes are renumbered by the arbi-
trary axis exchange command in a part system other than the constant surface speed command part system.

Control axis sequence in con-
Machining program stant surface speed command
part system
Details of Operation
Part system that the Other part | 1staxis | 2nd axis | 3rd axis
constant surface speed system
was commanded
G140 X=X1 Z=Z1 C=C1 X1 Z1 C1
: ! ! !
G96 S100 P1 1 l l Conducts constant surface
: : ! ! ! speed control for the X1 axis.
G140 X=X1 Z1 C1 - The first axis has been changed
: ! l - from the X1 axis to the Z1 axis;
therefore, the spindle rotation
speed is set to the constant rota-
tion speed according to the final
command value of the constant
surface speed for the X1 axis.
G140 X=X1 X1 - - The first axis returns to the X1
: ! - - axis, and the constant surface
speed calculation restarts.
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(3) If the constant surface speed command is re-executed when constant surface speed axes are rearranged and
the spindle rotation speed is maintained at the constant rotation speed, the kept spindle rotation speed is can-
celed, and the reissued constant surface speed control command is executed.

Control axis sequence in con-
Machining program stant surface speed command

part system
Details of Operation

Part system that the Other part 1st axis | 2nd axis | 3rd axis
constant surface speed system
was commanded

G140 X=X1Z=21 C=C1 : X1 Z1 C1
: : ! l
G96 S100 P1 : 1 l Conducts constant surface
: : ! ! ! speed control for the X1 axis.
G140 X=X1 Z1 C1 - The first axis has been changed

l l - from the X1 axis to the Z1 axis;
therefore, the spindle rotation
speed is set to the constant ro-
tation speed according to the fi-
nal command value of the
constant surface speed for the

X1 axis.
G96 S100 P1 : Z1 - - Conducts constant surface
: : l - - speed control for the Z1 axis.

(4) If constant surface speed axes are returned to the original status by rearrangement while constant surface speed
control is temporarily canceled, the spindle rotation speed will be maintained. After this, the surface speed be-
comes constant when it is specified with the S command.

Control axis sequence in con-
Machining program stant surface speed command
part system
Part system thatthe | Other part | 1staxis | 2nd axis | 3rd axis Details of Operation
constant surface system
speed was command-
ed
G140 X=X1 Z=21 C=C1 : X1 Z1 C1
: : ’ ! !
G96 S100 P1 l l l Conducts constant surface
: : l l l speed control for the X1 axis.
S1=1200 l l l The constant surface speed is
: l l l placed into the temporary can-
cel state.
G140 X=X1 Z1 C1 - The first axis was changed from
: ! ! - the X1 axis to the Z1 axis, but
l 1 - the spindle rotation speed re-
mains unchanged because the
constant surface speed is
placed into the temporary can-
cel state.
G140 X=X1 Z=21 X1 Z1 - The constant surface speed re-
: l 1 - mains placed in the temporary
l l - cancel state.
S100 l 1 - Conducts constant surface
l i} - speed control for the X1 axis.
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(5) If the surface speed is specified by the S command with the rearrangement of the constant surface speed axes
while the constant surface speed control is in the temporary cancel state, the spindle rotation speed kept at tem-
porary cancellation is applied, and the surface speed becomes constant when the constant surface speed axes
are returned to the original arrangement.

Control axis sequence in con-
Machining program stant surface speed command
part system
Part system thatthe | Other part | 1staxis | 2nd axis | 3rd axis Details of Operation
constant surface system
speed was command-
ed
G140 X=X1 Z=Z1 C=C1 : X1 Z1 C1
: : ! l !
G96 S100 P1 l l l Conducts constant surface
: l l l speed control for the X1 axis.
: ! l !
S1=1200 l l l The constant surface speed is
: l l l placed into the temporary can-
: ! ! ! cel state.
G140 X=X1 Z1 C1 - The first axis was changed
: l l - from the X1 axis to the Z1 axis,
l l - but the spindle rotation speed
remains unchanged because
the constant surface speed is
placed into the temporary can-
cel state.
S200 : l l - If the surface speed is changed
: : ! ! - from 100 (m/min) to 200 (m/
min), the spindle rotation speed
remains set to the value that is
kept when the constant surface
speed is temporarily canceled,
and the rearranged axis is not
returned to the original status,
causing the constant surface
speed control to not be valid.
G140 X=X1 Z=21 : X1 Z1 - The first axis returns to the X1
: : l l - axis, and the constant surface
l l - speed calculation restarts. The
surface speed is set to 200 (m/
min).
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Other functions

Function name

Operation

Spindle Clamp Speed Setting (G92/G50)

The spindle clamp speed setting is valid in the constant surface
speed control mode.

Whether the commanded spindle clamp speed setting is kept when
NC is reset during constant surface speed control depends on the
MTB specifications. (parameter "#1210 RstGmd/bit19")

Cylindrical interpolation (G07.1)
Milling interpolation (G12.1/G13.1)

The constant surface speed control cannot be commanded in the cy-
lindrical interpolation or milling interpolation mode. Program error
(P481) will occur.

The cylindrical interpolation or milling interpolation cannot be com-
manded in the constant surface speed control mode. Program error
(P485) will occur.

Thread cutting (Designation of lead or
number of ridges) (G32)

Continuous thread cutting

Variable lead thread cutting (G34)
Circular thread cutting (G35/G36)
Thread cutting cycle (G78)
Compound type thread cutting cycle
(G76)

Multi-part system simultaneous thread
cutting cycle | (G76.1)

Two-part system simultaneous thread
cutting cycle Il (G76.2)

When the constant surface speed command is issued in the same
part system during execution of the thread cutting or thread cutting
cycle command or when the thread cutting or thread cutting cycle
command is issued in the same part system in the constant surface
speed control mode, the spindle rotation speed for constant surface
speed control remains unchanged.

(The constant surface speed control is not performed.)

This function keeps the spindle rotation speed specified at execution
of the thread cutting or thread cutting cycle command.

When the thread cutting or thread cutting cycle command is terminat-
ed, the spindle rotation speed is changed to the value obtained from
the position of the constant surface speed control axis and the sur-
face speed.

The constant surface speed command cannot be issued from other
part systems to the spindle for which the thread cutting command is
currently executed. Also, the thread cutting command cannot be is-
sued from other part systems to the spindle in the constant surface
speed control mode. An operation error (M01 1113) will occur.

Tapping cycle (G84/G88)
Synchronous tapping cycle (G84/G88)

If the constant surface speed command is issued in the same part
system during execution of the tapping cycle or synchronous tapping
cycle command or the tapping cycle command is issued in the same
part system in the constant surface speed control mode, the spindle
rotation speed for constant surface speed control remains un-
changed. (The constant surface speed control is not performed.)
This function keeps the spindle rotation speed specified at execution
of the tapping cycle command.

When the tapping cycle or synchronous tapping cycle command is
terminated, the spindle rotation speed is changed to the value ob-
tained from the position of the constant surface speed control axis
and the surface speed.

The constant surface speed command cannot be issued from other
part systems to the spindle for which the tapping cycle or synchro-
nous tapping cycle command is currently executed. Also, the tapping
cycle or synchronous tapping cycle command cannot be issued from
other part systems to the spindle in the constant surface speed con-
trol mode. An operation error (M01 1113) will occur.

The synchronous tapping cycle command cannot be executed in the
constant surface speed control mode. Program error (P182) will oc-
cur.

Also, the constant surface speed command cannot be executed
during execution of the synchronous taping cycle command. Pro-
gram error (P186) will occur.
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Function name

Operation

Arbitrary Axis Exchange (G140/G141)

If constant surface speed control axes are rearranged by the arbitrary
axis exchange command, the spindle rotation speed is maintained at
the value specified before rearrangement. The spindle rotation speed
is maintained until the constant surface speed control axes are re-
turned to the original arrangement or the constant surface speed con-
trol is canceled.

The axis included in the part system in which an operation error (M01
1043) occurs cannot be exchanged.

Cross Machining Control (G110)

If cross machining control is commanded during constant surface
speed control, it causes a program error (P501).

Axis Name Change (G111)

If axis name switch is commanded during constant surface speed
control, it causes a program error (P411).

Spindle synchronization control (G114.1)
Tool spindle synchronization | (G114.2)

The constant surface speed control can be conducted for the refer-
ence spindle during spindle synchronization or tool spindle synchro-
nization I.

If the constant surface speed control command is issued to the syn-
chronized spindle, the spindle synchronization command has priority,
and the spindle rotates at the speed that is synchronized with the
commanded speed of the reference spindle. The constant surface
speed control for the synchronized spindle becomes valid after the
spindle synchronization has been canceled. To conduct the constant
surface speed control, issue the command to the reference spindle.

Tool Spindle Synchronization Il (G114.3)

The constant surface speed control can be conducted for the refer-
ence spindle during tool spindle synchronization .

Guide Bushing Spindle Synchronization

The constant surface speed control can be commanded to the refer-
ence spindle.

The G and B spindles are kept in the synchronous state in the con-

stant surface speed mode.

The constant surface speed control cannot be commanded to the G
and B spindles.

Spindle-Mode Servo Motor Control

The system also runs when a spindle-mode servo is specified for
constant surface speed control

Spindle Superimposition Control (G164)

The constant surface speed command cannot be issued to the refer-
ence spindle while the tapping cycle or synchronous tapping cycle is
executed for the superimposed spindle. An operation error (M01
1133) will occur.

The tapping cycle or synchronous tapping cycle command cannot be
issued to the superimposed spindle during constant surface speed
control for the reference spindle. An operation error (M01 1133) will
occur.

External Spindle Deceleration

If the external spindle deceleration signal is set to OFF for the spindle
under constant surface speed control, the spindle is clamped at the
external spindle deceleration speed. The S analog maximum/mini-
mum over signal (SOVE) is set on.

High-Speed Simple Program Check

The surface speed is calculated, but the actual rotation speed of the
spindle remains set to the value specified before the part system syn-
chronization machine lock high-speed operation is selected.

NC reset (Reset 1/2, reset & rewind)

When NC is reset during constant surface speed control, the spindle
rotation speed is set to "0" (r/min).
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m Precautions

(1) Under the constant surface speed control (during G96 modal), if the axis targeted for the constant surface speed
control (normally X axis for a lathe) moves toward the spindle center, the spindle rotation speed will increase and
may exceed the allowable speed of the workpiece or chuck, etc. In this case, the workpiece, etc. may jump out
during machining, which may break tools or the machine or injure the operators. Therefore, make sure to use
this control while the "spindle speed clamp" is enabled. When the constant surface speed control is commanded,
keep enough distance from the program zero point.

Program example

(Example 1) When the parameter "#1146 Sclamp" is set to "0".

G96 S200 ; The spindle rotation speed is controlled so that the surface speed is 200m/min.
G92 S4000 Q200 ; The spindle rotation speed is clamped up to 4000 r/min and down to 200 r/min.
M3 ; The rotation command to the spindle

(Example 2) When the parameter "#1146 Sclamp" is set to "1"
G92 S4000 Q200 ; The spindle rotation speed is clamped up to 4000 r/min and down to 200 r/min.

G96 S200 ; The spindle rotation speed is controlled so that the surface speed is 200m/min.
M3 ; The rotation command to the spindle
<Note>

+For safety, issue the rotation command to the spindle after G92.

/\ WARNING

/\ Under the constant surface speed control (during G96 modal), if the axis targeted for the constant surface
speed control (normally X axis for a lathe) moves toward the spindle center, the spindle rotation speed will in-
crease and may exceed the allowable speed of the workpiece or chuck, etc. In this case, the workpiece, etc.
may jump out during machining, which may break tools or the machine or injure the operators.

(2) When the G96 command is issued, do not omit the "S_" surface speed command. If omitted, the system will fol-
low the previous "S_" command.
The S command ("S_" or "So=" command) for the spindle in the constant surface speed control mode specifies
the surface speed.

(3) If the spindle speed clamp is not commanded when the constant surface speed control axis is near the zero point,
it causes the spindle to rotate at the maximum rotation speed. We recommend that you command the spindle
speed clamp before the constant surface speed command.

In this case, the parameter "#1146 Sclamp" must be made valid, but this function depends on the MTB specifi-
cations.

(4) If an axis number not registered in the command part system is commanded when the constant surface speed
command is specified, it causes a program error (P133).

(5) When the arbitrary axis exchange command is specified in the constant surface speed control, the spindle speed
clamp command is valid even if the spindle rotation speed is maintained.
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(6) Note that the rotation speed of the constant surface speed spindle may vary significantly at restart of constant
surface speed processing when constant surface speed control axes are repositioned until they are rearranged
by the arbitrary axis exchange command, they are returned to the original arrangement after the spindle rotation
speed has been kept, and constant surface speed processing restarts.
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Machining program

Control axis sequence in
constant surface speed
command part system

Details of Operation

Part system that the Other part | 1st axis | 2nd axis | 3rd axis
constant surface speed system
was commanded
G140 X=X1 Z=21 C=C1 X1 Z1 C1
: ! ! !
G96 S100 P1 1 l 1 Conducts constant surface speed
: 1 l 1 control for the X1 axis.
! ! !
G140 X=X1 Z1 C1 - The first axis has been changed
: l l - from the X1 axis to the Z1 axis;
1 l - therefore, the spindle rotation speed
1 l - is set to the constant rotation speed
1 l - according to the final command val-
l l - ue of the constant surface speed for
the X1 axis.
G140 X=X1 X1 - - The first axis returns to the X1 axis,
: ! - - and the constant surface speed cal-
culation restarts.

<Operation diagram>

X1 axis
Workpiece position
(mm)

S1 command
Rotation speed
(r/min)

Constant surface
speed control part
system

Other part system

Interval A:

300f------ '
200
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The spindle rotation speed varies by constant surface speed control with changes of the X1

The X1 axis position is changed, but the spindle rotation speed does not change because

the program is in the process of maintaining the spindle rotation.

Interval C:
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10.3 Spindle Clamp Speed Setting; G92

E Function and purpose

The maximum clamp rotation speed of the spindle can be assigned by address S following G92 and the minimum
clamp rotation speed by address Q.

Use this command when the spindle speed needs to be limited depending on the workpiece to be machined, the
chuck to be mounted on the spindle and the tool specifications, etc.

E Command format

Spindle clamp speed setting

\692 S_Q_;
S Maximum clamp rotation speed
Q Minimum clamp rotation speed

m Detailed description

(1) Besides this command, parameters can be used to set the rotation speed range up to 4 stages in 1 r/min units
to accommodate gear selection between the spindle and spindle motor. The lowest upper limit and highest lower
limit are valid among the rotation speed ranges based on the parameters and based on "G92 S_ Q_;".

(2) Whether to carry out rotation speed clamp only in the constant surface speed mode or even when the constant
surface speed is canceled depends on the MTB specifications (parameters "#1146 Sclamp" and "#1227 aux11/
bit5").
<Note>

+G92S command and rotation speed clamp operation

Sclamp=0 Sclamp=1
aux11/bit5=0 aux11/bit5=1 aux11/bit5=0 aux11/bit5=1
Command | In G96 | Rotation speed clamp command Rotation speed clamp command
In G97 | Spindle rotation speed command Rotation speed clamp command
Operation | In G96 | Rotation speed clamp execution Rotation speed clamp execution
In G97 No rotation speed clamp Rotation speed clamp No rotation speed
command clamp

+The address Q following the G92 command is handled as the spindle speed clamp command regardless of
the constant surface mode.

(3) The command value of the spindle clamp rotation speed will be cleared by modal reset (reset 2 or reset & rewind).
Note that the modal is retained if the parameter "#1210 RstGmd / bit19" is ON.
It is set to "0" during power ON.
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m Precautions

(1) Once the maximum clamp speed and the minimum clamp speed are set using the spindle clamp speed setting
(G92 S__ Q_ ), the maximum speed clamp will not be cancelled even if the command "G92 S0" is issued.
During this time, the Q__ value is still valid and SO < Q___is established. The Q__ value is treated as the maxi-
mum speed clamp, and SO0 is treated as the minimum speed clamp.

(2) Note that if the spindle clamp speed setting (G92 S__ Q__) is not commanded, the speed may increase to the
machine's maximum specified speed that is set by the parameter. Especially when the constant surface speed
control (G96 S__) is commanded, command the spindle clamp speed setting as well as the spindle maximum
rotation speed. As the tool moves closer to the spindle center, the spindle rotation speed will increase and may
exceed the allowable speed of the workpiece or chuck, etc.

/\ WARNING

/\ The spindle clamp speed setting command is a modal command, but make sure to confirm that the G and F
modal and coordinate values are appropriate if the operation is started from a block in the middle of the pro-
gram. If there are coordinate system shift commands or M, S, T and B commands before the block set as the
start position, carry out the required commands using the MDI, etc. If the program is run from the set block with-
out carrying out these operations, the machine interference may occur or the machine may operate at an unex-
pected speed.
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10.4 Multiple-spindle Control

E Function and purpose

Multiple-spindle control is a function that controls second and following spindles in addition to the first spindle in a
machine tool equipped with multiple spindles.

The following control methods are available. Which mode is valid depends on the MTB specifications (parameter
"#1300 ext36/bit0").

This section describes multiple-spindle control | that runs in the machining program.

Multiple-spindle control I: Control following the spindle selection command (G43.1, etc.) and spindle
(ext36/bit0 = 0) control command ([S*****;] or [So=*****}]), etc.

Multiple-spindle control II: Control following the PLC signal (spindle command selection signal, spindle
(ext36/bit0 = 1) selection signal) and spindle control command ([S***** ;] only), etc.

The spindle selection command [So=*****;] cannot be used.

Tool spindle
(third spindle)

- =

a
N NV
First spindle Second spindle
Tool post 1
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10.4.1 Multiple-spindle Control | (Spindle Control Command); So=

E Function and purpose

In addition to using the "S*****" S commands, it is also possible to assign commands which differentiate each spindle
by using the So=*****,

E Command format

Multiple-spindle control | (spindle control command)

—tkkkkk o
e

o Designate the spindle No. with one numeric character. (1: 1st spindle/2: 2nd spindle/n:
nth spindle (n = Maximum number of spindles defined in the specifications). This value
can be designated with a variable.

*kkkk

Rotation speed or constant surface speed command. variables can be designated.

‘ Note

(1) A program error (P35) will occur if the o value is not the available spindle number.
(2) A program error (P33) will occur if G47.1 is issued in a modal.

m Detailed description

(1) Each spindle command is delimited by the details of o.
(Example)
S1 = 3500 ; 1st spindle 3500 (r/min) command
S2 = 1500 ; 2nd spindle 1500 (r/min) command

(2) Multiple spindles can be commanded in one block.

(3) If two or more commands are issued to the same spindle in a block, the command issued last will be valid.
(Example) S1 = 3500 S1 = 3600 S1 = 3700 ; S1 = 3700 will be valid.

(4) The S***** command and So=***** command can be used together.
The spindle targeted for the S***** command is delimited by the spindle selection command.

(Example) When G44.1 spindle No. is 2

1st spindle 2nd spindle
‘control mode control mode

P
<

[
| »

1st part system Programtbzmg S1=200 sz:4oc>< G43.1S300 S2=100 X S=100 G44.1  S300 >< S1=500
execute

L ;

1st spindle Rotation speed 200 r/min >< 300 r/min >< 100 r/min Xsoor/min

Y i

2nd spindle | Rotation speed 400 rfmin >< 100 r/min >< 300 r/min

(5) The commands for each spindle can be commanded from any machining program in either part system.

»
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10.4.2 Multiple-spindle Control | (Spindle Selection Command) ; G43.1,G44.1, G471

E Function and purpose

This function is used to select the spindle that is targeted for the S command or feed per revolution in the machine
that has two or more spindles.

A spindle can be selected with the spindle selection command (G43.1/G44.1/G44.1D_).

The 1st spindle control command (G43.1) and 2nd spindle control command (G44.1) are available for the spindle
designated in the parameter.

In the arbitrary spindle control command (G44.1D_), any spindle can be selected depending on the D address.

In the all spindles simultaneous control command (G47.1), all the spindles are selected.

Use this function when cutting the back of workpiece by shifting it to the second spindle from the first spindle, cutting
multiple workpieces with the respective spindles or on the respective tool posts, etc.

E Command format

Specify the spindle to turn the multiple-spindle control mode ON.

‘G43.1 ; 1st spindle control mode ON (*1) ‘
‘G44.1 ; 2nd spindle control mode ON (*1) \
‘G44.1 D_; Arbitrary spindle control mode ON (*2) \
D Spindle designation

Spindle number or spindle name

(*1) The spindle to be used depends on the MTB specifications. (Parameters "#12090 SnG43.1" and "#1534
SnG44.1")

(*2) Designate the target spindle using the D address.

All spindles simultaneous control mode ON

G471 ;

The encoder for the 1st spindle is used.
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m Detailed description

Explanation of address

Ad- Meaning of address Command range Remarks
dress (unit)
D Spindle designation Spindle No.: 1to 8 |*If a value exceeding the command range is

Spindle number or spindle
name (*1)

commanded, a program error (P35) occurs.

+*A program error (P35) occurs if an unregis-
tered spindle number or spindle name is com-
manded.

Spindle name: 1t0 9

(*1) There are two spindle command methods: spindle number method and spindle name method.
Command with the spindle names, only when all spindles are set with the spindle name parameter (#3077
Sname) (from 1 to 9). For others, command with the spindle number. These settings depend on the MTB spec-
ifications.

Detailed description

(1) The spindle selection commands are modal G codes. The status is maintained until the command is changed.

(2) The spindle control mode at power-ON or reset is determined in the MTB specifications (parameters "#1199 Sse-
lect" "#1534 SnG44.1", and "#12090 SnG43.1"). The state when the power is turned ON or reset is as follows.

IB-1501619-A

G group 20 modal state:

Set with the basic specification parameter "#1199 Sselect".

0: G431
1: G44.1
2: G471

G43.1 spindle designation:
(*3)

Set with the basic specification parameter "#12090 SnG43.1". (*1)

Spindle number method

Spindle name method

0: 1st spindle 0: 1st spindle

1: 1st spindle 1: Spindle with spindle name "1"
2: 2nd spindle 2: Spindle with spindle name "2"
3: 3rd spindle 3: Spindle with spindle name "3"
8: 8th spindle 8: Spindle with spindle name "8"
9: 1st spindle 9: Spindle with spindle name "9"

G44.1 spindle setting:
(*3)

Set with the basic specification parameter "#1534 SnG44.1". (*2)

Spindle number method

Spindle name method

0: 2nd spindle 0: 2nd spindle

1: 1st spindle 1: Spindle with spindle name "1"
2: 2nd spindle 2: Spindle with spindle name "2"
3: 3rd spindle 3: Spindle with spindle name "3"
8: 8th spindle 8: Spindle with spindle name "8"
9: 2nd spindle 9: Spindle with spindle name "9"

(*1) If a spindle number that does not exist is set, the 1st spindle will be used.

(*2) If a spindle number that does not exist is set, the 2nd spindle will be used.

(*3) There are two types of spindle specification methods: spindle number method and spindle name method.

Which method is used depends on the MTB specifications (parameter "#3077 Sname").
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(3) If the spindle function (S) command is designated in the same block as for the spindle selection command, the
spindle that is targeted for the command varies depending on the sequence of the spindle selection command,

D address, and S command.

G44.1 and the D address:

When the S command succeeds the |G43.1 S ; Follows the G43.1 or G44.1 mode in the same
G43.1/G44.1/D address: Ga41s__ block.

G441D__S_;
When the S command precedes the |S___ G43.1; Follows the G43.1 or G44.1 mode before the
G43.1/G44.1/D address: . command block.

S G44.1;

S G441D_;
When the S command is between |G44.1S D _; The D address is disabled.

Follows the G44.1 mode in the same block.
(Equivalent to "G44.1 S__ ;")

(4) When the D address is in the same block as for G44.1, only the D address following G44.1 is valid. If another
command address is between G44.1 and the D address, it is not handled as the D address of G44.1.

(5) When another G code is commanded in the same block as for the arbitrary spindle control command (G44.1D_),

a program error (P45) will occur.

(6) Commands can be issued from any part system.

(Example) 1st part system: The G43.1 spindle number is set to "1" and the G44.1 spindle number is set to "2".
2nd part system: The G43.1 spindle number is set to "1" and the G44.1 spindle number is set to "2".

Program currently being executed Rotation speed

1st part system 2nd part system 1st spindle 2nd spindle
G43.1; G43.1; S1000 (r/min)
G97 S1000; G96;
S2000; S2000 (r/min)
: G96 S200; $200 (m/min)
G44.1 S500; : S500 (r/min)
: G96 S100; S100 (m/min)
G43.1; :
: G44.1 G96 S300; S300 (m/min)
S3000; : S3000 (r/min)
S$2=3000 S3000 (r/min)
1 $1=1000 $1000 (r/min)
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Spindle control rights

If the constant surface speed control, S command and spindle related M command are commanded randomly from
each part system to one spindle, the spindle may not operate correctly. For example, if S is commanded (feed per
minute) from the 2nd part system ($2) during constant surface speed control with 1st part system ($1), the rotation
speed will not change from the 1st part system side, and the actual rotation speed will relay on the 2nd part system
from which S was commanded last. These commands must be commanded from only one part system, or com-
manded simultaneously while using standby, etc.

Program currently being executed Rotation speed
1st part system 2nd part system | 1st spindle rotation
speed [Control right]
G43.1; G43.1;
GO00 X50. ; GO00 X50. ;
S100; S100 (r/min)
: [Part system 1]
GO01 X30. ;
GO01 X10.;
After this, the 1st part system performs S200; S200 (m/min)
machining with S200 even if it was in- : [Part system 2]
tended that S100 be used. GO01 X10. ;

[Spindle control right transition conditions] Case in which the G43.1 spindle number is set to "1" and the G44.1 spin-
dle number is set to "2"

(1) The part system that commanded the S command last has the spindle control rights.

Program currently being executed Control rights
1st part system 2nd part system 1st spindle control 2nd spindle control
rights rights
G43.1; G43.1;
G97 S1000 ; 1st part system
: GO0 X50. ;
G96 S200; 2nd part system
G44.1 S500 ; : 1st part system
: $100;
G43.1; :
: G44.1 S300; 2nd part system
S3000: : 1st part system
' S1=1000 2nd part system
$2=3000 : 1st part system
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(2) If different S commands are executed simultaneously in two part systems, the part system with the larger part
system No. will have the priority. That part system will also have the control rights.

Program currently being executed Rotation speed
1st part system 2nd part system 1st spindle rotation speed [Control right]
G43.1; G43.1;
S200; S200 (r/min)
: [Part system 2]
S300; ) S300 (r/min)
: : [Part system 1]
S100; S200 ; S200 (r/min)
: : [Part system 2]
(*1)

(*1) If different S commands are executed simultaneously in the 1st and 2nd part systems, the 2nd part system
will have priority. The 2nd part system will also have the control rights.

E Relationship with other functions

The following functions change after the spindle selection command.

Spindle clamp speed command
The spindle clamp rotation speed (G92) is commanded for the spindle designated with the spindle selection com-
mand. Specify the spindle clamp rotation speed for each spindle. The specified clamp rotation speed is maintained
when the target spindle is changed by the spindle selection command.

Feed per revolution (Synchronous feed)
The feedrate command in the feed per rotation (synchronous feed) mode is equivalent to the feedrate per rotation
of the spindle designated with the spindle selection command.

Dwell (revolution-based designation)
The G04 dwell command in the G95 mode follows the rotation speed of the spindle specified in the spindle selection
command.

Thread cutting

The thread cutting command follows the rotation speed of the spindle specified in the spindle selection command.
In the G47.1 mode, the command follows the rotation speed of the 1st selected spindle. This is also applied to vari-
able lead thread cutting, circular thread cutting, and thread cutting cycle.
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S command (S$*****, So=*****), constant surface speed control

Function G43.1 mode G44.1 mode
S command in G97/G96 Command control for the 1st se- |Command control for the 2nd se-
Constant surface speed control lected spindle lected spindle

‘ Note

(1) Using the So="**** command, the 2nd selected spindle can be commanded in the G43.1 mode, and the 1st se-
lected spindle in the G44.1 mode. However, the rotation speed must be specified in the G96 mode.

(Example 1) S1: 1st selected spindle, S2: 2nd select- Rotation speed
ed spindie 1st selected spindle | 2nd selected spindle
A G43.1;
G97 S1000 (Same as for G97 S1=1000) 0 (r/min)
: S1000 (r/min)
S2=2000;
: $2000 (r/min)
G96 S100;
¥ S2.=2500; S100(£;r;/m|n) S$2500 (r/min)
G44.1 S200;
: $200 (m/min)
S1=3000;
69'7 S2000. $3000 (r/min)
i ’ S4000 (r/min)

(*1) With the G44.1 command, the constant surface speed control is switched to the 2nd selected spindle, and
the 1st selected spindle remains set to the rotation speed specified in G44.1 S200;. The rotation speed
changes to 3000 (r/min) with the S1=3000; command.

Sub part system control II

The G command modal at start of a sub part system is set to the initial G command modal regardless of the G com-
mand modal of the called part system.

W Precautions

(1) The spindle rotation speed upper/lower limit over signal is output to each spindle regardless of the spindle se-
lection command.

(2) The multiple-spindle command (So=****) cannot be issued in the G47.1 modal. If the command is issued, a pro-
gram error (P33) will occur.

(3) Refer to the "Spindle control rights" section of the detailed description for spindle control rights.
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10.5 Spindle Position Control (Spindle/C Axis Control)

E Function and purpose

This function controls a spindle as the rotary axis. After switching the spindle to the rotary axis, the positioning and
the interpolation between the spindle and other NC axes can be operated in the same way as the NC axis by exe-
cuting the position command (the movement command). Using this function, the NC axis for controlling the spindle
stock as the rotary axis or the machinery for switching the spindle and NC axis (such as a gear switching machinery)
had been necessary for controlling a spindle stock readily as the rotary axis, but they are not necessary with this
function.

For information on how to validate or invalidate this function, each setting to use this function, and the mechanism
of your machine, refer to the specifications or the instruction manual issued by the MTB.

There are two methods to switch the spindle and rotary axis: PLC signal method and program command method.
The available method depends on the MTB specifications (parameter "#3129 cax_spec/bit0"). For details, refer to
the specifications issued by the MTB.

This section describes the program command method.

In this manual, the state of controlling an axis as a spindle is referred to as "spindle mode", and the state of con-
trolling an axis as a rotary axis is referred to as "C axis mode".

[Spindle mode] [C axis mode]

- Lﬁu a >
e

[Process 1] [Process 2]
Turning machining Contour machining

The PLC signal processing and operation depends on the MTB specifications. Refer to the instruction manual issued
by the MTB for details.

Coordinate zero point and zero point adjustment in C axis mode

For the encoder-based spindle position control (PLG and external encoder), set the Z phase position of the encoder
as the first reference point of the C axis. This first reference point is used as the coordinate zero point; however, the
spindle zero point position can be adjusted with the spindle/C axis reference position return shift amount parameter,
which is determined in the MTB specifications. This parameter is determined in the MTB specifications (parameter
"#3113 cax_sft").

Program command method

(1) Inthe machining program, the program switches to the C axis mode with GOO command, and to the spindle mode
with S command. The C axis servo OFF signal (*SVFn) must be always kept ON while the program command
method is selected. This depends on the MTB specifications.

When the servo OFF signal is set to OFF, operations are performed as follows.

+The mode cannot be switched from the spindle mode to the C axis mode. However, it can be switched from the
C axis mode to the spindle mode.

+In the spindle mode, the axis does not run as a spindle even if the forward run command (SRN) or reverse run
command (SRI) is executed.

+In the C axis mode, an operation error (M01 0005) occurs if the movement command is executed. In the servo
OFF mode, operations follow the setting of the parameter "#1064 svof" (error correction) MTB specifications).
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(2) It depends on the MTB specifications (the parameter "#3129 cax_spec/bit2") either the spindle mode or the C
axis mode is set when the power is turned ON.
If the power is turned ON in the C axis mode setting, the mode shifts to the C axis mode after the Z phase de-
tection and reference position return operations have been performed.
For Z phase detection, the spindle rotates in the C axis zero point return direction (*2) at the C axis zero point
return speed (*1).

(*1) Depends on the MTB specifications (parameter "#3112 cax_spd").
(*2) Depends on the MTB specifications (parameter "#3106 zrn_typ/bit9, bitA").

(3) It depends on the MTB specifications (the parameter "#3129 cax_spec/bit3") either the spindle mode or the C
axis mode is set when NC is reset.

g Command format

Switching from spindle mode to C axis mode (C axis)

\Goo c_; |

‘C Target C axis in C axis mode ‘

+Command "G00 C_ " in the NC program during the spindle mode. The axis is positioned directly to the specified
position.

The non-interpolation positioning for each axis is performed by specifying "G00 X__ Z__ C__"regardless of the
GO00-interpolation OFF parameter ("#1086 GOIntp" in the MTB specifications) setting, and C axis is switched to the
C axis mode.

+Only the GO0 command is valid to switch the mode. If the mode is commanded with another G code, it causes a
program error (P430).

+Designate the axis for spindle position control with the absolute address or absolute command (G90). If the axis is
designated with the incremental address or incremental command (G91), it causes a program error (P32).

*The reference position return type (*1) is set at switching, and the direction to return from the rotation mode to the
zero point follows the rotation direction (*2). The direction for returning from the stop mode to the reference position
and the interpolation mode depend on the MTB specifications (parameters "#3106 zrn_typ/bit9,bitA", "#3106 zrn_-
typ/bitD,bitE" and "#1256 set28/bit1").

(*1) Type to necessarily return to the reference position when switching from the spindle mode to the C axis mode.
This depends on the MTB specifications (parameter "#3106 zrn_typ/bit8").
(*2) Depends on the MTB specifications (parameter "#3106 zrn_typ/bitB").

+If the Z phase is not detected and if switching is commanded, the spindle is rotated in the zero point return direction
(*4) at the zero point return speed (*3). Then, the zero point return operation is executed after the Z phase detec-
tion.

(*3) Depends on the MTB specifications (parameter "#3112 cax_spd").
(*4) Depends on the MTB specifications (parameter "#3106 zrn_typ/bitA-9").

[C axis mode switching conditions]
When switching is commanded, all the following conditions must be satisfied.
*The C axis servo OFF signal (*SVFn) is ON.

Switching C axis mode to spindle mode

+The switching is performed with the spindle forward run signal (SRN) ON or the spindle reverse run signal (SRI)
ON and the S command.

+The switching is performed with the startup of the spindle forward run signal (SRN) or the spindle reverse run signal
(SRI).

[Spindle mode switching condition]
When switching is commanded, all the following conditions must be satisfied.

*The C axis servo OFF signal (*SVFn) is ON.
*The C axis selection signal (CMD) is OFF.
+The C axis is stopped.
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m Detailed description

Mode switching

(1) Example in which the mode is switched to the spindle mode with the forward run command and the rotation com-

mand (S command)

MO03 command -> Forward run command (SRN) ON and reverse run command (SRI) OFF
MO04 command -> Reverse run command (SRI) ON and forward run command (SRN) OFF

Program example

Mode

Description

MO03 S1000;

Spindle mode

The spindle rotates at forward run speed 1000 (r/min).

G00 C90,;

GO01 X10. C20. F100;

C axis mode

The axis is positioned at 90 degrees directly based on the rotation
mode.

After positioning, the mode is switched from the spindle mode to the
C axis mode.

In the C axis mode, the spindle can be commanded as the rotary axis.
In the C axis mode, interpolation with another NC axis is possible.

MO03 $1500;

Spindle mode

The mode is switched from the C axis mode to the spindle mode with
the forward run command and rotation command (S command).

After being switched to the spindle mode, the spindle rotates at for-
ward run speed 1500 (r/min).

G00 X20.C270.;

C axis mode

The axis is positioned at 270 degrees directly based on the rotation
mode, and stops at the position. Simultaneously, the X axis is posi-
tioned at 20mm with interpolation.

After positioning, the mode is switched from the spindle mode to the
C axis mode.

reverse run command

(2) Example in which the mode is switched to the spindle mode by a change from the forward run command to the

MO3 command -> Forward run command (SRN) ON and reverse run command (SRI) OFF
MO04 command -> Reverse run command (SRI) ON and forward run command (SRN) OFF

Program example Mode Description

MO03 S1000; Spindle mode | The spindle rotates at forward run speed 1000 (r/min).

G00 C90.; C axis mode The axis is positioned at 90 degrees directly based on the rotation
mode.

After positioning, the mode is switched from the spindle mode to the
C axis mode.

G01 X10. C20. F100; In the C axis mode, the spindle can be commanded as the rotary axis.
In the C axis mode, interpolation with another NC axis is possible.

M4; Spindle mode | The mode is switched from the C axis mode to the spindle mode with
the reverse run command.

After being switched to the spindle mode, the spindle rotates at re-
verse run speed 1000 (r/min).

GO00 X20.C270.; C axis mode The axis is positioned at 270 degrees directly based on the rotation
mode, and stops at the position. Simultaneously, the X axis is posi-
tioned at 20 mm with interpolation.

After positioning, the mode is switched from the spindle mode to the
C axis mode.
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(3) Example in which the mode is not switched from the C axis mode to the spindle mode
MO03 command -> Forward run command (SRN) ON and reverse run command (SRI) OFF

Program example Mode Description
MO03 S1000; Spindle mode | The spindle rotates at forward run speed 1000 (r/min).
G00 C90,; C axis mode The axis is positioned at 90 degrees directly based on the rotation
mode.
After positioning, the mode is switched from the spindle mode to the
C axis mode.
GO01 X10. C20. F100; In the C axis mode, the spindle can be commanded as the rotary axis.

In the C axis mode, interpolation with another NC axis is possible.

M3; C axis mode The rotation command (S command) is omitted between the forward
run commands, and the rising edge (change) of the forward run com-
mand is not detected; therefore, the mode is not switched to the spin-
dle mode. The forward run command must be changed from OFF to
ON with the rotation command (S command) or M3 command.

Switching operation

When the program command method is selected, switching operation is performed with the reference position return
type.

Machining program M03 S1000 'Goox1o.C45>§< GO01 C180. F90 >< M03 S1000 >

Spindle rotation speed

(C axis speed)
Spindle W) 45.0(deg) q
A
¥ #7180.0(deg)

v

X axis speed

X axis positioning
PLC—NC ‘ (non-interpolation)

Servo OFF signal N
*SVFn &‘

Forward run command

SRN Z
NC—PLC

Servo ready
RDYn

C axis mode
SVMD

IB-1501619-A 294



M800V/M80V Series Programming Manual (Lathe System) (1/2)

10 Spindle Functions

10.5 Spindle Position Control (Spindle/C Axis Control)

Manual operation with the program command method selected

To rotate the spindle/C axis as the C axis in the manual operation mode, change the "C axis selection" signal
(CMOD) from OFF to ON to switch to the C axis mode while the "Servo OFF" signal (*SVFn) is ON. When switching
to the spindle mode, change the C axis selection signal from ON to OFF. The switching operation is performed with
the reference position return type. In the C axis mode, the axis can be moved by selecting the manual mode (jog
mode, handle mode, incremental feed mode, manual arbitrary-feed mode, or reference position return mode).

PLC—NC

Servo OFF signal
*SVFn

Manual mode ON

C axis selection signal
CMODn

C axis feed axis selection
(+J/-J)

Forward run command
SRN

NC—PLC

Servo ready
RDYn

C axis mode
SVMD

i

_

iReference

i position
return

Spindle

If the C axis selection signal (CMOD) is changed while either the C axis mode or spindle mode is selected in the
program command method, the mode is set as follows. The mode is not switched to the C axis mode or spindle
mode in the program command method during automatic running when the C axis selection signal is turned ON.
Switching follows the state of the C axis selection signal (CMOD).

C axis selec- During automatic operation During reset
tionsignal ¢ is mode by |Spindle mode by |C axis mode Spindle mode
(CMOD) "G00 C_ com- "S command”
mand"

OFF to ON C axis mode C axis mode C axis mode C axis mode
ON to OFF C axis mode Spindle mode Spindle mode Spindle mode
Remarks Whether the mode is

switched to the C axis mode

during reset depends on the

MTB specifications.

(#3129 cax_spec/bit2)

(#3129 cax_spec/bit3)
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E Relationship with other functions

Spindle forward-run start (SRN) and spindle reverse-run start (SRI)

The mode is switched to the C axis mode regardless of the state of the spindle forward-run start (SRN) or spindle
reverse-run start (SRI) signal. In the C axis mode, spindle forward-run start and spindle reverse-run start are invalid.
When [PLC signal method] is selected, the spindle rotates by carrying out the spindle forward-run start or spindle
reverse-run start again (OFF to ON operation) after the C axis mode has been canceled.

When [Program command method] is selected, the spindle rotates by carrying out the spindle forward-run start or
spindle reverse-run start again (OFF to ON operation) in the C axis mode or by issuing the S command with the
spindle forward-run start or spindle reverse-run start set ON.

Spindle orientation signal (ORC)

The mode is switched to the C axis mode regardless of the state of the "Spindle orientation command" signal (ORC).
However, in the C axis mode, the "Spindle orientation command" signal (ORC) is invalid.

Spindle gear switching

Gear switching cannot be performed in the C axis mode. After the mode has been changed from the C axis mode
to the spindle mode, gear switching is performed. Also, the mode cannot be switched to the C axis mode during gear
switching. After gear switching has been completed, the mode is switched to the C axis mode.

Coil switching

Coil switching is invalid in the C axis mode. Conduct coil switching before switching to the C axis mode. If switching
to the C axis mode is commanded during coil switching, switching to the C axis mode is executed after coil switching
has been completed.

Spindle synchronization control l/ll, tool spindle synchronization I/ll, and spindle superimposition control

(1) Spindle synchronization control I/l and spindle superimposition control

If the reference spindle, the synchronized spindle, or the superimposed spindle under the synchronization or su-
perimposition control is switched to the C axis mode, it causes an operation error (M01 1026). Also, if the refer-
ence spindle command, synchronized spindle command, or superimposed spindle command is issued to the
spindle in the C axis mode, it causes an operation error (M01 1026). The alarm can be deactivated by canceling
the synchronization command or the C axis mode.

<Note>
+*When the specifications of the C axis control mode under spindle synchronization are valid, this function en-
ables the spindle position control by the reference spindle under spindle synchronization control.

(2) Tool spindle synchronization IA/IB (spindle-spindle polygon)

If the rotary tool axis (spindle) under tool spindle synchronization control or the workpiece axis (spindle) is
switched to the C axis mode, it causes an operation error (M01 1026). Also, if the rotary tool axis command or
workpiece axis command is issued to the spindle in the C axis mode, it causes an operation error (M01 1026).
The alarm can be deactivated by canceling the synchronization command or the C axis mode.

(3) Tool spindle synchronization IC (spindle-NC axis polygon)

If the rotary tool axis (spindle) under tool spindle synchronization control or the workpiece axis (spindle) is
switched to the C axis mode, it causes an operation error (M01 1026). Also, if the workpiece axis command is
issued to the spindle in the C axis mode, it causes an operation error (M01 1026). The alarm can be deactivated
by canceling the synchronization command or the C axis mode.

If necessary, the spindle/C axis can be set to a tool axis (NC axis). Make sure to switch to the C axis mode before
issuing the tool spindle synchronization IC command.

(4) Tool spindle synchronization 1l (Hobbing)

If the workpiece axis (spindle) under tool spindle synchronization control is switched to the C axis mode, it causes
an operation error (M01 1026). Also, if the hobbing axis command is issued to the spindle in the C axis mode, it
causes an operation error (M01 1026). The alarm can be deactivated by canceling the synchronization command
or the C axis mode.

If necessary, the spindle/C axis can be set to a workpiece axis. Make sure to switch to the C axis mode before
issuing the tool spindle synchronization Il command.
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Spindle override

The spindle override is invalid for the reference position return operation at switching to the C axis mode. In the C
axis mode, the spindle override is invalid. The cutting feed override or rapid traverse override of the NC axes is valid
in the C axis mode.

Guide bushing spindle synchronization and spindle-mode servo motor control

The spindle position control is valid, excluding the following differences.
(1) Speed pattern of the reference position return operation

The reference position return from the stop mode is performed by the same operation as for the normal spindle.
However, when the spindle returns from the rotation mode to the zero point, the rotation speed decelerates up
to the C axis zero point return speed with the multi-step acceleration/deceleration pattern. After the C axis zero
point return speed has been reached, the spindle inclines to the zero point, and stops while decelerating at the
constant speed The multi-step acceleration/deceleration pattern and C axis reference position return speed de-
pend on the MTB specifications (parameters "#3054 sptc1" to "#3061 spdiv1" and "#3112 cax_spd").

Stop mode Rotation mode

Multi-step acceleration/deceleration

#3001 ., .............................. #3001
slimt1 ; .
slimt1
Spindle Spindle
#31 12d zero #3112 zero point
cax_sp point cax_spd :
#3115 sp2_t1 #3115 sp2_t1

Analog spindle, spindle control with pulse train output

The spindle position control is invalid.

Absolute position detection

The absolute position detection is invalid in the C axis mode.

Constant surface speed control

When Program command method is selected, the mode is switched from the C axis mode to the spindle mode if the

surface speed command S (m/min) and the spindle forward-run start (SRN) or spindle reverse-run start (SRI) signal
is set to ON.
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Control axis superimposition control and arbitrary axis superimposition

(1) If the spindle is commanded as the superimposition-related axis in the spindle mode, it causes an operation error
(M01 1004).

(2) When the axis in the C axis mode is set as an axis related to the control axis superimposition or arbitrary axis
superimposition, the control axis superimposition control or arbitrary axis superimposition is canceled if the mode
is switched from the C axis mode to the spindle mode. When [Program command method] is selected, the control
axis superimposition or arbitrary axis superimposition is canceled by setting the servo OFF signal (*SVFn) off.

