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Introduction

This instruction manual describes the methods of using the high-performance contour
control software-fixed type CNC (NC hereafter) MELDAS 600L Series mainly for a lathe.
The programming methods for all of the above models are described, so read this
manual thoroughly before starting use.

In respect to the functions related to the multi-axis multi-system, the programming and
alarm details for each system are the same as the general-purpose (2-axis, 3-axis)
lathe.

Explanations in this manual assume that all functions are provided with all of the above
models. However, all options are not necessarily provided with each CNC, so refer to
the specifications issued by the machine manufacturer before starting use.

Thoroughly read the "Precautions for Safety" given on the next page to ensure safe use
of this numerical control unit.

Details described in this manual

(1) This manual gives general explanations from the standpoint of the NC side.
For explanations concerning individual machine tools, refer to the instruction manual
issued by the machine manufacturer.
For items described as "Restrictions, "Usable State", etc., the instruction manual
issued by the machine manufacturer takes precedence over this manual.

(2) While every effort has been made to describe special handling in this manual, items
not described in this manual should be interpreted as "Not Possible".

(3) The multi-system function is an additional specification. The 3-system model is
explained as an example in this manual, but the number of systems that can be used
will differ according to the model.

Note that the maximum number of spindle axes will also differ according to the model.
Check the specifications before starting use.

/\ CAUTION

A For items described in "Restrictions” or "Usable State”, the instruction manual issued by
the machine manufacturer takes precedence over this manual.

/\ Items not described in this instruction manual should be interpreted as "Not Possible".

/\ This manual has been written on the assumption that all option functions are added.
Refer to the specifications issued by the machine manufacturer before starting use.

/\ Refer to the instruction manual issued by the machine manufacturer for explanations on
each machine tool.

/\ Some screens and functions may differ or may not be usable depending on the NC
system version.



Precautions for Safety

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

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

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

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

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

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

Note that even items ranked as " A CAUTION", may lead to major results depending on the
situation. In any case, important information that must always be observed is described.

/\ DANGER
Not applicable in this manual.

/\ WARNING
Not applicable in this manual.

/\ CAUTION

1. Items related to product and manual

A For items described as "Restrictions” or "Usable State" in this manual, the instruction
manual issued by the machine manufacturer takes precedence over this manual.

/\ Items not described in this instruction manual should be interpreted as "Not Possible".

/\ This manual is written on the assumption that all option functions are added. Refer to the
specifications issued by the machine manufacturer before starting use.

/\ Some screens and functions may differ or may not be usable depending on the NC
system version.




/\ CAUTION

2. ltems related to programming

/\ Because of key chattering etc., during editing, the commands with no value after G
become a "G00" operation during running.

A "' "EOB" and "%" "EOR" are expressions used for the explanation. The actual codes
are "; (line feed)" and "%" for ISO, and "EOB" (End Of Block) and "EOR" (End Of
Record) for EIA.

/\ The commands with no value after G become a "G00" operation during running.

/\ Always carry out dry run operation before actual machining, and confirm the machining
program, tool offset amount and workpiece offset amount, etc.

/\ When creating the machining program, select adequate machining conditions, and
make sure not to exceed the machine and NC's performance, capacity and limits.
Examples given in this manual do not take the machining conditions into consideration.
Do not change fixed cycle programs without the prior approval of the machine
manufacturer.

/\ When programming the multi-system, take special care to the movements of the
programs for other systems.

/\ During the spindle synchronous control mode, do not turn the rotation command for the
slave spindle OFF while the master spindle and slave spindle are chucked on the same
workpiece. This will be hazardous as the slave spindle will stop.

/\ Do not issue another axis name change command before axis name change cancel is
issued once axis name change is commanded.
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1. CONTROL AXES
1.1 Coordinate Word and Control Axis

1. CONTROL AXES

1.1 Coordinate Word and Control Axis

Function and purpose

In the case of a lathe, the axis parallel to the spindle is known as the Z axis and its forward
direction is the direction in which the turret moves away from the spindle stock while the axis
at right angles to the Z axis is the X axis and its forward direction is the direction in which it
moves away from the Z axis, as shown in the figure below.