Control axis synchronization between part systems

(1) If the spindle is commanded as the axis related to the control axis synchronization between part systems in the
spindle mode, it causes an operation error (M01 1037).

(2) When the axis in the C axis mode is set as the axis related to the control axis synchronization between part sys-
tems, the synchronization relation cannot be maintained if the mode is switched from the C axis mode to the
spindle mode. Do not switch from the C axis mode to the spindle mode.

Manual arbitrary reverse run

When the program command method is selected, "block switched from spindle mode to C axis mode (example: GO0
C_) and "block switched from C axis mode to spindle mode (example: M03 S1000)" is handled as a reverse run
prohibited block. The reverse run cannot be carried out back through blocks with the mode switched.

Mixed control (Cross axis control) and arbitrary axis exchange control

The spindle/C axis can be exchanged in both the C axis mode and spindle mode.

If the spindle/C axis with gain switching valid is exchanged, switch the gain of all NC axes in the destination part
system. When the spindle/C axis with gain switching valid is exchanged and moved from the part system, in which
the gain of all the NC axes is switched, to another part system, return the gain of all NC axes.

Coordinate system setting (G92), Local coordinate system setting (G52)

The offset values of the coordinate system setting and local coordinate system setting configured in the C axis mode
are retained even in the spindle mode.

After this, whether these offset values designated in the previous C axis mode are to be retained when the spindle
mode is switched to the C axis mode depends on the MTB specifications (parameter "#3129 cax_spec/bit5").

W Precautions and restrictions

(1) If the movement is commanded while the servo OFF signal (*SVFn) is set to OFF, it causes an operation error
(M01 0005). Reset NC to cancel the error, and set the servo OFF signal on to restart machining. If the spindle
command is issued, the spindle does not rotate.

(2) If the servo OFF signal (*SVFn) is set to OFF during C axis movement, it causes an operation error (M01 0005).
Reset NC to cancel the error.

(3) To switch from the spindle mode to the C axis mode, issue the GO0 command. If a command other than the GO0
command is issued, it causes a program error (P430).

(4) The spindle position control axis must be commanded with the absolute address or absolute command (G90). If
the incremental address or incremental command (G91) is used, it causes a program error (P32).

(5) When the spindle mode is switched to the C axis mode, in-position check is applied regardless of the deceleration
check designation type (*1).

(*1) This designation depends on the MTB specifications (parameter "#1193 inpos").
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10.6 Spindle Speed Fluctuation Detection; G162/G163

E Function and purpose

When this function is valid and the spindle actual speed fluctuates relative to the programmed speed due to external
factors such as load fluctuation, the NC outputs the signal (Spindle speed out of setting range) to PLC and causes
the operation error (M01 1105) at the same time. PLC can take the necessary measure for the fluctuation of the
spindle speed using the output signal (spindle speed out of setting range) from the NC. The operation error (M01
1105) output from the NC does not stop the cycle operation or the spindle. Whether or not to output the operation
error during spindle speed fluctuation detection (G162) depends on the MTB specifications (parameter "#1242
set14/bit2").

Spindle rotation speed

(r/min) Allowable fluctuation speed range
/ (Set by "R" or "I" address.)
G162 . . . .
command ~ : NG
: A : 2 N
¥ ' —————w=— ———rr
: 4 P : :
H -
E ”f .
: ’
: e
R Spindle speed fluctuation detection in monitor
47
-
= ~
H H H H L
€ > /<—>- Time
Spindle speed fluctuation detection: In spindle speed fluctuation” ; : (S)
Spindle speed out of setting range detection

Commanded speed

== = === Actual speed

Term

The following descriptions are the meanings of the terms used in this manual.

Term Meaning

Spindle command |Spindle command speed is the command speed to which the spindle override and the
speed spindle clamp speed have been added. This is the spindle last command speed sent to
the spindle drive unit.

Spindle actual This is the speed fed back from the spindle, at which the spindle actually runs.
speed

Allowable fluctuation | This indicates the allowable deviation range from the command speed in spindle speed
range fluctuation detection. The calculation result for the command speed of "spindle speed fluc-
tuation allowance rate" (R address or parameter) or "allowable spindle speed fluctuation
range" (I address or parameter), whichever is greater, is used as the allowable fluctuation
range.

When the calculation result for the command speed of "detection range to achieve spindle
speed", which is used to determine whether or not the spindle rotation speed achieves the
command speed, is greater than the calculation result for the command speed of "allow-
able fluctuation rate of spindle speed" or "allowable fluctuation range of spindle speed",
the range of "detection range to achieve spindle speed" is used as allowable fluctuation
range.

299 IB-1501619-A



M800V/M80V Series Programming Manual (Lathe System) (1/2)

10 Spindle Functions

10.6 Spindle Speed Fluctuation Detection; G162/G163

E Command format

Starting the spindle speed fluctuation detection

G162S_P_Q_ R_I_;

Spindle name of detection target

Spindle speed fluctuation detection start delay time

Spindle up-to-speed detection width

O OlT®»

Allowable fluctuation rate of spindle speed

| Allowable fluctuation range of spindle speed

Spindle speed fluctuation detection cancel

‘G163 s_;

‘S Spindle name of detection target

m Detailed description

Description of each address

Ad- Command range (unit)

Remarks

S 1t0 9

+This sets the name of the spindle which performs the spindle speed fluctu-
ation detection. The spindle number is used for this command, but the val-
ue set by the parameter (#3077) is used when the spindle name method is
valid.

+When this address is omitted from the G162 command, the spindle select-
ed in the commanded part system is treated as the commanded spindle.
When this address is omitted from the G163 command, the fluctuation de-
tection for all spindles is canceled.

*When the set spindle is not mounted, the program error (P35) occurs.

P 0 to 99.999(s)

+This sets the delay time from the time when the spindle speed fluctuation
detection (G162) is commanded to the time to start the fluctuation detec-
tion. Also when the spindle command speed changes, the delay time is set.
The change of the spindle command speed means the change of the spin-
dle last command sent to the spindle drive unit.

+When this address is omitted, the value set in the parameter "#43071
sp_spd_flc_dtc_p"is used.

+*When the command value exceeds the command range, the program error
(P35) occurs.

Q 1to 100 (%)

+This sets the range for the spindle speed command, with which the control
determines whether the spindle reaches the command speed in order to
start fluctuation detection.

+When this address is omitted, the value set in the parameter "#3105 sut" is
used.

+When the command value exceeds the command range, the program error
(P35) occurs.
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Ad- Command range (unit)
dress

Remarks

R 1to 100 (%)

+This sets the allowable fluctuation speed range calculated for the spindle
command speed. When the actual spindle speed exceeds the range, the
signal is output to PLC and the operation error (M01 1105) occurs. This
sets the ratio of the speed deviation to the command speed.

+When this address is omitted, the value set in the parameter "#43072
sp_spd_flc_dtc_r"is used.

+*When the command value exceeds the command range, the program error
(P35) occurs.

+*When the speed deviation for the command speed is smaller than 45 r/min,
the allowable range of the speed deviation is 45 r/min.

| 0 to 999999 (r/min)

+This sets the allowable fluctuation speed range calculated for the spindle
command speed. When the actual spindle speed exceeds the range, the
signal is output to PLC and the operation error (M01 1105) occurs. This
sets the speed deviation from the command speed.

+When this address is omitted, the value set in the parameter "#43073
sp_spd_flc_dtc_i" is used.

+When the command value exceeds the command range, the program error
(P35) occurs.

Enabling conditions of the function

(1) This function is valid when the spindle speed fluctuation detection (G162) is commanded during the cycle oper-

ation.

(2) When G162 is commanded during the cycle operation, it is valid until G163 command (cancel command), cycle
operation end, reset or emergency stop.

(3) If any function that is unusable with this function is enabled while this function is valid, this function is temporarily
canceled. After that, when the said unusable function is disabled, this function is enabled.

(4) When G162 is commanded while any unusable function is valid, this function is temporarily canceled. After that,
when the said unusable function is disabled, this function is enabled.
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E Operation example

Start timing of spindle speed fluctuation detection

When one of the following conditions is satisfied after G162 command, the spindle speed fluctuation detection starts:

+Case in which the start delay time of the spindle speed fluctuation detection (set by "P") elapses (Refer to (1) fig-
ure.)

+Case in which the spindle actual speed is within the detection range to achieve spindle speed (set by "Q") (Refer
to (2) figure.)

(1) Case in which the start delay time of the spindle speed fluctuation detection (set by "P") elapses

N1 G97 G98; Commanded speed

N2S_; ] mm e ——- Actual speed
N3 M3;
N4 G162S__P_ Q_;

Achieved the range to achieve
N2N3N4 Delay time elapses speed

Commanded speed 0 >< S command >

Spindle forward run start N
(SRN) — ¢ ¢t

Spindle speed fluctuation Invali;j N Waiting for start E In fIL;ctuation detection
detection state - >< 9 >< - >

Spindle rotation speed

A Allowable fluctuation range Range to achieve speed (Q)

: -
............... :_';!;"—'H‘:"_‘B‘f"
Pt

> H .
o : Time

Delay time to start spindle speed fluctuation detection

(P)
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(2) Case in which the spindle actual speed is within the detection range to achieve spindle speed (set by "Q")

N1 G97 G98; ———————— Commanded speed
A N Actual speed
N3 M3;

N4G162S__ P__ Q_;

Achieved the range to achieve speed

N:2 '\53 !\M Delay time elapses

Commanded speed 0 X S command >

Spindle forward run start

Spindle speed fluctuation Invali;j. : Wiaiting for start ' In fluctuation detection
detection state - >< 9 >< - >

Spindle rotation speed
N

Allowable fluctuation range Range to achieve speed (Q)

“al

<
rd

Time

Delay time to start spindle speed fluctuation detection

(P)
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Fluctuation detection start timing when the spindle command speed is changed

When the spindle command speed is changed by S command or spindle override, the state is the same as the one
immediately after G162 command and the fluctuation detection is not performed until the condition of "Start timing
of spindle speed fluctuation detection" is satisfied. When this condition is satisfied, the fluctuation detection is start-
ed. Also, if the speed of synchronized spindle, which is driven based on the reference spindle speed under synchro-
nization etc., changes, the control interprets that the spindle command speed is changed. (Spindle synchronization
control/Polygon machining/Hobbing/Spindle superimposition control)

N1 G97 GO8; = Commanded speed
N2S_; = = = = = Actual speed
N3 M3;
N4 G162S__P__ Q_ ;
:NS S Delay time elap?es
NS Achieved the range to achieve speed
Commanded speed S command (N2>;< S command (N5) >

Spindle forward run start
(SRN)

Spindle speed fluctuation : :
P pdetection state [N fluctuation detectio>5< Waiting for start X In fluctuation detection >

Spindle rotation Spe/e\d Allowable fluctuation range Range to achieve speed (Q)
............................ TITPRTIN S
Change of the spindle command —-
speed :
I H E E >
€ > Time

Delay time to start spindle speed fluctuation detection

(P)

Temporary cancellation operation of spindle speed fluctuation detection

The spindle speed fluctuation detection function cannot be combined with the following functions. This is because

these functions cause the spindle speed to be changed frequently without ensuring the spindle rotation at a constant

speed.

+Synchronous tapping (Synchronous tapping cycle/Pecking tapping cycle/Deep-hole tapping cycle/High-speed syn-
chronous tapping)

+Spindle orientation

+C axis mode of spindle position control (spindle/C axis control)

When any of the functions above is enabled while the spindle speed fluctuation detection is enabled, this function

is temporarily canceled. After that, when the said unusable function becomes invalid, this function is enabled.

When this function is commanded while an unusable function is running, this function is temporarily canceled. After

that, when the said unusable function becomes invalid, this function is enabled. When this function is enabled, the

state is the same as the one immediately after G162 command. Fluctuation detection is started if the condition of

"Start timing of spindle speed fluctuation detection" is satisfied.
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When the spindle speed fluctuation detection command (G162) is performed during the spindle speed fluc-
tuation detection

When the command with the exact same settings is given to the axis where this function is enabled, the command
is ignored. On the other hand, when at least one of the settings other than S address (P, Q, |, or R) is different, the
setting is changed to the new one. After that, the state is the same as the one immediately after G162 command.
Fluctuation detection is started if the condition of "Start timing of spindle speed fluctuation detection" is satisfied.
Changing the S address means that the spindle speed fluctuation detection is commanded to a different spindle.

E Relationship with other functions

Synchronous tapping

This function is temporarily canceled during synchronous tapping (synchronous tapping cycle/pecking tapping cycle/
deep-hole tapping cycle/high-speed synchronous tapping).

Multiple-spindle control l/ll
When G162 command is commanded omitting S address, the operation is performed to the spindle which is selected
by multiple-spindle control.

Spindle orientation

This function is temporarily canceled during spindle orientation.

Spindle position control (Spindle/C axis)
This function is temporarily canceled in the C axis mode. The fluctuation detection can be performed in the spindle
mode.

Constant surface speed control

Constant surface speed control can be combined with this function. However, the fluctuation detection is not per-
formed unless the fluctuation detection start condition is satisfied each time the spindle speed fluctuates; therefore,
the fluctuation detection may not be performed much.

Manual arbitrary reverse run

Manual arbitrary reverse run cannot be performed to the command of this function.

W Precautions

(1) While the spindle is stopped, the spindle speed fluctuation detection is not performed.

(2) The spindle speed fluctuation detection is not performed to the speed which is the minimum rotation speed (pa-
rameter #3032) or less.

(3) The spindle speed fluctuation detection is not performed during synchronous tapping, spindle orientation, C axis
control mode of spindle or C axis.

(4) When any other command is issued at the same time, the program error (P45) occurs.
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11.1 Tool Functions (T8-digit BCD)

E Function and purpose

The tool functions are also known as T functions and they assign the tool numbers and tool compensation numbers.
A numerical value of 8-digit (0 to 99999999) following address T indicates a command using first digits and last digits
for a tool number and tool compensation number respectively.

Number of digits for the first/last digits depends on the MTB specifications (parameter "#1097 T1digt"). The available
T commands differ according to each machine, so refer to the instruction manual issued by the MTB.

E Command format

T sk sk 5k sk sk %k 3k * T sk %k 5k %k %k 3k * xk T sk sk sk sk 3k %k sk sk
T T T T I I
Tool No. Compensation Tool No. Compensation Tool No. Compensation

No. No. No.

Refer to the instructions issued by the MTB for the correspondence between the actual tools and the tool Nos. com-
manded in the program.

BCD codes and start signals are output.

If the T function is designated in the same block as a movement command, the commands may be executed in either
one of the following two orders. The machine specifications determine which sequence applies.

(1) The T function is executed after completion of the movement.

(2) The T function is executed simultaneously with the movement command.

Processing and completion sequences are required for all T commands.

m Detailed description

Determination of T command digit number

Switching between settings of Call T command macro/Does not call T command macro and those of Hold tool length
compensation No./Does not hold tool length compensation No. can be made according to the command digit num-
ber of the T command. They depend on the MTB specifications (parameter "#1197 Tmac", "#1446 TIno. hold").

#1197 Tmac:

#1446 TIno. hold:

Sets switching between Call T command macro/Does not call T command macro.

Sets switching between Hold tool length compensation No./Does not hold tool length com-
pensation No.

‘ Note

(1) For the determination of T command digit number, the T command character string is checked. In the following
cases, the T command is determined to be with No command even if its first digits are "0".

(Example) "#100=0010;T#100;" is determined to be "T10".
(Example) "T[0000+11]; " is determined to be "T11".
(Example) "T[0012]; " is determined to be "T12".

(2) For a T command with a decimal point, decimal places are ignored.
(Any digits after the decimal point are not taken into consideration when determining the number of digits.)

When using variables
When using expressions

When putting a command in [ ]
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11.2 T Code Mirror Image for Facing Tool Posts

E Function and purpose

In a machine in which the base turret and facing turret are integrated, this function is used to cut with the facing turret
cutter using a program created with the base turret side.

The distance between the two turrets is set in the parameters beforehand.

The mirror image for facing tool posts can be turned ON and OFF with the T command instead of the G68/G69 com-
mand.

The T command for the G68 mode and the G69 mode is determined for each tool No. with the following base spec-
ification parameters.

These parameter settings depend on the MTB specifications.

# Item Details Setting range
(unit)

1119 |Tmiron |Select the mirror image |Selects whether the mirror image for facing |0: Invalid
of each facing turret with |tool posts with the T command is valid or in-|1: Valid
T command valid.

1203 |TmirS1 |Select turret as facing | The turret selection for the T command mir- |0 to FFFFFFFF
turret with T command | rorimage for facing tool posts corresponding
to tool No. 1 to 32 is set.

1204 |TmirS2 |Select turret as facing |The turret selection for the T command mir- |0 to FFFFFFFF
turret with T command  |rorimage for facing tool posts corresponding
to tool No. 33 to 64 is set.

Operation is the same as that for the mirror image for facing tool posts while T code is used as the command method.
For details, refer to "Mirror image for facing tool posts".
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12.1 Tool Compensation

E Function and purpose

Tool compensation is performed by the T functions which are commanded with the number following address T. First
digits and last digits are used for the tool number and compensation number respectively.

The tool compensation is divided into the tool length compensation and tool nose wear compensation. Assignment
of T command digits to the tool No., toll length compensation No., and tool nose wear compensation No depends
on the MTB specifications (combination of parameters "#1098 TLno" and "#1097 T1digit"). For the specifications of
the machine tool you are using, see the instructions issued by the MTB.

One set of T commands can be issued in one block.

E Command format

When "#1098 TIno" (tool length compensation No.) is 0

First digits of a T command indicate tool No. and last digits indicate compensation Nos. (tool length compensation
No. and tool nose wear compensation No.).

Last one digit Last two digits Last three digits
("#1097 T1digt" = 1) ("#1097 T1digt" = 0, 2) ("#1097 T1digt" = 3)
T %k sk sk sk %k %k >k %k T %k %k %k %k %k x k k T %k %k %k %k x koskok
T T I D I ST
Tool No. Compensation Tool No. Compensation Tool No. Compensation
No. No. No.

When "#1098 TIno" (tool length compensation No.) is 1

First digits of a T command indicate tool No. and tool length compensation No. and last digits indicate tool nose wear
compensation No.

Last one digit Last two digits Last three digits
("#1097 T1digt" = 1) ("#1097 T1digt" =0, 2) ("#1097 T1digt" = 3)
Tool length compensation No. Tool length compensation No. Tool length compensation No.
T %k %k %k %k % % % * T %k %k %k %k % % * ok T %k %k %k %k % %k %k k
I . T T T T
Tool No. Tool nose wear Tool No. Tool nose wear Tool No. Tool nose wear
compensation No. compensation No. compensation No.

‘ Note

(1) When multi-part system
There are cases when each part system has tool data and when the part systems share common tool data. The
setting of your machine depends on the MTB specifications (parameter "#1051 MemTol").

Parameter #1051 MemTol 0: Tool data provided for each part system

1: Tool data shared by part systems

When common tool data are shared by part systems, same tool command compensation amount is applied to
all part systems (when same tool compensation No. is commanded).
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12.1.1 Tool Compensation Start

m Detailed description

There are two ways to execute tool compensation and these can be selected by parameters: executing compensa-
tion when the T command is executed or executing compensation in the block with a movement command instead
of performing compensation when the T command is executed.

(1) Compensation with T command execution

N1 T0101 ;
N2 _-*° N2 X100. Z2200. ;

———- Path after compensation

N1
/ Compensation amount

—— Machining program path

Tool length compensation and tool nose wear compensation are conducted simultaneously.

<Note>

+The movement for a compensation with the T command execution is rapid traverse in a GO0 modal. The
movement for other modals is cutting feed.

*When performing compensation with T command execution, the path is compensated as a linear movement
in a circular modal.

*When performing compensation with T command execution, if the following G commands are issued in the
same block as the T command, compensation will not be performed until other G commands are issued.
Even if an axis is specified by the command, compensation will not be performed to all axes.

G04: Dwell

G11: Parameter input by program cancel
G50.2: Tool spindle synchronization IB/IC cancel
G51.2: Tool spindle synchronization IB/IC
G92: Coordinate system setting

G92.1: Workpiece coordinate system preset
G111: Axis Name Switch

G113: Spindle synchronization cancel
G114.1: Spindle synchronization |

G114.2: Tool spindle synchronization 1A
G114.3: Tool spindle synchronization Il

+The following commands will temporarily cancel the compensation amount for the axis with any movement
commanded: automatic reference position return (G28), 2nd, 3rd, and 4th reference position return (G30) or
basic machine coordinate system selection (G53).

+If G53 command is issued in the same block as the T command, the compensation amount for the axis with
no movement commanded will employ the amount in the previous block.
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(2) Compensation with movement command

N1 T0101;
2 N2 X100. Z200. :
,/
N2 7
,/’ —_——— Path after compensation
td
,/ Compensation amount

N1 —_— Machining program path

Tool length compensation and tool nose wear compensation are conducted simultaneously.

<Note>
*When performing compensation with a movement command, compensation is performed if the compensation
amount is lower than the parameter "#1084 RadErr" when the first compensation is performed with a circular
command. If the amount is higher, the program error (P70) will occur. (This also applies when the circular
command and T command are in the same block for compensation with T command execution.)
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12.1.2 Expanded Method of Starting Tool Compensation

E Function and purpose

By setting the parameter "#1100 Tmove", the compensation operation when T is commanded is selected whether

that is carried out when the T command is executed or carried out with superimposed on the movement command.

(This parameter setting depends on the MTB specifications.)

Also, depending on the setting of the parameter, it is possible to compensate only the wear amount when the T com-
mand is executed and to compensate the tool length by superimposing on the movement command. The parameter
setting depends on the MTB specifications.

# No. Item Details

1100 Tmove Designate the timing to perform tool length compensation and wear compensation.
0: Compensates when T command is executed.

1: Superimposes and compensates with the movement command in the same
block where the T command is contained.

If there is no movement command in the same block, compensation will be exe-
cuted after the movement command is superimposed in the next movement com-
mand block.

2: Compensates wear amount when the T command is executed.

Superimposes and compensates a tool length compensation amount with the
movement command in the same block.

If there is no movement command in the same block, compensation will be exe-
cuted after the movement command is superimposed in the next movement com-
mand block.

1101 Tabsmv Designate the type of movement command superimposed when "Tmove" is set to
II1 " or "2".

0: Compensates regardless of the movement command type.

1: Compensates only at the movement command in the absolute command.

‘ Note

(1) When "#1100 Tmove" is set to "2", the compensation operation will follow the "#1101 Tabsmv" setting.

m Detailed description

#1100 = "2" (Superimposes and compensates with the movement command.)

To compensate only the wear amount when the T command is executed and to compensate for the tool length by
superimposing on the movement command, set the "#1100 Tmove" to "2".

The tool length compensation will follow the setting "1" (superimposed on movement command), and the wear com-
pensation will follow the setting "0" (move when the T command is executed).

The compensation operation for each "#1100 Tmove" setting is as shown below.

Tool length compensation amount: 7.000 mm, Wear compensation amount: 0.500 mm

Machining program example Machine position
"#1100 Tmove" =0 (*1)| "#1100 Tmove" = "#1100 Tmove" = 2
G28 X,; 0.000 0.000 0.000
G00 T116; 7.500 0.000 0.500
GO00 X100 107.500 107.500 107.500

(*1) This is applied when "#1296 ext32/bit4" is set to "0" (OFF). This parameter depends on the MTB specifications.
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<Note>

+*When performing wear compensation with T command execution, if the following G commands are issued in
the same block as the T command, compensation will not be performed until other G commands are issued.
However, if an axis is specified by the command, compensation will be performed only to the specified axis.
G04: Dwell
G11: Parameter input by program cancel
G50.2: Tool spindle synchronization IB/IC cancel
G51.2: Tool spindle synchronization IB/IC
G92: Coordinate system setting
G92.1: Workpiece coordinate system preset
G111: Axis name switch
G113: Spindle synchronization cancel
G114.1: Spindle synchronization |
G114.2: Tool spindle synchronization 1A
G114.3: Tool spindle synchronization Il

+After the compensation amount is temporarily canceled, the compensation amount will return for each move-
ment command axis. Both tool length compensation and wear compensation at this movement depend on
the MTB specifications (parameter "#1101 Tabsmv").
G commands with temporary cancellation: G28, G30, G53

+If G53 command is issued in the same block as the T command, the compensation amount for the axis with
no movement commanded will employ the amount in the previous block.
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#1100 = "0" (Compensates when the T command is executed.)

When the T command is executed, the compensation operation method depends on the MTB specifications (param-

eter "#1296 ext32/bit4").

Tool length compensation amount: 7.000 mm

Wear compensation amount: 0.500 mm

"#1296 ext32/bit4" = 0

"#1296 ext32/bit4" = 1

Machine position

Program position

Machine position

Program position

G28 X. ;

0.000 0.000 0.000 0.000
G00 T116; 7.500 0.000 0.000 -7.500
GO00 X100. : 107.500 100.000 107.500 100.000

The axis moves by the compensation amount.

The compensation amount is applied to the
program position with the axis unmoved.

(1) Do not issue T commands in the same block as the following command. If the command is issued, a program

error (P33) will occur.
+Geometric command

+Corner chamfering/Corner R

(2) When you attempt to designate a T command in the same block as the movement command during coordinate
rotation by program, do not issue an absolute command of only one axis for axes that compose a plane. If the
command is issued, a program error (P33) will occur.

The machining program path varies depending on the compensation operation method.

Machining program "#1296 ext32/bit4" = 0 (OFF) "#1296 ext32/bit4" = 1 (ON)
N1 T0101 ;
N2 _a0
N2 X100. Z200. ; -
N1 ,’o’
/
J
N1 T0101 ; N2 N1 N2
N2 W200. ; O o | 2 ———pmm———— -0
Nt/
/
/
& > ———eoo—-O
When the incremental command is issued after the T command, the machining
program path and the machine position after the incremental command be-
come different.

—— Machining program path

Compensated path

Compensation amount
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12.1.3 Allocation of Tool Compensation Sets to Part Systems

E Function and purpose

The number of tool offset sets can be set per part system.
This function is divided into the following methods and which one is used depends on the MTB specifications (pa-
rameters "#1438 Ofs-SysAssign”, "#12054 Tol-Ofsnum").

Arbitrary allocation: Arbitrarily allocates to each part system.

Fixed allocation: Automatically and evenly allocates to each part system.
The arbitrary allocation enables the efficient allocation because when a certain part system needs only a small num-
ber of offset sets, the rest can be allocated to another part system. If an auxiliary-axis part system does not need
the tool offset set at all, the number of tool offset sets can be set to "0" for the auxiliary-axis part system.
While this function is available if the specification allows allocation by tool compensation memory part system, this
parameter depends on the MTB specification parameter "#1051 MemTol"). Subsequent description is an example
in the case where the number of tool offset sets in the system is 999. Number of tool offset sets in system is the total
number of tool offset sets of all part systems.
(1) Arbitrary allocation (with #1438=1)

The number of tool offset sets allocated to each part system depends on the MTB specifications (parameter
"#12054 Tol-ofsnum").

(a) When the number of tool offset sets is increased for the 1st part system of 4-part system

$1 250

$1 400
$2 250

$2 200
$3 250

$3 200
B4 250 $4 200

(b) When the number of offset sets is set to "0 sets" for the 3rd part system to use the 3rd part system as auxiliary-
axis part system

$1 334 61 500

$2 333

$3 333 $2 500
"""""" $3 0 .

(2) Fixed allocation (with #1438=0)

(Lathe system only) (Lathe system only)

$1

999
(*1)

$1

$2

500

500

$1

$2

$3

334
(*2)

333

333

(*1) The maximum number of tool offset sets per part system is 999.

(*2) If there is any remainder, the remainder sets are allocated to the 1st part system.
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m Precautions

(1) The maximum number of tool offset sets for 1-part system is 999.

(2) For 1-part system, up to the number of tool offset sets in the system is available regardless of the parameter
setting.
(3) When the value of the parameter "#12054 Tol-Ofsnum" (the number of tool offset sets by arbitrary allocation) is

equal to or below the number of tool offset sets in the system, the remainder is not allocated to any part system
even if the specification allows arbitrary allocation.

(4) When the tool compensation memory is provided commonly for the part systems ("#1051 MemTol"=1), the num-
ber of tool offset sets in the system are commonly used by all part systems regardless of the parameter setting.
The setting of parameter #1051 depends on the MTB specifications, so check it in your machine specifications.

(5) Even if the specification allows arbitrary allocation, fixed allocation is applied if the parameter is "#12054 Tol-
Ofsnum"= 0.

(6) When entering offset data, if the number of offset data exceeds that of current tool offset sets, the excess offset
data cannot be entered.
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12.1.4 Tool Compensation for Additional Axes

E Function and purpose

The tool compensation for the lathe is valid for the first axis (basic X axis) and the second axis (basic Z axis).
If the third axis and following axes are added, the tool compensation is also valid for the additional axes.
The additional axes to which tool compensation is executed are determined according to the settings of the following

two parameters.

For details, refer to the specifications of your machine tool.

1
#1281 ext17/bit1

A 4

#1520 Tchg34

0
v
Sets "#1027 Base ax- Sets the third axis to
is_J" to an additional an additional axis.
axis.

Sets the fourth axis to
an additional axis.

(1) Selection method of target axis of tool compensation for additional axes "#1281 ext17/bit1"
You can specify whether the axis selected by parameter "#1520 Tchg34" or the axis set by parameter "#1027

Base axis_J"is selected as the target axis of tool compensation for additional axes.

When this parameter is set effective, tool compensation for additional axes is applied to the axis set to "#1027

Base axis_J".

(When the axis configuration is XZCBY, if it is needed to apply tool compensation to the Y axis, set "Y" to "#1027

Base axis_J".)

(2) Selection of tool compensation operation for additional axes "#1520 Tchg34"

Target axis of tool compensation for additional axes can be switched between the third axis and fourth axis.
(When the axis configuration is XZCY, if it is needed to apply tool compensation to the Y axis, set "1" to this pa-

rameter.)

Note that tool compensation is applied to the third axis when the fourth axis does not exist even if "1" is set to

this parameter.
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m Detailed description

When axis exchange is made under the mixed control (cross axis control) or arbitrary axis exchange control

(1) When part system 1 and part system 2 have same axis configuration and axis names

$1 "#1026 Base axis_I"= X, "#1027 Base axis_J"=Y, "#1028 Base axis_Z"=Z
$2 "#1026 Base axis_I"= X, "#1027 Base axis_J"=Y, "#1028 Base axis_Z"=Z

Axis configuration | Selection method Operation
of additional axes

$1 $2 "#1027 Base ax- |The axis, to which tool compensation for additional axes is ap-
is_J" plied after the axis exchange under the mixed control (cross axis

(#1281 ext17/ control) or arbitrary axis exchange control, is the axis set to

X1 X2 bit1=1) "#1027 Base axis_J" of the crossed part system.

Z1 Z2 "#1520 Tchg34" |When "#1520 Tchg34" is "0":

Tool compensation for additional axes is applied to the axis that

C1 C2 is set as the third axis in the axis configuration after the axis ex-
Y1 Y2 change.
I T When "#1520 Tchg34" is "1":
Tool compensation for additional axes is applied to the axis that
is set as the fourth axis in the axis configuration after the axis ex-
Cross change.

(2) When part system 1 and part system 2 differ in axis configuration and axis name (differ by one axis)

$1 "#1026 Base axis_|"= X, "#1027 Base axis_J"=Y, "#1028 Base axis_Z"=Z
$2 "#1026 Base axis_|"= X, "#1027 Base axis_J"=Y, "#1028 Base axis_Z"=Z

Axis configuration | Selection method Operation
of additional axes

$1 $2 "#1027 Basic ax- |The axis, to which tool compensation for additional axes is ap-
is_J" plied after the axis exchange under the mixed control (cross axis
(#1281 ext17/ control) or arbitrary axis exchange control, is the axis set to

X1 X2 bit1=1) "#1027 Base axis_J" of the crossed part system. (An axis that

71 72 does not exist in the part system can be set to "#1027 Base ax-
is_J".)

C1 c2 "#1520 Tchg34" | When "#1520 Tchg34" is [0];

Y1 Tool compensation for additional axes is applied to the axis that
is set as the third axis in the axis configuration after the axis ex-
change.

When "#1520 Tchg34" is [1]:
Cross

Tool compensation for additional axes is applied to the axis that
is set as the fourth axis in the axis configuration after the axis ex-
change.
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(3) When part system 1 and part system 2 differ in axis configuration and axis name (differ by two axes)

$1 "#1026 Base axis_|"= X, "#1027 Base axis_J"=Y, "#1028 Base axis_Z"=Z
$2 "#1026 Base axis_|"= X, "#1027 Base axis_J"=Y, "#1028 Base axis_Z"=Z

Axis configuration

Selection method
of additional axes

Operation

$1 $2

X1 X2
Z1 Z2
C1

Y1

.

Cross

"#1027 Base ax-

The axis, to which tool compensation for additional axes is ap-

is_J" plied after the axis exchange under the mixed control (cross axis
(#1281 ext17/ control) or arbitrary axis exchange control, is the axis set to
bit1=1) "#1027 Base axis_J" of the crossed part system. (An axis that
does not exist in the part system can be set to "#1027 Base ax-
is_J".)
"#1520 Tchg34" |When "#1520 Tchg34" is [O]:

Tool compensation for additional axes is applied to the axis that
is set as the third axis in the axis configuration after the axis ex-
change.

When "#1520 Tchg34" is [1]:
Tool compensation for additional axes is not applied if the fourth
axis does not exist after axis exchange.

While part system 2 has 2-axis configuration, tool compensation amount for additional axes can be set to it.
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12.1.5 Tool Compensation for 2nd Additional Axis

E Function and purpose

In addition to the tool compensation for additional axes, tool compensation can be enabled for another axis. The axis
to which tool compensation for the 2nd additional axis is to be applied is determined according to the settings of the
following two parameters.

"#12103 2nd add T-ofs ON" (Tool compensation for the 2nd additional axis is enabled.)
When the parameter "#12103" is set to "1", the tool compensation amount of the 2nd additional axis is displayed,
and tool compensation is enabled.

"#12104 2nd add T-ofs set" (Tool compensation setting for 2nd additional axis)

Tool compensation for the 2nd additional axis is applied to the axis specified in the parameter "#12103".

When "C" is set for the parameter "#12103", tool compensation for the 2nd additional axis is applied to the C1 axis
as shown below.

However, if the specified axis name is not found in the parameter "#1013 axname" of the same part system, tool
compensation is disabled.

When the parameters in the 1st part system ($1) are set as follows:

#12103 =1
#12104=C

$1 Axis
configuration ~ $1 Tool length compensation amount

A1 C1
$1 A z Additional axis 2nd additional axis

x1 |<— 0.1 ] 02 0.3 0.4

Z1 4—,

A1

A

B1

F 3

C1

‘ Note

(1) If the parameter "#12103" is not set, tool compensation for the 2nd additional axis is applied to the 4th axis (B1
axis in the figure above) included in the part system. However, when the part system consists of only three axes,
tool compensation for the 2nd additional axis is disabled.
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As shown below, if the parameter "#12103" is set for the 1st axis, 2nd axis, or the axis for tool compensation for
additional axes, tool compensation for the 2nd additional axis is disabled. (The tool compensation amount of the 1st
axis, 2nd axis, or the axis for tool compensation for additional axes takes priority.)

When the parameters in the 1st part system ($1) are set as follows:

#12103 =1
#12104 = A
$1 Axis
configuration  $1 Tool length compensation amount
$1 X Z1 Additi?r:al axis 2nd add?t:i1onal axis
X1 |<— 0.1 ] 02 0.3 0.4
21 |e—1
Al |« X ¢——
B1
C1

m Detailed description

Axis exchange operation

(1) The tool compensation amount of the part system that executes the T command is applied to tool compensation.
Even when axis exchange is carried out, the axis moves while the tool compensation amount remains kept.
The following example shows a case in which tool compensation is carried out after axis exchange has been
completed. The B1 axis runs using the tool compensation amount of the destination part system $2.

When both the parameters of the 1st part system ($1) and the 2nd part system ($2) are set as shown below:

#12103 =1
#12104 =B
SEEBeh P20 EEREIR $1 Tool length compensation amount
A1 B1
$1 $2 A Z Additional axis 2nd additional axis
X1 X2 0.1 0.2 0.3 0.4
Z1 72 $2 Tool length compensation amount
A2 B2
Al | A2 X2 22 | additional axis 2nd additional axis
06 | 07 0.8 0.9
Axis exchange @
$1 $2
Tool X1 X2
compensation 71 72 Tool compensation for B1 axis was carried out after axis
execution exchange; therefore, the tool compensation amount for the
A1 A2 2nd additional axis of the $2, "0.9", is applied after it has
< moved to $2.
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(2) As shown below, if axis exchange is carried out after tool compensation has been completed, the axis moves
while the tool compensation amount remains kept.

When both the parameters of the 1st part system ($1) and the 2nd part system ($2) are set as shown below:

#12103 =1
#12104 =B
Operation Axis configuration
$1 $2
Tool X1 X2
compensation 71 72
execution
A1 A2

$1 Tool length compensation amount

A1 B1
X4 1 Additional axis 2nd additional axis
0.1 0.2 0.3 04

$2 Tool length compensation amount

A2 B2
oz “ Additional axis 2nd additional axis
0.6 0.7 0.8 0.9

Axis exchange

gt

$1 $2
X1 | x2
z1 | 22
Al | A2
4

Axis exchange of B1 axis was carried out after tool compensa-
tion; therefore, the tool compensation amount for the 2nd
additional axis of the $1, "0.4", is also applied after it has
moved to $2.
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(3) As shown below, an axis that is not specified in the parameter "#1013 axname" of the same part system can also
be set. When the axis specified by axis exchange used, tool compensation can be applied to the axis.

When both the parameters of the 1st part system ($1) and the 2nd part system ($2) are set as shown below:

$1 parameter $2 parameter
#12103 =1 #12103 =1
#12104 =B #12104 =C
Operation P R L $1 Tool length compensation amount
A1 B1
$1 | $2 X1 | 21 | additional axis |  2nd additional axis
X1 X2 0.1 0.2 0.3 0.4
Z1 zz $2 Tool length compensation amount
A1 A2 A2 C
81 = Z Additional axis 2nd additional axis
0.6 0.7 0.8 0.9

Axis exchange @

$1 $2
Tool X1 X2
compensation 71 72 ) )
" C1 axis moved to $2 by axis exchange; therefore, the tool
execution A1 A2 compensation amount for the 2nd additional axis of the $2,
< 0.9", is applied when tool compensation is carried out.
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12.2 Tool Length Compensation

m Detailed description

Tool length compensation amount setting

This function compensates the tool length with respect to the programmed basic position. This position may gener-
ally be set to either the center position of the turret or the tool nose position of the basic tool.

(1) Center position of turret

S¢—T—=___ Basicpoint

A
X axis tool length compen- |
sation amount
X
Z axis tool length compen-
sation amount Z

(2) Tool nose position of basic tool

Basic point

|
<—=L Basic tool

Tool used for machining

Y
X axis tool length compen- —»
sation amount —

Z axis tool length compen- 7

sation amount

Tool length compensation No. change

When tool Nos. are changed, the tool length compensation corresponding to the new tool Nos. are added to the
movement amounts in the machining program.

N1 T0100 ;
N4 N2 G01 X10.0 Z10.0 F100 ;
N3/’,o\ N3 G01 X13.0 Z15.0 F20.0 ;
-7 % N4 70200 ;
N2/'y S N5 G01 X13.0 Z20.0 F25.0;
(a) N
N\S\ (b) ——  Programmed machining path
N
\40 ———- Compensated tool path

(a) Compensation amount (old)

(b) Compensation amount (new)

In this example, the tool length is compensated with the tool No. and compensation is performed in the block with
the movement command.

327 IB-1501619-A



M800V/M80V Series Programming Manual (Lathe System) (1/2)
12 Tool Compensation Functions
12.2 Tool Length Compensation

Tool length compensation cancel

(1) When compensation No. 0 is ordered
Tool length compensation is canceled when the tool length compensation No. 0 is assigned in the T command.

N1 X10.0 Z10.0 F10;
N2 N2 T0000 ;
N1__—=="><~l N3 N3 G01 X10.0 Z20.0;

—_— S, . ) . o
This applies when compensation operation is ex-
ecuted in a block with the move command.

—— Programmed machining path
———- Compensated tool path

Compensation amount

(2) When ordered compensation amount is 0
Tool length compensation is canceled when the tool length compensation No. with compensation amount 0 is
assigned in the T command.

N1 G01 X10.0 Z10.0 F10 ;
N2 N2 T0100 ;
N1__—=="*~(_ N3 N3 G01 X10.0 Z20.0 :

—_— S . ) ) L
This applies when compensation operation is ex-
ecuted in a block with the move command.

—— Programmed machining path
———- Compensated tool path

Compensation amount

m Precautions

(1) When G28, G29 or G30 is commanded, the compensation is temporarily canceled. Therefore, the machine
moves to the position where the compensation was canceled and the compensation amount is stored in the
memory. This means that with the next movement command the machine will move to the compensation posi-
tion.

(2) When G28, G29 or G30 and the compensation cancel are commanded in the same block, the machine is moved
to the position where the compensation was canceled, however the compensation amount remains stored in the
memory. This means that the display coordinate may be displayed including the compensation amount. Issue
these command in the separate block so that the compensation amount should not be stored in the memory.

(3) Even if the compensation amount of the compensation No. currently selected by MDI is changed during auto-
matic operation, the changed compensation amount will not be valid unless a T command with the same No. is
executed again.

(4) The tool length compensation and tool nose wear compensation amounts are cleared by resetting and by emer-
gency stop. These data can be held depending on the MTB specifications (parameter "#1099 Treset").
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12.3 Tool Nose Wear Compensation

m Detailed description

Tool nose wear compensation amount setting

The wear sustained by the tool being used can be compensated.

X-axis tool nose wear
compensation amount

A 4

A

Z-axis tool nose wear compensation amount

Tool nose wear compensation cancel

Tool nose wear compensation is canceled when compensation No. 0 is assigned

N1 GO1 X10.0 Z10.0 F10 ;
N2 N2 T0100 ;
N1 _ ="~ N3 N3 GO1 X10.0 Z20.0 ;

-
— ~
— ~o

This applies when compensation operation is executed in a
block with the move command.

——  Programmed machining path
———-  Compensated tool path

Compensation amount

W Precautions

(1) When G28, G29 or G30 is commanded, the compensation is temporarily canceled. Therefore, the machine
moves to the position where the compensation was canceled and the compensation amount is stored in the
memory. This means that with the next movement command the machine will move to the compensation posi-
tion.

(2) When G28, G29 or G30 and the compensation cancel are commanded in the same block, the machine is moved
to the position where the compensation was canceled, however the compensation amount remains stored in the
memory. Issue these command in the separate block so that the compensation amount should not be stored in
the memory.

(3) Even if the compensation amount of the compensation No. currently selected by MDI is changed during auto-
matic operation, the changed compensation amount will not be valid unless a T command with the same No. is
executed again.

(4) The tool length compensation and tool nose wear compensation amounts are cleared by resetting and by emer-
gency stop. These data can be held depending on the MTB specifications (parameter "#1099 Treset").
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12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

E Function and purpose

Because a tool nose is generally rounded, a hypothetical tool nose point is used for programming. Due to this round-
ness of the tool nose, there will be a gap between the programmed shape and the actual cutting shape during taper
cutting or circular cutting. Tool nose radius compensation (nose R compensation) is a function for automatically cal-
culating and offsetting this error by setting the tool nose radius (cutter radius) value.

These command codes enable to choose the offset direction to be fixed or automatically identified.

(a)

(a) Tool nose center (b) Hypothetical tool nose point
(r) Tool nose radius

""""""""""" Path of tool nose center without nose R compensation (Shaded part indicates the cutting shape gap)

——=—=-Path of tool nose center with nose R compensation

E Command format

‘G40(X/U_ ZIW__ | K_); Tool nose radius compensation cancel ‘

‘G41(X/U_ ZIW__ | K _); Tool nose radius compensation left ‘

‘G42(X/U_ ZIW__ 1K) Tool nose radius compensation right ‘

G46(X/IU__ ZIW__); Tool nose radius compensation (automatic direction identifica-
tion) ON

X/U X axis end point coordinate (X is the absolute position of workpiece coordinate system, U is the

incremental position from current position)

ZIW Z axis end point coordinate (Z is the absolute position of workpiece coordinate system, W is the
incremental position from current position)

I,J, K Refer to "When [, J, K are commanded in G40" or "12.4.4 G41/G42 Commands and I, J, K Desig-
nation".
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m Detailed description

(1) G41 works on condition that the tool is located on the left of the workpiece to the direction of motion.
G42 works on condition that the tool is located on the right of the workpiece to the direction of motion.

G46 automatically identifies the compensation direction by the preset hypothetical tool nose point and movement
commands in the machining program.

G40 cancels the tool nose radius compensation mode.

X

A

G46

G41
G42

> Z

(2) Nose R compensation pre-reads the data in the following two movement command blocks (up to 5 blocks when
there is no movement command) and controls the tool nose R center path by the intersection point calculation
method so that it is offset from the programmed path by an amount equivalent to the tool nose radius.

In the figure below, "r" is the nose R compensation amount (radius of tool nose).
The nose R compensation amount corresponds to the tool length No. and should be preset along with the tool
nose point.

(3) If there are 4 or more blocks without movement amounts among 5 continuous blocks, overcutting or undercutting
will occur.

Blocks in which optional block skip is valid are ignored.

(4) Tool nose radius compensation is valid also for fixed cycles.
However, in the rough cutting cycles (G70, G71, G72, G73) of lathe system, cutting will be done with the com-
pensation mode canceled since the finished shape already includes the compensation amount and, upon com-
pletion of the cutting, operation will automatically return to the compensation mode.

(5) Compensation mode will be temporarily canceled in 1 block before the thread cutting command block.

(6) A nose R compensation (G41 or G42) command can be issued during nose R compensation (G46). For this,
compensation mode does not need to be canceled with G40.

(7) The compensation plane, movement axes and next advance direction vector follow the plane selection command
designated by G17, G18 or G19.

G17 X-Y plane X,Y,l,J
G18 Z-X plane Z, XK,
G19 Y-Z plane Y,Z,J,K
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12.4.1 Tool Nose Point and Compensation Direction

m Detailed description

Tool nose point

Because a tool nose is generally rounded, the programmed tool nose position is adjusted to a point "P" shown in the
examples figures below.

For nose R compensation, select one of the points in the figures below for each tool length numbers and preset the
positional relationship.

(Selects "1" to "8" in the G46 mode and "0" to "9" in the G41/G42 mode.)

e
\

Tool nose point and compensation operation

(1) When the tool nose center is adjusted to the machining start position (Tool nose point "0" or "9")

/ "
Programmed path or machining shape with tool nose radius compensation

—————— Path of tool nose center with nose R compensation

————- Machining shape with no nose R compensation
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(2) When the tool nose point is adjusted to the machining start position (Tool nose point "3")

Z
=

Y G42G46

/ "
Programmed path or machining shape with tool nose radius compensation

—————— Path of tool nose center with nose R compensation

— - Machining shape with no nose R compensation

Compensation direction of G46

The compensation directions of the G41/G42 commands is determined by the G41/G42 codes, while that of the G46

command is automatically determined in accordance with the following table from the relationship between the tool
nose points and the commanded movement vectors.

(1) If the initial movement vector (including G0O0) corresponds to a "x" mark in the table when starting the nose R
compensation, the compensation direction cannot be specified. It will be determined by the next movement vec-
tor. When the direction cannot be determined even after reading 5 blocks ahead, program error (P156) will occur.

(2) When the compensation direction is reversed during tool nose radius compensation, program error (P157) will
occur except when it is commanded in GO0 block. Even if directions differ between before and after the G28,

G30 or G53 blocks, an error will not occur because compensation will be temporarily canceled. Using a param-
eter (#8106 G46 NO REV-ERR), the same compensation direction can be maintained.
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(3) When the compensation direction during tool nose radius compensation corresponds to a "x" in the table below,
the previous direction will be resumed.

[How to determine the compensation direction by the movement vectors and tool nose point in command
G46]

Direction of tool Compensation direction of tool nose Direction of tool
nose advance nose advance

Tool nose point

Movement vector @ @ @ Movement vector
(Tool nose point 1 @ @ @ @ (Tool nose point 5
to 4) to 8)

<: Right | Right | Left Left x Right x Left

x Right x Left Left | Right | Right | Left

Left | Right | Right | Left Left x Right x

/

Left x Right x Left Left | Right | Right

!

Left Left | Right | Right x Left x Right

x Left x Right || Right | Left Left | Right

Right | Left Left | Right || Right x Left x

N
»
e

Right x Left x Right | Right | Left Left

™ L

‘ Note

(1) "x" marks in the table indicate that the compensation direction cannot be determined by the movement vector
(tool nose points).

(2)" /7 "mark in the table denotes a movement vector in the 45° direction. (The other movement vectors are based
on this.)

3" “ " mark in the table denotes a movement vector with a range larger than 45° and smaller than 135°. (The
other movement vectors are based on this.)

(Example) When tool nose point 3, movement vector in the Z axis (-) direction (when movement vector is as the
arrow in the figure below)

As shown in the figure on the left, the workpiece is on
the X axis (-) side from the tool nose position and tool

X movement direction.
p Consequently, the compensation direction will be on
«— the right side of the workpiece to the direction of tool

nose advance.
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12.4.2 Nose R Compensation Operations

m Detailed description

Nose R compensation cancel mode

The nose R compensation cancel mode is established by any of the following conditions.

(1) After the power has been switched on

(2) After the reset button on the setting and display unit has been pressed
(3) After the M02 or M30 command with reset function has been executed
(4) After the compensation cancel command (G40) is issued

(5) After tool No. 0 has been selected (TOO has been executed)

The offset vectors are zero in the compensation cancel mode, and the tool nose point path coincides with the pro-

grammed path.
Programs including nose R compensation must be terminated in the compensation cancel mode.

Nose R compensation start (start-up)

Nose R compensation starts when all the following conditions are satisfied in the compensation cancel mode.

(1) The movement command is issued after G41, G42 or G46.
(2) The movement command is not a circular command.

Before starting a compensation, 2 to 5 blocks are pre-read for the intersection point calculation regardless of single
block operation or continuous operation. (Two blocks are pre-read if there is a movement command, up to 5 blocks
are pre-read if not) )

Similarly, during compensation mode, up to 5 blocks are pre-read for compensation calculation.

[Control state diagram]

Execution block Pre-read buffer

: : N11 T ;
N11 T ; N11 T ; N12 S ;
N12 S_; N12 S ; N13 G0O_; From pre-read of G41, pre-
N13 GOO_; seses | N13 G0O_; N14 G41 ; | N15 GO1_; <:I read of up to 5 blocks
N14 G41_; N14 G41 : | N15Go1 ; [ N16G02 ; [J*** starts.
N15 GO1_; N15 GO1_; N16 G02_; -
N16 GO2_; N16 G02_; '

There are two ways of starting the compensation operation: type A and type B.
The type to be used is selected by setting of parameter "#8157 tool nose comp type B".
This type is used in common with the compensation cancel type.
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

#8157 Nose R Type Description
comp type B
0 Type A |When starting up/canceling a command block with nose R compensation and radi-

us compensation, type A will not conduct intersection operation processing to the
block and, instead, convert it to an offset vector which is vertical to the command
vector.

1 Type B |When starting up/canceling a command block with nose R compensation and radi-
us compensation, Type B will conduct intersection operation processing to the com-
mand block and the next block.

Start operation for nose R compensation

When starting nose R compensation, the tool will not move as much as the specified compensation amount by either
G41, G42 or G46 command alone. Nose R compensation cannot be applied to the GO0 command. It can be applied
from G01, GO2 or GO3 command. Note that even if there is an axis command, the nose R compensation will not be
applied unless there is movement.

(1) When G41, G42 or G46 is issued alone at an inside corner

N1 G42:
N2 GO0 X_Z_:
N3 GO1X Z F_: -

- N3 GO1
”
/N2 Goo

N1

N1 G42;
N2 GO1X_Z F_:
N3 GO1X_Z ;

N3 GO01

N1 G42:

N2 GO1 X _Z_F_:
N3 GO0 X_Z_:
N4 GO1 X _Z_; /N3 GO0

/
/

//N2 GO01
/
/

N1

v

N4 GO1

N1 G42;

N2 GO0 X_Z_:
N3 GO0 X_Z_: .
N4 GO1 X_Z_F_; ~“N3 GO0

v

N4 GO1

N2 GO0

N1

——  Program path -——- Path of tool nose center
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12 Tool Compensation Functions

12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

Linear -> Linear

(2) When G41, G42 or G46 is issued at an inside corner in the same block as a movement command

Linear -> Circular

v

A\ 4

(CP)

(S) Start point
r : Tool nose radius

Program path

337

(CP) Center of circular
s : Single block stop point

Path of tool nose center
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(3) When G41, G42 or G46 is issued alone at an outside corner (obtuse angle)

Type A Type B

y

N1 G41; / N3 GO01 " N3 GO1
N2 GO0 X_Z_: /

v

N3GO1X_Z F_; /

N1 G41;
N2 GO1X _Z F_:
N3 GO1X_Z_;

N3 GO01

N1 G41;

N2 GO1X_Z_ F_:
N3 GO0 X_Z_;
N4 GO1 X _Z_;

\ \
N2 G01\\ N2 G01\\
\ \

N1 N1

N1 G41:

N2 GO0 X_Z_:
N3 GO0 X_Z_:
N4 GO1X Z F_:

N1

——  Program path -——- Path of tool nose center
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(4) When G41, G42 or G46 is issued at an outside corner (obtuse angle) in the same block as a movement command
[90° <=6 < 180°]
Linear -> Linear (Type A)

Linear -> Circular (Type A)

v

N
v

s -
Y o
,/-
e // r i
-y B>
s
G41 //
/
/ 6
/
/

(CP) Center of circular

(S) Start point
s: Stop point with single block

r : Tool nose radius

——  Program path -——- Path of tool nose center
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(5) When G41, G42 or G46 is issued alone at an outside corner (acute angle)

IB-1501619-A

Type A

Type B

N1 G41;
N2 GO0 X_Z :
N3 GO1X Z F :

\
\

\
\

R N3GoT

\\N2 GO0

\
\
\

N1

v

1 N3GO1

/
/
/
\K

N1 G41;
N2 GO1'X_Z F_:
N3 GO1 X Z_:

N3 G01

N1 G41;

N2 GO1 X Z F_:
N3 GO0 X_Z_:
N4 GO1 X _Z_;

N1 G41;

N2 GO0 X_Z_:
N3 GO0 X_Z_:
N4 GO1X Z_F_;

Program path

340

Path of tool nose center
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(6) When G41, G42 or G46 is issued at an outside corner (acute angle) in the same block as a movement command

[6 <90°]
Linear -> Linear (Type A) Linear -> Circular (Type A)
s e (CP
\ /
A
\\ -
\0
\\ G41
\
\
\
\
(S)
Linear -> Linear (Type B) Linear -> Circular (Type B)
S o~ ¢ (CP)
// *r
L >
6
X X,
SN
\\\
~,
\\
G41 SN
\\\\
(S)

(S) Start point
r : Tool nose radius

Program path

‘ Note

(CP) Center of circular
s: Stop point with single block

Path of tool nose center

(1) If there is no axis movement command in the same block as G41 or G42, compensation is performed perpen-

dicularly to the next block's direction.

Operation in compensation mode

Calculate the tool center path from the linear line/circular arc to perform compensation to the program path (G0O,

G01, G02, G03).

Even if the same compensation command (G41, G42, G46) is issued in a nose R compensation (G41, G42, G46)

mode, the command will be ignored.

When 4 or more blocks without movement command are continuously specified in the compensation mode, over-

cutting or undercutting will occur.

When the MO0 command is issued during nose R compensation, pre-reading will be prohibited.

341
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12 Tool Compensation Functions

12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(1) Machining an outside corner

Linear -> Linear (90°<= 0 < 180°)

Linear -> Linear (0° < 8 <90°)

Linear -> Circular (90° <= 0 < 180°)

Linear -> Circular (0° <6 < 90°)

e

, | A
/ +=r
RV
\, . ‘\9
- \ \.\
. \ \
(CP) ]
/
/
r'q

Circular -> Linear (90° <= 8 < 180°)

Circular -> Linear (0° < 6 < 90°)

(CP)

.
(CP)

(CP) Center of circular
r: Tool nose radius

——  Program path

IB-1501619-A

s : Single block stop point

———— Path of tool nose center
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12 Tool Compensation Functions

12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(2) Machining an inside corner

Linear -> Linear (Obtuse angle)

Linear -> Linear (Acute angle)

6

v

v

()

v

v

Linear -> Circular (Acute angle)

0

(CP)

Circular -> Linear (Obtuse angle)

Circular -> Circular (Acute angle)

(CP) Center of circular
r: Tool nose radius

——  Program path

343

s : Single block stop point

———— Path of nose center
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(3) When the circular end point is not on the circular

When the error is within the parameter "#1084 RadErr", the area from the circular start point to the end point is
interpolated as a spiral circular.

A A
/,/'/ .\‘\.\
Ve .\\ L E)
— (E) End point of circular
_ r T (CP) Center of circular
1" T r : Tool nose radius
> 7 \’X bs
r / R
(CP)

(4) When the inner intersection point does not exist

In cases like the figure below, the intersection point of circulars A and B may not exist depending on the com-
pensation amount.

In such cases, program error (P152) appears and the tool stops at the end point of the previous block.

In the pattern 1 and 2 of this figure, machining is possible because "r" (tool nose radius) is small.

In pattern 3, "r" (tool nose radius) is so large that an intersection does not exist and program error (P152) will
occur.

P152 |

(CP) Center of circular A
r : Tool nose radius

e Program path - Path of tool nose center

——————— Path formed by connecting the intersections of arc A and arc B in each pattern

IB-1501619-A 344



M800V/M80V Series Programming Manual (Lathe System) (1/2)

12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

Tool nose radius compensation cancel

In nose R compensation mode, nose R compensation will be canceled when any of the following conditions is met.
However, there must be any movement command except a circular command.
If the compensation is canceled by a circular command, program error (P151) will occur.

(1) The G40 command has been executed.
(2) Tool No. TOO is executed.

The cancel mode is established once the compensation cancel command has been read, 5-block pre-reading is sus-
pended and 1-block pre-reading will be operated.

Tool nose radius compensation cancel operations

Tool nose R compensation cancel command results as follows.

(1) When there is no axis movement command in the G40 command block, the immediately preceding axis move-
ment block operates as follows.

+*When axis movement is commanded by G00, the nose radius compensation is canceled at the end point of the
axis movement block.

+When axis movement is commanded by interpolation command such as G01, the nose radius compensation is
valid up to the end point of the axis movement block.
The nose radius compensation is canceled by a movement command issued at the G40 command block or
later.

(2) If the nose radius compensation is canceled by TO0 command, the axis moves to the position where the nose
radius compensation was canceled.

345 IB-1501619-A



M800V/M80V Series Programming Manual (Lathe System) (1/2)

12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(3) Relation of an inside corner/outside corner and cancel
(a)-1 When G40 is issued alone at an inside corner

N1GO1X_Z F_; [
N2 GO0 X_Z_;
N3 G_40; - N1 GO1
- ~"N2 GO0
N3
N1GO1X_Z F_;
N2 GO1X_Z_;
N3 G40; s
N4 MO5; / e
N5 GO0 X Z ; 7'N2 GO1
N1GO1X_Z F_; i
N2 GO0 X_Z_;
mi g% 'x_z_; / b N1 GO1
,_ /"N2 G0o
N5 MO5;
N6 GO1X_Z_; i
' N3 GO1
i N4
\ LN5
\ N6 Go*
\
N1GO1X_Z F_; i
N2 GO0 X_Z_;
mi ggg_x_z_; el N1 GO1
e /-7 N2 GO0
N3 GO0
N4

——  Program path -——-
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(a)-2 When G40 is issued at an inside corner in the same block as a movement command

Linear -> Linear

Circular -> Linear

:
(CP)

(E) End point
r : Tool nose radius

Program path

347

(CP) Center of circular

s : Single block stop point

Path of tool nose center
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12 Tool Compensation Functions

12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(b)-1 When G40 is issued alone at an outside corner (obtuse angle)

Type A

‘Type B

N1G01X ZF_:
N2 GO0 X_Z_;
N3 G40;

/
/
/

/
N2 GO0/
/
/
/

/
/

N3

N1 GO1

F 3

N1G01X Z F_:
N2 GO1 X _Z_;
N3 G40;

N4 MO5;

N5 GO0 X_Z_:

N1 GO1

N1G01X Z F_;
N2 GO0 X_Z_;
N3 G01 X_Z ;
N4 G40;

N5 MO05;

N6 G01 X_Z_;

/

7/
N2 GO0,/
/

N3 GO1

Je—————

N3 G01 H

N4}v d

N5[ ~~o

N6 GOT =\

N1GO1X_Z F_:
N2 GO0 X _Z_:
N3 GO0 X_Z_;
N4 G40;

N2 GO0 //
/

/
/
/

N3 GO0

N4

N1 GO1

F 3

IB-1501619-A
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(b)-2 When G40 is issued at an outside corner (obtuse angle) in the same block as a movement command

Linear -> Linear (Type A) Circular -> Linear (Type A)
s
//
/ r
G40 /
///
/ 6
/7 \
/ \
: 1
(E) (E) . :
(CP)
Linear -> Linear (Type B) Circular -> Linear (Type B)
s
A
_;
4
/'// r ]
e //
G40 /
//
/ 0
/
/,
(E)
(E) End point (CP) Center of circular
r: Tool nose radius s : Single block stop point
——  Program path —-——— Path of tool nose center
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12 Tool Compensation Functions

12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(c)-1 When G40 is issued alone at an outside corner (acute angle)

Type A

‘Type B

N1G01X ZF_:
N2 GO0 X_Z_;
N3 G40;

N1 GO1

N1G01X Z F_:
N2 GO1 X _Z_;
N3 G40;

N4 MO5;

N5 GO0 X_Z_:

N1 GO1

N1G01X Z_F_:
N2 GO0 X_Z_;
N3 GO1 X _Z_;
N4 G40;

N5 MOS5;

N6 GO1 X_Z_:

{N4
N5

N3 GO1

N1GO1X Z F_:
N2 GO0 X_Z_;
N3 GO0 X _Z_:
N4 G40;

N1 GO1

\\ N4
\N2 GO0
\
\\
\ N3 GO0
\

\
\

IB-1501619-A
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(c)-2 When G40 is issued at an outside corner (acute angle) in the same block as a movement command

Linear -> Linear (Type A) Circular -> Linear (Type A)
s
r \\
\l
A}
\9
\\
\G40
\
\
\
\
(E)
Linear -> Linear (Type B) Circular -> Linear (Type B)
=t (CP)
/ 1
/ Ir
¥
AY
\'& 6
r
~,
.,
\\\
G40\\\
\\\
(E)
(E) End point (CP) Center of circular
r: Tool nose radius s : Single block stop point
——  Program path —-———- Path of tool nose center
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

12.4.3 Other Operations during Nose R Compensation

m Detailed description

Changing the compensation direction during nose R compensation

The compensation direction is determined by the nose R compensation commands (G41, G42).

G code Compensation direction
G41 Left-side compensation
G42 Right-side compensation

The compensation direction can be changed by changing the compensation command during the compensation
mode without canceling the mode.

However, it is impossible to change the direction in the compensation start block and the next block.

(1) Linear -> Linear
(a) When there is an intersection (A) at the change of compensation direction

(b) When there is no intersection at the change of compensation direction

G41 G41 G42

(2) Linear <-> Circular
(a) When there is an intersection (A) at the change of compensation direction

(b) When there is no intersection at the change of compensation direction

G41 G42 G41  G41 G42

——  Program path —-——- Path of tool nose center
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(3) Circular -> Circular
(a) When there is an intersection at the change of compensation direction

(b) When there is no intersection at the change of compensation direction
(CP) Center of circular

(4) Linear return

G41
L {
G42

<

(5) When the compensation direction is switched using G41/G42, the arc may exceed 360°.

If the arc exceeds 360°, compensation will be performed as shown in the figure and uncut section will be left.

G42 GO1X_Z

G41G02X_Z_|_K;
G42 G01 X_Z_;
——  Program path -—— Path of tool nose center

————— Section left uncut

353
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

Nose R compensation of path closed by G46/G41/G42

(1) G46 command operation (2) G42-> G41 command operation (When commanding G41
at (a))

[
(3) G42 -> G41 command operation (When commanding G41 at (a))

G01(G42)

——  Program path ——=—=- Path of tool nose center
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

Command for eliminating compensation vectors temporarily
When the following command is issued in the compensation mode, the compensation vectors are temporarily elim-
inated and then, compensation mode will automatically return.

In this case, the compensation is not canceled, and the tool goes directly from the intersection point vector to the
point without vectors, in other words, to the programmed command point. When returning to the compensation
mode, it goes directly to the intersection point.

(1) Reference position return command

Temporarily no compensation vectors at intermediate point. (Reference position when there is no intermediate
point).

N5 N6 - N7 | N8 N
< g g g »
(G41) (CP) Intermediate point
N5 G01 U 30. W 60. ;
N6 G28 U-40. W 50. ;
N7 U-60. W 30. ;
N8 U 40. W 70.;

(2) The compensation vector will be eliminated temporarily with the G53 command (Basic machine coordinate sys-
tem selection).

<Note>
+*The compensation vectors do not change with the coordinate system setting (G92) command.
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(3) Positioning (G00) commands

Tool nose radius compensation is temporarily canceled with GO0 commands.

Vel
N5 GO‘I//

460 o~
\\ Vd

N1GO1X _Z F_: e
N2 GO0 X_Z._: N1G01,~
N3 GO0 X_Z : d

N4 GO0 X_Z_; ’
N5 GO1X_Z_;

N1 GO1X_ZF_: TN
N2 GO1 X_Z_:
N3 GO0 X_Z_:
N4 GO0 X_Z_;
N5 GO1X_Z_;

N1 GO1 X_Z_F_; TN N2 6o
N2 G01 X_Z ; N1 G017
N3 GO1 X_Z_;

N4 GO0 X_Z_; e
N5 G01 X_Z_; yd

N\, 7
\‘ //

(4) G33 thread cutting command
Tool nose radius compensation will not be applied to the G33 block.

G33

(5) Compound type fixed cycle for turning machining

In lathe system, when a compound type fixed cycle for turning machining | command (G70, G71, G72, G73) is
issued, the tool nose radius compensation will temporarily be canceled. The finished shape to which tool nose
radius compensation has been applied is cut with the compensation cancel state, and upon completion, opera-
tion will automatically return to the compensation mode.
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12 Tool Compensation Functions

12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

Blocks without movement

The following blocks are known as blocks without movement.

MO3 ; M command

S12; S command

TO0101; T command

G04X500 ; Dwell

G10P01R50 ; Compensation amount setting

G92X600. Z500. ; Coordinate system setting

Y40. ; Movement outside the compensation plane
GO0 ; G code only

uo; Movement amount 0

(1) When command is assigned at start of the compensation

Compensation vector cannot be created when there are four or more successive blocks without movement, or
when pre-reading prohibiting M command is issued.

N1 U60.W30.T0101 ;

N2 G41 ;

N3 G04 X1000;

N4 F100 ; Block without movement
N5 S500 ;

N6 M3 ;

N7 U- 50.W20. ;

N8 U- 20.W50. ;

N2,3,4,5,6

(2) When command is assigned in the compensation mode

Compensation vector will be created as normal when there are no more than four successive blocks without
movement, or when pre-read prohibiting M command is not issued.

N6 U200. W100. ;

N7 G04X1000 ; ... Block without movement \
N8 W200 ; ———
/N7 N8
/J
/
/N6

Block N7 is executed at N7 in the figure.

Compensation vector will be created perpendicularly to the end point of the previous block when there are four
or more successive blocks without movement, or when pre-read prohibiting M command is issued.
In this case, a cut may occur.

N6 U200. W100. ;

N7 G04 X1000 ;

N8 F100 ;

N9 S500 ; Block without movement
N10 M4 ;

N11 W100 ;
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(3) When commanded together with compensation cancel

Only the compensation vectors are canceled when a block without movement is commanded together with the
G40 command.

N6 U200. W100. ;
N7 G40 M5 ;
N8 U50. W100. ;

When |, J, K are commanded in G40

A perpendicular vector is created in the block before G40.

(a,b)

——  Program path - Path of tool nose center

————— Path of hypothetical tool nose center

Corner movement

When a multiple number of compensation vectors are created at the joints between movement command blocks,
the tool will move in a straight line between these vectors. This action is called corner movement.

When the vectors do not coincide, the tool moves in order to machine the corner although this movement is part and
parcel of the joint block.

Consequently, operation in the single block mode will execute the previous block + corner movement as a single
block and the remaining joining movement + following block will be executed as a single block in the following op-
eration.

(CP) Center of circular
(r) Tool nose radius
(s) Stop point with single block

—— Program path

———- Path of tool nose center
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

12.4.4 G41/G42 Commands and I, J, K Designation

E Function and purpose

The compensation direction can be intentionally changed by issuing the G41/G42 command and |, J, K in the same
block.

E Command format

‘G18 (Z-X plane) G41/G42X__Z__ |_K__;

Assign a linear command (G00, G01) in a movement mode.

m Detailed description

I, K type vectors (G18 X-Z plane selection)

This section describes the new |, K type vectors (G18 plane) created by this command. (Similar descriptions apply
to vector |, J for the G17 plane and to J, K for the G19 plane.)

As shown in the following figures, I, K type vectors create compensation vectors which are perpendicular to the di-
rection designated by I, K and equivalent to the compensation amount, without the intersection point calculation of
the programmed path. The I, K vectors can be commanded even in the mode (G41/G42 mode in the block before)
and even at the compensation start (G40 mode in the block before).

(1) When |, K is commanded at compensation start

N110 (G40)
N120 :
N130 N100 G41 U100. W100.K150.T0101 ;
X N140 N150 > N110 G04 X1000 ;
[ N120 GO1 F1000 ;
N100 10101 N130 S500 ;
7 > N140 MO3 ;

N150 Z2150. ;

— Program path

«— Path of tool nose center
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(2) When there are no movement commands at the compensation start.

X (G40)

L

N3
Z -
N2 >

T0101 N1|/

+— Program path

N1 G41 K150. T0101 :
N2 U100. W100. :
N3 WA150. :

v

«— Path of tool nose center

(3) When |, K has been commanded in the mode (G18 plane)

(G18 G41)
N100 G41 T0101 GO1 W150. I50. ;
N110 G02 W100.150. ;
N120 GO1 W100. ;

(a) I, K type vector (b) Intersection point calculation type vector
<4——  Program path

<+———  Path of tool nose center

—————— Path after intersection point calculation

(4) When |, J has been commanded in a block without movement
N1 G41 T0101 GO1 F1000 ;

1\13 N4‘ N2 U100. W100. ;
L Y i N5 N3 G41 K50. ;
(1K) Y N4 W150. ;
. N5 G40 ;

-

N2

T0101
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

Offset vector direction

(1) In G41 mode
Direction produced by rotating the direction commanded by |, K by 90° to the left when looking at the zero point
from the forward direction of the Y axis (3rd axis).

(Example 1) With K100. (Example 2) With K-100.

t \ —

. o

<+— (0, 100) IK direction <+«— |(0, -100) IK direction

<«+————— |Offset vector direction <«+————— |Offset vector direction

(2) In G42 mode
Direction produced by rotating the direction commanded by I, K by 90° to the right when looking at the zero point
from the forward direction of the Y axis (3rd axis).

(Example 1) With K100, (Example 2) With K-100.
] > +
| / |
|
| —d

<+«— |(0, 100) IK direction <+«— |(0, -100) IK direction

<+————— |Offset vector direction <+————— |Offset vector direction

Selection of offset modal

G41 and G42 modals can be switched over at any time.

N1 G28 X0Z0 :
X N2 G41 T0101 F1000 :
N3 GO1 U100. W100. ;
N4 G42 W100. | - 100. K100.T0102 ;
z N5 U- 100. W100. ;
N6 G40 ;
N7 M02 :

%
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Compensation amount for offset vectors
The compensation amount is determined by the offset No. (modal) in a block with the I, K designation.
<Example 1>
Vector A is the compensation amount registered in tool offset No. modal 1 of the N100 block.

—————————— (G41 T0101)
T0101 A 70101 :
_ N100 G41 W150. K50. ;

X TS N N110 U- 100. W100. ;

N110
4

<Example 2>

Vector B is the compensation amount registered in tool offset No. modal 2 of the N200 block.
(G41 T0101)

p—
—_——

B y .
Tmoﬁ T0102 N200 G41 W150. K50. T0102 ;

N210 U - 100. W100. ;
N210
Z
m Precautions

(1) Issue the |, K type vector in a linear mode (G00, G01). Ifitis in an arc mode at the start of compensation, program
error (P151) will occur.
When it is in the offset mode as well as in the arc mode, |, K will be designated at the center of the circular.

(2) When the |, K type vector is designated, it will not be deleted (interference avoidance) even if there is interfer-
ence. Consequently, overcutting may occur.
In the figure below, cutting will occur in the shaded section.

X N1 G28 X0Z0 ;

N2 G41 T0101 F1000 ;

N3 W100. ;

N4 G41 U-100. W100. K10. ;
N5 U100. W100. ;

N6 G40 ;

N3 N4 NS o N6 N7 M02 :

(1,K)

(3) Refer to the following table for the compensation methods depend on the presence or absence of G41/G42 com-
mand and |, K, (J) command.

G41/G42 L,K (J) Compensation methods
No No Intersection point calculation type vector
No Yes Intersection point calculation type vector
Yes No Intersection point calculation type vector
Yes Yes I, K type vector
No insertion block
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12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

12.4.5 Interrupts during Nose R Compensation

m Detailed description

MDI interruption

Nose R compensation is valid in any automatic operation mode - whether tape, memory or MDI mode.
The figure below shows what happens by MDI interruption after stopping the block during tape or memory mode.
S in the figure indicates the stop position with single block.
(1) Interrupt without movement (tool path does not change)
Automatic operation
N1 G41 T0101;
N2 U50. W20. ;

MDI interruption

<- S1000 M3;
N3 G03 U-40. W40. R70. ;

(2) Interrupt with movement

The compensation vectors are automatically re-calculated in the movement block after interrupt.

With linear interrupt
Automatic operation
N1 G41 T0101;
N2 U50. W20. ;

MDI interruption

<- U-30. W50.;

U50. W30. ;
N3 G03 U-40. W40. R70. ;

With circular interruption
Automatic operation
N1 G41 T0101;

MDI interruption

N2 U50. W20. ;
<- G02 U-40. W40. R70. ;
G01 W40. ;
N3 G03 U-40. W40. R70. ;
363
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12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

Manual interruption

(1) Interrupt with manual absolute OFF.
The tool path will deviate from the compensated path by the interrupt amount.

ST P \
7 \
o~ | ———  Program path
\
2
A o e Tool path after compensation
S — A
e \ K \\ —— Interrupt (A)
,/V/ / /,/( <------- Tool path after interrupt
1/’
/
s
/

(2) Interrupt with manual absolute ON
In the incremental mode, the same operation will be performed as the manual absolute OFF.
In the absolute mode, however, the tool returns to its original path at the end point of the block following the in-
terrupted block, as shown in the figure.

[Line-Line-Line] [Line-arc-Line]

Program path

——————— Tool path after compensation

+——— Interrupt (A)

<4------- Tool path after interrupt
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12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

12.4.6 General Precautions for Nose R Compensation

W Precautions

Assigning the compensation amounts

(1) The compensation amount is normally assigned by designating the No. of the compensation amount by the last
1 or 2 digits of the T code. Depending on the machine specifications, the high-order digits may be used. The T
code will remain valid once designated until another T code is subsequently commanded.

Besides being used to designate the compensation amounts for tool nose radius compensation, the T codes are
also used to designate the compensation amounts for tool length compensation.

(2) It depends on the setting of the parameter "#8117 OFS Diam DESIGN" to specify the compensation amount by
the diameter value or the radius value.
#8117 = 0: Radius value
#8117 = 1: Diameter value

(3) Compensation amounts are normally changed when a different tool has been selected in the compensation can-
cel mode. However, when an amount is changed during the compensation mode, the vectors at the end point of
the block are calculated using the compensation amount designated in that block.

Corner judgment method

(1) The criterion to execute the outer rounding at the small corner in tool radius compensation depends on the MTB
specifications (parameter "#1289 ext25/bit0").

Errors during tool nose radius compensation

(1) An error will occur when any of the following commands is programmed during tool nose radius compensation.
G17, G18, G19 (when a plane different from the one used during the compensation is commanded (P112))
G111 (P112)

G31(P608)
G74,G75,G76(P155)
G81 - G89(P155)

(2) A program error will occur when a tool nose point other than 1 to 8 is designated during the G46 mode. (P158)

(3) A program error will occur when the compensation direction is not determined by the movement vector of the
initial cutting command even when the tool nose radius compensation operation has started in the G46 mode
and 5 blocks have been pre-read. (P156)

(4) A program error will occur when a circular command is issued in the first or last block of the tool nose radius
compensation. (P151)

(5) A program error will occur when the compensation direction is reversed in the G46 mode. (P157) A parameter
can be set to move the tool in the same compensation direction. (Control parameter "#8106 G46 NO REV-ERR")

(6) A program error will occur during tool nose radius compensation when the intersection point of single block skip
in the interference block processing cannot be calculated. (P152)

(7) A program error will occur when there is an error in one of the pre-read blocks during tool nose radius compen-
sation.

(8) A program error will occur when an interference occurs under no interference avoidance conditions during tool
nose radius compensation. (P153)

(9) A program error will occur when a tool nose radius compensation command is issued even though the tool nose
radius compensation specification is not provided. (P150)
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12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

12.4.7 Interference Check

E Function and purpose

A tool, whose tool nose has been compensated under the tool nose radius compensation function by the usual two-
block pre-read, may sometimes cut into the workpiece.

This is known as interference, and interference check is the function which prevents this from occurring.

The table below shows the three functions of interference check and each can be selected for use by parameter.

Parameter
Function #8102 #8103 Operation
COLL.ALM | COLL. CHK
OFF OFF
(1) |Interference check 0 0 Operation stops with a program error (P153) before
alarm function executing a block which will cause cutting.
(2) |Interference check 1 0 The tool path is changed to prevent cutting from oc-
avoidance function curring.
If the path cannot be changed, a program error
(P153) occurs and the program will be stopped.
(3) |Interference check in- 0/1 1 Cutting continues as is, even if the workpiece is cut in-
valid function to.
Use in the micro segment program.

m Detailed description

(Example)
(G41)
N1 G01 X100. Z50.;
N2 Z70;
N3 X300. 2120,

(1) With alarm function

An alarm is given when N1 is executed. The buffer correction function can thus be used to change N1 to the
following, enabling machining to continue: N1 G01 X-100. Z-20. ;

(2) With avoidance function

The intersection of N1 and N3 is calculated to create interference avoidance vectors.
Path of tool nose center is (a) -> (e).

(3) With interference check invalid function

The tool passes while cutting the N1 and N3 line.
Path of tool nose center is (a)->(b)->(c)->(d)->(e)
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12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

Operation when interference avoidance function is valid

\ 4

e T B s e i T e e s e e e S S s <t ¥
PrLs 'y
JPttas /
=s=sssssosonong ,I
AN -
7 N2 N3
/
N1
e
/
/------------------------_--_--_-;-_--_-a-a-_--_--_--
* i
Y NN
l = N — N\
|
74
N1 r (CP)
44—  Program path
4----- Path of tool nose center when interference check is invalid
&--------- Tool center path when interference is avoided (*: Linear movement)
4— Valid vector
4----- Invalid vector

In the case of the figure below, the groove will be left uncut.

4—

367

Program path
Path of tool nose center

Tool center path when interference is avoided
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12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

Interference check alarm

The interference check alarm occurs under the following conditions.

(1) When the interference check alarm function has been selected

When all vectors at the end of its own block have been deleted
As shown in the figure below, when vectors 1 through 4 at the end point of the N1 block have all been deleted,
program error (P153) will occur prior to N1 execution.

P153

N1

N2

(2) When the interference check avoidance function has been selected

(Example 1) When there are valid vectors at the end point of the following blocks even when all the vectors at the
end point of its own block have been deleted

When, in the figure below, the N2 interference check is conducted, the N2 end point vectors are all deleted
but the N3 end point vectors are regarded as valid.
Program error (P153) now occurs at the N1 end point and the operation stops.
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In the case shown in the figure below, the tool will move in the reverse direction at N2.

Program error (P153) now occurs before executing N1 and the operation stops.

1234
P153
A\ N v
N1 N4
N2 \|/ N3

(Example 2) When avoidance vectors cannot be created

Even when, as in the figure below, the conditions for creating the avoidance vectors are satisfied, it may still
be impossible to create avoidance vectors, or the interference vectors may interfere with N3.
Program error (P153) will occur at the N1 end point when the vector intersecting angle is more than 90° and

the operation will stop.

. P153 Iy

\ 4
Y

N1 N1

N2
N2

369

N4

® P153
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12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(Example 3) When the program advance direction and the advance direction after compensation are reversed

When grooves, narrower than the nose R diameter with parallel or widening bottom, are programmed, it will
still be regarded as interference even if there is actually no interference.
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12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

(Example 4) When vectors at the end point of the block immediately before the command to eliminate compensation
vectors temporarily cause an interference

Interference check will be executed also at the end point of the block immediately before the command to
eliminate compensation vectors temporarily, similarly with the case compensation vectors are not eliminated.
It may be regarded as an interference even if there is actually no interference. If regarded as an interference,
a program error (P153) will occur.

In the figure below, only vector 1 is left as an end point vector in N2 because of the N3 G53 command to
temporarily eliminate compensation vectors. However, the interference check will still be conducted to vector
1 to 4 and an interference will be detected.

Program error (P153) now occurs at the end point of the previous block and the operation stops.

N1(G01)

N2(G03)

4——— Program path
4----- Path of tool nose center

Path of tool nose center when the interference check is invalid

Path of tool nose center when the interference check is invalid in N3 due to a com-
mand (GO01 etc.) not to eliminate compensation vectors.

44— Valid vector

4----- Invalid vector (Invalid, however, subject to interference check)

371 IB-1501619-A



M800V/M80V Series Programming Manual (Lathe System) (1/2)

12 Tool Compensation Functions
12.4 Tool Nose Radius Compensation; G40, G41, G42, G46

IB-1501619-A 372



13

Fixed Cycle

111111111111



M800V/M80V Series Programming Manual (Lathe System) (1/2)

13 Fixed Cycle
13.1 Fixed Cycle for Turning Machining

13.1 Fixed Cycle for Turning Machining

E Function and purpose

When performing rough cutting and other cuttings by turning machining, fixed cycles are effective in simplifying ma-
chining programs. The whole commands can be performed in a single block, which normally requires several blocks.
The types of fixed cycles for turning machining are listed below.

G code Function
G77 Longitudinal cutting cycle
G78 Thread cutting cycle
G79 Face cutting cycle

m Detailed description

(1) Fixed cycle commands are modal G codes. They are valid until another command in the same modal group or

a cancel command is issued.
The following G code cancel commands are available.

G00, G01, G02, G03
G09,

G10,G11

G27, G28, G29, G30
G33,G34

G37,

G92,

G52,G53

G65

(2) The fixed cycle call becomes the movement command block call.

By the movement command block call, the fixed cycle macro subprogram is called only when there is an axis
movement command during the fixed cycle mode. It is executed until the fixed cycle is canceled.

(3) A manual interruption can be applied while a fixed cycle for turning machining (G77 to G79) is being executed.

IB-1501619-A

Upon completion of the interrupt, however, the tool must be returned to the position where the manual interrup-
tion was applied and then the fixed cycle for turning machining should be resumed.

If it is resumed without returning the tool, all subsequent operations will deviate from the original path by the man-
ual interruption amount.
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13 Fixed Cycle

13.1 Fixed Cycle for Turning Machining

13.1.1 Longitudinal Cutting Cycle; G77

E Function and purpose

The longitudinal cutting cycle performs continuous straight and taper cutting in the longitudinal direction.

E Command format

Straight cutting

\677 XU_ZW_F__;

X/

X axis end point coordinate (*1)

ZIW

Z axis end point coordinate (*1)

F

Feedrate

Taper cutting

G77XIU_ZW_R_F

X

X axis end point coordinate (*1)

ZIW

Z axis end point coordinate (*1)

R

Taper depth (radius designation, incremental position, sign required)

F

Feedrate

(*1) If the commanded axis and selected plane are different when the fixed cycle for turning machining is command-
ed, or if the movement amount is not specified in either or both of the selected plane axis commands, a program
error (P114) will occur. Whether this is judged to be a program error depends on the MTB specifications (pa-
rameter "#1241 set13/bit4" ("fixed cycle for turning machining" selected-plane axis check disabled)).
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13.1 Fixed Cycle for Turning Machining

m Detailed description

Straight cutting
X
A
4(R)
3(F) 2(F) 1(R) -
(E)
LI: W I

(R) Rapid traverse

(F) Cutting feed

(E) End point coordinates

Taper cutting
X
A 4(R)
3
(F) 2(F) 1(R)
E) T

V4 =!< w I

@

(R) Rapid traverse

IB-1501619-A
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13.1 Fixed Cycle for Turning Machining

Detailed description

With a single block, the tool stops at the end points of operations 1, 2, 3 and 4 shown above.

Depending on the signs of u, w and r, the following shapes are created.

(@)u<0, w<0, r<o0

(b)u<0, w<0, r>0

&
&

I

|
|
u
2
X

(c)u>0, w<0,r<0

(d)u>0, w<0, r>0

[

z
U
2

|<

Program error (P191) will occur in (b) and (c) unless the following condition is satisfied.

|lu/2|z]|r]|
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13.1.2 Thread Cutting Cycle; G78

E Function and purpose

Thread cutting cycle is a fixed cycle which performs straight and taper thread cutting.
The operation of thread cutting is same as the thread cutting command(G33).

E Command format

Straight thread cutting

G78 X/IU__Z/W__FIE__Q__;

XU X axis end point coordinate (*1)
ZIW Z axis end point coordinate (*1)
F/E Lead of long axis (axis which moves most) direction
Q Thread cutting start shift angle
Taper thread cutting

G78 X/U_ZW__R__FIE__Q__;

XU X axis end point coordinate (*1)

ZIW Z axis end point coordinate (*1)

R Taper depth (radius designation, incremental position, sign required)
F/E Lead of long axis (axis which moves most) direction

Q Thread cutting start shift angle

(*1) If the commanded axis and selected plane are different when the fixed cycle for turning machining is command-
ed, or if the movement amount is not specified in either or both of the selected plane axis commands, a program
error (P114) will occur. Whether this is judged to be a program error depends on the MTB specifications (pa-
rameter "#1241 set13/bit4" ("fixed cycle for turning machining" selected-plane axis check disabled)).
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m Detailed description

Straight thread cutting

With a single block, the tool stops at the end points of operations 1, 3 and 4.

X
A 4(R) n
3(R 1R -
ST R N &

z (EL; w | 1

< I
X
e i
A 4
(R) Rapid traverse (F) Thread cutting cycle (E) End point coordinates
Taper thread cutting

With a single block, the tool stops at the end points of operations 1, 3 and 4.

X
A
&> i
(R) Rapid traverse (F) Thread cutting cycle (E) End point coordinates
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Detailed description

(1) Details for chamfering

a: Thread chamfering amount

This value is set in the parameter "#8014 CDZ-
VALE". The available range is 0 to 12.7 leads.

It can be set in 0.1L units.

©: Thread chamfering angle

This value is set in the parameter "#8015 CDZ-
ANGLE". The setting range is 0 to 89°. It can be
set in 1° units.

If thread chamfering amount is bigger than a thread lead length, a program error(P192) will occur before starting
thread cutting.

The operation in the thread cutting cycle when the result of the thread cutting tool retract with chamfering exceeds
the cycle start point depends on the MTB specifications.

<#1270 ext06/bit4 = 0>
A program error (P192) will occur before thread cutting is started.

<#1270 ext06/bit4 = 1>

A program error (P192) will not occur. After the thread cutting tool retraction is stopped and the thread cutting
block ends at the cycle start point ("A" in the figure), the axis moves to the end coordinate ("B" in the figure) at
rapid traverse feed.

Thread cutting tool retraction when "#1270 ext06/bit4" is set to "1"
Chamfering end point -

Cycle start point

»
!

1(R)| (F): Thread cutting
2(F) (R): Rapid traverse

Chamfering start point

(2) When the feed hold is applied during the thread cutting cycle, automatic operation will stop if it is applied when
thread cutting is not being executed or when a cutting command is issued but the axis is yet to move.
When the feed hold is applied during thread cutting, the thread cutting cycle retract is performed.
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(3) Depending on the signs of u, w and r, the following shapes are created.

(a)u<0, w<0, r<0 (b)u<0, w<0, r>0

(c)u>0, w<0, r<o0 (dJu>0, w<0, r>0

r
]

X

z
U
2

| w f ‘

<
[~ |

Program error (P191) will occur in (b) and (c) unless the following condition is satisfied.

|lu/2|=]|r]|

<Note>
+The thread cutting start shift angle is not modal. If there is no Q command with G78, this will be handled as
llQOll.
+If a value exceeding "360.000" is commanded in G78 Q address, this will be handled as "Q360.000".
+G78 cuts one row with one cycle. To cut two rows, change the Q value, and issue the same command.
+Also, follow the precautions for the thread cutting command (G33).
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13.1.3 Face Cutting Cycle; G79

E Function and purpose

The face cutting cycle performs continuous straight and taper cutting in the face direction.

E Command format

Straight cutting

\679 XU_ZW_F__;

X/U X axis end point coordinate (*1)
ZIW Z axis end point coordinate (*1)
F Feedrate

Taper cutting

G79XIU_ZW_R__F__;

X/U X axis end point coordinate (*1)

ZIW Z axis end point coordinate (*1)

R Taper depth (radius designation, incremental position, sign required)
F Feedrate

(*1) If the commanded axis and selected plane are different when the fixed cycle for turning machining is command-
ed, or if the movement amount is not specified in either or both of the selected plane axis commands, a program
error (P114) will occur. Whether this is judged to be a program error depends on the MTB specifications (pa-
rameter "#1241 set13/bit4" ("fixed cycle for turning machining" selected-plane axis check disabled)).
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m Detailed description

(E) End point coordinates

Straight cutting
X
A 6
"~ 1R) 4 K
u
2F)  [4R) -
3(F
& (F) y
V4 W
o X
A 4
(R) Rapid traverse (F) Cutting feed
Taper cutting
X r

A

-y

2

.
A
X
D)
< Y./
(R) Rapid traverse (F) Cutting feed
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(E) End point coordinates
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Detailed description
With a single block, the tool stops at the end points of operations 1, 2, 3 and 4 shown above.

Depending on the signs of u, w and r, the following shapes are created.

(a)u<0, w<0, r<o0 (b)u<0, w<0, r>0

4(R)

4R) 4(R)

Program error (P191) will occur in (b) and (c) unless the following condition is satisfied.

[wilz]r|
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13.2 Fixed Cycles for Turning Machining (MITSUBISHI CNC Special Format)
; G77,G78,G79

E Function and purpose

When performing rough cutting and other cutting by turning machining, fixed cycles are effective in simplifying ma-
chining programs. The whole commands can be performed in a single block, which normally requires several blocks.
When using the MITSUBISHI CNC special format (#1265 ext01/bit1), some addresses differ from the normal format.
This section gives details on the formats different from the normal ones.

Refer to section "13.1 Fixed Cycle for Turning Machining" for details regarding the fixed cycle for turning machining.

g Command format

Longitudinal cutting cycle

1G77 XU_ ZW__ I_ F_;
X/U X axis end point coordinate (*1)
ZIW Z axis end point coordinate (*1)
| Taper depth (radius designation, incremental position, sign required)
F Feedrate
Thread cutting cycle
G78X/U_2Z/W__|__FIE__Q__;
X/U X axis end point coordinate (*1)
ZIW Z axis end point coordinate (*1)
| Taper depth (radius designation, incremental position, sign required)
F/IE Lead of long axis (axis which moves most) direction
Q Thread cutting start shift angle

Face cutting cycle

G7T9XU_ZW_K_F__;

XU X axis end point coordinate (*1)

ZIW Z axis end point coordinate (*1)

K Taper depth (radius designation, incremental position, sign required)
F Feedrate

(*1) If the commanded axis and selected plane are different when the fixed cycle for turning machining is command-
ed, or if the movement amount is not specified in either or both of the selected plane axis commands, a program
error (P114) will occur. Whether this is judged to be a program error depends on the MTB specifications (pa-
rameter "#1241 set13/bit4" ("fixed cycle for turning machining" selected-plane axis check disabled)).
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m Detailed description

(1) Comparison of MITSUBISHI CNC special format and normal format

Some addresses in the MITSUBISHI CNC special format differ from the normal format.

IB-1501619-A

Function MITSUBISHI CNC special Normal format Difference from normal
format format

Longitudinal cutting cycle |G77 X Z | F; G77 XZRF; Taper depth
or or Designate with R->|
G77 UW I F; G77UWRF;

Thread cutting cycle G78 XZ I F; G78 XZRF; Taper depth
or or Designate with R->|
G78 UW I F; G78 UWRF;

Face cutting cycle G79 X ZKF; G79XZRF; Taper depth
or or Designate with R->K
G79 UWKF; G79UWRF;
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13 Fixed Cycle

13.3 Compound Type Fixed Cycle for Turning Machining

13.3 Compound Type Fixed Cycle for Turning Machining

E Function and purpose

This function enables to perform a prepared fixed cycle by commanding a program in a block.
The types of fixed cycles are listed below.

G code Function
G70 Finishing cycle Compound type fixed cycle for turning
G71 Longitudinal rough cutting cycle (finished shape cham- machining |

fering)

G72 Face rough cutting cycle (finished shape chamfering)
G73 Formed material rough cutting cycle
G74 Face cut-off cycle Compound type fixed cycle for turning
G75 Longitudinal cut-off cycle machining |l
G76 Compound type thread cutting cycle

The compound type fixed cycle for turning machining | (G70 to G73) cannot be used if the finished shape program
is not registered in the memory.

Term

The following describes the meanings of the terms used in this chapter.

Term

Meaning

Machining of open section

Machining from the face part (end face of a workpiece)

Machining of mid-section

Machining from the middle of the longitudinal part or end face of the workpiece

Roughing along finishing
shape

Cutting along finishing shape which is performed at the end of G71 or G72 com-
mand.

Cutting-edge angle

Angle between the turning machined face and the cutting-edge

Side-cutting-edge angle

Angle between the turning machined face and the side-cutting-edge

End-cutting-edge angle

Angle between the turning machined face and the end-cutting-edge
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13.3.1 Longitudinal Rough Cutting Cycle; G71

E Function and purpose

This function calls the finished shape program and, while automatically calculating the tool path, performs rough cut-
ting in the longitudinal direction.

E Command format

Longitudinal rough cutting cycle

G71 Ud Re Hh ;
G71 Aa Pp Qq Uu Ww Ff Ss Tt ;

This fixed cycle requires two blocks.
However, when using a value set by a parameter, the first block can be omitted.

ud Cutting amount (modal) (Reversible parameter "#8051 G71 THICK" is also available for setting.)
Unit: ym or 1/10000 inch (Radius value command)

Re Retract amount (modal) (Reversible parameter "#8052 G71 PULL UP" is also available for set-
ting.)
Unit: ym or 1/10000 inch (Radius value command)

Hh Pocket machining (modal) (Reversible parameter "#8110 G71/G72 POCKET" is also available

for setting.)
0: No pocket machining
1: Pocket machining

Aa Finished shape program No. (Program being executed when omitted)
Use a parameter to specify a 4- or 8-digit program No. starting with O.

Pp Finished shape start sequence No. (Head of program when omitted)

Qq Finished shape end sequence No. (To the end of the program when omitted)
If M99 is commanded before Q, the program will end at M99 even if Q is commanded.

Uu X axis direction finishing allowance (When omitted, X axis direction finishing allowance is han-
dled as 0.)
Unit: ym or 1/10000 inch (Follows diameter/radius value command (#1019 dia).)

Ww Z axis direction finishing allowance (When omitted, Z axis direction finishing allowance is han-
dled as 0.)
Unit: ym or 1/10000 inch (Radius value command)

Ff Cutting speed (When omitted, the cutting speed (modal) just before G71 will be applied)

Ss, Tt Spindle command, tool command

Refer to the following pages for details on the addresses.

Example of a finished shape without pocket Example of a finished shape with pocket
G71 Ud Re HO; (R) G71 Ud Re H{; R)
G71PpQq-- ; (R) G71PpQq-- ; (R)
DAY A
(RIf)
N
d
X 2
(f) ~
A /2
PN
L { ko
(R) Rapid traverse (f) Cutting feed A : Rough cutting start point
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‘ Note

(1) A reversible parameter enables to use parameter setting value without issuing a program command and also,
the value can be changed by the program command.

Cutting amount: Ud

(1) Designate the cutting amount by Ud or parameter "#8051 G71 THICK".
Also, the amount can be changed for each cutting by setting the change amount of cutting (Ad) using the param-
eter "#8017 G71 DELTA-D".
A program error (P204) will occur for "d<Ad*2".

(2) When a cutting amount commanded in the program is deeper than the cutting depth of the finished shape, the
response depends on the parameters set by the MTB.

Cutting amount designation (#1271 ext07/bit7)

<#1271 ext07/bit7 = 0>
If a cutting amount commanded in a program or parameter "#8051 G71 THICK" setting is deeper than the cutting
depth of the finished shape, a program error (P204) will occur.

<#1271 ext07/bit7 = 1>

A program error will not occur even if a designated cutting amount is deeper than the cutting depth of the finished
shape, and the rough cutting will be executed as one cut.

Note that a cutting amount must be between 0 and 99.999mm. A program error will occur if a value exceeds this
range.

(3) At the end of the cutting, remaining part will be the cutting amount, but if this part is smaller than the value set in
the parameter, roughing along finishing shape will be executed instead of cutting.
+Cutting amount (d):
[Machining parameter] "#8051 G71 THICK" 0 to 99.999 mm
+Cutting change amount (Ad):
[Machining parameter] "#8017 G71 DELTA-D" 0 to 99.999 mm
+Minimum cutting amount for final cut:
[Machining parameter] "#8016 G71 MINIMUM" 0 to 99.999 mm

I d+Ad 1stcutting

A

d 2nd cutting

i nth cutting (last cutting)
[

¢— Remainder
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Cutting method and retract amount: Re

(1) Designate the retract amount by Re or the parameter "#8052 G71 PULL UP" (0 to 99.999mm).
(2) The cutting method differs according to whether pocket machining is ON or OFF.

Pocket machining OFF
Pocket machining ON

Traces shape

Retracts in 45° direction in respect to workpiece

When the pocket machining is ON, cutting direction differs depending on "#1272 ext08/bit0" setting.

Cut-in amount designation [Base specification parameter] "#1272 ext08/bit0"

0: The pull up direction is Z axis direction when pocket machining is ON.
1: The pull up direction is X axis direction when pocket machining is ON.

However, when "#1272 ext08/bit0" is "1", pocket machining will be performed only when the first movement block
after the finished shape start block, is designated to X and Z axes.

#1272 ext08 <When pocket machining is OFF> <When pocket machining is ON>
bito =0
//
X
(R)
) ES” e
) A
Z
bit0 = 1
4

Pocket machining: Hh

(1) Pocket machining ON/OFF can be set by Hh and a parameter.

#8110 G71/G72 POCKET

settings.

0 |Pocket machining is not performed.

Set this value only if the finishing shape has no recessed part (pocket).
In the cutting retract section, the tool is retracted at the direction of 45° with respect to the workpiece
every cycle. Whether to perform roughing along finishing shape at the end depends on the parameter

1 | Pocket machining is performed.

This value can be set with or without a recessed part (pocket).
In the cutting retract section, the tool moves along the finishing shape every cycle.

However, when "#1272 ext08/bit0" is "1", pocket machining will be performed only when the first movement block
after the finished shape start block, is designated to X and Z axes.

IB-1501619-A
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Finished shape start block and finished shape end block:Aa, Pp, Qq

Designate the finished shape start block and finished shape end block by Aa, Pp, Qq.

If calling a subprogram numbered with O is enabled, a program number starting with O and specified by A command
value is called.

When A command value is less than the digit number set with parameter "#8129 subprogram number selection",
increase the digit number of the command value by adding leading zeros.

In the following cases, a subprogram numbered without O and specified by A command value is called even when
calling a subprogram numbered with O is enabled.

+The digit number of A command value is over the digit number of the program number set with parameter "#8129

subprogram number selection".
+A program starting with a commanded O No. does not exist.

If A command is omitted, program P, Q being executed will be applied.

When A command is omitted, program command P, Q being executed, will be applied. And when A command is
omitted, the program will be executed in the order of G71 and then the program following Qq (finished shape end
sequence No.)

A file name can be designated instead of address A by enclosing the file name in brackets <>. (The file name can
have up to 32 characters including the extension.)

The maximum number of finished shape blocks is 200 including the blocks inserted with corner chamfer, corner
rounding command and nose rounding command. A program error (P202) will occur if the numbers of blocks exceed
the limit.

<When pocket machining is OFF> <When pocket machining is ON>

(R)

(R) Rapid traverse (f) Cutting feed
(S) Cycle command point
(A) Rough cutting start point
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<When creating a finished shape program in a ma-|<When creating a finished shape program in a pro-
chining program other than the one currently being |gram currently being executed>

executed>
G71A_P__Q G71P_Q__
A: Finished shape program No. P: Finished shape start sequence No.

P: Finished shape start sequence No. (From head of |Q: Finished shape end sequence No.
finished shape program when omitted)

Q: Finished shape end sequence No.
(To end of finished shape program or M99 when

omitted)
Program currently being executed Program currently being executed
G00 X80.0 Z75.0 T0101; —(@)  |G00X80.0 Z75.0 TO101; < (a)
G71U10.R3;; —(b) |G71U10.R3;; < (b)
G71 A100 P10 Q20 U3. W1.5 F500 S1500; «(c)  |G71 P10 Q20 U3. W1.5 F500 S1500; <« (c)
G70 A100 P10 Q20; —(d)  |N10 GO0 X15.0 Z65.0;
Shape program GO1 Z55. F450;

GO1 X30.0;

0100 GO3 X40.0 Z50.0 R5.0;
G28 XZ; GO1 Z42.0;
N10 GOO X15.0 Z65.0; GO1 X50.0-
GO1T Z55. F450; GO1 X55.0 Z35.0;
G01 X30.0; _ N20 GO1 X60.0;
G03 X40.0 250.0 R5.0; G70 A100 P10 Q20; —(d)
GO1 Z42.0;

G01 X50.0 Z35.0;
N20 G01 X60.0;
N30 GO0 X13.0 Z68.0;

Program execution order: (a)(b)(c)(d) Program execution order: (a)(b)(c)(d)
(N10-N20: Finished shape program) (N10-N20: Finished shape program)

* G70 command: Finishing cycle
The workpiece is finished following the finishing program, and then the axis returns to the G70 command position.
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Finishing allowance: Uu, Ww

When the finishing allowance is designated, the Uu/Ww part will be left uncut from the finished shape.
X axis finishing allowance: The finishing allowance is left uncut in the rough cutting start point direction.

<Finishing allowance when pocket machining is OFF or when machining an open section when pocket ma-
chining is ON>
(finished shape start block X axis is at base)

G71 Ud Re HO (H1) ; s
G71PpQq *-;

5)
>

) M _{
[T7T77777

/ TNV
u/2
li2
> fw
S : Cycle command point A : Rough cutting start point
p : Finished shape start block q : Finished shape end block

Z axis finishing allowance: The finishing allowance is left uncut in the rough cutting start point direction.

Note that if down cutting (block commanded in direction in which X axis faces hole base) is executed when pocket
machining is ON and if cutting is started from the middle of the longitudinal direction, the Z axis finishing allowance
direction will be reversed.

<Finishing allowance of mid-section when pocket machining is ON>
(finished shape start block X axis = finished shape end block X axis)

G71Ud Re H1;
G71PpQq -; S

N
> fw
S : Cycle command point A : Rough cutting start point
p : Finished shape start block q : Finished shape end block

The block that starts cutting from the middle of the longitudinal direction will have a reversed Z axis finishing allow-
ance direction. ((1) in the figure)

. Note

(1) During tool nose R compensation, programming must be done so that the X axis positions of p and q after the
tool nose R compensation will be the same value. (Refer to "Cutting shape" (5).)

The block that executes down cutting has a reversed Z axis finishing allowance direction. ((2) in the figure)
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m Detailed description

Validity of pocket machining

Itis judged that there is a pocket section when down cutting (finished shape block in which previous movement block
has no X axis movement command, or the X axis moves in the reverse direction of the hole base and then moves
toward the hole base) is issued between the block following the finished shape start block and the end block.

. Note

(1) During tool nose radius compensation, the validity of the pocket section is judged in respect to the finished shape
after tool nose radius compensation.

(2) If the finished shape has a pocket, program the pocket in a way that causes no interference between the tool and
workpiece.

Machining of open section and machining of mid-section

The rough cutting cycle includes machining with one end of the workpiece is open, and machining which starts at a
mid-section of a workpiece.

Machining of open section: Possible when pocket machining is either OFF or ON.

Machining of mid-section: Possible only when pocket machining is ON.

(Entire rough cutting cycle is handled as one pocket.)

#1271 ext07/bit5 = 0 #1271 ext07/bit5 = 1

/S Co A
Cy SA 5

Open
section

| B

S=A c S=A
©] / 7

Mid- /
section
B
B

S : Cycle command point A : Rough cutting start point
B : Finished shape start block C : Finished shape end block

‘ Note

(1) #1271 ext07/bit5: Selection of cut start position
0: Determined by finished shape program
1: Determined by cycle start point
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Rough cutting direction
<Rough cutting direction when pocket machining is OFF>

[Automatically determine according to finished shape (#1273 ext09/bit2=0)]

The rough cutting direction is determined in the following manner according to the finished shape.

X axis of C (finished shape end block) > X axis of B (finished shape start block)

(1) or (2)

X axis of C (finished shape end block) < X axis of B (finished shape start block) (3) or (4)
Z axis of C (finished shape end block) > Z axis of B (finished shape start block) (2) or (3)
Z axis of C (finished shape end block) < Z axis of B (finished shape start block) (1) or (4)
A program error (P203) will occur if any of the following conditions is met:
+X axis of C (finished shape end block) = X axis of B (finished shape start block)
+Z axis of C (finished shape end block) = Z axis of B (finished shape start block)

> 7

/A\ C

A : G71 cycle command point
B : Finished shape start block
C : Finished shape end block

The finished shape programis A —- B — C.

[Designate with program (#1273 ext09/bit2=1)]

The finishing allowance direction follows the sign of the finishing allowance designated in the program.
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<Rough cutting direction when pocket machining is ON>
Select one of the followings.
[Automatically determine according to finished shape (#1273 ext09/bit2=0)]

The rough cutting direction is determined in the following manner according to the finished shape.

X axis of A (G71 cycle command point) > X axis of B (finished shape start block), and (1) or(2)
X axis of B (finished shape start block) <= X axis of C (finished shape end block)
X axis of A (G71 cycle command point) < X axis of B (finished shape start block), and (3) or (4)
X axis of B (finished shape start block) >= X axis of C (finished shape end block)
Z axis of C (finished shape end block) > Z axis of B (finished shape start block) (2) or (3)
Z axis of C (finished shape end block) < Z axis of B (finished shape start block) (1) or (4)

+A program error (P203) will occur if Z axis of C (finished shape end block) = Z axis of B (finished shape start block).

+*When setting the B point X axis as the base, the method is the same as the "<Rough cutting direction when pocket
machining is OFF>".

A

3) (4)

(@)
(@)

A

A : G71 cycle command point
B : Finished shape start block
C : Finished shape end block

The finished shape programis A — B — C.

[Designate with program (#1273 ext09/bit2=1)]

The finishing allowance direction follows the sign of the finishing allowance designated in the program.
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Finished shape
Cut start position (#1271 ext07/bit5)

The cut start position is calculated from the final position of the finished shape program; however, this can be
changed to the cycle start point.

<#1271 ext07/bit5 = 0>

R

T

<#1271 ext07/bits = 1>

u/2

?

S : Cycle start point
u/2, w : Finishing allowance
d: First cut
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<Finished shape in Z axis direction when pocket machining is OFF>

The Z axis direction finishing allowance must be based on monotonous changes (increment only or decrement only).
The program error (P203) occurs if the shape is illegal.

<Example of illegal Z axis direction when pocket machining is OFF>
Z axis direction reverses (program error (P203)) |Z axis direction reverses at middle of arc (program error
(P203))
o A A
Cc C [
B B
P203 P203

<Finished shape in X axis direction when pocket machining is OFF>

As a principle, the finishing allowance in the X axis direction must change monotonously (increment or decrement).
At sections that do not change monotonously, the rough cutting cycle is not executed at the indent section (pocket),
but the finishing allowance is traced as commanded. When programming, be aware that if the pocket's X axis depth
is not less than the cut depth, the cutting load increases at the pocket section.

<Example of illegal X axis direction when pocket machining is OFF>

Smaller than cut depth "d" (Program error (P203))| There is a pocket when pocket machining is OFF.
(An error does not occur, but the pocket section is cut
roughly with one cut.)

A — A
o

Co

_U
N
o
w

4—

o L

A : Cycle command point
B : Finished shape start block
C : Finished shape end block
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<Finished shape in Z axis direction when pocket machining is ON>

The finishing allowance on Z direction must always change monotonously (only increment or only decrement).
Sections that do not change monotonously will have a finished shape with a cover.

<Example of section where Z axis direction does not change monotonously when pocket machining is ON>

The Z axis direction reverses, so the shaded |The Z axis direction reverses in the middle of the arc, so the
section is covered to create a finished shape. |shaded section is covered to create a finished shape. (The
(The shaded section is not cut.) shaded section is not cut.)

c oA C o A

S

~  Ip B

A : Cycle command point
B : Finished shape start block
C : Finished shape end block

<Finished shape in X axis direction when pocket machining is ON>

As a principle, the finished shape in the X axis direction must change monotonously (increment or decrement).

During pocket machining, the block in the middle of finishing must not exceed the X axis position of C (finished shape
end block).

If it does, the program error (P203) occurs.

<Example of illegal X axis direction when pocket machining is ON>

Smaller than cut depth "d" (Program error Block in the middle of finishing is higher than finished end
(P203)) point block (Program error (P203))

A o A

A : Cycle command point
B : Finished shape start block
C : Finished shape end block
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Finished shape during tool nose R compensation

Selection of tool nose R compensation (#1271 ext07/bit6)

<#1271 ext07/bit6 = 0>

If there is a G71 command during tool nose R compensation, the G71 cycle command point will be the position
where the tool nose R compensation is temporarily canceled. The finished shape is created with the tool nose R
compensation applied.

<Example of tool nose No. 3 (pocket machining OFF) ... Machining of open section>

G71Ud Re HO;
G71Pp Qq; S

S : Cycle command point A : Rough cutting start point

<Example of tool nose No. 8 (pocket machining ON) ... Machining of intermediate section>

G71Ud Re H1;
G71PpQq; s

G00
GO0

GOo1

S : Cycle command point B : Finished shape start block after nose R compensation
C : Finished shape end block after nose R compensation

‘ Note

(1) To machine an intermediate section while pocket machining is ON, program so that the X axis position of the
finished shape start block and the X axis position of the finished shape end block are the same after the tool nose
R compensation is applied.

Precautions for machining intermediate section

The intermediate section is machined when the X axis position of the finished shape start block and the X axis po-
sition of the finished shape end block are the same after the tool nose R compensation.

Program so that only the X axis moves (distance greater than or equal to the nose R diameter) in the blocks marked
with "*" in the above figure.

<#1271 ext07/bit6 = 1>

Rough cutting is performed according to a finished shape program without the tool nose R compensation.
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Roughing along finishing shape
<When pocket machining is OFF>
When the parameter "#19437 Skip fin in rough1" is set to "0", roughing along finishing shape is performed.
When the parameter "#19437 Skip fin in rough1" is set to "1", the tool moves to the cycle command point in rapid
traverse without roughing along finishing shape.

When roughing along finishing shape is performed When roughing along finishing shape is not performed
(#19437 is set to "0") (#19437 is set to "1")
(R) (R) (R)
j (R) W/(A)
R/f
7 0 R
d
(B) v v
p U2 u/2
N
s lew
(S) Cycle command point (R) Rapid traverse
(A) Rough cutting start point (f) Cutting feed

(B) Roughing along finishing shape

<When pocket machining is ON>

When the parameter "#19438 Fin in rough2" is set to "0", the tool moves to the cycle command point in rapid traverse
without roughing along finishing shape.

When the parameter "#19438 Fin in rough2" is set to "1", roughing along finishing shape is performed.

When roughing along finishing shape is performed When roughing along finishing shape is not performed
(#19438 is set to "0") (#19438 is set to "1")
(R) ()
(R)
i (A)
(R/)
d]
v
p u/2
A
> lew

(S) Cycle command point (R) Rapid traverse
(A) Rough cutting start point (f) Cutting feed
(B) Roughing along finishing shape

‘ Note

(1) The cut start position is calculated from the final position of the finishing shape program, but this can be changed

to the cycle start point (#1271 ext07/bit5).

When roughing along finishing shape is performed, make sure that the block in the middle of the finishing shape
processing does not exceed the X axis position of the block with the finishing shape ended, or the block in fin-
ishing shape processing does not exceed the X axis position of the cycle command point. If the tool moves to

the cycle command point after roughing along the finishing shape is performed, it may interfere with the work-

piece.
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Path after roughing along finishing shape

After roughing along finishing shape is completed, the operation varies depending on the parameter setting. When
the parameter "#19442 Path at G71 comp." is set to "0", the tool moves to the cycle command point without going
through the rough cutting start point.

When the parameter "#19442 Path at G71 comp." is set to "1", the operation varies depending on the setting of the
parameter "#19443 Retract aft rough”.

When the parameter "#19443 Retract aft rough" is set to "0", the tool moves to the cycle command point after moving
to the rough cutting start point.

When the parameter "#19443 Retract aft rough" is set to "1", the tool escapes after roughing along the finishing
shape, and moves to the rough cutting start point in the order of Z axis and X axis. After this, the tool moves to the
cycle command point.

To escape after roughing along the finishing shape, pull the tool by the same amount as the cut depth in the 45°
direction with respect to the workpiece.

#19442
#19443
0 1
When the tool does not go through the rough cut-|When the tool goes through the rough cutting
ting start point: start point:
(S)
(R)
0 (R/F)
df
v
u/2
N
When the tool escapes:
-(S
(E) (S)
0y ld  ® l / (R)
j (R) TA
/ —_—
X d $
(B) v
P __u?2
z S lew
(S) Cycle command point (E) Escape
(A) Rough cutting start point (R) Rapid traverse
(B) Roughing along finishing shape (f) Cutting feed
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While the parameter "#19442 Path at G71 comp." is set to "0", if the cycle command point is lower than the end point
of the finishing shape, the tool may interfere with the workpiece when moving to the cycle command point after
roughing along the finishing shape.

By setting the parameter "#19442 Path at G71 comp." to "1", it is possible to prevent the tool from interfering with
the workpiece when moving to the cycle command point after roughing along the finishing shape.

Example where the tool interferes with the workpiece |Example where the tool does not interferes with the
(#19442 is set to "0") workpiece (#19442 is set to "1" and #19443 is set to
IIOII)

\ 7

/ \

NI
AN (S)
ST / p

(S) Cycle command point
(D) Interfering with the workpiece

When the tool does not move in the X axis direction in the final block of the finishing shape, even if the parameter
"#19442 Path at G71 comp." is set to "1", the finished surface may be damaged when the tool moves to the rough
cutting start point after roughing along the finishing shape. In such a case, set the parameter "#19443 Retract aft

rough" to "1" to escape the tool after roughing along the finishing shape. That way, the finished surface will not be

damaged.
Example in which the finished surface is damaged Example in which the finished surface is not damaged
(#19442 is set to "1" and #19443 is set to "0") (#19442 is set to "1" and #19443 is set to "1")
D) (R/F) © ®) (R/)
A N 0 14 !
7777 [ —=~ AN 7777 | —2 N
M R) °©) M (R (S)
/ R / N
X 4 d$ X y d$
(B) v (B) v
P __uR P _u?2
z Sl lew ® z Sl lew
(S) Cycle command point (E) Escape
(A) Rough cutting start point (R) Rapid traverse
(B) Roughing along finishing shape (f) Cutting feed

(D) Damaged

403 IB-1501619-A



M800V/M80V Series Programming Manual (Lathe System) (1/2)

13 Fixed Cycle
13.3 Compound Type Fixed Cycle for Turning Machining

@ Program example

Machining of open section (example with pocket machining OFF)

G00 X80.0 Z75.0 TO101; 1)
G71 U10. R3. HO; @)
G71 P10 Q20 U3.W1.5 F500 S1500; (3)
N10 GO0 X15.0 Z65.0;

G71 Ud Re HO;
(R)

GO1 Z55. F450; (R
G01 X30.0:
G03 X40.0 Z50.0 R5.0;

. N\
GO01 Z42.0; g
G01 X50.0; v

c
=
N

G01 X55.0 Z35.0;
N20 G01 X60.0;
G70 P10 Q20; @)

~
A
=
>

Program execution order (1)(2)(3)(4)

(N10 to N20: Finishing program)

Machining of open section (example with pocket machining ON)

G00 X80.0 Z75.0 TO101; (1)
G71 U10. R3. H1; ) R)

G71 P10 Q20 U3.W1.5 F500 S1500; (3) (R)
N10 GO0 X15.0 Z65.0;
G01 Z55. F450;

G01 X30.0;

G03 X40.0 Z50.0 R5.0;
G01 Z42.0;

G01 X50.0;

G01 X55.0 Z35.0; SleK
N20 GO1 X60.0; >| |<W
G70 P10 Q20; @)

(RN)

u/2

Program execution order (1)(2)(3)(4)

(N10 to N20: Finishing program)
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Machining of mid-section (example with pocket machining ON)

G00 X80.0 Z75.0 TO101; ()
G71 Ud Re H1; s

G71U10. R3. H1; ) R)

G71 P10 Q20 U3.W1.5 F500 S1500; (3) R/ A

N10 GO0 X60.0 Z73.0; ] P

GO01 X15.0 Z65.0;
G01 Z55. F450;
GO01 X30.0;

x 2
G03 X40.0 Z50.0 R5.0; « | v
GO1242.0; i v

. u

GO1 X50.0; ek ) o
GO1 X55.0 Z35.0; > Kw
N20 GO1 X60.0;
G70 P10 Q20; (4)

Program execution order (1)(2)(3)(4)
(N10 to N20: Finishing program)

S : Cycle command point A : Rough cutting start point
(R) Rapid traverse
(f) Cutting feed

w Precautions

Refer to "13.3.10 Precautions for Compound Type Fixed Cycle for Turning Machining (G70 to G76)".
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13.3.2 Face Rough Cutting Cycle; G72

E Function and purpose

This function calls the finished shape program and, while automatically calculating the tool path, performs rough cut-
ting in the face direction.

E Command format

Face rough cutting cycle

G72 Wd Re Hh ;
G72 Ae Pp Qq Uu Ww Ff Ss Tt ;

This fixed cycle requires two blocks.
However, when using a value set by a parameter, the first block can be omitted.

wd Cut amount (modal) (Reversible parameter "#8051 G71 THICK" is also available for setting.)
Unit: ym or 1/10000 inch (Radius value command)

Re Retract amount (modal) (Reversible parameter "#8052 G71 PULL UP" is also available for
setting.)
Unit: ym or 1/10000 inch (Radius value command)

Hh Pocket machining (modal) (Reversible parameter "#8110 G71/G72 POCKET" is also avail-

able for setting)
0: No pocket machining
1: Pocket machining

Aa Finished shape program No. (Program being executed when omitted)
Use a parameter to specify a 4- or 8-digit program No. starting with O.
Pp Finished shape start sequence No. (Head of program when omitted)
Qq Finished shape end sequence No. (To the end of the program when omitted)

If M99 is commanded before Q, the program will end at M99 even if Q is commanded.

Uu X axis direction finishing allowance (When omitted, X axis direction finishing allowance is
handled as 0.)
Unit: ym or 1/10000 inch (Follows diameter/radius value command (#1019 dia).)

Ww Z axis direction finishing allowance (When omitted, Z axis direction finishing allowance is
handled as 0.)
Unit: ym or 1/10000 inch (Radius value command)

Ff Cutting speed (When omitted, the cutting speed (modal) just before G72 will be applied)

Ss, Tt Spindle command, tool command

Also refer to "13.3.1 Longitudinal Rough Cutting Cycle; G71" for details on each address.
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Example of a finished shape without pocket Example of a finished shape with pocket
G72 Wd Re HO; G72 Wd Re H{;
G72PpQq-- ; G72PpQq-- ;
’<d ’ ® fS <4 ®)fF°
(R/f) A
R |
R
o
v
'q _u/2
Tk
w
S : Cycle command point A : Rough cutting start point
(R) Rapid traverse (f) Cutting feed

‘ Note

(1) A reversible parameter enables to use parameter setting value without issuing a program command and also,
the value can be changed by the program command.

m Detailed description

Refer to "13.3.1 Longitudinal Rough Cutting Cycle; G71" for details of the functions.

W Precautions

Refer to "13.3.10 Precautions for Compound Type Fixed Cycle for Turning Machining (G70 to G76)".
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13.3.3 Formed Material Rough Cutting Cycle; G73

E Function and purpose

This function calls the finished shape program, automatically calculates the tool path and performs rough cutting
while cutting the workpiece into the finished shape.

E Command format

Formed material rough cutting cycle

G73 Ui Wk Rd ;
G73 Aa Pp Qq Uu Ww Ff Ss Tt ;

This fixed cycle requires two blocks.

Ui X axis direction cutting allowance
Unit: ym or 1/10000 inch (Radius value command)
Wk Z axis direction cutting allowance
Unit: ym or 1/10000 inch (Radius value command)
Rd Number of divisions
Aa Finished shape program No. (Program being executed when omitted)
Use a parameter to specify a 4- or 8-digit finished shape program No. starting with O.
Pp Finished shape start sequence No. (program head when omitted)
Qq Finished shape end sequence No. (To the end of the program when omitted)
If M99 is commanded before Q, the program will end at M99 even if Q is commanded.
Uu X axis direction finishing allowance (When omitted, X axis direction finishing allowance is han-
dled as 0.)
Unit: ym or 1/10000 inch (Follows diameter/radius value command (#1019 dia).)
Ww Z axis direction finishing allowance (When omitted, Z axis direction finishing allowance is handled
as 0.)
Unit: ym or 1/10000 inch (Radius value command)
Ff Cutting speed (When omitted, the cutting speed (modal) just before G72 will be applied)
Ss, Tt Spindle command, tool command

Also refer to "13.3.1 Longitudinal Rough Cutting Cycle; G71" for details on each address.
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m Detailed description

Finished shape

In the program, S -> A -> E in the figure below are commanded.
The section between A and E must be a shape with monotonous changes in both the X axis and Z axis directions.

A

L

S : G73 cycle command point
A : Finished shape start block E : Finished shape end block

‘ Note

(1) With a single block, operation stops at the end point of each block.

1 cycle configuration

1 cycle is configured as shown below.

1 : Machining with shape profiling (based on shape program)
2 : Return to the next command point (rapid traverse)
S : G73 cycle command point

A : Finished shape start block E : Finished shape end block
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Cut amount
The cut amount is calculated by dividing the cutting allowances (i, k) by the number of divisions (d-1).
X axis direction i/(d-1)
Z axis direction k/(d-1)
When the allowance is not divisible, chamfering will be performed and adjustment will be made at the final pass.

AN
ANERN ] Y
ANERN S
\ \ y /(d-1)

%/d-1)

»ld

|< ;k< > :Ii: >
/d /d1

(d-1) (d-1)

Remainder Remainder

Nose R compensation

<#1271 ext07/bit6 = 0>

When this cycle is commanded with the tool nose R compensation mode still in force, the compensation is tempo-
rarily canceled immediately before this cycle and started at the head block of the finished shape program. So the
compensation is applied to the finished shape program covered by this cycle and this cycle is executed for the com-
pensated shape.

<#1271 ext07/bit6 = 1>

Like G71 and G72 cycle, rough cutting is carried out to the shape which nose radius compensation is not carried out.
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Cutting direction
Determined according to finish shape (#1273 ext09/bit2=0)

The shift direction for the cutting is determined by the shape in the finishing program, as shown in the table below.

1 3 4
Drawing v *
//81 81\\ A A
S S
S
- ~N
A A -y S
5 ¥
)
Initial - direction + +
X axis
Complete Z - direction + -
axis
X axis cut- + direction - -
ting
Z axis cut- + direction - +
ting
S : G73 cycle command point
A : Finished shape start block E : Finished shape end block
Determined according to commanded finish allowance/cutting allowance (#1273 ext09/bit2=1)
The shift direction for cutting follows the sign of the cutting allowance, etc., designated in the program.
W Precautions
Refer to "13.3.10 Precautions for Compound Type Fixed Cycle for Turning Machining (G70 to G76)".
IB-1501619-A
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13.3.4 Finishing Cycle; G70

E Function and purpose

After rough cutting have been carried out by the G71 to G73 commands, finishing cutting can be performed by the
following command.

E Command format

Finishing cycle

‘G70 Aa Pp Qq Hh;

Aa Finished shape program No. (Program being executed when omitted)
Use a parameter to specify a 4- or 8-digit finished shape program No. starting with O.

If calling a subprogram numbered with O is enabled, a program number starting with O
and specified by A command value is called.

When A command value is less than the digit number set with parameter "#8129 sub-
program number selection", increase the digit number of the command value by adding
leading zeros.

In the following cases, a subprogram numbered without O and specified by A command

value is called even when calling a subprogram numbered with O is enabled.

+The digit number of A command value is over the digit number of the program number
set with parameter "#8129 subprogram number selection”.

*When a program starting with a commanded O No. does not exist, if A command is
omitted, the program P, Q being executed will be applied.

When A command is omitted, program command P, Q being executed, will be applied.

And when A command is omitted, the program will be executed in the order of G70 and

then the program following Qq (finished shape end sequence No.) A file name can be

designated instead of address A by enclosing the file name in brackets <>. (The file

name can have up to 32 characters including the extension.)

Pp Finished shape start sequence No. (program head when omitted)

Qq Finished shape end sequence No. (To the end of the program when omitted)
If M99 is commanded before Q, the program will end at M99 even if Q is commanded.

Hh Tool feed directions when the cutting-edge angle is compensated
0: Not compensate the cutting-edge angle

1: Compensate the cutting-edge angle in the longitudinal direction (same tool feed di-
rection as G71/G73 command)

2: Compensate the cutting-edge angle in the end face direction (same tool feed direc-
tion as G72 command)

+*When H address is omitted, the cutting-edge is not compensated.
+*When the tool shape compensation for turning is disabled, H address is ignored.

IB-1501619-A 412



M800V/M80V Series Programming Manual (Lathe System) (1/2)
13 Fixed Cycle
13.3 Compound Type Fixed Cycle for Turning Machining

m Detailed description

(1) The F, S and T commands in the finished shape program are valid during the finishing cycle.
(2) When the G70 cycle is finished, the tool returns to the start point at a rapid traverse and the next block is read.

(Example 1) When a sequence No. is designated

)
/Njoo
)

N100 G70 P200 Q300 ;
N110

N120
l
N200
{
N300

N310
l

N200-N300 ... Finished shape program

(Example 2) When a program No. is designated

!

N100 G70 AT00 : — |}
NT10 -+ ; 0100

G01 X100 Z50 FO.5;

l
M99 ;

Even for the example 1 and 2, when the N100 cycle is executed, the N110 block is executed next.

W Precautions

Refer to "13.3.10 Precautions for Compound Type Fixed Cycle for Turning Machining (G70 to G76)".
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13.3.5 Face Cut-off Cycle; G74

E Function and purpose

The G74 fixed cycle automatically performs grooving in the face direction of the workpiece by commanding the co-
ordinates of the groove end point, cut amount, cutter shift amount and cutter escape at the bottom of the cut. The
machining program commands are as follows.

E Command format

Face cut-off Cycle

G74 Re;
G74 X/(U)x Z/(W)z Pi Qk Rd Ff;

This fixed cycle requires two blocks.
However, when using a value set by a parameter, the first block can be omitted.

Re Return amount (no X/U, P commands) (modal) Reversible parameter "#8056 G74 RETRACT" is
also available for setting.

X/Ux B point X coordinate (absolute/incremental position)

Z/Wz B point Z coordinate (absolute/incremental position)

Pi Tool shift amount (radius designation, incremental position, sign not required)

Qk Cut amount (radius designation, incremental position, sign not required)

Rd Escape at the bottom of the cut When there is no sign, the tool escapes even at

the bottom of the first cut. When a - sign is at-
tached, the tool escapes from the second cut
without escaping the first cut.

Ff Feedrate

<Note>

+A reversible parameter enables to use parameter setting value without issuing a program command and also,
the value can be changed by the program command.

»l

(10) )S
b 9) (5) M y|(12)

y
1y ® D @ @ ©® @ K
d
T

I 2 u/2

k k

& »la
L

Lt

S : Start point B : End point

Operations (9) and (12) immediately before the final cycle are executed with the remainder amount.
Operations (2), (4), (6), (8), (10), (11) and (12) are executed at the rapid traverse rate.
With a single block, operation stops at each block.
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m Detailed description

(1) When X/U and P are omitted or when the values of "x" and "i" are zero, operation will apply to the Z axis only.
Note that when there is an Rd command and no sign, the tool will escape at the bottom of the cut.

(2) When X/U or Z/W command is not issued, Re setting value will be the return amount. Even when G74 Pi Qk Rd
; is commanded, Rd is regarded as Re, and the return amount will be set.

(3) The escape direction does not change whether - sign is attached to the Rd command or not.

(4) A program error (P204) will occur in the following cases.
*When "i" is zero or P is not commanded even though X/U is commanded.
+*When tool shift amount " i " is larger than the "x" movement amount.
+*When the escape amount "d" is larger than the shift amount " i ".
+*When the return amount "e" is larger than the cut amount "k".

+*When the cut in amount "k" is larger than the hole depth "w".

w Precautions

Refer to "13.3.10 Precautions for Compound Type Fixed Cycle for Turning Machining (G70 to G76)".
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13.3.6 Longitudinal Cut-off Cycle; G75

E Function and purpose

The G75 fixed cycle automatically performs grooving in the longitudinal direction of the workpiece by commanding
the coordinates of the groove end point, cut amount, cutter shift amount and cutter escape at the bottom of the cut.

E Command format

Longitudinal cut-off cycle

G75 Re
G75 X/(U)x Z/(W)z Pi Qk Rd Ff ;

This fixed cycle requires two blocks.
However, when using a value set by a parameter, the first block can be omitted.

Re Return amount (no X/U, P commands) (modal)

Reversible parameter "#8056 G74 RETRACT" is also available for setting.

X/Ux B point X coordinate (absolute/incremental position)

Z/\Wz B point Z coordinate (absolute/incremental position)

Pi Cut amount (radius designation, incremental position, sign not required)

Qk Tool shift amount (radius designation, incremental position, sign not required)

Rd Escape at the bottom of the cut|When there is no sign, the tool escapes even at the
bottom of the first cut. When a "-" sign is attached, the
tool escapes from the second cut without escaping
the first cut.

Ff Feedrate

Z ol W 1
- | S
7'y > s

A(11)

i p —— —— = u/2
v [l (6)
A
: @)
v @) —o
B 'y
_____ — 4
—» |<—k (10) X
S : Start point B : End point

Operations (9) and (12) immediately before the final cycle are executed with the remainder amount.
Operations (2), (4), (6), (8), (10), (11) and (12) are executed at the rapid traverse rate.
With a single block, operation stops at each block.
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‘ Note

(1) A reversible parameter enables to use parameter setting value without issuing a program command and also,
the value can be changed by the program command.

m Detailed description

(1) When Z/W and Q are omitted or when the values of "z" and "k" are zero, operation will apply to the X axis only
(slotting). Note that when there is an Rd command and no sign, the tool will escape at the bottom of the cut.

(2) When X/U or Z/W command is not issued, Re setting value will be the return amount. Even when "G75 Pi Qk Rd
;" is commanded, Rd is regarded as Re, and the return amount will be set.

(3) The escape direction does not change whether "-" sign is attached to the Rd command or not.

(4) A program error (P204) will occur in the following cases.

+*When "k" is zero or Q is not commanded even though Z/W is commanded.
+*When tool shift amount "k" is larger than the "z" movement amount.
+*When the escape amount "d" is larger than the shift amount "k".

+*When the return amount "e" is larger than the cut amount "i".

+*When the cut amount "i" is larger than the hole depth "u/2".

m Precautions

Refer to "13.3.10 Precautions for Compound Type Fixed Cycle for Turning Machining (G70 to G76)".
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13.3.7 Compound Type Thread Cutting Cycle; G76

E Function and purpose

The G76 fixed cycle enables to cut the workpiece at a desired angle by designating the thread cutting start point and
end point, and it automatically performs cutting so that the cutting cross section (cutting torque) per cutting pass is
constant.

Various longitudinal direction threads can be cut by bearing in mind the command value for the thread end point
coordinate and taper height component.

With compound thread cutting cycle, chamfering can be operated. Refer to "13.1.2 Thread Cutting Cycle; G78" for
details on chamfering.

The operation of thread cutting is same as the thread cutting command (G33).

E Command format

Compound thread cutting cycle

G76 Pmra QAdmin Rd;
G76 X/U ZIW Ri Pk QAd FI ;

This fixed cycle requires two blocks.
However, if "#1222 aux06/bit5" = "1" and "#1265 ext01/bit0" = "0" the 1st block can be omitted. If the 1st block is
omitted, the value set with the parameter is used.

Address Meaning

P m Number of cutting passes for finishing: 00 to 99 (times) (modal)
(Reversible parameter "#8058 G76 TIMES" is also available for setting)

r Chamfering amount: 00 to 99 (0.1 mm/rev) (modal)

(Reversible parameter "#8014 CDZ-VALE" is also available for setting )

The chamfering width based on thread lead "I" is designated by a 2-digit integer
without a decimal point between the ranges from 0.0 to 9.9.

a Tool nose angle (thread angle): 00 to 99 (°) (modal)

(Reversible parameter "#8059 G76 ANGLE" is also available for setting)

The angle from 0° to 99° is assigned in 1° units.

"m", "r" and "a" are commanded in succession during address P.

(Example) When m=5, r=1.5 and a=0°, P is 051500 (P051500). The leading and

trailing zero cannot be omitted.

Q Admin Minimum cut amount
If the calculated cut amount is smaller than Admin, it is clamped by Admin.
(When omitted, operations differ depending on #1222/bit4 setting.) (*1)

R d Finishing allowance 0 to 9999 (um) (modal)
(Reversible parameter "#8057 G76 LAST-D" is also available for setting)
X/U X axis end point coordinates of thread section

The X axis coordinates of the end point at the thread section are commanded with
absolute or incremental position.

ZIW Z axis end point coordinates of thread section
The Z axis coordinates of the end point at the thread section are commanded with
absolute or incremental position.

R i Taper height component (radius value) for thread
Straight thread when "i" is zero
P k Thread height
This thread height is commanded with a positive radius value.
Q Ad Cut amount
The cut amount for the first cutting pass is commanded with a positive radius value.
F I Thread lead

(*1) The precautions for the thread cutting cycle (G78) should be observed.
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‘ Note

(1) A reversible parameter enables to use parameter setting value without issuing a program command and also,
the value can be changed by the program command.

(2) The two G76 commands above cannot be assembled in a block.
The data commanded by P, Q and R are automatically identified according to the presence or absence of the X/
U and Z/W axis addresses.

(3) The above "r'" modal data can be rewritten by the program commands as well as using parameter (#8014 CDZ-
VALE) settings.

(4) The chamfering amount designation is valid even for thread cutting fixed cycles.
(5) A program error (P204) will occur in the following cases.

+When "a" is outside the rated value
+When both or one of the X and Z commands is not issued, or when the start and end point coordinates coincides
in both or one of the X and Z commands

+*When the thread is larger than the movement of the X axis to the thread bottom

m Detailed description

1 cycle configuration

The tool moves at rapid traverse for operations (1), (2), (5) and (6) in the cycle and at the cutting feed based on the
F designation for operations (3) and (4) during 1 cycle.

[When Ri is negative]

A 4
A
A

oS

u/2
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[When Ri is positive]

5 S

u/2
@) ) y k
\\/ —
A4
A
o r -
Lol

_(n) Adx/n

A4

K: Thread height
d : Finishing allowance (cut "m" times)
(1) to (n) : 1st cutting to nth cutting
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Interrupt operation

(1) When the feed hold button is pressed during thread cutting, an automatic operation will stop upon completion of
a block without thread cutting. (The automatic operation pause lamp turns on immediately and it goes off when
automatic operation stops.)

If feed hold is applied when thread cutting is not executed, or when the thread cutting command is issued but
the axis is yet to move, the automatic operation pause lamp will turn on, and the automatic operation will pause.

(2) The tool stops upon completion of operations (1), (4) and (5) in the figure, if the following operations are conduct-
ed during the G76 command execution.

+*When the automatic operation mode is switched to another automatic operation mode
+*When automatic operation is changed to manual operation
+*When single block operation is conducted

z w

»
»

A

®)

u/2 Y
(4)

When Ri is negative

(3) The dry run valid/invalid status does not change when G76 is being executed.
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@ Program example

X
A

A

300

f;\ y
Y4

24.0 46.0
(R) Rapid traverse (f) Cutting feed

G76 P011560 R0.2 ;

G76 U-28.0 W-46.0 R-9.0 P6.0 Q3.5 F4.0;

W Precautions

Refer to "13.3.10 Precautions for Compound Type Fixed Cycle for Turning Machining (G70 to G76)".
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13.3.8 Selecting Finished Shape Program Search Method

When G71, G72 or G73 is commanded

Selects the search method of the finished shape program to be called with G71, G72 or G73 command.
The search method is set in the parameter "#1270 ext06/bit2".
The symbol "A" in the description in this chapter represents G71 cycle command point.

<"#1270 ext06/bit2" = "0">

+If the finished shape program is in the program being executed, the start sequence No. is searched from the top of

the program being executed. The search is executed until EOR.

+ If the finished shape program is in the program specified with "A", the start sequence is searched from the top of

the program specified with "A". The search is executed until EOR.

<"#1270 ext06/bit2" = "1">

+If the finished shape program is in the program being executed, the start sequence No. is searched from the next

block after G71, G72 or G73. The search is executed until EOR.

When the start sequence Nos. are not overlapped

0O1()

G00 T0101;

X80. Z-50. ;
G71U3.R1.;
G71P10Q20 ... ; ... (a)

N1_0 GO0 X50.; - (0) Finished shape
program (1)

N20 ;

G00 T0202;
X50. Z-10. ;
G72W2.R1.;
G72P30Q40 ... ; ... ()

N?O G00 2-40.; ... (d)} Finished shape

N£.10 . program (2)

(a) The finished shape program in G71 block

+The search is executed from the next block (b) after G71.
*N10 of the finished shape program (1) is searched.

(c) The finished shape program in G72 block

+The search is executed from the next block (d) after G72.
+N30 of the finished shape program (2) is searched.

When the start sequence Nos. are overlapped

01()

G00 T0101;

X80. Z-50. ;
G71U3.R1.;
G71P10Q20...; ... (a)

N?O GO0 X50.; ... (b) } Finished shape
N20 : program (1)
GO0 T0202;

X50. Z-10. ;

G72W2.R1.:
G72P10Q20...; ....(c)

N‘_IO G002-40.;  -.(d) 7 Finished shape
program (2)

N20 ;

(a) The finished shape program in G71 block

+The search is executed from the next block (b) after G71.
+N10 of the finished shape program (1) is searched.

(c) The finished shape program in G72 block

+The search is executed from the next block (d) after G72.
+N10 of the finished shape program (2) is searched.
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+If the finished shape program is in the program specified with "A", the start sequence No. is searched from the top
of the program specified with "A". The search is executed until EOR.

01()
)((Sg(()) 20;81 Finished shape program (1) |(@) The finished shape program in G71 block
G71 U3.R1. : 010() +The search is executed from the top (b) of 010
G71A10 P10 Q20 ... ; ... (a)—#N10 GOO X50. ; ... (b) specified with "A".
: : +N10 of the finished shape program (1) is searched.
T N20 ;
3508 TZO1282 Finished shape program (2) (c) The finished shape program in G72 block
G72 W2. RY. +The search is executed from the top (d) of 020
G72 Azd P1-0‘Q20 . (C) . 3128(%}00 7-40. d specified with "A".
: T ) -40.5 .. (d)] | 4N10 of the finished shape program (2) is searched.
T N20 ;

While a G70 command is effective

Selects the search method of the finished shape program to be called with G70 command.
The search method is set in the parameter "#1270 ext06/bit2".
The symbol "A" in the description in this chapter represents G71 cycle command point.

<"#1270 ext06/bit2" = "0">

+If the finished shape program is in the program being executed, the start sequence No. is searched from the top of
the program where G70 was commanded. The search is executed until EOR.

+ If the finished shape program is in the program specified with "A", the start sequence No. is searched from the top
of the program specified with "A". The search is executed until EOR.

<"#1270 ext06/bit2" = "1">

+If the finished shape program is in the program being executed, the start block of the finished shape program where
the program No. and start sequence No. in G71, G72 or G73 executed before G70 command are matched (the
program No. is the one being executed). Up to three start sequence Nos. of the finished shape program in G71,

G72 and G73 are stored.

If the start sequence Nos. in the executed G71, G72 or G73 finished shape program are not matched, the search

is executed from the top of the program.

If G71, G72 or G73 is not executed, the search is executed from the top of the program.

The search is executed until EOR.

The memory of start sequence No. is deleted by reset.

When the start sequence Nos. are not overlapped (rough cutting 1 -> finishing 1 -> rough cutting 2 -> finishing 2)

01()
G00 T0101;
X80. Z-50. ;
G71 U3.R1.;
EG71 P10 Q20 ...; ...
N10 GO0 X50. ;
: Finished shape
|iN20 ; program (1)
G70 P10 Q20 ;

G00 T0202;

X50. Z-10.;

G72W2.R1.;
EG72 P30 Q40 ...; ...
|-:N30 G00 z-40. ;

(d)
()7 Finished shape
program (2)

.(f)

N40 ;
G70 P30 Q40 ;

(a) The start sequence No. N10 of the finished shape pro-
gram (1) with G71 is stored.

(c) The finished shape program in G70 block

+Matches with N10 of the finished shape program (1)
among the stored start sequence Nos.

+The search is executed from the corresponding block (b)
and then N10 in the finished shape program (1) is
searched.

+*The memory of the finished shape program (1) is delet-
ed.

(d) The start sequence No. N30 of the finished shape pro-
gram (2) with G72 is stored.

(f) The finished shape program in G70 block

+Matches with N30 of the finished shape program (2)
among the stored start sequence Nos.

+The search is executed from the corresponding block (e)
and then N30 in the finished shape program (2) is
searched.

+*The memory of the finished shape program (2) is delet-
ed.

IB-1501619-A
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When the start sequence Nos. are overlapped (rough cutting 1 -> finishing 1 -> rough cutting 2 -> finishing 2)

01()

GO00 T0101;

X80. Z-50. ;
G71U3.R1.;
G71P10Q20...; ...

EN‘IO G00 X50. ;

N20;
G70 P10 Q20 ;

G00 T0202;

X50. Z-10. ;

G72 W2.R1.;
I:G72 P10Q20 ...; ...
[N10 G00 z-40. ;

N20 ;
G70 P10 Q20 ;

(a)

NORE
Finished shape

program (1)

.. ()

(d)
- (®) Finished shape
program (2)

. ()

(a) The start sequence No. N10 of the finished shape pro-
gram (1) with G71.

(c) The finished shape program in G70 block

+Matches with N10 of the finished shape program (1)
among the stored start sequence Nos.

+The search is executed from the corresponding block (b)
and then N10 in the finished shape program (1) is
searched.

+*The memory of the finished shape program (1) is delet-
ed.

(d) The start sequence No. N10 of the finished shape pro-
gram (2) with G72 is stored.

(f) The finished shape program in G70 block

+Matches with N10 of the finished shape program (2)
among the stored start sequence Nos.

+The search is executed from the corresponding block (e)
and then N10 in the finished shape program (2) is
searched.

+The memory of the finished shape program (2) is delet-
ed.

+If the finished shape program is in the program specified with "A", the start block of the finished shape program
where the program No. and start sequence No. among the executed finished shape programs in G71, G72 or G73.
Up to three start sequence Nos. of the finished shape program in G71, G72 and G73 are stored. If the program
No. and the start sequence No. among the finished shape programs in the executed G71, G72 or G73 are not
matched, the search is executed from the top of the program specified with "A".
If G71, G72 or G73 is not executed, the search is executed from the top of the program specified with "A".
The search is executed until EOR.
The memory of start sequence No. is deleted by reset.

01()

G00 T0101;

X80. Z-50. ;

G71 U3.R1.;
G71A10 P10 Q20 ... ;

G70 A10 P10 Q20 ;

G00 T0202;

X50. Z-10. ;

G72 W2.R1.;

G72 A20 P10 Q20 ... ;

G70 A20 P10 Q20 ;

..(d)
..(e)—*+N10 G0O Z-40. ; ...

Finished shape program (1)

(a) The program No. O10 and the start sequence No.
N10 of the finished shape program (1) is stored
with G71.

...(a) (b) The finished shape program in G70 block
010() +Matches with 010 and N10 of the finished shape
...(b)—#N10 GO0 X50.; ... (c) program (1) among the stored program Nos. and
: start sequence Nos.
[N20; +The search is executed from the corresponding

Finished shape program (2)

block (c) and then N10 in the finished shape pro-
gram (1) is searched.

+The memory of the finished shape program (1) is
deleted.

020()

—NéO;

(d) The program No. 020 and the start sequence No.
(f) N10 of the finished shape program (2) is stored
with G72.

(e) The finished shape program in G70 block

+Matches with 020 and N10 of the finished shape
program (2) among the stored program Nos. and
start sequence Nos.

+The search is executed from the corresponding
block (f) and then N10 in the finished shape pro-
gram (2) is searched.

+The memory of the finished shape program (2) is
deleted.
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13.3.9 Tool Shape Compensation for Turning

The area where the tool can machine is limited depending on the tool shape. Therefore, when machining is per-
formed out of the area, interference between tool and workpiece may occur, which may result in damage.

Tool shape compensation for turning in compound type fixed cycle for turning machining | can compensate the fin-
ished shape so that the interference between tool and workpiece does not occur by the tool shape and can perform
the rough cycle and finishing cycle.

Tool shape compensation for turning can be used by setting the parameter "#8137 T. tool shape comp" to "1".

Cutting-edge angle compensation

IB-1501619-A

Cutting-edge angle compensation judges the tool machining available area from the side-cutting-edge angle and
end-cutting-edge angle of the tool to compensate the finished shape.

To use the cutting-edge angle compensation, with "#8137 T. tool shape comp" set to "1", command compound type
fixed cycle for turning machining | (G70 to G73).

Tool

/

.
/ N\

Side-cutting-edge angle  End-cutting-edge angle

Finished shape before compensation B: Finished shape start block
== == == Finished shape after compensation C: Finished shape end block

=====ms=as  COmpensation angle with cutting-edge angle compensation
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+The available range of side-cutting-edge angle and end-cutting-edge angle is as below.
0° < side-cutting-edge angle < 90°
+The available range of cutting-edge is judged for side-cutting-edge angle and end-cutting-edge angle respectively.

If the cutting-edge angle is outside the available range, the cutting-edge angle compensation outside the available
range is not performed.

(Example) When the side-cutting-edge angle is 92°, and the end-cutting-edge angle is 5°

Since the side-cutting-edge angle is outside the available range, the cutting-edge angle compensation
is performed only for the end-cutting-edge angle.

Tool

/

—N )

—

X

Side-cutting- End-cutting-edge angle

edge angle

— Finished shape before compensation B: Finished shape start block
= == == Finished shape after compensation C: Finished shape end block

«==auunnan  Compensation angle with cutting-edge angle compensation
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+If G02 or GO3 command is used for the finished shape, GO1 command block may be inserted with the cutting-edge

angle compensation. If the finished shape exceeds 200 blocks including the insertion block, the program error
(P202) occurs.

Finished shape before compensation Finished shape after compensation

o

Insertion block #*
/ J

/
O——=+=+% | ost end point

Tag,

Finished shape before compensation
= == == Finished shape after compensation

ssss=sanss LOSt machining path

+For the machining of open section (machining from the face), if the tool moves greatly in X axis direction when the
movement from the start block before compensation in Z axis direction is small, the finished shape start block is
compensated as the finished shape start block is inside the compensated shape by the side-cutting-edge angle.
The position of the finished shape start block after the compensation is as below.

Z axis: Same as the finished shape start block before the compensation
X axis: On the compensated shape by the side-cutting-edge angle

When G72 is commanded, X axis and Z axis are switched. The finished shape start block is compensated when
the movement in Z axis direction is great while the movement in X axis direction is small.

Finished shape before compensation Finished shape after compensation

Since Z axis movement is small, o—
S start block is inside compensated P
\ shape by side-cutting-edge angle. OStart block after compensation
\
\

\ ]

N :
\ Ournnn ’e)

Start block before compensation Start block before compensation

Finished shape before compensation
== == == Finished shape after compensation

ssss=sanss  LOSt machining path

Setting the cutting-edge angle

There are two types to set the cutting-edge angle, "tool shape method" and "tool compensation method", and the
setting of your machine depends on the MTB specification (the parameter "#11716 CutEdgeAngleType").
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Cutting-edge angle compensation when G70 is commanded

The cutting-edge angle can also be compensated with G70 command (finishing cycle). When the cutting-edge angle
compensation is performed with G70 command, specify the tool feed direction (not specified, longitudinal, face) with
H address to select a direction of the cutting-edge angle compensation.

HO: Not available for tool feed direction (the cutting-edge angle compensation is not performed.)

H1: Longitudinal for tool feed direction (the cutting-edge angle compensation is performed to the same tool feed

direction as G71/G73 commands.)
H2: Face for tool feed direction (the cutting-edge angle compensation is performed to the same tool feed direc-

tion as G72 command.)

H1: Longitudinal direction H2: Face direction
(Same tool feed direction as G71/G73 com- (Same tool feed direction as G72 command)

mands)
-y ’ M B
4 -

Finished shape before compensation B: Finished shape start block

== == == Finished shape after compensation C: Finished shape end block

‘ Note

(1) When HO command and H address are omitted, the cutting-edge angle compensation is not compensated.
(2) The command range of H address is 0 to 2. When the value outside the range is commanded, the program error

(P35) occurs.
(3) While the tool shape compensation for turning is disabled, H address is ignored.
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13.3.10 Precautions for Compound Type Fixed Cycle for Turning Machining (G70 to G76)

W Precautions

IB-1501619-A

(1) Command all required parameters in a compound type fixed cycle for turning machining command block.

(2) Provided that the finished shape program is registered in the memory, compound type fixed cycle for turning ma-
chining | commands can be executed in the memory, MDI or tape mode.

(3) When executing G70 to G73 command, ensure that the sequence No. of the finished shape program which is
designated with P and Q is not duplicated in that program.

(4) For the finished shape program to be specified between P and Q in G70 or G71 to G73 during the tool shape
compensation for turning enabled, create all the commands including corner chamfering, corner R command,
tool nose radius compensation and automatic insertion block by tool shape compensation for turning within 200
blocks. If this number is exceeded, program error (P202) will occur.

If the cutting start position is the cycle start position (#1271 ext07/bit5 =1), the finished shape program can have
up to 199 blocks. (When the cycle start point is located out of the finished shape program's final position.)

(5) The finished shape program which is designated by the G70 during the tool shape compensation for turning en-
abled or G71 to G73 blocks should be a program with monotonous changes (increases only or reductions only)
for both the X and Z axes.

(6) Blocks without movement in the finished shape program are ignored.
(7) N, F, S, M, and T commands in the finished shape program are ignored.
(8) When any of the following commands exists in a finished shape program, program error (P201) will occur.
(a) Commands related to reference position return (G27, G28, G29, G30)
(b) Thread cutting (G33)
(c) Fixed cycles
(d) Skip functions (G31, G37)
(e) Circular thread cutting (G35, G36)

(9) If subprogram call or macro call command exists in the finished shape program, these commands will also be
executed.

(10) Except for thread cutting cycles, operation stops at the end (start) point of each block in the single block mode.

(11) Note that, depending on whether the sequence No. or program No. is designated, the next block after the com-
pletion of the G71, G72 or G73 command will differ.

(a) When a sequence No. is designated (b) When a program No. is designated

The next block is the one designated by Q. The next block is the next block of the cycle com-

mand.

t ]
N100 G71P200 Q500 U W._... ; N100 G71A100 U_W_...;

N200 N200 4\
N300 . N300
*1)
N400 N400
N500 0100
N600 N10X100.Z50. ;

N20

(*1) The finished shape program

Operation moves to the N600 block upon comple-
tion of the cycle.

Operation moves to the N200 block upon comple-
tion of the cycle.
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(12) The next block after the completion of the G70 command is the next block of the command block.

N100 ....;
N200 ....;
N300 ....;
N400 ....;
N500 ....;

N1000 G70 P200 Q500 ; (or G70A100 ;)
N1100 ....;

Operation moves to the N1100 block upon completion of G70 command.

(13) ltis possible to apply a manual interruption while a compound type fixed cycle for turning machining command
(G70 to G76) is being executed. However, upon completion of the interrupt, the tool must first be returned to the
position where the interrupt was applied and then the compound type fixed cycle for turning machining must be
restarted.

If it is restarted without the tool having been returned, all subsequent movements will deviate by an amount
equivalent to the manual interruption amount.

(14) Compound type fixed cycle for turning machining commands are unmodal. So they must be issued every time
they are required.

(15) Program error (P203) will occur with the G71 and G72 commands when there is no further movement of the Z
axis in the second block or the Z axis has moved in the opposite direction because of nose R compensation or
tool shape compensation for turning.

(16) A program error (P204) will occur if the finished shape program is issued in a same program with G70 to G73
and both P and Q are not designated.
Note that if A, P and Q are all not designated in G71 to G73, this will be interpreted as the first block of the com-
pound type fixed cycle for turning machining I, and an error will not occur.

(17) Set the cycle start point in the final block of the compound type fixed cycle for turning machining | so that the
tool retracts from the workpiece cutting face. This is necessary to prevent the cutter from interfering with the con-
vex sections of the workpiece.

The figure below shows a poor example. The position (A) is located higher than the cycle start point and an in-
terference will occur in the final block. (A)

Poor example Good example

(A)
\ (;) |
o ; VAl

o

(18) If the specification of pocket machining is not available, H1 will operate as HO even if designated.

(19) The common variable settings are ignored in the finished shape program. The setting values before compound
type fixed cycle for turning machining | command will be valid.

(20) If there is a circular command in the first movement block for the finished shape when pocket machining is OFF,
a program error (P203) will occur.

(21) The setting range of the cutting-edge angle and the valid range of the cutting-edge angle compensation are as
below.

Setting range of the cutting-edge angle: 0° < cutting-edge angle < 180°
Valid range of the cutting-edge angle compensation: 0° < cutting-edge angle < 90°
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(22) With the cutting-edge angle compensation, as the finished shape is compensated according to the set cutting-
edge angle, the machining surface and the cutting-edge are in contact. Depending on the depth of cutting, the
discharge of cutting chips may become worse and scratches may be on the machining surface. In that case, set
the angle with margin to the cutting-edge angle.

(23) When the finished shape before compensation display of tool shape compensation for turning is used, set the
parameter "#8137 T. tool shape comp" to "1" and then set the parameter "#8138 Pre-compens. shape" to "0".

IB-1501619-A 432



M800V/M80V Series Programming Manual (Lathe System) (1/2)

13 Fixed Cycle
13.4 Compound Type Fixed Cycle for Turning Machining (MITSUBISHI CNC Special Format) ; G71,G73,G74,G76

13.4 Compound Type Fixed Cycle for Turning Machining (MITSUBISHI CNC
Special Format) ; G71,G73,G74,G76

E Function and purpose

This function enables to perform a prepared fixed cycle by commanding a program in a block.

When using the MITSUBISHI CNC special format (#1265 ext01/bit0), some addresses differ from the normal format.
With the normal format, G71 to G76 are commanded in two blocks. However with the MITSUBISHI CNC special
format, these are commanded in one block. This section gives details on the formats different from the normal ones.
Refer to section "13.3 Compound Type Fixed Cycle for Turning Machining" for details on the compound type fixed
cycle for turning machining.

E Command format

Longitudinal rough cutting cycle, face rough cutting cycle

GMP_Q_ U _W_D_F_S_ T ;

P Finished shape start sequence No.
Q Finished shape end sequence No.

U X-axis direction finishing allowance
w Z-axis direction finishing allowance
D Cut amount

F Cutting speed

S Spindle speed

T Tool command

(Same for G72)

Formed material rough cutting cycle

G73 P_Q_ U_W_I_ K _D_F_S__T_;
P Finished shape start sequence No.
Q Finished shape end sequence No.

U X-axis direction finishing allowance
w Z-axis direction finishing allowance

X-axis direction cutting allowance

Z-axis direction cutting allowance

Number of divisions

Cutting speed

Spindle speed

= »| M O X

Tool command
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Face cut-off cycle, longitudinal cut-off cycle

‘G74 XU_ZW)_I_ K _F_D_;

X (U) X axis slotting end point coordinate

Z (W) Z axis slotting end point coordinate

| Tool shift amount (X/U axis direction movement amount)
K Cut amount (Z/W axis direction cut amount)

F Cutting speed

D Tool escape amount at cutting base

(Same for G75)

Compound thread cutting cycle

|G76 X(U)_ZW)_I_K_D_F_A_Q_P_;

X (U) X-axis end point coordinates of thread section

Z (W) Z-axis end point coordinates of thread section

| Radius value at thread section

K Thread height

D 1st cut amount

F Thread lead

A Thread angle

Q Thread cutting start shift angle (0.001 to 360.000 [°])

P Zigzag thread cutting at P2 command [For specific models only. This is not available for
M8V Series.]

Contents of thread cutting address will be same as G33.

IB-1501619-A
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m Detailed description

Check of command format

This checks whether the normal command format is being used with the MITSUBISHI CNC special format.
[When normal format is selected ("#1265 ext01/bit0" is set to "0")]

(1) Check of command format
When the format check selection parameter (#1222 aux06/bit5) is set to "0", a program error (P33) will occur in
the following cases.

+There is no command to the 1st block.
+A MITSUBISHI CNC special format is commanded.

(2) Check of command address
A program error (P32) will occur in the following cases.

+*When address |, K or D is commanded in the G71, G72, G73, G74 or G75 block.
+When address |, K, D or A is commanded in the G76 block.

[When MITSUBISHI CNC special format is selected ("#1265 ext01/bit0" is set to "1")]

(1) Check of command format

A program error (P33) will occur if a normal format is commanded.
(2) Check of command address

A program error (P32) will occur in the following cases.

+*When address R or A is commanded in the G71, G72 or G73 block.
+*When address P, Q or R is commanded in the G74 or G75 block.
+*When address R is commanded in the G76 block.

Comparison of MITSUBISHI CNC special format and normal format

While the normal format is commanded using two blocks, the MITSUBISHI CNC special format requires only one
block. Some addresses differ, and some are designated with the parameters.

Function (MITSUBISHI CNC Normal format Difference from normal format
special format
Longitudinal G71TPQUWDFST;|{(1)G71UR; Cut amount:
Rough Cutting (2)G7T1APQUWEFST;| U(1)— Specify with D.
Cycle | Retract amount:

R(1) -> Parameter (#8052 PULL UP)
A command (finished shape program No.):

None
Face Rough Cut- | G72PQUWDF ST;|(1) G7T2 W R; Cut amount:
ting Cycle | (2)G72APQUWFST;| W(1) — Specify with D.

Retract amount:
R(1) -> Parameter (#8052 PULL UP)

A command (finished shape program No.):
None

Formed material |G73PQUWIKDF |(1) G7T3UW R; X axis direction cutting allowance:
rough cutting cy- |S T; (2)G7T3APQUWEFST;| U(1)-l
cle

Z axis direction cutting allowance:
W(1)—-K

Number of divisions:
R(1)—D

A command (finished shape program No.):
None
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Function (MITSUBISHI CNC Normal format Difference from normal format

special format

Face cut-off Cy-
cle

G74 XZ1KF D;or
G74UWIKFD;

(1) G74 R;

(2) G7TAXZP QRF;
or

(1) G74 R;

(2) GTAUWP QRF;

X axis direction movement amount:
P(2)—l

Z axis direction cut amount:
Q(2)—K

Escape amount at cutting base:
R(2)—D

Retract amount:
R(1) -> Parameter (#8056 G74 RETRACT)

Outer Diameter |G75 X Z 1K F D;or (1) G75R; X axis direction cut amount:
Cut-Off Cycle G75UWIKFD; (2)G7T5XZPQRF; P(2)—l
or Z axis direction movement amount:
2)G7T5UWPQRF;
Escape amount at cutting base:
R(2)—D
Retract amount:
R(1) -> Parameter (#8056 G74 RETRACT)
Compound G76 X_Z_|_K_D_ |(1)G76 PmraR_; Radius value at thread section:

thread cutting cy-
cle

F_A_Q_;

F_

(2)G76 X_Z_ R_P_Q_

R(2)—!

Thread height:
P(2)—K

1st cut amount:
Q(2)-D (*1)

Thread angle:
P(1)a—A

Thread cutting:
P(1)r — Parameter (#8014 CDZ-VALE)

Number of finish cuts:
P(1)m — Parameter (#8058 TIMES)

Finishing allowance:
R(1) -> Parameter (#8057 LAST-D)

(*1) The Q address of the MITSUBISHI CNC special format is used as the thread cutting start shift angle.
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13.4 Compound Type Fixed Cycle for Turning Machining (MITSUBISHI CNC Special Format) ; G71,G73,G74,G76

Zigzag thread cutting [For specific models only (Not available for M8V Series)]

By commanding P2 in the G76 block of the compound thread cutting cycle, zigzag thread cutting with a constant cut

amount can be performed.

[When li (taper height component at thread section) is negative]

w

u/2

(6) (1

A 4
A

r

i : Taper height component (radius value) for thread
r : Chamfering amount (Set by #8014 CDZ-VALE)

[When li (taper height component at thread section) is positive]

z w
>« >
4 () (6) 1) \€|7/
(2)
u/2 /A
(4) (3) | —
\ 4
A :
X 24—>'

r

i : Taper height component (radius value) for thread
r : Chamfering amount (Set by #8014 CDZ-VALE)
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13.4 Compound Type Fixed Cycle for Turning Machining (MITSUBISHI CNC Special Format) ; G71,G73,G74,G76

[Cut amount]
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i
i
a: Thread angle k : Thread height

d : Finishing allowance (Set by "#8057 LAST-D")
(Number of finish cuts are set by "#8058 TIMES")

The cut amount increases at a set rate.

Relational expression of cut amount
H1=H2*1/2=(N2*D)*1/2

H2=+2*D

H3=H2+ (H4-H2)*1/2= (N2 +V4)* D * 1/2
H4=~4*D

H5=H4 + (H6 - H4) * 1/2 = (N4 + \6) * D * 1/2
H6=6*D

Hn = ((n-1) + (n+1)) *Ad2  (n=1,3,5,7, .....)
Hn =+n* Ad (n=2,4,6,8, .....)

w Restrictions and precautions

(1) Always designate P and Q in G71 to G73. A program error (P204) will occur if one or both of them are not des-
ignated.

(2) The thread cutting start shift angle is not modal. If there is no Q command with G76, this will be handled as "Q0".
(3) If a value exceeding 360.000 is command in G76 Q, a program error (P35) will occur.

(4) G76 cuts one row with one cycle. To cut two rows, change the Q value, and issue the same command.
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13.5 Fixed Cycle for Drilling

13.5 Fixed Cycle for Drilling

E Function and purpose

These fixed cycles are used to perform prepared working sequences of machining programs such as positioning,
hole drilling, boring and tapping in a block. When performing a same machining repeatedly, it can be executed by
commanding only the axis position. The types of fixed cycles are listed below.

‘ Note

(1) The X axis is designated as the hole drilling axis by fixed cycle for drilling (longitudinal direction). But the Y axis
can also be designated as the hole drilling axis by using the longitudinal hole drilling axis selection function.
"Type II" in the table explains details for using the longitudinal hole drilling axis selection function.

G code| Hole Drilling Operation at | Return oper- |Retract at Usage Type ll
drilling start hole bottom ation high Longitudinal | Hole
axis speed hole drilling | drilling
axis selection | axis
signal ON/OFF
G80 - - - - - Cancel - -
G83 V4 Cutting feed |In-position Rapid tra- Possible |Face deep hole drilling ON VA
Intermittent |check, verse cycle 1 OFF
feed Dwell
G84 V4 Cutting feed |In-position Cutting feed - Face tapping cycle ON Z
(G84.1) check, (Face Reverse Tap- OFF
Dwell ping Cycle)
Spindlereverse Pecking tapping cycle
rotation Deep-hole tapping cy-
cle
G85 Z Cutting feed |In-position Cutting feed - Face boring cycle ON VA
check, mode OFF
Dwell
G87 X Cutting feed |In-position Rapid tra- Possible |Longitudinal deep hole ON Y
Intermittent |check, verse drilling cycle 1 OFF X
feed Dwell
G88 X Cutting feed | In-position Cutting feed - Longitudinal tapping ON Y
(G88.1) check, cycle OFF X
Dwell (Longitudinal reverse
Spindlereverse tapping cycle)
rotation Pecking tapping cycle
Deep-hole tapping cy-
cle
G89 X Cutting feed | In-position Cutting feed - Longitudinal boring cy- ON Y
check, cle mode OFF X
Dwell
G83.2 Z/X |Cutting feed |In-position Rapid tra- Possible |Deep hole drilling cy- ON ZIX
Intermittent |check, verse cle2 OFF
feed Dwell
G187 | X/Y/Z |Cutting feed |- Rapid tra- - Thread milling cycle - -
verse

A fixed cycle mode can be canceled by G80 command and other hole machining modes or G command in the 01
group. At the same time, various other data will also be set to zero.

‘ Note

(1) Whether to set the reverse tapping cycle G codes to G84.1/G88.1 or G84/G88 (address D value is minus) is de-
termined according to the MTB specifications. (parameter "#1309 Gtype").
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The hole drilling axes and the positioning for the fixed cycle for drilling are shown in the outline drawing below.

(1) Initial point (R) R point

(1) G83 Xx1 Cc1 Zz1 Rr1 Qq1 Pp1 Ff1 Kk1 ; Face deep hole drilling cycle

(2) G83 Xx2 Cc2 Zz2 Rr2 Qg2 Pp2 Ff2 Kk2 ;

(3) G87 Zz3 Cc3 Xx3 Rr3 Qg3 Pp3 Ff3 Kk3 ; Longitudinal deep hole drilling cycle
(4) G87 Zz4 Cc4 Xx4 Rr4 Qq4 Pp4 Ff4 Kk4 ;

During the hole drilling cycle, the C axis (spindle) is clamped so that it does not move.
Commands M03, M04 and MO05 (forward rotation, reverse rotation and stop) operate to the rotary tools.
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m Detailed description

Basic operations of fixed cycle for drilling

The actual operation consists of the following seven movements.

@ () @,

(3) 7)
(R)

4) 6)

®)
() Initial point (R) R point

(1) This denotes the positioning (by rapid traverse) to the X (Z) and C axis initial point.
If",1" (Positioning axis in-position width) is designated, in-position check will be carried out after the block is com-
pleted.

(2) This will be output if the M code for C-axis clamping is issued.

(3) This denotes the positioning (by rapid traverse) to the R point.

(4) Hole machining is conducted by cutting feed.
If",J" (Hole drilling axis in-position width) is designated, in-position check will be carried out after the block com-
pletes. Note that in case of deep drilling cycle 1 or 2, in-position check will not be carried out for hole drillings in
the program. It will be carried out at designated hole bottom position (the last hole drilling).

(5) This operation takes place at the hole bottom position and it differs according to the fixed cycle modes including
the rotary tool reverse rotation (M04), rotary tool forward rotation (M03) and dwell.

(6) This denotes the returning to the R point.
(7) This denotes the returning to the initial point by rapid traverse.

(Operations 6 and 7 may become a single operation depending on the fixed cycle mode.)

‘ Note

+In the synchronous tapping command, the position of an in-position check will differ depending on the parameter
setting.
(Refer to "13.5.2 Face Tapping Cycle (Longitudinal Tapping Cycle) / Face Reverse Tapping Cycle (Longitudinal
Reverse Tapping Cycle); G84 (G88)/G84.1 (G88.1)" (General format).)

+*Whether the fixed cycle is to be completed at operation 6 or 7 can be selected by G98/G99 commands. (Refer to
"13.5.8 Initial Point and R Point Level Return; G98, G99".)

Difference between absolute command and incremental command

For absolute command For incremental command

g

o
-r
" (R)§‘ ot R ¥ T
h é [
N

I

(R) R point
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13.5.1 Face Deep Hole Drilling Cycle 1 (Longitudinal Deep Hole Drilling Cycle 1) ; G83 (G87)

g Command format

Face deep hole drilling cycle 1

(683 X/U__ C/H__ZW__ Rr Qq Pp Ff Kk Mm ;

X/U C/H Designation of hole position initial point (absolute/incremental position)
Data for positioning X and C axes
ZIW Designation of hole bottom position (absolute/incremental position from R point) (modal)
Rr Designation of R point (incremental position from initial point) (sign ignored) (modal)
Qq Designation of cut amount for each cutting pass with G83 (G87). Always incremental position,
radius value (sign ignored)
Pp Designation of dwell time at hole bottom point (modal)
Relationship between time and designated value is same as for G04 designation.
Ff Designation of feed rate for cutting feed (modal)
Kk Designation of number of repetitions, 0 to 9999 (standard value = 1)
Mm Designation of miscellaneous command

Basically this commands the spindle forward rotation for the M address during the asynchro-
nous tapping of the forward tapping. The spindle reverse rotation performs false movement un-
less the value is set to the spindle forward rotation code + 1.

Longitudinal deep hole drilling cycle 1

G87 ZIW__ C/H__ X/U__RrQq Pp Ff Kk Mm ;

Z/W C/H Designation of hole position initial point (absolute/incremental position)
Data for positioning Z and C axes

XU Designation of hole bottom position (absolute/incremental position from R point) (modal)
Rr Same as face deep hole drilling cycle 1

Qq Same as face deep hole drilling cycle 1

Pp Same as face deep hole drilling cycle 1

Ff Same as face deep hole drilling cycle 1

Kk Same as face deep hole drilling cycle 1

Mm Same as face deep hole drilling cycle 1

Precautions

(1) For the longitudinal deep hole drilling cycle 1 (G87), designate Z/W to the hole position initial point and X/U to
the hole bottom position.

(2) The designation of the hole position initial point is non-modal. When G83 (G87) command is to be executed con-
tinuously, designate them block by block.

(3) Q command is non-modal. Designate them block by block.

(4) K command is non-modal. When K command is not issued, it is regarded as K1. When KO is designated, the
hole machining data are stored in the memory but no holes will be machined.
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m Detailed description

When the Q command is issued (deep hole drilling)

(Pa) (Mb),(Pb)

ZIX 0

G99 G9s8 (R)

(1) Retract amount "d" is set by the parameter (#8013 G83 n). The tool returns at rapid traverse.

(2) (Ma) ... The M code (Mm) is output when there is a C-axis clamping M code command (Mm).

(3) (Mb) ... The C-axis unclamping M code (C-axis clamp M code + 1 = Mm + 1) is output when there is
a C-axis clamping M code command (Mm).

(4) (Pa) ... Dwell is performed for the duration equivalent to the time designated by P.

(5) (Pb) " ... After the C-axis unclamping M code (Mm + 2) is output, dwell is performed for the duration

equivalent to the time set by the parameter (#1184 clmp_ D).

When the Q command is not present (drilling)

(Pa)

ZIX (1)
G99 G98

G83 (G87)X(z)_C__Z(x)__Rr Pp Ff Kk Mm ;
See "When the Q command is present (deep hole drilling)" for details on (Ma), (Mb), (Pa), (Pb).

W Precautions

Refer to "Precautions When Using a Fixed Cycle for Drilling".
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13.5.2 Face Tapping Cycle (Longitudinal Tapping Cycle) / Face Reverse Tapping Cycle (Longitudinal
Reverse Tapping Cycle); G84 (G88)/G84.1 (G88.1)

E Command format

Face tapping cycle

‘G84(G84.1) X/U__ C/H__Z/W__ Rr1 Pp Ff(Ee) Kk Dd Ss1,Ss2 ,Rr2 Mm ;

G84(G84.1) G84 Face tapping cycle mode
G84.1 Face tapping cycle mode (the tap rotation direction is reversed)
X/U C/H Designation of hole position initial point (absolute/incremental position)
Data for positioning X and C axes
ZIW Designation of hole bottom position (absolute/incremental position from R point) (mod-
al)
Rr1 Designation of R point (incremental position from initial point) (sign ignored) (modal)
Pp Designation of dwell time at hole bottom point. Relationship between time and desig-

nated value is same as for G04 designation. (modal)

Ff During synchronous tapping: Designation of drilling axis feed amount (tapping pitch) per
spindle revolution (modal)
During asynchronous tapping: Designation of the feedrate for cutting feed (modal)

Ee Cutting feedrate at synchronous tapping (Number of screw threads per inch)
If this command is issued simultaneously with the F command, the F command is valid.
Kk Designation of number of repetitions, 0 to 9999 (standard value = 1)
Dd Designation of spindle used in tapping cycle (modal) (Setting range: 1 to No. of spin-
dles)
Ss1 Designation of spindle rotation speed

(During synchronous tapping, the S command in the command format with a spindle
No. (example: "S2 = 2000") is ignored.)

,Ss2 Designation of spindle rotation speed at return (Valid only during synchronous tapping
mode. This setting is ignored during other modes. )

,Rr2 Synchronization method selection (r2=1 synchronous, r2=0 asynchronous)
(When omitted, the mode will follow the setting of parameter "#8159 Synchronous tap")

Mm Designation of miscellaneous command

(Basically this commands the spindle forward rotation for the M address during the
asynchronous tapping of the forward tapping. The spindle reverse rotation performs
false movement unless the value is set to the spindle forward rotation code + 1.)
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Longitudinal tapping cycle

G88(G88.1) ZIW__ C/H__ X/U__Rr1 Pp Ff(Ee) Kk Dd Ss1,Ss2 ,Rr2 Mm ; |

G88(G88.1) G88 Longitudinal tapping cycle mode
G88.1 Longitudinal reverse tapping cycle mode (the tap rotation direction is reversed)
Z/W C/H Designation of hole position initial point (absolute/incremental position)
Data for positioning Z and C axes
X/U Designation of hole bottom position (absolute/incremental position from R point) (mod-
al)
Rr1 Same as face tapping cycle.
Pp Same as face tapping cycle.
Ff Same as face tapping cycle.
Ee Same as face tapping cycle.
Kk Same as face tapping cycle.
Dd Same as face tapping cycle.
Ss1 Same as face tapping cycle.
,Ss2 Same as face tapping cycle.
,Rr2 Same as face tapping cycle.
Mm Same as face tapping cycle.

445 IB-1501619-A



M800V/M80V Series Programming Manual (Lathe System) (1/2)

13 Fixed Cycle
13.5 Fixed Cycle for Drilling

Pecking tapping cycle/deep-hole tapping cycle

‘G84(G88, G84.1, G88.1) X/U__ C/H__Z/W__ Rr1 Qq Ff (Ee) Pp Ss1,Ss2 ,li ,Jj ,Rr2 Dd Kk Mm ;

G84(G88, G84.1, G84 Face tapping cycle mode

G88.1) G88 Longitudinal tapping cycle mode
G84.1 Face tapping cycle mode (the tap rotation direction is reversed)
G88.1 Longitudinal reverse tapping cycle mode (the tap rotation direction is reversed)

X/U C/H Designation of hole position initial point (absolute/incremental position)

(For G84, G84.1) Data for positioning X and C axes

ZIW Designation of hole bottom position (absolute/incremental position from R point) (mod-

(For G84, G84.1) |al)

Z/W C/H Designation of hole position initial point (absolute/incremental position)

(For G88, G88.1) Data for positioning Z and C axes

X/U Designation of hole bottom position (absolute/incremental position from R point) (mod-

(For G88, G88.1) |al)

Rr1 Designation of R point (incremental position from initial point) (sign ignored) (modal)

Qq Designation of cut amount for each cutting pass. Always specify this using a radius val-
ue with incremental position. (sign ignored)(modal)

Ff During synchronous tapping: Designation of drilling axis feed amount (tapping pitch) per
spindle revolution (modal)
During asynchronous tapping: Designation of the feedrate for cutting feed (modal)

Ee Specify the number of tap threads per 1-inch feed of Z axis

Pp Designation of dwell time at hole bottom point. Relationship between time and desig-
nated value is same as for G04 designation. (modal)

Ss1 Designation of spindle rotation speed
(During synchronous tapping, the S command in the command format with a spindle
No. (example: "S2 = 2000") is ignored.)

,Ss2 Designation of spindle rotation speed at return (Valid only during synchronous tapping
mode. This setting is ignored during other modes. )

Ji Specify the positioning axis in-position width

Jj Specify the drilling axis in-position width

,Rr2 Synchronization method selection (r2=1 synchronous, r2=0 asynchronous)
(When omitted, the mode will follow the setting of parameter "#8159 Synchronous tap")

Dd Designation of spindle used in tapping cycle (modal) (Setting range: 1 to No. of spin-
dles)

Kk Designation of number of repetitions, 0 to 9999 (standard value = 1)

Mm Designation of miscellaneous command
(Basically this commands the spindle forward rotation for the M address during the
asynchronous tapping of the forward tapping. The spindle reverse rotation performs
false movement unless the value is set to the spindle forward rotation code + 1.)
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Caution

(1) The designation of the hole position initial point is unmodal. When tapping cycle command is to be executed con-
tinuously, designate them block by block.

(2) If a value other than zero is specified to address Q when the specification for Pecking tapping cycle/Deep-hole
tapping cycle is valid, either pecking or deep-hole tapping cycle is executed instead of normal tapping cycle.
Which function is valid is determined according to the MTB specifications (parameter "#1272 ext08/bit4").

(3) K command is unmodal. When K command is not issued, it is regarded as K1. When KO is designated, the hole
machining data are stored in the memory but no holes will be machined.

(4) The command method for reverse tapping cycle varies depending on the MTB specifications.

When designating the reverse tapping cycle by G84/G88, set a minus value to D command.
When designating the reverse tapping cycle by G84.1/G88.1, set a positive value to D command.

(5) While multiple-spindle control Il is being executed, do not issue a D command. A program error (P32) will occur
if commanded.

(6) When D command is omitted, the spindle designated with the spindle selection command will be selected.

(7)",S" command is held as a modal information. If the value of ",S" command is smaller than the spindle rotation
speed, the operations depend on the MTB specifications (Whether it operates on the spindle rotation speed at
the return or on the spindle rotation speed of S command is determined according to the parameter "#1241
set13/bit7" setting.)
If the spindle rotation speed is not "0" during return, the tapping retract override value "#1172 tapovr" will be in-
valid.
When ",S" command is omitted or when ",S0" is commanded, the value of "spindle rotation speed at return" is
obtained by the following formula.

((S command value) x (setting value of the parameter "#1172 tapovr")) / 100
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m Detailed description

Normal tapping cycle (When Q is not designated)

(A
(Pa) (Ma)
(B) O—MP>—P
ZIX G98
(R) 0
G99 (Mb),(Pb)
(Ma) The M code (Mm) is output when there is a C-axis clamping M code command (Mm).
(Mb) The C-axis unclamping M code (C-axis clamp M code + 1 = Mm + 1) is output when there is a C-
axis clamping M code command (Mm).
(Pa) Dwell is performed for the duration of time commanded by P.
(Pb) After the C-axis unclamping M code (Mm + 2) is output, dwell is performed for the duration of time
set by the parameter (#1184 clmp_D).
(R) R point
) Initial point

With the reverse tapping cycle G84.1 (G88.1), the tapping rotation direction is reversed.

(1) When G84(G88) is executed, the override will be canceled and automatically be set to 100%.

(2) Dry run is valid for the positioning command when the control parameter "GO0 DRY RUN" is ON. If the feed hold
button is pressed during G84(G88) execution, the block stops after returning operation is completed.

(3) During single block operation, the axis will not stop at the turning point of tapping cycle.

(4) During the G84 (G88) modal, the "Tapping" "NC output" signal will be output.

(5) During the G84 (G88) synchronous tapping modal, the M3, M4, S code, etc. will not be output.
(6) The tool stops at the R point and the "rotary tool forward rotation" signal is output. (A)

(7) The rotation of the rotary tool is reversed at the hole bottom and tapping is performed. (B)

(8) The fixed cycle subprograms should be edited if the rotary tool stop (M05) command is required before the "rotary
tool reverse (M04)" or "forward rotation (M03)" signal is output.

(9) Whether to set the reverse tapping cycle G codes to G84.1/G88.1 or G84/G88 (address D value is minus) is de-
termined according to the MTB specifications. (parameter "#1309 Gtype").

(10) When it is interrupted by such as the emergency stop during the tapping cycle, enable the "Tap retract" signal
(TRV); a tool can be taken out from the workpiece by tap retract operation.
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Pecking Tapping Cycle (When the Q command is designated #1272 ext08/bit4=0)

In deep-hole tapping, the load applied to the tool can be reduced by designating the depth of cut per pass and cutting
the workpiece by a multiple number of times.

In the 2nd and subsequent cuts, the tool retracts with reverse tap rotation by the retract distance (d) specified by
parameter from the previous cut position. And then it cuts the depth (q + d) with forward tap rotation. (In G84.1/
G88.1, forward tapping and reverse tapping are reversed.)

The retract amount (d) is set by the parameter "#8018 G84/G74 n". The tool returns at rapid traverse. When the
parameter is "0", this becomes the normal tapping cycle.

q q q r
d~___0 (Ma)
d |e

q 3999\/v<
(Mb)|(Pb) Go8
ZIX (R) h
(Ma) The M code (Mm) is output when there is a C-axis clamping M code command (Mm).
(Mb) The C-axis unclamping M code (C-axis clamp M code + 1 = Mm + 1) is output when there is a C-axis
clamping M code command (Mm).
(Pa) Dwell is performed for the duration of time commanded by P.
(Pb) After the C-axis unclamping M code (Mm + 2) is output, dwell is performed for the duration of time set
by the parameter (#1184 clmp_D).
(R) R point
()] Initial point
d Retract amount (parameter "#8018 G84/G74 n")

(1) When G84 (G88/G84.1/G88.1) is executed, the override will be canceled and automatically be set to 100% in
the cutting operation. During a pulling operation from the hole bottom to the R point, the override set in the pa-
rameter "#1172 tapovr" will be enabled. Note that, however, it will be disabled during a return operation by "return
amount d".

(2) Dry run is valid for a positioning command when the parameter "#1085 GO0 DRY RUN" is "1". If the feed hold
button is pressed during G84 (G88) execution, the tool does not stop immediately during cutting or returning, but
stops after completing an R point return.

(3) During single block operation, the tool does not stop when cutting or returning, but stops after completing an R
point/initial point return.

(4) During the G84 (G88/G84.1/G88.1) mode, the "NC output" signal "Tapping" will be output.
(5) During the G84 (G88/G84.1/G88.1) synchronous tapping modal, the M3, M4, M5 and S code will not be output.

(6) Whether to set the reverse tapping cycle G codes to G84.1/G88.1 or G84/G88 (address D value is minus) is de-
termined according to the MTB specifications. (parameter "#1309 Gtype").

(7) If the command value of F becomes extremely small such as around "F < 0.01 mm/rev" during synchronous tap-
ping, the spindle does not rotate smoothly. So make sure to command a value larger than 0.01 mm/rev. The unit
of F can be selected between mm/rev and mm/min.
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(8) If the "external deceleration” signal is turned ON during synchronous or asynchronous tapping, the feed rate does
not change even when deceleration conditions are satisfied.

(9) If the operation is interrupted by a cause such as an emergency stop or reset during the pecking tapping cycle,
a tap retract is executed when the "tap retract" signal is input.

(10) When the "reference position return" signal is input during the pecking tapping cycle, a tap retract is carried
out, and a reference position return will be executed from the end point of the tap retract.

Deep-hole tapping cycle (When the Q command is designated #1272 ext08/bit4=1)

In deep-hole tapping, the load applied to the tool can be reduced by designating the depth of cut per pass and cutting
the workpiece by a multiple number of times.

When repeating cutting by the depth of cut (q) in forward tapping, the tool is returned to the R pointin reverse tapping
after every cutting. (In G84.1/G88.1, forward tapping and reverse tapping are reversed.)

q q q r
< > > <
(Ma)
S SANAAN Y
AAAWAAVAUVAY, o
WN}N\/\/\N\/\/\/\N\/‘—
|
|
|
(Pa) S NNAVNVWVMANMVIWAA
—x/\/\/\N\/\N\/\/\/\/\/\/\/\/\/\/\/\/\/\/‘-NE?Q/‘*D
(Mb)| (Pb) Gosg
Z/IX (R) )
(Ma) The M code (Mm) is output when there is a C-axis clamping M code command (Mm).
(Mb) The C-axis unclamping M code (C-axis clamp M code + 1 = Mm + 1) is output when there is a C-
axis clamping M code command (Mm).
(Pa) Dwell is performed for the duration of time commanded by P.
(Pb) After the C-axis unclamping M code (Mm + 2) is output, dwell is performed for the duration of time
set by the parameter (#1184 clmp_D).
(R) R point
(U} Initial point

(1) When G84 (G88/G84.1/G88.1) is executed, the override will be canceled and automatically be set to 100% in
the cutting operation. And the override set in the parameter "#1172 tapovr" will also be disabled.

(When "#1272 ext08/bit5" = 1, the setting of "#1172 tapovr" will be enabled only during a pulling operation)

(2) Dry run is valid for a positioning command when the parameter "#1085 GO0 DRY RUN" is "1". If the feed hold
button is pressed during G84 (G88) execution, the tool does not stop immediately during cutting or returning, but
stops after completing an R point return.

(3) During single block operation, the tool does not stop when cutting or returning, but stops after completing an R
point/initial point return.

(4) During the G84 (G88/G84.1/G88.1) mode, the "NC output" signal "Tapping" will be output.

(5) During the G84 (G88/G84.1/G88.1) synchronous tapping modal, the M3, M4, M5 and S code will not be output.

(6) Whether to set the reverse tapping cycle G codes to G84.1/G88.1 or G84/G88 (address D value is minus) is de-
termined according to the MTB specifications. (parameter "#1309 Gtype").

(7) If the command value of F becomes extremely small such as around "F < 0.01 mm/rev" during synchronous tap-
ping, the spindle does not rotate smoothly. So make sure to command a value larger than 0.01 mm/rev. The unit
of F can be selected between mm/rev and mm/min.

IB-1501619-A 450



M800V/M80V Series Programming Manual (Lathe System) (1/2)
13 Fixed Cycle
13.5 Fixed Cycle for Drilling

(8) If the "external deceleration” signal is turned ON during synchronous or asynchronous tapping, the feed rate does
not change even when deceleration conditions are satisfied.

(9) If the operation is interrupted by a cause such as an emergency stop or reset during the deep-hole tapping cycle,
a tap retract is executed when the "tap retract" signal is input.

(10) When the "reference position return” signal is input during the deep-hole tapping cycle, a tap retract is carried
out, and a reference position return will be executed from the end point of the tap retract.

Precautions when commanding the tool spindle number (Dd1)

(1) The setting range of the command value is "1 to the number of available spindles". A program error (P35) will
occurred if the setting value is outside the range.

(2) When multiple-spindle control Il is valid, the spindle is selected from the PLC, so do not issue a Dd1 command.
A program error (P32) will occur if commanded.

(3) When Dd1 command is omitted, the spindle designated with the spindle selection command will be selected.

Synchronous/asynchronous tap selection

(1) Selecting with a program command

".R" address of tap cycle

(Tap cycle G code) Xx1 Cc1 Zz1 Rr1 Pp1 Ff(Ee) Kk1 Dd1 Ss1 ,Ss2 ,Rr2 Mm1 ;

When r2 is set to "1", the synchronous tapping mode is applied. When r2 is set to "0", the asynchronous tapping
mode is applied.

(2) Selecting with parameters
User parameters

# Item Details Setting range
8159 Synchronous tap- |0: Handles the tapping cycles as the tapping cycles with a |0/1
ping floating tap chuck. (asynchronous tapping)

1: Handles the tapping cycles as the tapping cycles with-
out a floating tap chuck. (Synchronous tap)

The tapping command will be synchronous tapping cycle when this parameter is turned ON.
(3) Selecting with M function
Basic specification parameters

# Item Details Setting range
1272 (PR) |ext08 bit1 M-function synchronous tapping cycle valid. 0: Invalid
1: Valid

Synchronous tapping can be selected with the M function when this parameter is ON.
This parameter requires the CNC to be turned OFF after the settings. Turn the power OFF and ON to enable the
parameter settings.

Basic specification parameters

# Item Details Setting range

1513 stapM M code for synchronous tapping selection 0 to 99999999

The synchronous tapping mode is selected with the miscellaneous function code set with this parameter.
The M function can be commanded just before or in the same block as the tapping command.

<Note>
+Do not use MO0, 01, 02, 30, 96, 97, 98 and 99.
(Example)

M29 ; (M command synchronous tapping)
G84 Z750. R20. F2.; or G84 Z50. R20. F2. M29 ;
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The selection of synchronous and asynchronous tapping by the three items above will follow the combination
shown below.

Combination

Program command (,R0/1) 0 0 0 0 1 1 1 1 No command
#8159 Synchronous tap 0 0 0 1 1 0 0 1 1
M function code (M**) x o |x o x o x o x o |x o

Synchronous/asynchronousse- /A |[A |[A |[A |[B |[B (B (B |A |[B |B |[B
lection

x  Does not command A Asynchronous tap

o  Commands B Synchronous tapping

Canceling synchronous tapping selection
To cancel the synchronous tapping selection, command reset, G80 (fixed cycle for drilling cancel), 01 group G code
or other fixed cycle G codes.

Feed per minute command of the synchronous tapping

Enable the feed per minute command of the synchronous tapping by the setting of parameter "#1268 ext04/bit2".
When this parameter is valid, G94 and G95 modal will be applied.

During G94 modal (feed per minute) |During G95 modal (feed per revolution)
#1268/bit2 = 1 Feed per minute (*1) Feed per revolution (*2)
#1268/bit2 =0 Feed per revolution (*2) Feed per revolution (*2)

(*1) The F command is set to feed per minute (mm/min, inch/min).
Pitch = F command value / S command value

(*2) The F command is set to feed per revolution (mm/rev, inch/rev).

‘ Note

(1) The G94 command, which is a modal command, is valid until the G95 (feed per revolution) command is issued
next.

(2) If the E address (number of screw threads per inch) is issued while feed per minute is valid, the program error
(P32) will occur.

(3) The F address of the synchronous tapping command does not affect the F modal for cutting feed.

Range restriction of maximum cutting feedrate command for synchronous tapping

You can restrict the maximum value (minimum value of the E address for the number of screw threads) of the pitch
F address for synchronous tapping (parameter "#19004 tap feedrate limit"). The program error (P184) will occur if
the machining program is executed when the value of "F" address (pitch) exceeds the maximum value or when the
value of "E" address (number of the screw threads per inch) is below the minimum value.

When the parameter "#19004" is set to "0", the pitch command by the F address is set as follows.

Command unit Pitch F E setting (number of screw threads) (*1)
B (0.001 mm) 0.001 to 999.999 mm/rev 0.0255 to 999.99 screw threads/inch
C (0.0001 mm) 0.0001 to 999.9999 mm/rev 0.026 to 999.999 screw threads/inch
D (0.00001 mm) 0.00001 to 999.99999 mm/rev 0.0255 to 999.9999 screw threads/inch
E (0.000001 mm) 0.000001 to 999.999999 mm/rev 0.02541 to 999.99999 screw threads/inch
B (0.0001 inch) 0.000001 to 39.370078 inch/rev 0.03 to 9999.9999 screw threads/inch
C (0.00001 inch) 0.0000001 to 39.3700787 inch/rev 0.026 to 9999.99999 screw threads/inch
D (0.000001 inch) 0.00000001 to 39.37007874 inch/rev 0.0255 to 9999.999999 screw threads/inch
E (0.0000001 inch) 0.000000001 to 39.370078740 inch/rev |0.02541 to 9999.9999999 screw threads/inch

(*1) When feed per minute is commanded, the pitch calculation result for the spindle rotation speed is range-restrict-
ed in this parameter setting.
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Spindle acceleration/deceleration pattern during synchronous tapping

This function enables to make spindle acceleration/deceleration pattern closer to that of the speed loop by dividing
the spindle and drilling axis acceleration/deceleration pattern into up to three stages during synchronous tapping.
The acceleration/deceleration pattern can be set up to three stages for each gear.

When returning from the hole bottom, rapid return is possible at the spindle rotation speed during return. The spindle
rotation speed during return is held as modal information.

(1) When tapping rotation speed < spindle rotation speed during return < synchronous tapping changeover spindle
rotation speed 2

S3

S(s1)

T2
T T

A
\4

A 4

A

A
A

T 1

S1
Sl
S2
S3+ T2

<
<

A\ 4

S Command spindle rotation speed
s' Spindle rotation speed during return
S1 Tapping rotation speed (spindle specification parameters #3013 to #3016)

S2 Synchronous tapping changeover spindle rotation speed 2 (spindle specification parameters #3037 to
#3040)

S3 Maximum spindle rotation speed for synchronous tapping (spindle specification parameters #43046 to
#43049)
However, when those parameters are set to "0", processing is performed based on "#3005" to "#3008".
#3005 to #3008 can be designated using up to six digits (999999); however, they are limited to five
digits (99999) for this function.

T1 Tapping time constant (spindle specification parameters #3017 to #3020)
T2 Synchronous tapping changeover time constant 2 (spindle specification parameters #3041 to #3044)
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(2) When synchronous tapping changeover spindle rotation speed 2 < spindle rotation speed during return

SI
S1
S2

S3

T1
T2
T3

IB-1501619-A

s3 |
s2 1+
S(s1)
T3
— = ‘ >
T1 T >
T1'\ T1
s1
S2
S'(S3) -
- T3 %

Command spindle rotation speed
Spindle rotation speed during return
Tapping rotation speed (spindle specification parameters #3013 to #3016)

Synchronous tapping changeover spindle rotation speed 2 (spindle specification parameters #3037 to
#3040)

Maximum spindle rotation speed for synchronous tapping (spindle specification parameters #43046 to
#43049)

However, when those parameters are set to "0", processing is performed based on "#3005" to "#3008".
#3005 to #3008 can be designated using up to six digits (999999); however, they are limited to five digits
(99999) for this function.

Tapping time constant (spindle specification parameters #3017 to #3020)
Synchronous tapping changeover time constant 2 (spindle specification parameters #3041 to #3044)
Synchronous tapping changeover time constant 3 (spindle specification parameters #3045 to #3048)
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Synchronous tapping in-position check (Parameter setting values and tapping axis movement)

#1223 aux07 "P" designation of G84/G74 command | In-position check during syn-
bit3 bit4 bit5 bit2 chronous tapping
Synchro- Hole | R point | I point-> Hole bot-| R point || point ->
nous tap in- | bottom R point tom R point
position
check im-
provement
0 - - - - yes yes yes
1 - - - No "P" designation no no no
Example: G84 F1. Z-5. S1000 R-5.
1 1 1 1 "P" designation (*1) yes yes
Example: G84 F1. Z-5. S1000 PO R-5.
1 1 0 1 "P" designation (*1) no yes
Example: G84 F1. Z-5. S1000 PO R-5.
1 0 1 1 "P" designation no yes yes
Example: G84 F1. Z-5. S1000 PO R-5.
1 0 0 1 "P" designation no no yes
Example: G84 F1. Z-5. S1000 PO R-5.
1 1 1 0 "P" designation (*1) yes no
Example: G84 F1. Z-5. S1000 PO R-5.
1 1 0 0 "P" designation (*1) no no
Example: G84 F1. Z-5. S1000 PO R-5.
1 0 1 0 "P" designation no yes no
Example: G84 F1. Z-5. S1000 PO R-5.
1 0 0 0 "P" designation no no no
Example: G84 F1. Z-5. S1000 PO R-5.
(*1) Carry out in-position check by tapping in-position width.
J Note
(1) The | point refers to the initial point.
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In-position width and tapping axis movement for a synchronous tapping in-position check

(F) (a) (b) (c) FIN
@ R) @
)
R < b e b
(1) ) @) )
(F) Speed (T): Time
(Z) Hole bottom (R) R point

(a) In-position completion of the GO0 feed from the R point
(b) GO1 deceleration start at tapping cut-in

(c) GO1 deceleration start at tapping return

(d) Start of GO0 feed to the R point

(1) Section in which the in-position check is carried out by GOinps.
(2) Section in which the in-position check is carried out by Taplnp.
(3) Section in which the in-position check is carried out by G1inps.
(4) Section in which the in-position check is carried out by sv024.

R point: In-position check by the G1inps

| point: In-position check by the GQinps
Hole bottom: In-position check by Taplnp

IB-1501619-A 456



M800V/M80V Series Programming Manual (Lathe System) (1/2)
13 Fixed Cycle
13.5 Fixed Cycle for Drilling

Relation between the parameter setting values and tapping axis movement for a synchronous tapping in-
position check

#1223 aux07 Hole bottom wait time Operation at hole |OperationatR | Operation at |
bit3 bit4 | bit5 | bit2 bottom point point >R
point
Synchro- Hole R | point
nous tap in- | bottom | point | >R
position point
check im-
provement
0 - - - Time designated by "P" Operation determined |Operation de- |Operation de-
Several 10 ms as process- | by the settings of pa- |termined by the |termined by the
ing time when no "P". rameters "#1193 in- |settings of pa- |settings of pa-
pos" and "#1223 rameters rameters
aux07/bit1" "#1193 inpos" |"#1193 inpos"
and "#1223 and "#1223
aux07/bit1" aux07/bit1"
1 0 0 1 The larger value of "P" and |Wait until time in the Wait until com-
TapDwl (#1313) is valid.  |left column elapses. pletion of in-po-
No dwell is executed if both sition check by
values are "0". GOinps.
1 0 1 1 The larger value of "P" and |Wait until time in the |Wait until com- |Wait until com-
TapDwl (#1313) is valid.  |left column elapses. |pletion of in-po-|pletion of in-po-
No dwell is executed if both sition check by |sition check by
values are "0". G1inps. GOinps.
1 1 0 1 The larger value of "P" and |Wait until dwell time in Wait until com-
TapDwl (#1313) is valid.  |the left column elaps- pletion of in-po-
No dwell is executed if both |es after completion of sition check by
values are "0". in-position check. GOinps.
1 1 1 1 The larger value of "P" and |Wait until dwell time in |Wait until com- |Wait until com-
TapDwl (#1313) is valid.  |the left column elaps- |pletion of in-po- | pletion of in-po-
Several 10 ms as process- |es after completion of |sition check by [sition check by
ing time when both of them |in-position check. G1inps. GOinps.
are "0".
1 0 0 0 |Thelarger value of "P" and |Wait until time in the
TapDwl (#1313) is valid.  |left column elapses.
No dwell is executed if both
values are "0".
1 0 1 0 |Thelarger value of "P" and |Wait until time in the |Wait until com-
TapDwl (#1313) is valid.  |left column elapses. |pletion of in-po-
No dwell is executed if both sition check by
values are "0". G1inps.
1 1 0 0 The larger value of "P" and |Wait until dwell time in
TapDwl (#1313) is valid.  |the left column elaps-
No dwell is executed if both |es after completion of
values are "0". in-position check.
1 1 1 0 The larger value of "P" and |Wait until dwell time in |Wait until com-
TapDwl (#1313) is valid.  |the left column elaps- |pletion of in-po-
Several 10 ms as process- | es after completion of [sition check by
ing time when both of them |in-position check. G1inps.
are "0".

‘ Note

(1) The I point refers to the initial point.

(2) Note that vibration or deterioration in accuracy may occur when invalidating the in-position check at R point. Con-
firm the accuracy when invalidating it. Processing may take some time if no in-position check is performed at
each point.
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Relationship between synchronous tapping and other functions

(1) Spindle synchronization | / Spindle synchronization Il / Tool spindle synchronization IA or Tool spindle synchro-
nization IB (spindle-spindle polygon machining) / Tool spindle synchronization Il (hobbing)

+The synchronous tapping spindle cannot be commanded as the reference or synchronized spindle using the
functions above.
(The operation error (M01 1007) will occur, causing the automatic operation to be paused.)

+The reference spindle used for these functions cannot be commanded for synchronous tapping. (The operation
error (M01 1139) will occur, causing the automatic operation to be paused.)

+The synchronous tapping cannot be commanded for the synchronized spindle that is used in spindle synchro-
nization | / spindle synchronization Il / tool spindle synchronization IA or tool spindle synchronization IB (spin-
dle-spindle polygon machining). (The operation error (M01 1139) will occur, causing the automatic operation
to be paused.)

(2) Spindle superimposition control

+The synchronous tapping spindle cannot be commanded as the reference or superimposed spindle of the spin-
dle superimposition control. (The operation error (M01 1007) will occur, causing the automatic operation to be
paused.)

+The synchronous tapping cannot be commanded for the reference spindle that is used in the spindle superim-
position control. (The operation error (M01 1131) will occur, causing the automatic operation to be paused.)

Manual synchronous tapping

This function allows you to carry out tapping by selecting and moving the drilling axis with manual handle operation
after performing block stop or feed hold stop processing during synchronous tapping cycle.

Whether to synchronize the drilling axis for manual synchronous tapping with the spindle when moving it depends
on the MTB specifications. (Parameter "#11030 Man tap sync cancl")

Designate this command in the same format as for synchronous tapping.

[Operation procedure]
The following example shows the procedure when the parameter "#11030 Man tap sync cancl" is set to "0".

(1) Execute the synchronous tapping cycle program in the MDI mode.
G91 G84 X0 YO0 Z0 RO F2. S1000;
(2) Set to the handle mode.
(3) Determine the drilling position using the X/Y axis handle.
(4) Perform drilling using the drilling axis handle.
(5) Perform pulling out from the home bottom using the drilling axis handle.
(6) When continuing machining, return to step (4).
(7) Reset the G84 modal.

Spindle
/

Step (3)

i Depends on the parameter (#11030) setting.
Step (5)| | Step (4) 0 (OFF): Synchronizes with the spindle (tapping).
1 (ON): Does not synchronize with the spindle (positioning).

2

& > X

IB-1501619-A 458



M800V/M80V Series Programming Manual (Lathe System) (1/2)
13 Fixed Cycle
13.5 Fixed Cycle for Drilling

[Precautions and restrictions]

(1) The manual synchronous tapping is only required in the handle mode.

(2) If necessary, you can perform the manual synchronous tapping using the handle after switching to another op-
eration mode until it is reset or canceled with the G80 command.

(3) The spindle is synchronized in the pitch commanded with "F" of machining program G84 (G74).
(Example)
N1 G28 X0 YO0 Z0 ;
N2 G91 G0O1 F1000 ;
N3 G84 X-50. Y-50. Z-100. R-50. F2. S1000. ,R1;
N4 G80 M02 ;
When the handle is turned while the handle magnification is set to "100", the Z axis moves synchronously with
the spindle. "2mm/rev" is set to the F2 command, so the spindle rotates by one revolution when the handle is
turned by 20 pulses.

(4) For manual synchronous tapping, the acceleration/deceleration time constant is the same as for the normal han-
dle operation. Also, the tap return override is invalid.

(5) The spindle rotation speed for manual synchronous tapping is not clamped with parameters "#3013 stap1" to
"#3016 stap4" (maximum tapping rotation speed) in the S command of the program.

(6) Manual synchronous tapping becomes valid from the timing when block stop or feed hold stop mode is set during
automatic operation. However, the feed hold stop mode during cutting is changed to the block stop mode after
"cutting -> movement to R point".

(7) The dwell time (P command) at the hole bottom position is invalid during manual synchronous tapping.

(8) When the automatic operation is started in the miscellaneous function lock ("MST lock" ON), the spindle is not
synchronized even after block stop or feed hold stop processing has been ended.

(9) The manual synchronous tapping operation in 3-dimensional coordinate conversion is different from the above.
(Not supported.)

Synchronous tapping with analog I/F spindle (analog spindle synchronous tapping)

This function performs tapping using the analog-connected spindle. By using this function, various tapping cycle
functions can be used using the analog-connected spindle by inverter, etc.

When this function is used, the analog spindle with the function to control the spindle position needs to be connected.
Also, the parameter "#1295 ext31/bit6" (Analog spindle synchronous tapping ON) needs to be set to "1".

The voltage value to be output to the analog spindle is between -10V and 10V and it is determined by the ratio of
the commanded spindle speed of the analog spindle to the setting value of the parameters "#3001 slimit1" to "#3004
slimit4".

[Relationship with other functions]

(1) The following functions cannot be combined with the analog spindle synchronous tapping. If the analog spindle
synchronous tapping is commanded while the following function is used, the program error (P182) occurs.
+Coordinate rotation by program
+3-dimensional coordinate conversion
+Inclined surface machining
+Mixed control
+Arbitrary axis exchange control
+Control axis superimposition
+Arbitrary axis superimposition control
+Control axis synchronization between part systems

(2) When the reset or emergency stop is performed during the execution of the synchronous tapping with analog I/
F spindle, the tap retract can be used as well as the normal synchronous tapping. However, when the emergency
stop is canceled before commanding the tapping retract, the analog I/F spindle needs to be ready to rotate by a
voltage command from the NC.
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[Precautions]

(1) The pecking tapping cycle or deep-hole tapping cycle cannot be commanded while the analog spindle synchro-
nous tapping is used. If commanded, the program error (P182) occurs.

(2) The synchronous tap with multi-step acceleration deceleration cannot be used while the analog spindle synchro-
nous tapping is used. Command by setting the parameter "#1223 aux07/bit7" (Synchronous tap method) to "1".

(3) The high-speed synchronous tapping cannot be used while the analog spindle synchronous tapping is used. Re-
gardless of the value of the parameter "#1281 ext17/bit5" (High-speed synchronous tapping valid), the normal
synchronous tapping operation is performed.

(4) If the synchronous tapping is commanded to the analog spindle in multiple-spindle control mode when the pa-
rameter "#1295 ext31/bit6" (synchronous tapping with analog I/F spindle ON) is set to "0", the following error oc-
curs.

In multiple-spindle control | mode: Program error (P182)
In multiple-spindle control Il mode: Operation error (MO1 0054)

(5) The analog spindle synchronous tapping can be used only in one part system. In multiple-spindle control mode,
if the analog spindle synchronous tapping is performed in the part system other than the one designated with the
parameter "#11717 astap_sysno" (Analog spindle synch tap: Part system selection), the following errors occur.
In multiple-spindle control | mode: Program error (P182)

In multiple-spindle control Il mode: Operation error (M01 0054)

(6) When multiple spindles are selected using the multiple-spindle control, do not command the synchronous tap-
ping with the analog-connected spindle and the serial-connected spindle being mixed.

(7) With the analog spindle synchronous tapping, the synchronous tapping error display function is disabled and the
synchronous tapping error display always shows "0".

(8) If the reset or emergency stop is performed during analog spindle synchronous tapping, the voltage output value
to the spindle becomes "0" and the spindle operation stops.

Synchronous tapping by spindle control with pulse train output

This function performs tapping using the spindle controlled with pulse train output. By using this function, various
tapping cycle functions can be used using the spindle connected to the inverter, etc.

When this function is used, the inverter, etc. which supports the function to control the spindle operation with the
pulse train input needs to be connected. Also, the parameter "#1295 ext31/bit6" (Analog spindle synchronous tap-
ping ON) needs to be set to "1".

[Relationship with other functions]

(1) The following functions cannot be combined with the synchronous tapping using the pulse-train output spindle.
If the synchronous tapping using the pulse-train output spindle is commanded while the following function is
used, the program error (P182) occurs.
+Coordinate rotation by program

(2) When the reset or emergency stop is performed during the execution of the synchronous tapping with pulse train
output, the tap retract can be used as well as the normal synchronous tapping. However, when the emergency
stop is canceled before commanding the tapping retract, the connected inverter spindle needs to be ready to
rotate by the pulse train output from the NC.

(3) Spindle selection can be performed for the pulse-train output spindle by multiple-spindle control. However, to use
encoder input, set the pulse-train output spindle to the 1st spindle.

[Precautions]

(1) The pecking tapping cycle or deep-hole tapping cycle cannot be commanded for the synchronous tapping using
the pulse-train output spindle. If commanded, the program error (P182) occurs.

(2) The synchronous tap with multi-step acceleration deceleration cannot be used for the synchronous tapping using
the pulse-train output spindle. Regardless of the value of the parameter "#1223 aux07/bit7" (Synchronous tap
method), the acceleration/deceleration operation for synchronous tapping is performed in the conventional meth-
od.

(3) The high-speed synchronous tapping cannot be used for the synchronous tapping using the pulse-train output
spindle. Regardless of the value of the parameter "#1281 ext17/bit5" (High-speed synchronous tapping valid),
the normal synchronous tapping operation is performed.

(4) If the synchronous tapping is commanded to the pulse-train output spindle in multiple-spindle control mode when
the parameter "#1295 ext31/bit6" (synchronous tapping with analog I/F spindle ON) is set to "0", the following
error occurs.

In multiple-spindle control | mode: Program error (P182)
In multiple-spindle control 1| mode: Operation error (M01 0054)
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(5) The synchronous tapping error display function is disabled for the synchronous tapping using the pulse-train out-
put spindle, and the synchronous tapping error display always shows "0".

(6) If the reset or emergency stop is performed during the synchronous tapping using the pulse-train output spindle,
the controller stops outputting pulse signals to the spindle.

(7) For the spindle control with pulse train output, a different acceleration/deceleration control method is used at
spindle rotation command and synchronous tapping, compared to the normal spindle control. Therefore, to op-
erate a program that transitions from the spindle rotation command to the synchronous tapping command, wait
until the spindle has sufficiently slowed down, and issue the synchronous tapping command.

(8) If reset is performed during forward rotation or reverse rotation of pulse-train output spindle, the pulse train will
not stop being output, and the spindle remains rotated. However, if an emergency stop is performed during for-
ward rotation or reverse rotation, the controller stops outputting pulse signals to the spindle.

m Precautions

Refer to "13.5.7 Precautions When Using a Fixed Cycle for Drilling".
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13.5.3 Face Boring Cycle (Longitudinal Boring Cycle) ; G85 (G89)

g Command format

Face boring cycle mode

‘G85 X/U__C/H__Z/W__RrPp Ff Kk Mm ; |

X/U C/H Designation of hole position initial point (absolute/incremental position)

ZIW Designation of hole bottom position (absolute/incremental position from R point) (modal)

Rr Designation of R point (incremental position from initial point) (sign ignored) (modal)

Pp Designation of dwell time at hole bottom point. Relationship between time and designated
value is same as for G04 designation. (modal)

Ff Designation of feedrate for cutting feed (modal)

Kk Designation of number of repetitions, 0 to 9999 (standard value = 1)

Mm Designation of miscellaneous command

Basically this commands the spindle forward rotation for the M address during the asyn-
chronous tapping of the forward tapping. The spindle reverse rotation performs false
movement unless the value is set to the spindle forward rotation code + 1.

Longitudinal boring cycle mode

G89Z/W__ C/H__X/U__RrPp FfKk Mm ; \

Z/W C/H Designation of hole position initial point (absolute/incremental position)

XU Designation of hole bottom position (absolute/incremental position from R point) (modal)

Rr Designation of R point (incremental position from initial point) (sign ignored) (modal)

Pp Designation of dwell time at hole bottom point. Relationship between time and designated
value is same as for G04 designation. (modal)

Ff Designation of feedrate for cutting feed (modal)

Kk Designation of number of repetitions, 0 to 9999 (standard value = 1)

Mm Designation of miscellaneous command

Basically this commands the spindle forward rotation for the M address during the asyn-
chronous tapping of the forward tapping. The spindle reverse rotation performs false
movement unless the value is set to the spindle forward rotation code + 1.

Precautions

(1) For the longitudinal boring cycle (G89), designate Z/W to the hole position initial point and X/U to the hole bottom
position.

(2) The designation of the hole position initial point is unmodal. When G85(G89) command is to be executed con-
tinuously, designate them block by block.

(3) Q command is unmodal. Designate them block by block.

(4) K command is unmodal. When K command is not issued, it is regarded as K1. When KO is designated, the hole
machining data are stored in the memory but no holes will be machined.
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m Detailed description

f
(Pa) (Ma)
of
[ A
21X G98
(R) ("
G99 (Mb),(Pb)

(1) See "Face Deep Hole Drilling Cycle 1; G83" for details on (Ma),(Mb),(Pa),(Pb).

(2) The tool returns to the R point at a cutting feed rate which is double the designated feed rate command. However,
it does not exceed the maximum cutting feed rate.

W Precautions

Refer to "Precautions When Using a Fixed Cycle for Drilling".
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13.5.4 Deep Hole Drilling Cycle 2; G83.2

E Function and purpose

The deep hole drilling cycle 2 drills deep holes in the X-axis or Z-axis direction by commanding the X or Z coordinate
of the end point and the cut amount at cutting feed.

E Command format

Deep hole drilling cycle 2

‘683.2 WZIUX_ R_I_K_A_Q_J_F_; |
W/Z/U/X Incremental position from hole drilling start point/coordinates of hole bottom (sign valid)
R Incremental position from present position up to hole drilling start point (sign ignored)

(always radius value with incremental position.)

| Cut amount of first cutting pass (sign ignored) (always radius value with incremental po-

sition.)

K Cut amount of second and subsequent cutting passes (sign ignored) (always radius val-
ue with incremental position.)

A Drill stop safety distance for second and subsequent cutting passes (sign ignored) (al-
ways radius value with incremental position.)

Q Dwell time at cut point (sign ignored, decimal point invalid)

J Dwell time at return point (sign ignored, decimal point invalid)

F Cutting feed rate

‘ Note

(1) When A command is not issued, the parameter "#8013 G83 n" setting value is used.

(2) If the cut amount for either the first cutting pass (address "I") or the second and subsequent passes (address "K")
is not designated (including a command value = 0), the one designated will be used as | = K= command value.
If both commands are not designated, hole drilling will be performed down to the hole bottom at once.

Z W . R

A

A
A 4
A
A 4
A
A 4
h
A 4

Q : Dwell time at cut point J : Dwell time at return point

With single block operation, block stops upon completion of the deep hole drilling cycle 2 commands.
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m Detailed description

(1) When the axis address of the hole drilling axes is commanded several times in a block, the last address will be

valid.

(2) A program error (P33) will occur in the following commands.

(a) When both hole drilling axis X (command address X or U) and hole drilling axis Z (command address Z or W)

are commanded.

(b) When an axis other than X or Z (command addresses except X, U, Z and W) is commanded.

(3) When the feed hold button is pressed while the deep hole drilling cycle 2 is being executed, the automatic op-
eration stops and the remainder of the cycle will be executed when automatic operation is restarted.

(4) When an interruption is made by manual operation while the automatic operation is stopped (manual ABS switch
ON), the operation in the deep hole drilling cycle 2 modal is shifted from the automatic operation restart by an

amount equivalent to the movement caused by the interrupt.

@ Program example

(when deep hole drilling cycle 2 is used as a modal command)

G28 XZ;

G0 X0. Z0.;

(1)

G83.2 Z110.R20.130.K20.A5.Q1000 J500 F300. ;

(2)

X100.;

®)

X50.;

(4)

MO02;

70.

W Precautions

Refer to "13.5.7 Precautions When Using a Fixed Cycle for Drilling".
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13.5.5 Thread Milling Cycle; G187

E Function and purpose

This function is a fixed cycle that performs thread machining by helicoidally operating the tool referred to as a thread
milling tool. This function allows a thick female thread cutting or female thread cutting in any pitch that is impossible
using a tapping tool.

This function is a fixed cycle using circular interpolation (helical interpolation); therefore, plane selection is required
in advance.

g Command format

‘G187 XU_JK_P_F_D_Q_:

XU Designation of pole bottom position
JIK Arc radius, approach direction

P Pitch

F Feedrate

D Rotation direction

Q Dwell time
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m Detailed description

Detailed address setting

Address

Command range
(unit)

Remarks

X/

-99999.999 to
99999.999 (mm)

Designate the hole bottom position.

+If an axis other than the drilling axis is commanded or the address is omitted,
a program error (P33) will occur.

J/IK

-99999.999 to
99999.999 (mm)

Designate the arc radius and approach direction. The approach direction can
be designated with the address J/K and the sign of the commanded value.

(Example) If "J-5" is designated, the radius and direction are obtained as
shown below.
Arc radius: 5 (mm)
Approach direction: -Y direction

+ Designate the radius for helical operation, not the hole radius.
+For the arc radius, designate a radius value. A program error (P33) will occur
in the following cases.
+The drilling axis direction () has been designated.
+The command has been omitted, or two axes have been commanded simul-
taneously.
+The command value is set to "0".

0.001 to 99999.999
(mm)

Designate the pitch (drilling axis feed amount per revolution).
+For the pitch, designate a radius value.

+If the command is omitted, a program error (P33) occurs.

+If the command value is set to "0", a program error (P35) occurs.

0.001 to 10000000
(mm/min)

Designate the feedrate.

Designate the helical operation speed, not the cutting speed.

+The normal F modal value will not change.

+If the command is omitted or the command value is set to "0", a program error
(P62) occurs.

+In the same way as for the normal helical interpolation, the speed designation
is selected by the parameter "#1235 set07/bit0". (Based on the MTB specifi-
cations.)

0, 1

Designate the rotation direction.

0: CW

1: CCW

+If the command is omitted, the rotation direction is set to CW.

0 to 99999.999(s)

Designate the dwell period from the time when the axis moves from the hole
center to the radius direction to the time when the helical interpolation starts.

+*When the command is omitted, dwelling is not performed.
+The relationship between the time and designated value is the same as for
the values designated in "G04P".
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E Operation example

The thread milling cycle runs as shown below.

(1) The axis moves (approaches) with GO1 from the center of the hole to the radius direction.

(2) If the dwell time is designated, dwelling is performed.

(3) Helical interpolation is performed in the commanded pitches.

(4) After the hole bottom position has been reached, the axis moves to the center of the hole bottom with GO1.
(5) Pull out the tool vertically from the center of the hole bottom with GOO.

Differences from another fixed cycle for drilling (G80 to G89)

(1) Modal/Unmodal
The thread milling cycle (G187) is unmodal, which must be commanded for each cycle.
All the data commanded with the address is also unmodal.
(2) Hole drilling axis
The drilling axis is determined by plane selection (G17, G18, or G19).
For details, refer to "Relationship between plane selection and drilling axis".
(3) Command format
The hole position and the number of repetitions cannot be designated.
(4) Operation
Positioning to the initial point or R point is not performed.
Drilling is started using the position, at which the thread milling cycle (G187) is commanded, as the center.
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Relationship between plane selection and drilling axis

The drilling axis is determined by plane selection (G17, G18, or G19).
The axis (X, Y, Z, or its parallel axis) vertical to the plane designated in G17, G18, or G19 is used as the drilling axis.
The setting of the parameter "#1080 Dril_Z" is invalid for the thread milling cycle.

Plane selection Hole drilling axis
G17 (X-Y) Zp
G18 (Z-X) Yp
G19 (Y-2) Xp

Xp, Yp and Zp indicate the base axes X, Y and Z or an axis parallel to the base axis.

The command format, etc. of this function are explained, assuming that G19 (drilling axis = X axis) is designated for

plane selection.

In the following usage example, finishing is carried out up to the thread top by repeating the command that increases
the arc radius by degrees. Always designate the same value for the pitch (P).

NO1 G00 Z30.;

NO2 X45.;

NO3 G19;

N04 G187 X25. K2. P5. F100 DO;
NO05 G187 X25. K3. P5. F100 DO;
NO06 G187 X25. K4. P5. F100 DO;
NO7 G187 X25. K5. P5. F100 DO;

M30;

(S) Start point

X

NO1

. ]
)
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m Precautions

Refer to "13.5.7 Precautions When Using a Fixed Cycle for Drilling" in addition to the following description.

(1) When a manual interruption is performed in automatic operation "pause", the end point of the interrupted block
and the end point of the bock in thread milling cycle move parallel by the manual movement amount.
(The operation with the manual absolute (ABS) signal set OFF is performed during the thread milling cycle.)

(2) When the acceleration/deceleration mode switching in drilling cycle mode is valid and the override value is set

to 100% or less, the cycle time may become longer than that when the acceleration/deceleration mode switching
in drilling cycle mode is invalid.
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13.5.6 Fixed Cycle for Drilling Cancel; G80

m Detailed description

This cancels the fixed cycle for drilling. The hole machining mode and hole machining data are both canceled.
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13.5.7 Precautions When Using a Fixed Cycle for Drilling

W Precautions

(1)When G84 or G88 fixed cycle is commanded, the rotary tool must be rotated to the specified direction beforehand
by miscellaneous functions (M3, M4).

(2)If there is data for the basic axis, additional axis or R in the block during the fixed cycle mode, the hole drilling
operation will be executed. If there is not data, the hole drilling operation will not be executed.
Note that even with X axis data, if that block is a dwell (G04) time command, the hole drilling will not be executed.

(3)Command hole machining data (Q, P (A,1,K,Q,J for G83.2)) in the block in which hole drilling is carried out (block
containing data for the basic axis, additional axis or R).
The modal data is not updated if these data are commanded in blocks without hole drilling operation.

(4)The F modal may change when a reset is applied during execution of G85 (G89).

(5)The fixed cycle for drilling can also be canceled by 01 group G codes in addition to G80. If group 01 G code is
commanded in the same block as the fixed cycle, the fixed cycle is ignored.

(Example)
GO01 G83 X100. C30. Z50. R-10. Q10. P1 F100. ;
G83 G01 X100. C30. Z50. R-10. Q10. P1 F100. ;
In both cases, GO1 X100. C30. Z50. F100 is executed.

(6)When miscellaneous functions are commanded in the same block as fixed cycle commands, they are output si-
multaneously with the initial positioning.
Note that when the M code of the C axis clamp set in the parameters (#1183 clmp_M) is commanded in the same
block, the M code will be output after positioning.
After returning to the return point (G98 mode: initial point/G99 mode: R point) after hole drilling, the M code of
the C axis unclamp (clamp M + 1) will be output, and the axis dwells for the time set in the parameter (#1184
clmp_D).
When the number of rotations is designated, the above control will be carried out only for the first rotation, except
for M codes of the C axis clamp. C axis clamp/unclamp M commands work in modal, and are output at every
rotation until canceled by the fixed cycle cancel command.

(7)When tool length offset command (T function) is issued in the fixed cycle for drilling, they are executed according
to the tool length offset function.

(8)A program error (P155) will occur when a fixed cycle for drilling is commanded during tool nose R compensation.

(9)For the G code lists 2,4,6, the initial point level return is fixed. The return level cannot be changed with a G98/
G99 command. Note that a deferent function will be executed if G98/G99 is commanded.

(10)As shown below, in a block where the movement direction of either axis reverses, the servo system load will
greatly increase, so do not command the in-position width in the machining program.
GO0 X100.,110.0;
X-200.;

(11) If a tapping axis is under machine lock, normal synchronous tapping is applied even though high-speed syn-
chronous tap function is enabled.
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13.5.8 Initial Point and R Point Level Return; G98, G99

E Function and purpose

Whether to use R point or initial level as the return level in the final sequence of the fixed cycle can be selected.

E Command format

‘G98; ... Initial level return |

‘G99; ... R point level return |

m Detailed description

The relation of the G98/G99 mode and the number of repetition designation is as shown below. (l): Initial point, (R)
R point return

G98
No. of hole drilling | Program exam- . G
times ple (At power ON, at cancel with M02, 29
M30, and reset button)
G90 G83 X100. Wi W%
~ |2-50.R25.F1000 | o— o 7 |
Only one execution |- | I |
B |
1 |
(R) (1) (R) ()
Initial level return is executed. R point level return is executed.
(1) 2 (1) { 2
O0—__—P»0
G90 G83 X100.
Z-50. R25. L5 2 ) i (2)
Two or more execu- |F1000 @ A oy
tions ' '
(5) Owwvvo*‘i (5) o/vwwﬁ
O—_ _—»0 fo —»0
Initial level return is executed for all
times.
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13.5.9 Setting of Workpiece Coordinates in Fixed Cycle Mode

E Function and purpose

The designated axis moves in the workpiece coordinate system set for the axis.
The Z axis becomes valid from the R point positioning after positioning is completed or from Z axis movement.

‘ Note

(1) When the workpiece coordinates change, re-program the addresses Z and R, even if the values are the same.

(Example)
G54 Xx1 Zz1;

G83 Xx1Zz2 Rr2;

G55 Xx3 Zz2 Rr2 ; ...Re-command even if Z and R are the same as the previous value.
Xx4 ;

Xx5 ;
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13.5.10 Drilling Cycle High-Speed Retract

E Function and purpose

This function retracts the drill from the hole bottom at high speed in drilling machining. This helps extending the drill
life by reducing the time of drilling in vain at hole bottom.

%wg /
¢ ;

(1) )

The drill moves up at high-speed ((1) in the figure) and returns to the initial point or R point in rapid traverse ((2) in
the figure).

g Command format

The command format is the same as fixed cycle.
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m Detailed description

(1) When "#8123 H-spd retract ON" is ON, the tool is retracted from the hole bottom at high speed using the lost
motion compensation function.

(a) Set the lost motion compensation type 2 or 3 to the servo parameter. Then set the following parameters to
adjust the retract amount. These parameters depend on the MTB specifications.

+#2170 Lmc1QR (Lost motion compensation gain 1 for high-speed retract)
(corresponds to "#2216 SV016 (LMC1)" (Lost motion compensation 1))
+#2171 Lmc2QR (Lost motion compensation gain 2 for high-speed retract)
(corresponds to "#2241 SV041 (LMC2)" (Lost motion compensation 2))

(b) When the lost motion compensation timing, lost motion compensation 3 spring constant, or lost motion com-
pensation 3 viscous coefficient is set in addition to the ordinary lost motion compensations, its setting value
depends on the MTB specifications (parameter shown below).

+#2172 LmcdQR (Lost motion compensation timing for high-speed retract)
(correspond to "#2239 SV039 (LMCD)" (Lost motion compensation timing))

+#2173 LmckQR (Lost motion compensation 3 spring constant for high-speed retract)
(correspond to "#2285 SV085 (LMCK)" (Lost motion compensation 3 spring constant))

+#2174 LmccQR (Lost motion compensation 3 viscous coefficient for high-speed retract)
(correspond to "#2286 SV086 (LMCc)" (Lost motion compensation 3 viscous coefficient))

(c) If the hole drilling axis is synchronously controlled, set the same value in both parameters for master axis and
slave axis.

(2) While G80 (Fixed cycle cancel) command is issued, this function will be canceled by issuing any other fixed cycle
of the same group (Group 9) or any Group 1 command.

(3) This function is invalid during the following command modal:
In this case, the drill moves in the ordinary rapid traverse even if "#8123" is enabled.

+G68.1 (3-dimensional coordinate conversion)

(4) When the inclined axis control is valid and also, the hole drilling axis is an inclined axis or the basic axis of an
inclined axis, a high-speed retract is not performed. The drill moves in the ordinary rapid traverse.

(5) For axes of control axis synchronization between part systems, a high-speed retract of the synchronized axis will
not be performed.
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13.5.11 Acceleration/Deceleration Mode Change in The Fixed Cycle for Drilling

E Function and purpose

This function switches the acceleration/deceleration mode for fixed cycle for drilling between the constant-gradient
method and the acceleration/deceleration after interpolation.

E Command format

The command formats are the same as those of the fixed cycles G83, G87, and G83.2.

m Detailed description

With parameter "#1253 set25/bit2" (Acceleration/deceleration mode change in the fixed cycle for drilling) enabled,
operation will be as follows.

(1) Acceleration/deceleration mode will be either linear or soft method. (Unless soft acceleration/deceleration is ap-
plied, the linear method will always be applied.)

(2) Operation is performed based on the parameter setting that enables the constant-gradient acceleration/deceler-
ation after interpolation.
Acceleration/deceleration gradient for GO0 (rapid traverse) is determined with "#2001 rapid" (rapid traverse rate)
and "#2004 GOtL" (GO time constant (linear)), and acceleration/deceleration gradient for GO1 (cutting feed) is
determined with "#2002 clamp" (cutting feedrate for clamp) and "#2007 G1tL" (G1 time constant (linear)).
Refer to "7.8 Rapid Traverse Constant-gradient Acceleration/Deceleration” or "7.9 Cutting Feed Constant-gra-
dient Acceleration/Deceleration” for details on the constant-gradient acceleration/deceleration.
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E Operation example

Operation example of "acceleration/deceleration mode change in the fixed cycle for drilling" being enabled

The below illustrates the processes of hole-bottom deceleration check of a drilling axis following the parameter
"#19417 Hole dec check 2" settings.

(5) (a) Cut point

______ I b) Hole bottom
(3)% 0’\? o’ﬂ?(m) )

____________ & —
(b)
#19417 G83 | G87 G83.2
0 (a)Cut point Perform no deceleration check.
(b)Hole bottom Perform no deceleration check.
; (a)Cut point Command deceleration check
(b)Hole bottom Command deceleration check
5 (a)Cut point Command deceleration check ‘ Perform in-position check (sv024).
(b)Hole bottom Perform in-position check (sv024).
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13.6 Fixed Cycle for Drilling (MITSUBISHI CNC Special Format)

E Function and purpose

These fixed cycles are used to perform prepared sequences of machining programs, such as positioning, hole drill-
ing, boring and tapping in one block. The available machining sequences are listed in the table below.
This function is valid when the MITSUBISHI CNC special format is added (#1265 ext01/bit2 is ON).

G code Hole drilling start Operation at hole |Return operation Usage
(-Z direction) bottom (+Z direction)
Dwell |Spindle
G80 - - - - Cancel
G81 Cutting feed - - Rapid traverse Drill, spot drilling cycle
G82 Cutting feed Yes - Rapid traverse Drill, counter boring cycle
G83 Intermittent feed Yes - Rapid traverse Deep Hole Drilling Cycle
G83.1 |Intermittent feed Yes - Rapid traverse Stepping cycle
G84 Cutting feed Yes Re- Cutting feed Tapping cycle
verse Pecking tapping cycle
rotation Deep-hole tapping cycle
G84.2 |Cutting feed Yes Re- Cutting feed Synchronous tapping cycle
verse Pecking tapping cycle
rotation Deep-hole tapping cycle
G85 Cutting feed - - Cutting feed Boring cycle
G89 Cutting feed Yes - Cutting feed Boring cycle
G187  |Cutting feed - - Rapid traverse Thread milling cycle

A fixed cycle mode can be canceled by G80 command and other hole machining modes or G command in the 01
group. At the same time, various other data will also be cleared to zero.

For the basic operations of the fixed cycle for drilling, refer to "Basic operations of fixed cycle for drilling" in "Fixed
Cycle for Drilling; G80 to G89" (General format).
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m Detailed description

Positioning plane and hole drilling axis

The fixed cycle has basic control elements for the positioning plane and hole drilling axis. The positioning plane is
determined by the G17, G18 and G19 plane selection command, and the hole drilling axis is the axis perpendicular
(X, Y, Z or their parallel axis) to the above plane.

Plane selection Positioning plane Hole drilling axis
G17 (X-Y) Xp-Yp Zp
G18 (Z-X) Zp-Xp Yp
G19 (Y-2) Yp-Zp Xp

Xp, Yp and Zp indicate the basic axes X, Y and Z or an axis parallel to the basic axis.

An arbitrary axis other than the hole drilling axis can be commanded for positioning.
The hole drilling axis is determined by the axis address of the hole drilling axis commanded in the same block as
G81 to G89. The basic axis will be the hole drilling axis if there is no designation.

(Example 1) When G17 (X-Y plane) is selected, and the axis parallel to the Z axis is set as the W axis.

G81Z_; The Z axis is used as the hole drilling axis.
G81W_; The W axis is used as the hole drilling axis.
G81; The Z axis is used as the hole drilling axis. (No Z or W)

‘ Note

(1) Changeover of the hole drilling axis must be done with the fixed cycle canceled.
(2) A program error will occur if the hole drilling axis does not exist.

Programmable in-position width command in fixed cycle

This commands the in-position width for commanding the fixed cycle from the machining program.
The in-position width is commanded with the", I" address is commanded to the positioning axis, and the ",J" address
is commanded to the hole drilling axis.

Address

Meaning of address

Command range (unit)

Remarks

Positioning axis in-position
width
(position error amount)

Drilling axis in-position width
(position error amount)

1 t0 999.999 (mm)
1 gm unit

When a value exceeding the command range

is issued, a program error will occur.
Program error (P35)
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In-position check in fixed cycle

When L (number of repetitions) is designated two or more times in the fixed cycle,

will be valid in the repetition block (5) to (8) below.

G81 U-50. W-50. R-50. L2 F2000,10.2 ,J0.3 ;

the commanded in-position width

Operation pattern R J
) Valid -
(2) - Invalid
(3) - Invalid
(4) - Valid
(5) Valid -
(6) - Invalid
(7) - Invalid
(8) - Valid

Operation when number of repetitions L is designated

In the following machining program, the commanded in-position width is valid in the block in the figure below.
In the (B) block, the in-position width (, I) commanded regarding to positioning in the previous block (A) is invalid (5).
However, when returning from the hole bottom, the in-position width (, J) commanded in the previous block (A) is

valid (8).

To validate the in-position width for positioning, command again as shown in block (C) (9).

G81 U-50. W-50. R-50. F2000,10.2 ,J0.3; (A)

U-10.; (B)
U-10.,10.2; (C)
Operation pattern | W
@) Valid -
(3) - Invalid
M - Invalid
(4) - Valid
(5) Valid -
(6) - Invalid
(7) - Invalid
(8) - Valid
(9) Valid -
(10) - Invalid
(11) - Invalid
(12) - Valid
Operation in fixed cycle modal
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13.6.1 Drilling Cycle, Spot Drilling Cycle

g Command format

1 G81

681 Xx1(U) Zz1(W) Rr1 Ff1 LI li1 Jj ;

G81 Drilling cycle mode, spot drilling cycle mode

Xx1(U) Designation of hole position initial point (absolute/incremental position)

Zz1(W) Designation of hole bottom position (absolute/incremental position from R point)
Rr1 Designation of R point (incremental position from initial point) (sign ignored)

Ff1 Cutting feed rate

L1 Designation of number of repetitions (0 to 9999)

i1 Positioning axis in-position width

Wil In-position width for hole drilling

m Detailed description

Go8

G99

&)
(4)

(4)

2)

A

Z4

l

Iy

»
>

The operation stops at after the (1), (2) and (4) commands during single block operation.

Operation pattern i1 j Program
(1) Valid - G00 Xx1;
(2) - Invalid |GOO Zr1;
3) - Invalid |G01 Zz1 Ff1;
(4) - Valid |G00 Z-(z1+r1); G98 mode
G00 Z-z1; G99 mode
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13.6.2 Drilling Cycle, Counter Boring Cycle ; G82

g Command format

682 Xx1(U) Zz1(W) Rr1 Ff1 Pp1 LI li1 Jj1 ;

G82 Drilling cycle mode, counter boring cycle mode

Xx1(U) Designation of hole position initial point (absolute/incremental position)

Zz1(W) Designation of hole bottom position (absolute/incremental position from R point)
Rr1 Designation of R point (incremental position from initial point) (sign ignored)

Ff1 Cutting feed rate

L1 Designation of number of repetitions (0 to 9999)

Pp1 Designation of dwell time at hole bottom position (decimal points will be ignored)
i Positioning axis in-position width

Wi Drilling axis in-position width

m Detailed description

G T ¥

G99~ —

A

\ 4

z, ry
Operation pattern i1 j1 Program
(1) Valid - G00 Xx1;
(2) - Invalid |GOO Zr1;
3) - Invalid |GO01 Zz1 Ff1;
(4) - - G04 Pp1; Dwell
(5) - Valid GO0 Z-(z1+r1); G98 mode
GO00 Z-z1; G99 mode

The operation stops at after the (1), (2) and (5) commands during single block operation.
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13.6.3 Deep Hole Drilling Cycle; G83

g Command format

G83 Xx1(U) Zz1(W) Rr1 Qq1 Pp1 Ff1 LI JJi1 Jj1 ;

G83

Deep hole drilling cycle mode

Xx1(U)

Designation of hole position initial point (absolute/incremental position)

Zz1(W)

Designation of hole bottom position (absolute/incremental position from R point)

Rr1

Designation of R point (incremental position from initial point) (sign ignored)

Qq1

Cut amount for each cutting pass (incremental position)

Pp1

Designation of dwell time at hole bottom position (decimal points will be ignored)

Ff1

Cutting feed rate

L1

Designation of number of repetitions (0 to 9999)

i1

Positioning axis in-position width

Jjt

Drilling axis in-position width

IB-1501619-A
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m Detailed description

e (1)

Z4 I

m will differ according to the parameter "#8013 G83 n". Program so that q1 > m.

Operation pattern i j1 Program
(1) Valid - GO0 Xx1;
(2) - Invalid |[GO00 Zr1;
(3) - Invalid |GO01 Zq1 Ff1;
(4) - Invalid |[GO00 Z-q1;
(5) - Invalid |GO00 Z(g1-m);
(6) - Invalid [(GO01 Z(q1+m) Ff1;
(7) - Invalid (GO0 Z -2xqg1;
(8) - Invalid [GO00 Z (2xq1-m);
9) - Invalid |GO01 Z(q1+m) Ff1;
(10) - Invalid |GO00 Z-3xq1;
n-1 - Invalid |(GO04 Pp1; Dwell
n - Valid |GO00 Z-(z1+r1); G98 mode
GO00 Z-z1; G99 mode

As shown above, when executing a second and the following cuttings in the G83, the movement will change from
rapid traverse to cutting feed at several m[mm] before the position where the previous cutting was done. After reach-
ing the hole bottom, the axis will return according to the G98 or G99 mode.

The operation stops at after the (1), (2) and (n) commands during single block operation.
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13.6.4 Stepping Cycle; G83.1

g Command format

G83.1 Xx1(U) Zz1(W) Qq1 Rr1 Ff1 Pp1 LI i1 Jj1 ;

G83.1

Stepping cycle mode

Xx1(U)

Designation of hole position initial point (absolute/incremental position)

Zz1(W)

Designation of hole bottom position (absolute/incremental position from R point)

Qq1

Cut amount for each cutting pass (incremental position)

Rr1

Designation of R point (incremental position from initial point) (sign ignored)

Ff1

Cutting feed rate

Pp1

Designation of dwell time at hole bottom position (decimal points will be ignored)

L1

Designation of number of repetitions (0 to 9999)

i1

Positioning axis in-position width

Jjt

Drilling axis in-position width

IB-1501619-A
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m Detailed description

Qr G G
—>l—>le—> (1)
Gl @
4) S——0
m
(5)
(6)
4—’\/\/;:‘T
|
|
|
|
(n)-1 |
<J\/‘/V\/———I
G98 (n) I
o9 —~_( _—
) z, T
Operation pattern i j1 Program
) Valid - GO0 Xx1;
(2) - Invalid GO00 Zr1;
(3) - Invalid G01 Zq1 Ff1;
(4) - - G04 Ppf;
(5) - Invalid GO0 Z-m;
(6) - Invalid GO01 Z(gq1+m) Ff1;
n - Valid GO0 Z-(z1+r1); G98 mode
G00 Z-z1; G99 mode

As shown above, when executing a second and the following cuttings in the G83.1, the movement will return several
m[mm] at rapid traverse and then change to cutting feed. The return amount m will differ according to the parameter

"#8012 G73 n".

The operation stops at after the (1), (2) and (n) commands during single block operation.
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13.6.5 Tapping Cycle; G84

g Command format

|G84 Xx1(U) Zz1(W) Rr1 Qq1 Ff1 Pp1 LI JJi1 ,Jj1 ;

G84 Tapping cycle mode

Xx1(U) Designation of hole position initial point (absolute/incremental position)

Zz1(W) Designation of hole bottom position (absolute/incremental position from R point)

Rr1 Designation of R point (incremental position from initial point) (sign ignored)

Qq1 Designation of cut amount for each cutting pass with G83 (G87). Always specify this using a
radius value with incremental position. (sign ignored)

Ff1 Cutting feed rate

Pp1 Designation of dwell time at hole bottom position (decimal points will be ignored)

LI Designation of number of repetitions (0 to 9999)

il Positioning axis in-position width

Wi Drilling axis in-position width

If a value other than zero is specified to address Q when specifications are available for pecking tapping cycle or
deep-hole tapping cycle, either pecking or deep-hole tapping cycle is executed instead of normal tapping cycle.
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m Detailed description

Normal tapping cycle (When Q is not designated)

© Lo
G98 —\/v\/\/w—>>\_)/\>

® 1@
G99 MWW (g5

<& » »
l L L

Z, ry
Operation pattern i j1 Program
) Valid - GO0 Xx1;
(2) - Invalid GO0 zr1;
(3) - Invalid GO01 Zqg1 Ff1;
4) - - G04 Pp1;
(5) - - M4; Spindle reverse rotation
(6) - Invalid GO01 Z-z1 Ff1;
(7) - - GO04 Pp1;
(8) - - M3; Spindle forward rotation
9) - Valid GO00 Z-r1; G98 mode
No movement G99 mode

When G84 is being executed, the override will be canceled and the override will automatically be set to 100%. Dry
run is valid for the positioning command when the control parameter "#1085 GO0 DRY RUN" is ON. If the feed hold
button is pressed during G84 execution, the movement will not stop immediately, and instead, will stop after (6)
during sequences (3) to (6). During the rapid traverse in sequence (1), (2) and (9), the movement will stop immedi-
ately.

The operation stops at after the (1), (2) and (9) commands during single block operation.

During the G84 modal, the "Tapping" NC output signal will be output.

During the G84 synchronous tapping modal, the M3, M4, M5 and S code will not be output.

The feedrates for tapping retract are as follows.

Control parameter . .
G94/G95 F command value Feed designation
F1-digit value

OFF F designation Feed per minute
Go4 Other than FO to F8

ON FO to F8 F1-digit feed

(no decimal point)

G95 - F designation Feed per revolution

- is irrelevant to the setting
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Pecking tapping cycle (When the Q command is designated #1272 ext08/bit4=0)

(1)

@)
)r\_/() X1 ,C1

»/d
(n5)

(n3) (n4) (n6)|G99  (n7)
HVWWWWWWWWWMWWWWAVSO™ N __yd Gos
b z1 B r1 4
Operation pattern i j1 Program
(1 Valid - GO0 Xx1 Cc1 ,li1;
(2) - Invalid GO0 Zr1;
3) - Invalid GO01 Zqg1 Ff1;
(4) - - M4; Spindle reverse rotation
(5) - Invalid GO01 z-d Ff1;
(6) - - M3; Spindle forward rotation
(7) - Invalid GO01 Z(q1+d) Ff1;
(n1) - Invalid GO01 Z(z1-q1*n) Ff1;
(n2) - - GO04 Pp1;
(n3) - - M4;
(n4) - Invalid GO01 Z-z1 Ff1;
(n5) - - G04 Pp1;
(n6) - - M3;
(n7) - Valid GO00 Z-r1 ,lj1; G98 mode
No movement G99 mode

When G84 is being executed, the override will be canceled and the override will automatically be set to 100%.
During a pulling operation from the hole bottom to the R point, the override set in the parameter "#1172 tapovr" will
be enabled. Note however, it will be disabled during a return operation by the return amount d. Set the return amount
d in the parameter "#8018 G84/G74 n".

Dry run is valid when for a positioning command the parameter "#1085 GO0 DRY RUN" is "1".

If the feed hold button is pressed during G84 execution, the operation stops immediately during a rapid traverse feed
of (1), (2) and (n7). For (3) to (n4), however, the operation will not stop immediately, but will stop after (n4) is com-
pleted.

The operation stops in the positions where the commands (1), (2) and (n7) are completed during single block oper-
ation.

During the G84 modal, the "Tapping" NC output signal will be output.

When the command value of Q is "0", this command is treated as a normal tapping cycle.
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Deep-hole tapping cycle (When the Q command is designated #1272 ext08/bit4=1)

(n2)
(n3)

(n5)
(n6)
~WWWWWWAWWWAVVWVARO———

G99

(n7)

O

<
<

<
<

z1 r1
Operation pattern i1 j1 Program
(1) Valid - GO00 Xx1 Ccf1;
(2) - Invalid GO00 Zr1;
3) - Invalid GO01 Zqg1 Ff1;
(4) - - M4; Spindle reverse rotation
(5) - Invalid GO01 Z-q1 Ff1;
(6) - - GO04 Pp1;
(7) - - M3; Spindle forward rotation
(8) - Invalid GO01 Z(2*q1)Ff1;
©) - -
(n1) - Invalid GO01 Zz1 Ff1;
(n2) - - G04 Pp1;
(n3) - - M4;
(n4) - Invalid G01 Z-z1 Ff1;
(n5) - - G04 Pp1;
(n6) - - M3;
(n7) - Valid GO00 Z-r1; G98 mode
No movement G99 mode

When G84 is being executed, the override will be canceled and the override will automatically be set to 100%.

The override set in the parameter "#1172 tapovr" is also disabled.
Dry run is valid when for a positioning command the parameter "#1085 GO0 DRY RUN" is "1".

If the feed hold button is pressed during G84 execution, the operation stops immediately during a rapid traverse feed
of (1), (2) and (n7). For (3) to (n4), however, the operation will not stop immediately, but will stop after (n4) is com-

pleted.

The operation stops in the positions where the commands (1), (2) and (n7) are completed during single block oper-

ation.

During the G84 modal, the "Tapping" NC output signal will be output.
When the command value of Q is "0", this command is treated as a normal tapping cycle.
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13.6.6 Synchronous Tapping Cycle ; G84.2

g Command format

‘G84.2 Xx1(U) Zz1(W) Rr1 Qq1 Ff1 Pp1 LI1 Ss1,Ss2 ,li1 ,Jj1 ;

G84.2 Synchronous tapping cycle mode

Xx1(U) Designation of hole position initial point (absolute/incremental position)

Zz1(W) Designation of hole bottom position (absolute/incremental position from R point)

Rr1 Designation of R point (incremental position from initial point) (sign ignored)

Qq1 Designation of cut amount for each cutting pass with G83 (G87). Always specify this using a
radius value with incremental position. (sign ignored)

Ff1 Cutting feed rate

Pp1 Designation of dwell time at hole bottom position (decimal points will be ignored)

LI Designation of number of repetitions (0 to 9999)

Ss1 Spindle rotation speed

,Ss2 Designation of spindle rotation speed at return

il Positioning axis in-position width

Wi Drilling axis in-position width

If a value other than zero is specified to address Q when specifications are available for pecking tapping cycle or
deep-hole tapping cycle, either pecking or deep-hole tapping cycle is executed instead of normal tapping cycle.
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m Detailed description

Normal tapping cycle (When Q is not designated)

© Lo
G98 —\/v\/\/w—>>\_)/—\>

® 1@
G99 MWW (g5

<& » »
l L L

Z, ry
Operation pattern i i Program

(1) Valid - GO0 Xx1;

2) - Invalid GO0 zr1;

3) - Invalid GO01 Zq1 Ff1;

4) - - G04 Ppf1;

(5) - - M4; Spindle reverse rotation

(6) - Invalid GO01 Z-z1 Ff1;

(7) - - G04 Pp1;

(8) - - M3; Spindle forward rotation

(9) - Valid G00 Z-r1; G98 mode

No movement G99 mode

When G84.2 is being executed, the override will be canceled and the override will automatically be set to 100%. Dry
run is valid for the positioning command when the control parameter "GO0 DRY RUN" is ON. If the feed hold button
is pressed during G84.2 execution, the movement will not stop immediately, and instead, will stop after (6) during
sequences (3) to (6). During the rapid traverse in sequence (1), (2) and (9), the movement will stop immediately.
The operation stops at after the (1), (2) and (9) commands during single block operation.

During the G84.2 modal, the "Tapping" NC output signal will be output.

During the G84.2 synchronous tapping modal, the M3, M4, M5 and S code will not be output.

This function enables to make spindle acceleration/deceleration pattern closer to that of the speed loop by dividing
the spindle and drilling axis acceleration/deceleration pattern into up to three stages during synchronous tapping.
The acceleration/deceleration pattern can be set up to three stages for each gear.

When returning from the hole bottom, rapid return is possible at the spindle rotation speed during return. The spindle
rotation speed during return is held as modal information.
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The feedrates for tapping retract are as follows.

Address

Meaning of ad-
dress

Command range
(unit)

Remarks

S

Spindle rotation
speed during return

0 to 99999 (r/min)

The data is held as modal information.

If the value of ",S" command is smaller than the spindle ro-
tation speed, the operations depend on the MTB specifica-
tions (determined by the parameter "#1241 set13/bit 7",
retracts at either the spindle rotation speed during return
or the spindle rotation speed of the S command.)

If the spindle rotation speed is not "0" during return, the
tapping retract override value "#1172 tapovr" will be inval-
id.

When ",S" command is omitted or when ",S0" is com-
manded, the value of "spindle rotation speed at return" is
obtained by the following formula.

((S command value) x (setting value of the parameter
"#1172 tapovr")) / 100

Pecking tapping cycle (When the Q command is designated #1272 ext08/bit4=0)

@)

A0 x1,c1
d
(n2)
¢ (n5)
(n3) (n4) (n6)/G99  (n7)
l
G98
b z1 a r1 4
Operation pattern i j1 Program
() Valid - GO00 Xx1 Cc1 ,li1;
(2) - Invalid GO0 Zr1;
(3) - Invalid GO01 Zq1 Ff1;
(4) - - M4; Spindle reverse rotation
(5) - Invalid GO01 Z-d Ff1;
(6) - - M3; Spindle forward rotation
(7) - Invalid GO01 Z(g1+d) Ff1;
(n1) - Invalid GO01 Z(z1-q1*n) Ff1;
(n2) - - G04 Pp1;
(n3) - - M4;
(n4) - Invalid GO01 Z-z1 Ff1 Ss2;
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Operation pattern i j1 Program
(n5) - - G04 Pp1;
(n6) - - M3;
(n7) - Valid GO00 Z-r1 lj1; G98 mode
No movement G99 mode

When G84.2 is being executed, the override will be canceled and the override will automatically be set to 100%.
During a pulling operation from the hole bottom to the R point, the override set in the parameter "#1172 tapovr" will
be enabled. Note however, it will be disabled during a return operation by the return amount d. Set the return amount
d in the parameter "#8018 G84/G74 n".

Dry run is valid when for a positioning command the parameter "#1085 GO0 DRY RUN" is "1".

If the feed hold button is pressed during G84.2 execution, the operation stops immediately during a rapid traverse
feed of (1), (2) and (n7). For (3) to (n4), however, the operation will not stop immediately, but will stop after (n4) is
completed.

The operation stops in the positions where the commands (1), (2) and (n7) are completed during single block oper-
ation.

During the G84.2 modal, the "Tapping" NC output signal will be output.

During the G84.2 synchronous tapping mode, the M3, M4, M5, or S code will not be output.

When the command value of Q is "0", this command is treated as a normal tapping cycle.

Deep-hole tapping cycle (When the Q command is designated #1272 ext08/bit4=1)

)
G98
) z1 ) r1 4
Operation pattern i j1 Program
(1) Valid - GO00 Xx1 Cc1;
(2) - Invalid GO00 Zr1;
3) - Invalid GO01 Zqg1 Ff1;
(4) - - M4; Spindle reverse rotation
(5) - Invalid GO01 Z-q1 Ff1;
(6) - - GO04 Pp1;
(7) - - M3; Spindle forward rotation
(8) - Invalid GO01 Z(2*q1)Ff1;
9) - -
(n1) - Invalid GO01 Zz1 Ff1;
(n2) - - G04 Pp1;
(n3) - - M4;
(n4) - Invalid GO01 Z-z1 Ff1;
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Operation pattern i1 j1 Program
(n5) - - GO04 Pp1;
(n6) - - M3;
(n7) - Valid GO00 Z-r1; G98 mode
No movement G99 mode

When G84.2 is being executed, the override will be canceled and the override will automatically be set to 100%.
The override set in the parameter "#1172 tapovr" is also disabled.

Dry run is valid when for a positioning command the parameter "#1085 GO0 DRY RUN" is "1".

If the feed hold button is pressed during G84.2 execution, the operation stops immediately during a rapid traverse
feed of (1), (2) and (n7). For (3) to (n4), however, the operation will not stop immediately, but will stop after (n4) is
completed.

The operation stops in the positions where the commands (1), (2) and (n7) are completed during single block oper-
ation.

During the G84.2 modal, the "Tapping" NC output signal will be output.

During the G84.2 synchronous tapping mode, the M3, M4, M5, or S code will not be output.

When the command value of Q is "0", this command is treated as a normal tapping cycle.

Spindle acceleration/deceleration pattern during synchronous tapping
Refer to "13.5.2 Face Tapping Cycle (Longitudinal Tapping Cycle) / Face Reverse Tapping Cycle (Longitudinal Re-
verse Tapping Cycle); G84 (G88)/G84.1 (G88.1)" (General format).

In-position check during synchronous tapping

Refer to "13.5.2 Face Tapping Cycle (Longitudinal Tapping Cycle) / Face Reverse Tapping Cycle (Longitudinal Re-
verse Tapping Cycle); G84 (G88)/G84.1 (G88.1)" (General format).
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13.6.7 Boring Cycle ; G85

g Command format

685 Xx1(U) Zz1(W) Rr1 FF1 LI li1 Jj ;

G85

Boring cycle mode

Xx1(U)

Designation of hole position initial point (absolute/incremental position)

Zz1(W)

Designation of hole bottom position (absolute/incremental position from R point)

Rr1

Designation of R point (incremental position from initial point) (sign ignored)

Ff1

Cutting feed rate

Designation of number of repetitions (0 to 9999)

Positioning axis in-position width

Drilling axis in-position width

m Detailed description

(1)
3) )
OANVMAN—
(4) (5)
G998 — AW —___p|
(4)
G99 WA
< Z, o T
Operation pattern i j1 Program
(1) Valid - GO00 Xx1;
(2) - Invalid GO00 Zr1;
(3) - Invalid |G01 Zq1 Ff1;
(4) - Invalid |G01 Z-z1 Ff1;
(5) - Valid GO0 Z-r1; G98 mode
No movement G99 mode

The operation stops at after the (1), (2), (4) or (5) commands during single block operation.
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13.6.8 Boring Cycle ; G89

g Command format

689 Xx1(U) Zz1(W) Rr1 Ff1 Pp1 LI1 i1 Jj1 ;

G89 Boring cycle mode

Xx1(U) Designation of hole position initial point (absolute/incremental position)

Zz1(W) Designation of hole bottom position (absolute/incremental position from R point)
Rr1 Designation of R point (incremental position from initial point) (sign ignored)

Ff1 Cutting feed rate

Pp1 Designation of dwell time at hole bottom position (decimal points will be ignored)
LI Designation of number of repetitions (0 to 9999)

il Positioning axis in-position width

Wi Drilling axis in-position width

m Detailed description

4

(1

G98 MWW T~y

G99 WA
< 2 ple - N
Operation pattern i j1 Program
(1) Valid - GO0 Xx1;
2) - Invalid |GO0O0 Zr1;
3) - Invalid |G01 Zq1 Ff1;
4) - - G04 Pp1;
(5) - Invalid |G01 Z-z1 Ff1;
(6) - Valid GO0 Z-r1; G98 mode
No movement G99 mode

The operation stops at after the (1), (2), (5) or (6) commands during single block operation.
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13.6.9 Precautions on Using The Fixed Cycle for Drilling (MITSUBISHI CNC Special Format)

W Precautions

(1) Before commanding the fixed cycle, the spindle must be rotated to a specific direction by a miscellaneous func-
tion (M3 or M4).

(2) If there is data for the basic axis, additional axis or R in the block during the fixed cycle mode, the hole drilling
operation will be executed. If there is no data, the hole drilling operation will not be executed.
Note that even when the X axis data exists, the hole will not be drilled if the data is a dwell (G04) time command.

(3) Command the hole machining data (Q, P) in the block where hole drilling is executed. (Block containing data on
basic axis, additional axis or R)

(4) The fixed cycle can be canceled by the GO0 to G03 or G33 command besides the G80 command. If these are
designated in the same block as the fixed cycle, the following will occur.
m=00 to 03, 33

n = Fixed cycle for drilling
GmGNnXZRQPLF;

Gm: Executed
Gn: Ignored

X Z: Executed

R QP L: Ignored
F: Memorized

Note that for the G02 and G03 commands, R will be handled as the circular radius.

(5) If an M function is commanded in the same block as the fixed cycle command, the M code and MF will be output
during the initial positioning. The axis will move to the next operation with FIN (finish signal).

If there is a designation of No. of times, the above control will be executed only for the first drilling.

(6) If another control axis (ex. rotary axis, additional axis) is commanded in the same block as the fixed cycle control
axis, the fixed cycle will be executed after the other control axes start to move.

(7) If the No. of repetitions L is not designated, L1 will be set. If LO is designated in the same block as the fixed cycle
G code command, the hole machining data will be memorized, but the hole machining will not be executed.
(Example) G83.1 X_Y_Z R_Q_P_F_LO_;

Memorize only the codes with an address

(8) When the fixed cycle is executed, only the modal command issued in the fixed cycle program will be valid in the
fixed cycle subprogram. The modal of the program which called the fixed cycle will not be affected.

(9) Other subprograms cannot be called from the fixed cycle subprogram.
(10) Decimal points in the movement command of the fixed cycle subprogram will be ignored.
(11) If the No. of repetitions L is 2 or more during the incremental mode, the positioning will also be incremented

each time.

(Example) G81 U-10. Z-50. R-20. F100. L3 ;
X
4

(12) If the spindle rotation speed value during return is smaller than the spindle speed value, the spindle rotation
speed value is valid even during return.
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(13) If gradients of the 2nd and 3rd acceleration/deceleration stages according to the spindle rotation speed and
time constants set in the parameters are each steeper than the previous stage's gradients, the previous stage's
gradient will be valid.

(14) If the values set in the spindle base specification parameter "tap rotation speed" and "the synchronous tap
changeover spindle rotation speed 2" exceed the maximum rotation speed, the spindle rotation speed will be
clamped at the maximum rotation speed.

(15) If the spindle rotation speed is not "0" during return, the taping retract override value will be invalid.

(16) As shown below, in a block where the movement direction of either axis reverses, the servo system load will
greatly increase, so do not command the in-position width in the machining program.

(Example) GO X100. ,110.0;
X-200. ;

(17) If the in-position width commanded by the programmable in-position width command is increased, the position-
ing time and linear interpolation time can be reduced. However, the position error amount of the previous block
will also increase before the next block starts, and the actual machining could be obstructed.

(18) The in-position width and the position error amount are constantly compared, so the position error amount at
the point to be judged as in-position will be smaller than the commanded in-position width.

(19) If the in-position width commanded with the programmable in-position command is small, the commanded de-
celeration check or in-position check by the parameters may be carried out first.

(20) Synchronous/asynchronous tap depends on parameter settings.
Base specification parameters

# Item Details Setting range
1513 stapM M code for synchronous tapping selection 0 to 99999999

The synchronous tapping mode is selected with the miscellaneous function code set with this parameter.
The M function can be commanded just before or in the same block as the tapping command.
To use this parameter, validate "#1272 ext08/bit1" (M function synchronous tapping cycle).

The selection of synchronous or asynchronous tappinf will follow the combination shown below.

Combination

Program command (G84/G84.2) 0 0 0 0 1 1 1 1 No command
0 0 0 1 1 0 0 1 1

o X e} X o} X e}

A B B B

#8159 Synchronous tap
M function code (M**)

Synchronous/asynchronous selec- |A
tion

X
¢}
X
[}
X

>
>
>
[os]
vs)
w
[oe]

0: G84 (Tapping cycle)

1: G84.2 (Synchronous tapping cycle)

x  Does not command A Asynchronous tap
o  Commands B  Synchronous tap

‘ Note

+Do not use MO0, 01, 02, 30, 98 and 99.
+Depending on the model, selection by the M function may not be available.
+These parameters depend on the MTB specifications.
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14.1 Subprogram Control; M98, M99, M198
14.1.1 Subprogram Call; M98, M99

E Function and purpose

Fixed sequences or repeatedly used parameters can be stored in the memory as subprograms that can then be
called from the main program when required. M98 serves to call subprograms and M99 serves to return operation
from the subprogram to the main program. Furthermore, it is possible to call other subprograms from particular sub-
programs.

The nesting depth depends on the model.

Main program: Subprogram: Subprogram: Subprogram:
Level 0 (P1000) Level 1 (P1) Level 2 (P2) Level n (Pn)
P1000 P1 P2 Pn

A

@ [ ]
ﬂ’ _/ M98 P2 : _/ ﬂ . / ﬂ
MO PL Kﬂ M99;<\ MO8 P3; || . N [M99;
1 moo;

The table below shows the functions that can be executed by adding and combining the tape memory/editing func-
tions, subprogram control functions and fixed cycle functions.

M02/M30 ;

Case1 | Case2 | Case3 | Case4
1. Tape memory and editing Yes Yes Yes Yes
2. Subprogram control No Yes Yes No
3. Fixed cycles No No Yes Yes
Function
1. Memory mode o o o o
2. Tape editing (main memory) o o o o
3. Subprogram call x o o x
4. Subprogram variable designation (*2) x o o x
5. Subprogram nesting call (*3) x o o x
6. Fixed cycles x x o o
7. Editing subprogram for fixed cycle x x o o

(*1) Symbol "o" denotes available functions and symbol "x" denotes unavailable functions.

(*2) Variables cannot be transferred with the M98 command, but variable commands in subprograms are available
if the variable command specifications are provided.

(*3) The depth of nesting call depends on the model.
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E Command format

Subprogram call

‘M98 P_H_L_ ,D_; |

‘M98 <filename> H__ L__ ,D__ ; |

P Program number in subprogram to be called (own program if omitted)

Note that P can be omitted only for memory mode operation (NC memory, NC memory
2, high-speed program server, SD card, hard disk or USB), and MDI operation.
(Numeric value of up to 8 digits)

Use a parameter to specify a 4- or 8-digit subprogram No. starting with O.

However, if the commanded value is bigger than the digit number set with parameter, a
subprogram call is carried out as commanded.

<File name> File name

A file name can be specified instead of a program No.

In this case, enclose the file name inside brackets < >.

(The file name can have up to 32 characters including the extension.)
(Example) M98 <BUHIN-12. RAF> ;

Program sequence number in subprogram to be called (head block if omitted)

L Number of subprogram repetitions
(If omitted, it is assumed to be "L1", and processing is not carried out when "L0" is set.)

(1 to 9999 times depending on the 4-digit value)

For instance, “M98 P1 L3;” is equivalent to the following:
M98 P1 ;
M98 P1 ;
M98 P1 ;
,D Subprogram device No. (0 to 4)
The subprogram is searched according to the setting of parameter "#8890 Subpro srch

odr DO" to "#8894 Subpro srch odr D4" when ",D" is omitted.
The device No. is set to the parameter, such as "#8880 Subpro stor DO: dev".

Return to main program from subprogram

‘M99 P_; |

‘P Sequence No. of return destination (returned to block that follows the calling block) ‘
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m Detailed description

Creating and registering subprograms

Subprograms have the same format as machining programs for normal memory mode, except that the subprogram
completion instruction "M99 (P_);" must be commanded alone in the last block.

(O ik Program No. as subprogram No.

....... ; Main body of subprogram

M99 ; Subprogram return command
%(EOR) Registration completion code

(1) The above program is registered by editing operations at the setting and display unit. For further details, refer to
the section in the Instruction Manual.

(2) Only those subprogram Nos. ranging from 1 to 99999999 designated by the optional specifications can be used.
When there are no program Nos. on the memory, they are registered as the setting No. for "program input."

(3) If a program is called from a subprogram over the nesting depth determined in the specifications, the program
error (P230) will occur.

(4) Main programs and subprograms are registered in the order they were read without distinction. Therefore, main
programs and subprograms should not be given the same Nos. (If they are, the operation message will be dis-
played at registration.)

(5) Besides the M98 command, subprogram nesting is subject to the following commands:
+G65: Macro call
+G66: Modal call
+G66.1: Modal call
+G Code call
+ Miscellaneous function call
+MDI interruption
+Automatic tool length measurement
+Macro interruption
+Multiple-step skip function

(6) The following commands can be called even if the nesting depth exceeds the determined depth in the specifica-
tions because they are not subject to subprogram nesting.
+Fixed cycles
+Pattern cycles

(7) To repeatedly use the subprogram, it can be repeated I1 times by programming M98 Pp1 LI1;.

(8) For a multi-part system, when there is no subprogram in the part system with the call command, the subprogram
call operation changes according to the parameters. (These parameters depend on the MTB specifications.)

#1285 ext21/|#1285 ext21/ Details
bit0 bit2
0 - The subprograms registered in NC memory or NC memory 2 which is common

for part systems is called.

1 0 The subprograms registered in NC memory or NC memory 2 of the selected
part system. When there is not the specified subprogram in the selected part
system, the subprogram of the first part system is called.

1 The subprograms registered in NC memory or NC memory 2 of the selected
part system is called.
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@ Program example

Program example 1

When there are 3 subprogram calls (known as 3 nesting levels)

Main program Subprogram 1 Subprogram 2 Subprogram 3

O1; 010; 020;

(a) / (b) / (c) /

M98P1; M98P10; M98P20;
\n \n \n
N N N
N N N
AN 2N .
@) I\, (®) [~ (c) "+,
~ ~ ~
MO02; M99; M99; M99;

Sequence of execution: (a)-(b)-(c)-(c')-(b')-(a")
(1) For nesting, the M98 and M99 commands should always be paired off on a 1:1 basis; (a)' for (a), (b)' for (b), etc.

(2) Modal information is rewritten in the order of execution sequence without distinction between main programs and

subprograms. Therefore, after calling a subprogram, attention must be paid to the modal data status when pro-
gramming.

Program example 2

The M98 H_ ; M99 P_; commands designate the sequence Nos. in a program with a call instruction.

MOBH__ MO9P -
¥ 0123;
M98HS3; KNWO_;//
? M98P123’
N200. :
_ N300_ ;™
NS?—, N400__ \
M99: ‘ ™ M99P200:
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m Precautions

(1) The program error (P232) will occur when the designated P (program No.) cannot be found.

(2) The M98 P__; M99 ; block does not perform a single block stop. If any address except O, N, P, L or H is used,
single block stop can be executed. (With "X100. M98 P100 ;", the operation branches to O100 after X100. is
executed.)

(3) When M99 is commanded by the main program, operation returns to the head. (This is the same as for MDI.)

(4) Branching from tape and BTR mode to the subprogram with M98 P_; is possible, but the return destination se-
quence No. cannot be designated with M99 P_; . (P_is ignored.)

(5) Note that it takes time to search when the sequence No. is designated by M99 P_ ;.

(6) When using a file name for the subprogram, specify the file name with 32 characters or less, including the ex-
tension. If a file name exceeding 32 characters is specified, a program error (P232) will occur.

(7) All the programs are registered as files. For example, when calling a file "0100" as a subprogram, "0100" cannot
be searched with M98P 100 or M98P0100. When numerical values are specified after P, 0 is ignored. In this case,
it is regarded that the program No. (file) "100" is specified. To call a program like "0100" , specify the file name
using the M98<0100> format.

(8) A subprogram added O No. is searched with the parameter setting (#8129="1" or "2") which calls a subprogram
with O No. as priority.
If a subprogram with O No. is not found, a subprogram with a name specified with the P command is searched.

<Note>

+To prevent any unintended program call, avoid using program names that may be confused. (For example,
123, 00123 and O00000123 can be considered identical.)

Refer to the next page for operation examples of subprogram search with the setting which calls subprograms
with O No. as priority.

(a) With designation of device No.
Only the designated devices are subject to search. (The following is an example of M8 series.)

Main program

Data server (D1)

M98 P222,D1;
00111
Calling program
222

[ § S

HD (D2)
00333
MO02; 444

[Parameter setting]

#8129 Subpro No. select = 1 (Four-digit program No. beginning with O No.)
#8880 Subpro stor DO dev = R (Memory card)

#8882 Subpro stor D1 dev = D (Data server)

#8884 Subpro stor D2 dev = G (Hard disk)
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(b) Without designation of device No.

A subprogram with O No. is searched according to the settings of #8890 (DO in order of subprogram search)
to #8894 (D4 in order of subprogram search). (Refer to the solid line arrows "a" and "b" in the figure.)

If a subprogram with O No. is not found, subprograms with a name designated with the P command are
searched in order of the parameter setting. (Refer to the broken lines "c" and "d" in the figure.)

If none of the designated subprogram storage locations are subject to search, memories are searched.

‘ Note

+If any device or directory designated as the subprogram storage location is not found due to a reason such
as absence, poor contact and contact failure of a memory card, the said device or directory will be excluded
from the search target.

Main program Subprogram
search order

(1)

<
o
3
o
<
Q
)
=
(o}
=}
[e]
=1
=
n
o
=
[0
o

M98 P444; —L

(3)

Calling program
e s SR

MO02;

[Parameter setting]

#8129 Subpro No. select = 1 (Four-digit program No. beginning with O No.)
#8880 Subpro stor DO dev = R (Memory card)
#8882 Subpro stor D1 dev = D (Data server)
#8884 Subpro stor D2 dev = G (Hard disk)
#8890 Subpro srch odr DO = 1
#8891 Subpro srch odr D1 =2
#8892 Subpro srch odr D2 = 3
(9) When a program in an external device such as a USB memory device is executed, a period of processing time

is required in the subprogram call or in the instruction to change the flow of the program such as GOTO or DO-
END; therefore, interpolation may be decelerated or stopped.
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14.1.2 Subprogram Call; M198

E Function and purpose

Programs registered in the SD card can be called as a subprograms. To call a program in the SD card as a subpro-
gram, command the following with the main program.

E Command format

Subprogram call

‘M198 P_L_; |

‘M198 <File name> L__; |

P Program No. in SD card to be called as a subprogram. (Max. 8 digits)

Use a parameter to specify a 4- or 8-digit subprogram No. starting with O. However, if
the commanded value is bigger than the digit number set with parameter, a subprogram
call is carried out as commanded.

<File name> File name

A file name can be specified instead of a program No.

In this case, enclose the file name inside brackets < >.

(The file name can have up to 32 characters including the extension.)

L Number of subprogram repetitions. (Max. 4 digits)
This can be omitted. (In this case, the subprogram will be called once.)
When "L0" is designated, the subprogram call will not be executed.

‘ Note

(1) Sequence No. call (M198 H***) cannot be commanded.

Return to main program from subprogram

‘M99 :

m Detailed description

(1) The device that can be used for M198 subprogram call differs depending on the NC models.

The SD card in the front side is available for M800VS/M80V series, and the SD card in the control unit is available
for M8BOOVW/MBOVW series.

(2) The subprogram can be called with the M198 command once in the subprogram nest. The subprogram can be
called only from the NC memory, NC memory 2 or MDI program.

(3) The section from the head of the program to the first LF (line feed code, 0xOA hexadecimal) is invalid, and is not
run or displayed. Note that if the head starts with a O No., the program will be valid from the head.

(4) A program registered in an SD card can be executed from only one part system. A program error will occur if an
attempt is made to execute the programs in the SD card simultaneously by two or more part systems. If all the
part system is reset when the error occurred, programs will be displayed as only "%" except for the first part sys-
tem.

(5) Refer to "14.1.1 Subprogram Call; M98, M99" for <File name> and calling the subprogram with O No.
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14.2 Variable Commands

E Function and purpose

Programming can be endowed with flexibility and general-purpose capabilities by designating variables, instead of
giving direct numerical values to particular addresses in a program, and by assigning the variable values depending
on the conditions that exist when executing the program.

All common variables are retained even when the power is turned OFF.

When the power is turned OFF or reset, the common variables can be set to <null> by setting the parameter ("#1128
RstVCI", "#1129 PwrVCI").

E Command format

‘#AAA=oooooooo ; |

#7** = [formula] ; |

m Detailed description

Variable expressions

Example

#m m = value consisting of 0 to 9 #100
# [f] f = one of the followings in the formula #[-#120]

Numerical value m 123

Variable #543

Formula Operator Formula #110+#119

- (minus) formula -#120

[Formula] [#119]

Function [formula] SIN[#110]

‘ Note

(1) The 4 standard operators are +, -, * and /.

(2) Functions cannot be used unless the user macro specifications are available.
(3) The program error (P241) occurs when a variable No. is negative.

(4) Examples of incorrect variable expressions are given below.

Incorrect Correct
#6/2 # [6/2] (#6/2 is regarded as [#6] /2.)
#--5 #[-[-5]]
#-[#1] #[-#1]
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Types of Variables

The following table gives the types of variables.
The common variables are divided into the following two types.

Common variables 1: Used in common through all part systems
Common variables 2: Used in common in the programs of the part system

Type No. Function
Common variable Common variables 1 [Common +Can be used in common throughout
variables 2 main, sub and macro programs.
1 part sys- 200 sets 500 - 599 100 - 199 ‘Whep using common variables in the
tem multi-part system, the number of com-
600 sets 500 - 999 . 100 - 199 mon variables shared between the part
100100 - 800199 (*4) systems can be specified depending
700 sets 400 - 999 (*1) 100 - 199 on the MTB specifications (parameter
100100 - 800199 (*4) "#1052 MemVal").
8000 sets 400 - 999 (*1) 100 - 199 (2)
100100 - 800199 (*4)
900000 - 907399 (*3)
Multi-part {600 + 100 *n {400 - 999 (*1) 100 - 199 *n
systems sets 100100 - 800199 (*4)
(N =num- 1790507+ 100 * n |400 - 999 (*1) 100 - 199 *n
ber of part | otg 100100 - 800199 (*4)
systems) 900000 - 907399 (*3)
Local variables 1-33 Can be used as local variables in macro
programs.
System variable 1000 - Application is fixed by system.
Fixed cycle variables 1-32 Local variables in fixed cycle programs.

(*1) Common variable address #400s can only be used when there are 700 or more sets of common variables and
the MTB specifications are valid (parameter "#1336 #400_Valtyp").
When common variable address #400s can be used, these can be displayed and set on the common variable
screen.
It also becomes possible to input/output data of common variable address #400s.

(*2) When the parameter "#1052 MemVal" is set to "1" in multi-part system (MTB specifications), some or all of com-
mon variables "#100 to #199" and "#500 to #999" can be shared and used between part systems. The number
of variables sharable in part systems depends on the MTB specifications (parameters "#1303 V1comN" and
"#1304 VOcomN").

(Example) When "#1304 VOcomN" is set to "5":
#500 to #504: Common for the part systems
#505 to #999: Each part system

Depending on the MTB specifications, the common variables #100 to #199 are used for each part system, and
variables #500 to #999 are common for the part systems (parameter "#1052 MemVal"). Address #400s, that
can be used as common variable with 700 or more sets of variable, is common for the part systems regardless
of the setting of parameter "#1052 MemVal".

(*3) When "#1052 MemVal" is set to "1", #900000 to #907399 available for 8,000 sets of variable are not available.
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(*4) When the parameter "#1316 CrossCom" is set to "1", the common variables #100100 to #800199 can be shared
between the part systems. (This depends on the MTB specifications.) The part system common variable which
can be used is shown in the table below.

Variable sets Common variables 1 (When "#1316 CrossCom" = "1")
Variable sets 600 sets (500 + 100 sets) [#100100 to #100199 (Equivalent to # 100 to #199 in 1st part
specification system)
#200100 to #200199 (Equivalent to # 100 to #199 in 2nd part
700 sets (600 + 100 sets) |system)
#300100 to #300199 (Equivalent to # 100 to #199 in 3rd part
system)
8000 sets (7900 + 100 #400100 to #400199 (Equivalent to # 100 to #199 in 4th part
sets) system)
#500100 to #500199 (Equivalent to # 100 to #199 in 5th part
system)
#600100 to #600199 (Equivalent to # 100 to #199 in 6th part
system)
#700100 to #700199 (Equivalent to # 100 to #199 in 7th part
system)
#800100 to #800199 (Equivalent to # 100 to #199 in 8th part
system)
(Example)
<1-part system>
#100100=200 ; Equivalent to #100 = 200 ;
#200105=#100 ; "200" is set to #200105.
#300110=#100100 ; "200" is set to #300110.
#800199=#500120 ; The variable value of "#500120" is set to #800199.

<Multi-part system>

Common variables for each part system #100 to #199" in other part system can be used.

$1

#200100=-100 ; "-100" is set to #100 of 2nd part system.

#101=#200102 ; "#101" is set to #102 of 2nd part system.
#300105=#200103 ; "#103" of 2nd part system is set to #105 of 3rd part system.
#110=#500107 ; The variable value of "#500107" is set to #110.

+The PLC data reading function cannot be used, which uses system variables #100100 to #100110, and vari-
ables #100100 to #100110 are used as common variables.
+The setting of number of common variables shared between the part systems (The parameter #1052 Mem-
Val" is set to "1") becomes invalid, thus the movement is the same as "0" is set.
+*When the parameters "#1128 RstVCI", "#1129 PwrVCI" are set to "1", the operation is as follows.
"#1128 RstVCI"
The common variables shared between the part systems equivalent to #100 to #199 of the reset part sys-
tem are cleared.
(Example) If the 1st part system is reset, #100100 to #100199 are cleared.
If the 2nd part system is reset, #200100 to #200199 are cleared.
"#1129 PwrVCI"
The common variables shared between the part systems equivalent to #100 to #199 in the valid part sys-
tem are cleared.
(Example) In 1st part system, #100100 to #100199 are cleared.
In 2nd part system, #100100 to #100199 and #200100 to #200199 are cleared.
+Common variables shared between the part systems #100100 to #800199 can be displayed and set on the
common variable screen.
+If common variables #100100 to #800199 are used when the number of sets of common variables is less
than 600 sets or the parameter "#1316 CrossCom" is "0", a program error (P241) will occur.
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‘ Note

(1) When inputting the common variable data, if the following illegal variable No. data exist in the input file, the illegal
variable No. data is ignored and only the correct common variable data will be input.
+ Variable data that is not common variables such as local variables (#1 to #33) or system variables (#1000 and
after)
+Variable data of which the number of common variable sets does not match the pre-specified value

(Example)

If variables of # numbers undefined in the specifications exist in the input file when there are 700 sets of common
variables (#100 to #199, #500 to #999, and #100100 to #800199), they are ignored, and only the variables de-
fined in the specifications are input.

Variable quotations

Variables can be used for all addresses except O, N and / (slash).
(1) When the variable value is used directly:
X#1 Value of #1 is used as the X value.

(2) When the complement of the variable value is used:

X-#2 Value with the #2 sign changed is used as the X value.
(3) When defining variables:
#3 =#5 Variable #3 uses the equivalent value of variable #5.
#1 =1000 Variable #1 uses the equivalent value 1000. ("1000" is assumed to be "1000.".)

(4) When defining the variable arithmetic formula:
#1=#3 +#2-100 Value of the operation result of "#3 + #2 - 100." is used as the #1 value.
X[#1 + #3 + 1000] Value of the operation result of "#1 + #3 + 1000" is used as the X value.

‘ Note

(1) A variable cannot be defined in the same block as an address. It must be defined in a separate block.

Incorrect Correct
X#1=#3+100; - #1=#3+100;
X#1;

(2) Up to five sets of square parentheses [ ] may be used.
#543 = -[[[[[#120]/2+15.]*3-#100]/#520+#125+#128]*#130+#132]
(3) There are no restrictions on the number of characters and number of variables for variable definition.

(4) The variable values should be within the range of 0 to $+99999999.
If this range is exceeded, the arithmetic operations may not be conducted properly.

(5) The variable definitions become valid when definitions are made.

#1=100; .o #1 =100
#1 =200 #2=#1+200; ..... #1 =200, #2 = 400
#3=#1+300; ...coceeiirn. #3 =500

(6) Variable quotations are always regarded as having a decimal point at the end.
When #100 is set to “10”
“X#100;” is set to “X10.”.

(7) The significant digits of the variable are up to 15 decimal digits. Note that the calculation may cause an error.
For example, in the following formula, correct judgment cannot be made due to the error.

IF [#10 EQ #20]

Calculate with attention to the error when comparing variables. If the difference between the variables to be com-
pared falls within the specified error range as in the following formula, consider them as equal. If the error is less
than 0.01, describe the formula as follows.

IF [ABS [#10 - #20] LT 0.01]
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Protection of common variable

(1) If the common variable protection function is valid, the common variables in the range specified in the parameters
(#12111 to #12114) cannot be changed from machining program or screen operation, or user operation such as
file input. This function depends on the MTB specifications (parameter "#1391 User level protect").

(2) If an attempt is made to change the value or name of the protected variable on the machining program, the pro-
gram error (P243) will occur, causing the operation to be stop. Such a variable value or name can be changed
using the machine tool builder macro program, but cannot be done by the user.

Multiple variable names can be changed in one block with the SETVNn command. However, if at least one of
them is protected, the program error (P243) will occur.

(3) If "#1128 RstVCI" is set to "1", the variables (#100 to #199) are cleared after reset even if common variables
(#100 to #199) are protected.

(4) If "#1129 PwrVCI" is set to "1", the variables (#100 to #199) are cleared at the power-ON even if common vari-
ables (#100 to #199) are protected.

(5) For common variables used common to the part systems, the variable values and variable names can be
changed by the displayed part system.
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14.3 User Macro

E Function and purpose

A group of control and arithmetic instructions can be registered and used as a macro program to make it one inte-
grated function.

Macro programs use variables, control and arithmetic instructions to create subprograms which function to provide
special-purpose controls.
By combining the user macros with variable commands, it is possible to use the macro program call, arithmetic op-

erations, data input/output with PLC, control, decision, branch and many other instructions for measurement and
other such applications.

Main program Subprogram

| G65/G66/G66.1

M30; M99;

These special-purpose control functions (macro programs) are called by the macro call instructions from the main
program when needed.

G code Function
G65 User macro Simple call
G66 User macro Modal call A (Movement command call)
G66.1 User macro Modal call B (Per-block call)
G67 User macro Modal call (G66, G66.1) cancel

m Detailed description

(1) When the G66 or G66.1 command is entered, the specified user macro program will be called every time a block
is executed or after a movement command in blocks with a movement command is executed, until the G67 (can-
cel) command is entered.

(2) The G66 (G66.1) and G67 commands must be paired in a same program.
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14.4 Macro Call Instructions

E Function and purpose

Macro call commands include the simple calls which call only the instructed block and the modal calls (types A and
B) which call a block in the call modal.

When the macro argument L/P valid function is enabled, the addresses L (number of subprogram repetitions) and
P (calling program No.) used as commands in user macro can be used as arguments.

The validity of this parameter depends on the MTB specifications (Parameter "#1241 set13"/bit5 (Macro argument
L/P valid)).

Programs to be called by the macro call (G65/G66/G66.1) command are searched from NC memory and NC mem-
ory 2 in the following order.

[Devices in which the called program is stored and search order of programs]

Storage device Search order
NC memory (1) NC memory (2) NC memory 2
NC memory 2 (1) NC memory 2 (2) NC memory
Other devices (*1) (1) NC memory (2) NC memory 2

(*1) Macro call (G65, G66, G66.1) command cannot call programs stored in external devices such as USB memory.

In a multi-part system, when there is no macro program in the part system with the call command, the macro program
call operation is switched depending on the parameter. (These parameters depend on the MTB specifications.)

#1285 ext21/bit2
#1285 ext21/bit0
0 | 1

0 Searched according to the table [Devices in which the called program is stored and
search order of programs].

1 Searched for the called program in the or-| The selected part system is searched.
der of the selected part system to the first |After the same device as the caller is
part system. searched, the other device is searched.
The same device as the caller is searched
in the order of the selected part system to
the first part system. Then, the other de-
vice is searched.

<Example> When "#1285 ext21/bit0" is set to "1" and "#1285 ext21/bit2" is set to "0"

When the storage device is NC memory 2, NC memory 2 is searched in the order of the selected part system and
the first part system. Then, NC memory is searched in the order of the selected part system and the first part system.

515 IB-1501619-A



M800V/M80V Series Programming Manual (Lathe System) (1/2)

14 Macro Functions
14.4 Macro Call Instructions

14.4.1 Simple Macro Calls; G65

E Function and purpose

Main program Subprogram(O__ )

g to Subprogram Oo__

Ge5P L :> g
g <:| M99 ;

to Main program

M99 is used to terminate the user macro subprogram.

E Command format

Simple macro calls

‘G65 P__ L__ argument; |

‘G65 <File name> L__ argument; |

P Program No. (*1)

Use a parameter to specify a 4- or 8-digit subprogram No. starting with O.

<File name> File name

A file name can be specified instead of a program No.

In this case, enclose the file name inside brackets < >.

(The file name can have up to 32 characters including the extension.)

L Number of repetitions (*1)
If omitted, this value is set to "1". (0 to 9999)
Argument Specify variable data

(*1) Can also be used as an argument at the same time as the macro argument L/P valid function is enabled.
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m Detailed description

(1) When the argument must be transferred as a local variable to a user macro subprogram, the actual value should
be designated after the address.
In this case, regardless of the address, a sign and decimal point can be used in the argument. There are 2 ways
in which arguments are designated.

Argument designation |

Format: A B C_ ... XY Z
(a) Arguments can be designated using any address except G, L, N, O and P.
(b) I, J and K must be designated in alphabetical order.

I_J_K_...Correct
J_I_K_...Incorrect

(c) Except for I, J and K, there is no need for designation in alphabetical order.
(d) Addresses which do not need to be designated can be omitted.

(e) The following table shows the correspondence between the addresses which can be designated by argument
designation | and the variable numbers in the user macro main body.

Address and variable No. correspondence Addresses available for call instructions
Argument designation | address| Variable in macro G65, G66 G66.1
A #1 o o
#2 o o
C #3 o o
D #7 o o
E #8 o o
F #9 o o
G #10 x x (*1)
H #11 o o
| #4 o o
J #5 o o
K #6 o o
L #12 x x (*1)(*2)
M #13 o o
N #14 x x (*1)
(0] #15 x x
P #16 x x (*1)(*2)
Q #17 o o
R #18 o o
S #19 o o
T #20 o o
U #21 o o
\% #22 o o
w #23 o o
X #24 o o
Y #25 o o
4 #26 o o
o: Available

x: Unavailable

(*1) Can be used while G66.1 command is modal

(*2) Can be used while the macro argument L/P valid function is enabled.
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Argument designation Il

Formatt A_ B C_ | J K | J K

(a) In addition to address A, B and C, up to 10 groups of arguments with I, J, K serving as 1 group can be designated.
(b) When the same address is duplicated, designate the addresses in the specified order.
(c) Addresses which do not need to be designated can be omitted.

(d) The following table shows the correspondence between the addresses which can be designated by argument
designation Il and the variable numbers in the user macro main body.

Argument designation Variable in macro Argument designation Variable in macro
Il address Il address

A #1 J5 #17
B #2 K5 #18
C #3 16 #19
11 #4 J6 #20
J1 #5 K6 #21
K1 #6 17 #22
12 #7 J7 #23
J2 #8 K7 #24
K2 #9 18 #25
13 #10 J8 #26
J3 #11 K8 #27
K3 #12 19 #28
14 #13 J9 #29
J4 #14 K9 #30
K4 #15 110 #31
15 #16 J10 #32

K10 #33

J Note

(1) The numbers 1 to 10 accompanying |, J and K indicate the sequence of the commanded sets, and are not
required in the actual command.
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Using arguments designations | and Il together

(1) If addresses corresponding to the same variable are commanded when both types | and Il are used to designate
arguments, the latter address will become valid.

(Example 1)
Call command

G65 A1.1 B-2.2 D33 144 I7.7;

#1:1.1

#2:-2.2
Variable #3:

#4:4.4

#5:

#6:

#7.3& 7.7 —

In the above example, 7.7 argument is valid when both arguments D3.3 and 17.7 are commanded for the #7
variable.

(2) If calling a subprogram numbered with O is enabled, a sub program number starting with O and specified by P
command value is called with a priority.

However, when P command value is less than the digit number set with parameter "#8129 Subpro No. select",
increase the digit number of command value by adding leading zeros.

(Example) When parameter "#8129 Subpro No. select"="1", call the subprogram "00012" with "G65 P12" com-
mand.

(3) In the following cases, a subprogram of P command value without O No. is called even with a setting to call a
subprogram with O No.

+The digit number of P command value is over the digit number of the program number set with parameter
"#8129 Subpro No. select".

+A subprogram starting with commanded O No. does not exist.
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14.4.2 Modal Call A (Movement Command Call) ; G66

E Function and purpose

Main program Subprogram

| e
G66P L to Subprogram g

S | :> <—‘ M99 ;

to Main program
G67 ;

< to Subprogram

When the block with a movement command is commanded between G66 and G67, the movement command is first
executed and then the designated user macro subprogram is executed. A number of user macro subprograms are
designated with "L".

The argument is the same as for a simple call.

E Command format

Modal call A

‘GGG P__ L__ argument; |

‘G66 <File name> L__ argument ; |

P Program No. (*1)
Use a parameter to specify a 4- or 8-digit subprogram No. starting with O.
<File name> File name

A file name can be specified instead of a program No.
In this case, enclose the file name with brackets < >.
(The file name can have up to 32 characters including the extension.)

L Number of repetitions (*1)

Argument Specify variable data

(*1) Can also be used as an argument at the same time as the macro argument L/P valid function is enabled.

Modal call end

G67;
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m Detailed description

(1) When the G66 command is entered, the specified user macro program will be called after the movement com-
mand in a block with the movement commands has been executed, until the G67 (cancel) command is entered.
(2) The G66 and G67 commands must be paired in a same program.
A program error will occur when G67 is issued without G66.
(3) If calling a subprogram numbered with O is enabled, a sub program number starting with O and specified by P
command value is called with a priority.
However, when P command value is less than the digit number set with parameter "#8129 Subpro No. select",
increase the digit number of command value by adding leading zeros.

(Example)

When parameter "#8129 Subpro No. select"="1", call the subprogram "00012" with "G66 P12" command.

(4) In the following cases, a subprogram of P command value without O No. is called even with a setting to call a
subprogram with O No.

+The digit number of P command value is over the digit number of the program number set with parameter
"#8129 Subpro No. select".

+A subprogram starting with commanded O No. does not exist.
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14.4.3 Modal Call B (for Each Block); G66.1

E Function and purpose

The specified user macro subprogram is called unconditionally for each command block that is assigned between
G66.1 and G67 and the subprogram will be repeated for the number of times specified in .
The argument is the same as for a simple call.

E Command format

Modal call B

‘G66.1 P__ L__ argument; |

‘G66.1 <File name> L__ argument; |

P Program No. (*1)
Use a parameter to specify a 4- or 8-digit subprogram No. starting with O.

<File name> File name

A file name can be specified instead of a program No.

In this case, enclose the file name inside brackets < >.

(The file name can have up to 32 characters including the extension.)

L Number of repetitions (*1)

Argument Specify variable data

(*1) Can also be used as an argument at the same time as the macro argument L/P valid function is enabled.

Modal call end

G67;
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m Detailed description

(1) In the G66.1 mode, everything except the O, N and G codes in the various command blocks which are read are
handled as the argument without being executed. Any G code designated last or any N code commanded after
anything except O and N will function as the argument.

(2) All significant blocks in the G66.1 mode are handled as when is assigned at the head of a block.

(Example 1)
In "G66.1 P1000;" mode, "N100 GO1 G90 X100. Z100. F400 R1000 ;" is the same as "N100 G65 P1000 G01
G90 X100. Z200. F400 R1000 ;".
<Note>
+The call is performed even in the G66.1 command block in the G66.1 mode and the correspondence between
the argument address and the variable number is the same as for G65 (simple call).
(3) The range of the G and N command values that can be used anew as variables in the G66.1 mode is subject to
the restrictions as normal NC command values.
(4) Program number O, sequence numbers N and modal G codes are updated as modal information.
(5) If calling a subprogram numbered with O is enabled, a sub program number starting with O and specified by P

command value is called with a priority.
However, when P command value is less than the digit number set with parameter "#8129 Subpro No. select",

increase the digit number of command value by adding leading zeros.

(Example)

When parameter "#8129 Subpro No. select"="1", call the subprogram "00012" with "G66.1 P12" command.
(6) In the following cases, a subprogram of P command value without O No. is called even with a setting to call a

subprogram with O No.

+The digit number of P command value is over the digit number of the program number set with parameter

"#8129 Subpro No. select".
+A subprogram starting with commanded O No. does not exist.
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14.4.4 G Code Macro Call

E Function and purpose

User macro subprogram with prescribed program numbers can be called merely by issuing the G code.

E Command format

Macro call via G code

‘G** P__L__ argument;

Macro call via G code with decimal point

G P_L_;
G** (G*.%) G code for macro call
P (*1)

L *1)

(*1) Functions as an argument when the macro argument L/P valid function is enabled.
It cannot be used when the macro argument L/P valid function is disabled.

m Detailed description

(1) The instruction functions in the same way as the instructions below, however, the correspondence between G
codes and instructions can be set by parameters. (The parameter settings of the instructions depend on the MTB
specifications.)

a: M98 P****;

b: G65 P**** <Argument>;
c: G66 P**** <Argument>;
d: G66.1 P**** <Argument>;

When the parameters corresponding to "c" and "d" above are set, issue the cancel command (G67) either in the
user macro or after the call code has been commanded so as to cancel the modal call.

(2) The correspondence between the "G**" (or "G*.*") which conducts the macro call and the macro program number
"P****" to be called is set by parameters.

(3) The number of available G codes is up to 538, which is total of the following ones.
+Among G01 through G9999, 10 G codes can be set individually, and 255 G codes by batch setting.

+Among GO0.1 through G999.9, 10 G codes can be set individually, and 255 G codes by batch setting.
+Other 8 G codes: G200, G300, G400, G500, G600, G700, G800, G900

(4) G codes used in the system becomes available as G code macro when the parameter "#1081 Gmac_P" is set
to ll1ll.

(5) These commands cannot be issued in a program which has been called by a G code macro. If issued in such a
program, they will be handled as ordinary G commands.

(6) When ",D" or "<(Character string)>"is commanded in a block that is calling a G code macro, a miscellaneous

command macro, or an ASCIl macro while the macro argument L/P valid function is enabled, a program error
(P33) will occur.

This parameter setting depends on the MTB specifications. (Parameter "#1241 set13/bit5")
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(7) The batch setting of macro call via G code is available. The batch setting of up to 255 consecutive macro pro-
grams is possible by specifying the first G code, the first program number, the number of consecutive programs,
and the type of macro call with the parameters. The same type applies to all macro programs.

(Example)

When the first G code is "152", the first program number is "7625", the number of consecutive programs is "10",
and the type is "0".

G code Equivalent command
G152 M98 P7625
G153 M98 P7626
G154 M98 P7627
G160 M98 P7633
G161 M98 P7634

(8) The batch setting of macro call via G code with decimal point is available. The batch setting of up to 255 consec-
utive macro programs is possible by specifying the first G code, the first program number, the number of con-
secutive programs, and the type of macro call with the parameters. The same type applies to all macro programs.

(Example)
When the first G code is "23.4", the first program number is "9012", the number of consecutive programs is "9",
and type is "2".
G code Equivalent command
G23.4 arguments G66 P9012 arguments
G23.5 arguments G66 P9013 arguments
G23.6 arguments G66 P9014 arguments
G24.1 arguments G66 P9019 arguments
G24.2 arguments G66 P9020 arguments

(9) The batch setting of macro call via G code needs to satisfy the following conditions. When the number exceeds
the limit, the batch settings of macro call via G code are all invalid.

(First G code + Number of consecutive programs - 1) < 9999
(First program number + Number of consecutive programs - 1) < 99999999

(10) The batch setting of macro call via G code with decimal point needs to satisfy the following conditions. When
the number exceeds the limit, the batch settings of macro call via G code with decimal point are all invalid.

(First G code + Number of consecutive programs / 10 - 0.1) < 999.9
(First program number + Number of consecutive programs - 1) < 99999999

(11) When batch setting of macro call via G code duplicates, the command is executed in the following priority from
top to bottom.

+Individual settings of macro call via G code (#7201 to #7293)
+Batch settings of macro call via G code (#7421 to #7424)
+Other 8 G code settings: G200, G300, ..., G900 (#7322 to #7393)

(12) When macro call via G code with decimal point duplicates, the command is executed in the following priority
from top to bottom.

+Individual settings of macro call via G code with with decimal point (#56501 to #56593)
+Batch settings of macro call via G code with with decimal point (#7431 to #7434)

(13) Register the macro program to be called by G code macro call in NC memory. When the program is registered
to a device other than NC memory, including NC memory 2, the program error (P232) occurs.
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14.4.5 Miscellaneous Command Macro Call (for M, S, T, B Code Macro Call)

E Function and purpose

The user macro subprogram of the specified program number can be called merely by issuing an M (or S, T, B)
code. (Registered M code and all S, T and B codes.)

E Command format

Miscellaneous command macro call

[M*P_L__;(ors™;,T*;,B")

M** M code for macro call (or S, T, B code)
P (*1)
L (*1)

(*1) Functions as an argument when the macro argument L/P valid function is enabled.
It cannot be used when the macro argument L/P valid function is disabled.

m Detailed description

(1) The above instruction functions in the same way as the instructions below, however, the correspondence be-
tween M codes and instructions can be set by parameters. (Same for S, T and B codes)

a: M98 pP**** ; M98, M** are not output.
b: GB5 P**** M** ;
c: G66 P**** M**;
d: G66.1 P**** M** ;

When the parameters corresponding to "c" and "d" above are set, issue the cancel command (G67) either in the
user macro or after the call code has been commanded so as to cancel the modal call.

(2) The correspondence between the "M**" which conducts the macro call and the macro program number P**** to
be called is set by parameters. Up to 10 M codes from MO0 to M9999 can be registered.

Note that the codes to be registered should exclude those basically required for the machine and the following
M codes.

MO, M1, M2, M30, M96, M97, M98, M99, M198
(3) As with M98, it is displayed on the screen display of the setting and display unit but the M codes and MF are not
output.

(4) Even if the registered miscellaneous commands above are issued in a user macro subprogram which are called
by an M code, it will not be regarded as a macro call and will be handled as a normal miscellaneous command.
(Same for S, T and B codes)

(5) All' S, T and B codes call the subprograms in the prescribed program numbers of the corresponding S, T and B
functions.
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(6) Up to 10 M codes can be set.

<Note>

+*When "1" to "3" is set to "#7002 M[01] type", the macro call will be equivalent call to G65/G66/G66.1. In this
case, the alphabet before the M, S, T, B code macro is not handled as an argument.
For example, commanding the M code and T code in the same block changes the operation depending on
the order of the address.

(Example) To register M06 in M code macro

MO06 T02 The value of T is treated as variable #20 in macro. The value is entered in the T code
at the same time.

T02 MO6 The value is not entered in the variable #20 in macro. The value is entered in the T
code.

(7) The address L and address P can be used as an argument when the macro argument L/P valid function is en-
abled.
This parameter setting depends on the MTB specifications (parameter "#1241 set13"/bit5).
The argument address L is designated with variable #12 in the macro, and the argument address P with variable
#16 in the macro.

(8) When the macro argument L/P function is enabled and the value is designated with macro type "M98", if address
L and address P are commanded, a program error (P33) will occur.

(9) Even when the macro argument L/P valid function is enabled, argument codes G, L, N, O, and P are not dis-
played on the local variable screen.

(10) When ",D" or "<(Character string)>" is commanded in a block that is calling a G code macro, a miscellaneous
command macro, or an ASCII code macro while the macro argument L/P valid function is enabled, a program
error (P33) will occur.

This parameter setting depends on the MTB specifications. (Parameter "#1241 set13"/bit5)

(11) Even when the miscellaneous function lock signal (AFL) is enabled, the macro call instruction is executed.

(12) Register the macro program to be called by the miscellaneous command macro call in NC memory. When the
program is registered to a device other than NC memory, including NC memory 2, the program error (P232) oc-
curs.
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14.4.6 Detailed Description for Macro Call Instruction

m Detailed description

Differences between M98 and G65 commands
(1) The argument can be designated for G65 but not for M98.
(2) The sequence number can be designated for M98, but not for G65, G66 and G66.1.

(3) M98 executes subprograms after all the commands except M, P, H and L in the M98 block are executed, but
G65 branches directly to the subprogram without any further operation.

(4) When any address except O, N, P, H or L is included in the M98 block, the single block stop will be conducted,
but not for the G65.

(5) The level of the M98 local variables is fixed but it varies in accordance with the nesting depth for G65.
("#1" before and after M98, for instance, has the same significance, but they have different significance in G65.)

(6) The M98 nesting depth extends up to 10 levels in combination with G65, G66 and G66.1. The G65 nesting depth
extends up to only 4 levels in combination with G66 and G66.1.

Macro call command nesting depth

Up to 4 nesting levels are available for macro subprogram calls by simple call or modal call.

The argument for a macro call instruction is valid only within the called macro level. Since the nesting depth for mac-
ro calls extends up to 4 levels, the argument can be used as a local variable for the programs of each macro call of
each level.

‘ Note

(1) When a G65, G66, G66.1 G code macro call or miscellaneous command macro call is conducted, this is regarded
as a nesting level and the level of the local variables is also incremented by one.

(2) With modal call A, the designated user macro subprogram is called every time a movement command is execut-
ed. However, when the G66 command is duplicated, the next user macro subprogram is called to movement
commands in the macro every time an axis is moved.

User macro subprograms are called from the one commanded last.

(Example 1)

Main program User macro operation

G66Pp, ;¥ P1 call :f( S T
Zz1 ;  After Z1 execution S
N P2
G66Pp, ¥ p2 call /7
. » X1 —»( W —»( X M99
Zz2 61IA1IA2IA
* v | v | v |
G67 | p2 cancel Crm) (Cm) ()
2 ]
Zz3 - t(( X1 ) Wi ) X2 »—»( M99
After Z3 execution
G67 ; §p1 cancel
Zz4 *
2z5 v
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(3) When M98 command is executed in G66 (G66.1) modal, the program designated by G66 (G66.1) will be exe-
cuted after completing the movement command in the subprogram called by M98 (in case of G66.1, after com-
pleting each block).

(Example 2)

Main program

)

G66 Pp1;

/

\

GO01 Xx1;

M98 Pp2i—————

G67;

Subprogram 1

GO00 Xx2;

M99;

Subprogram 2

Subprogram 1

N\

T
T~

GO0 Xx3;

MQO;

GO00 Xx2;

M99;

When the program numbers of p1 and p2 are same, the program numbers of subprograms 1 and 2 will be

same.
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14.4.7 ASCIl Code Macro

E Function and purpose

A macro program can be called out by setting the correspondence of a subprogram (macro program) preregistered
with the parameters to codes, and then commanding the ASCII code in the machining program.

This function can be used in addition to the G, M, S, T and B miscellaneous command macro call function.

These parameters depend on the MTB specifications.

(Execution example 1) M98 type

Main program Subprogram

00002;
—

/,y 0200
D2000; @ | ﬁ
M30; \

After outputting "2000" to common variable #146, the program No. 200 subprogram is called with the M98 subpro-
gram call type.

Parameters

#7401 (ASCII call Valid/Invalid) 1 (Valid)
#7402 (ASCII code) D

#7403 (Call type) 0 (M98 type)
#7404 (Program No.) 200

#7405 (Common variable) 146

(Execution example 2) G65 type

Main program Subprogram

00003; Ly 03000

I

—~— MO99;

After outputting "500" to local variable #1, the program No. 3000 subprogram is called out with the G65 macro call

type.

Parameters

#7411 (ASCII call Valid/Invalid) 1 (Valid)
#7412 (ASCII code) A

#7413 (Call type) 1 (G65 type)
#7414 (Program No.) 3000

#7415 (Common variable) 100 (Not used)
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E Command format

o**P__L__ ;..Designates the address and code

o ASCII code for calling out a macro (one character)

*kkk

Value or expression output to variable
(Setting range: £999999.9999)

(*1)
L (*1)

(*1) Functions as an argument when the macro argument L/P valid function is enabled.
It cannot be used when the macro argument L/P valid function is disabled.

m Detailed description

(1) The above command performs the same operations as the commands listed below. The correspondence of com-
mands is set for each ASCII code with the parameters.

0 : M98 P****;

1:G65 P**** <Argument>;
2 : G66 P**** <Argument>;
3:G66.1 P**** <Argument>;

When parameters corresponding to items “2” and “3” above are set, the modal call will be canceled. Thus, com-
mand the cancel command (G67) after commanding the call code or during the user macro.

(2) The ASCII code for calling the macro and the program No. P**** to be called are set with the parameters.
Up to two ASCII codes can be registered.

(3) The code section is output to the variables, but the output destination differs according to the call type and ad-
dress.

(a) For M98 type

The code section is output to a common variable and the variable No. is set with a parameter.

When corresponding to the first address (parameter #7401), the section is output to the common variable
which is indicated by the first variable No. (parameter #7404). (These parameters depend on the MTB spec-
ifications.)

(b) For G65/G66/G66.1 type

The code section is output to a local variable. The variable No. differs according to the address, and corre-
sponds to the following table.

Address # Address # Address #
A 1 K 6 U 21
B 2 L 12 \Y, 22
C 3 M 13 w 23
D 7 N 14 X 24
E 8 ) 15 Y 25
F 9 P 16 z 26
G 10 Q 17
H 11 R 18
| 4 S 19
J 5 T 20

<Note>
+The following addresses can be used.

A, B,D,F,H ILJKMQR,ST
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(4) When ",D" or "<(Character string)>"is commanded in a block that is calling a G code macro, a miscellaneous
command macro, or an ASCIl macro while the macro argument L/P valid function is enabled, a program error

(P33) will occur.

This parameter setting depends on the MTB specifications. (Parameter "#1241 set13/bit5")

(5) Register the macro program to be called by ASCII code macro in NC memory. When the program is registered

to a device other than NC memory, including NC memory 2, the program error (P232) occurs.

@ Program example

The figure below describes s a program that controls the tailstock with address A and machines a long thin work-

piece.

#7411 (ASCII [02] Valid/Invalid) 1 (Valid)
#7412 (ASCII [02] Code) A

#7413 (ASCII [02] Type) 1 (G65 type)
#7414 (ASCII [01] Program No.) 500

#7415 (ASCII [01] Variable) 100 (Not used)

Main program Subprogram
G28 XZ; 0500;
A1; Call 0500 IF[#1 EQ 0]GOTO 10;
G00 X20. Z0.; G53 GO0 A-205.; Tailstock advance
G01 X15. F100; G53 G01 A-200. F100;
G01 Z100. F200; GOTO N20;
X502120; N10 M26 ;
AO; Call 0500 G53 GO A-400.; Tailstock retract
M30; N20 M99 ;
Address A is converted into G65 P500.
120 100 Z0
] Press Pull
G—\<i> ffffff 50
A 15
@ X0
M 1 -15
e GEUELEETEEEERERERERERE EEREEEERERRETAEREEEERET] FESCRES -50
- 200 B Tailstock  Tailstock
! spindle A spindle
(mm)
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m Precautions

Calling a macro with an ASCII code from a macro-called program

A macro cannot be called with an ASCII code from a macro-called program with an ASCII code.
The other patterns are shown below.
If it is judged that a macro cannot be called, the command will be handled as a normal command.

Called side
ASCII GMSTB macro G65/66/66.1 M98
Calling side |ASCII x x o o
GMSTB macro x x o o
G65/66/66.1 o o o o
M98 o o o o

Nest level of macro call commands

Up to 4 nesting levels are available for macro subprogram calls using simple call (G65) and modal call (G66/G66.1).
The macro call command's argument is valid only in the called macro level.

Since the macro call nest level is four, the argument can be used in the program as a local variable for each macro
call.

Nest level of subprogram call command

Counting the main program as 0, up to ten levels of subprograms can be called (M98) from a subprogram.
The following commands are used for subprogram nesting.

(1) M98

(2) G65 G66 G66.1

(3) G code call Miscellaneous function call (M/S/T/B)

(4) MDI interruption

(5) Automatic tool length measurement

(6) Multiple-step skip function

The following commands can be issued regardless of nesting.

(7) Fixed cycles
(8) Macro interruption
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Order of command priority

If "M" is designated for the ASCII code address, it may overlap with the codes basically necessary for that machine.
In this case, commands will be identified with the following priority using code values.

(1) M98, M99, M198 (subprogram call command)
MOO (program stop command)
MO1 (optional stop command)
MO02, M30 (end command)
M96, M97 (macro interruption command)

(2) When corresponding to miscellaneous code (M) call macro command
(3) When corresponding to ASCIl code macro command
(4) Used as normal miscellaneous command

If"S", "T" and "B" are designated for the ASCII code address, commands will be identified with the following priority.

(1) When corresponding to miscellaneous code (S, T, B) call macro command
(2) When corresponding to ASCII code macro command
(3) Used as normal command

If the other addresses do not correspond to the ASCII code macro command, they will be identified as normal com-
mands. If the command to be used, overlaps with an ASCII code macro command, it must be commanded in the
macro-called program with the ASCII code.

Note that there are cases where the command will be unconditionally handled as a normal command, as explained
in below.

Conditions where the address set is handled as a normal command

(1) When there is a data setting command (G10) in the same block.

(2) When ASCII code macro call is executed after the G code macro call command in the same block (also applies
for M, S, T, B and ASCII)

(Example) When address "D" (G65 type) is set in the ASCIl code macro, and M50 is set in the macro call (G65
type).
‘MSO D200 ; Execute M code macro with argument (200 set in #7) |

(3) When inputting parameters
(4) When there is a comma (,) before the address. (For example, ",D", ",R", etc.)
(5) When commanded in fixed cycle

(6) When commanded in macro subprogram called with G code macro call
(Also applies when macro is called with M, S, T, B or ASCII)
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14.5 Variables Used in User Macros

E Function and purpose

Both the variable specifications and user macro specifications are required for the variables that are used with the
user macros.

The compensation amounts of the local, common and system variables among the variables for this NC system ex-
cept #33 are retained even when the unit's power is switched off. (Common variables can also be cleared by param-
eter "#1129 PwrVCI".)

m Detailed description

Use of multiple variable

When the user macro specifications are applied, variable Nos. can be turned into variables (multiple uses of vari-
ables) or replaced by <formula>.

Only one of the four basic arithmetic rule (+, -, * , /) operations can be conducted with <formula>.

(Example 1) Multiple uses of variables
#1=10 #10=20 #20=30;
#5=# [#[#1]] ; # [# [#1]] = # [#10] from #1 = 10.

# [#10] = #20 from #10 = 20.
Therefore, #5 = #20 or #5 = 30.

#1=10 #10 =20 #20=30 #5=1000;

H[#[#1]]=#5; # [# [#1]] = # [#10] from #1 = 10.
# [#10] = #20 from #10 = 20.
Therefore, #20 = #5 or #20 = 1000.

(Example 2) Example of multiple designations of variables

#10=5; <Formula>##10 = 100; is handled in the same manner as # [#10] = 100.
##10=100 ; In which case, #5 = 100.

(Example 3) Replacing variable Nos. with <formula>

#10=5;

#[#10 + 1] = 1000 ; In which case, #6 = 1000.
#[#10 - 11 =-1000 ; In which case, #4 = -1000.
#[#10 * 3] = 100; In which case, #15 = 100.
#[#10/2] = -100 ; In which case, #2 = -100.
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Undefined variables

When applying the user macro specifications, variables which have not been used even once after the power was
switched on or local variables which were not specified by the G65, G66 or G66.1 commands, can be used as
<Blank>. Also, variables can forcibly be set to <Blank>.

Variable #0 is always used as the <Blank> and cannot be defined in the left-side member.

(1) Arithmetic expressions

#1 = #0; #1 = <Blank>
#2=#0+1, #2=1
#3 =1+ #0; #3=1
#4 = #0 * 10; #4=0
#5 = #0 + #0; #=0

Note that <Blank> in an arithmetic expression is handled in the same way as 0.
<Blank> + <Blank> =0
<Blank> + <Constant> = Constant
<Constant> + <Blank> = Constant
(2) Variable quotations
When only the undefined variables are quoted, they are ignored including the address itself.
When #1 = <Blank>

GO0 X#1 Z1000 ; Equivalent to GO0 Z1000 ;
GO0 X#1+10 21000 ; Equivalent to GO0 X10 Z1000 ;

(3) Conditional expressions
<Blank> differs from "0", only for EQ and NE. (#0 is <Blank>.)

When #101 = <Blank> When #101 =0
#101EQ#0 #101EQ#0
<Blank> = <Blank> Established 0 = <Blank> Not established
#101NEO #101NEO
<Blank> # 0 Established 0 # 0 Not established
#101GE#0 #101GE#0
<Blank> >= <Blank> Established 0 >= <Blank> Established
#101GTO #101GTO
<Blank> > 0 Not established 0 > 0 Not established
#101LE#O #101LE#0
<Blank> <= <Blank> Established 0 <= <Blank> Established
#101LTO #101LTO
<Blank> < 0 Not established 0 < 0 Not established

‘ Note

(1) EQ and NE should be compared only for integers. For comparison of numeric values with decimals, GE, GT, LE,
and LT should be used.
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14.5.1 Common Variables

m Detailed description

Common variables can be used commonly from any position. Number of the common variables sets depends on
the specifications.
Refer to the explanation about Variable Commands for details.

Variable name setting and quotation

Any name (variable name) can be given to common variables #500 to #599. It must be composed of not more than
7 alphanumerics and it must begin with a letter. Do not use "#" in variable names. It causes an alarm when the pro-
gram is executed.

[SETVNn [ NAME1,NAME2, ....] ;

n Head No. of variable to be named (500 to 599)
NAME1 #n name (variable name)
NAME2 #n + 1 name (variable name)

Variable names are separated by a comma (,).

(1) Once variable names have been set, they will not be cleared even when the power is turned off.

(2) Variables in programs can be quoted by their variable names. In this case, the variables should be enclosed in
square parentheses [ ].

(Example 1) GO1X [#POINT1] ;

(3) The variable Nos., data and variable names are displayed on the screen of the setting and display unit.
(Example 2)
Program... SETVN500 [A234567, DIST, TOOL25] ;

Common variables E3
# Value tame

500 EPELERET A234567 &
501 56700000 DIST

202 -156.5000 TO0L25

‘ Note

(1) Do not use characters (SIN, COS, etc.) predetermined by the NC and used for operation commands at the head
of a variable name.
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14.5.2 Local Variables (#1 to #33)

m Detailed description

Local variables can be defined as an <argument> when a macro subprogram is called, and also used locally within
main programs and subprograms. They can be duplicated because there is no relationship between macros. (up to
4 levels)

‘G65 P__L__<argument>; ‘

Program No.

L Number of repetitions

The <argument> is assumed to be Aa1 Bb1 Cc1...... Zz1.

The following table shows correspondences points between the addresses designated by <argument> and the local
variable numbers used in the user macro main bodies.

[Argument designation I]

Call command Argument Local Call command |Argument ad-|Local vari-
G65 G66 | G66.1 address variable G65 G66| G66.1 dress able No.
No.

° ° A #1 o o Q #17
o o B #2 o o R #18
o o C #3 o o S #19
o o D #7 o o T #20
o o E #8 o o U #21
o o F #9 o o \Y #22
X x* G #10 o o w #23
o o H #11 o ) X #24
o o I #4 o o Y #25
o o J #5 o o z #26
o o K #6 - #27
A A L #12 - #28
° ° M #13 - #29
X x* N #14 - #30
x x o #15 - #31
A A* P #16 - #32

- #33

"x" in the above table denotes argument addresses which cannot be used. However, provided that the G66.1 mode
has been established, an argument address denoted by the asterisk can be added for use.

The hyphen (-) mark indicates that there is no corresponding address.

A "A" mark denotes an argument address which may be used depending on the MTB specifications. (Parameter
"#1241 set13"/bit5)
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[Argument designation II]

Argument designa- | Variable in macro Argument designa- | Variable in macro
tion Il address tion Il address

A #1 J5 #17
B #2 K5 #18
Cc #3 16 #19
11 #4 J6 #20
J1 #5 K6 #21
K1 #6 17 #22
12 #7 J7 #23
J2 #8 K7 #24
K2 #9 18 #25
13 #10 J8 #26
J3 #11 K8 #27
K3 #12 19 #28
14 #13 Jo #29
J4 #14 K9 #30
K4 #15 110 #31
15 #16 J10 #32

K10 #33

<Note>

+*The numbers 1 to 10 accompanying |, J and K indicate the sequence of the commanded sets, and are not
required in the actual command.

(1) Local variables in subprograms can be defined by means of the <argument> designation during macro call. (Lo-
cal variables can be used freely in those subprograms.)

Main program

G65 P9900 AG0. S100. F800;

MO02;

Subprogram 09900

G91 GO1 X#19*COS [#1) )

Subprogram

M99;

Y [#19*SIN

(#1) ) F#9;

= =

Refer to the local variables and control the
movement, etc.

K |
Local variables set |

by argument AF1)=

Local variable ! F(
data table|

#9)=

| S(#19)= 100.000
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(2) Local variables can be used independently on each of the macro call levels (4 levels).
Local variables are also provided independently for the main program (macro level 0).
Arguments cannot be used for the level 0 local variables.

Main program (o) 010 0100
(Local level 0) (Local level 1) (Local level 2) (Local level 3)
#1=0.1 #2=0.2 #3=0.3;
665S P1A1.B2.C3; < G65 P10A10. B20. C30.; < 665$P100A100 B200; < S
MO02; M99; M99; M99;
Local variable (0) Local variable (1) Local variable (2) Local variable (3)
#1.0.100 A (#1) 1.000 A (#1) 10.000 A (#1) 100.000
#2 0.200 B (#2) 2.000 B (#2) 20.000 B (#2) 200.000
#3 0.300 C (#3) 3.000 C (#3) 30.000 C (#3)
D (#7) D (#7) S
Z (#26) Z (#26) Z (#26)
#32 #32 #32 #32

The status of the local variables is displayed on the setting and display unit.
Refer to the Instruction Manual for details.

14.5.3 System Variables

Data such as the workpiece offset amount can be read using system variables other than common variables or local

variables.
Refer to "23 System Variables" for details.
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14.6 User Macro Commands

14.6.1 Operation Commands

E Function and purpose

A variety of operations can be performed between variables.

g Command for