Tailstock

Coordinate axes and polarities

Since coordinates based on the right hand rule are used with a lathe, the forward direction of
the Y axis in the above figure which is at right angles to the X-Z plane is downward. It should
be borne in mind that an arc on the X-Z plane is expressed as clockwise or counterclockwise
as seen from the forward direction of the Y axis. (Refer to the section on circular interpolation.)

Spindle nose
P
Machine zero point

Workpiece zero points (G54 to G59)

Local coordinate system
(Valid in G54 to G59)

G30

2nd reference point 2

+2

+X
Reference point

A

(+Y)

Relationship between coordinates




1. CONTROL AXES
1.2 Coordinate Systems and Coordinate Zero Point Symbols

1.2 Coordinate Systems and Coordinate Zero Point Symbols

Function and purpose

4

®
@

Upon completion of the reference point return, the parameters are referred to and
automatically set for the basic machine coordinate system and workpiece coordinate systems
(G54 to G59).

The basic machine coordinate system is set so that the first reference point is at the position
designated by the parameter from the basic machine coordinate zero point (machine zero
point).

: Reference point

: Machine coordinate zero point

: Workpiece coordinate zero points
(G54 to G59)

Basic machine
coordinate system

Machine zero point —m T
@ it { } 4

Workpiece Workpiece @ ™ Workpiece Workpiece
z2 coordinate coordinate coordinate coordinate X3
X2 — system system system system 6 (G59) Z3
4 fSA) 2 fss) 5(G58) |
N I SR . R GO e e B

Hypothetical N e - ‘\‘"j\?———* ~Kpr——-- -{"?gr"' [
machine ! ’ h e o o Rl
coordinate system { | | [ |
(shifted by G92) | i i ! !

| 1 1 ! I X1

|

ox|

Z1

1st reference point

The local coordinate system (G52) is valid on the coordinate systems designated by the
commands for the workpiece coordinate systems 1 to 6.

Using the G92 command, the basic machine coordinate system can be shifted and made the
hypothetical machine coordinate system. At the same time, workpiece coordinate systems 1 to
6 are also shifted.



2. INPUT COMMAND UNITS

2. INPUT COMMAND UNITS

2.1

Input Command Units

Function and purpose

2.1

Input Command Units

These are the units used for the movement amounts in the program as commanded by the
MDI input. They are expressed in millimeters, inches or degrees (°).

2.2 Input Setting Units

Function and purpose

These are the units of setting data which are used, as with the compensation amounts, in
common for all axes.

The input command unit can be selected for each axis and input setting units can be selected
in common for the axes by parameters from among the following types. (For further details on
settings, refer to the sections about control.)

Linear axis Rotation
Type Millimeter ' ' Inch ' axis
Diametrical Radial Diametrical Radial ©)
command | command | command | command
| #1003 0.001 0.001 0.0001 0.0001 0.001
nput . cunit=10 ' ’ ' ’ '
command unit
=1 0.0001 0.0001 0.00001 0.00001 0.0001
Min. movement IS-B 0.0005 0.001 0.0005 0.0001 0.001
unit IS-C 0.00005 0.0001 0.00005 0.00001 0.0001
Input setting IS-B 0.001 0.001 0.0001 0.0001 0.001
unit IS-C 0.0001 0.0001 0.00001 0.00001 0.0001

(Note 1) Inch/metric conversion is performed in either of 2 ways: conversion from the
Parameter screen (“"Initial inch™: valid only when the power is turned ON) and
conversion using the G command (G20 or G21).
However, when a G command is used for the conversion, the conversion applies
only to the input 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 to correspond to input setting unit.

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



3. DATA FORMATS

3. DATA FORMATS

3.1 Tape Codes

Function and purpose

The tape command codes used for this NC are combinations of alphabet letters (A, B, C...Z),
numbers (0, 1, 2...9) and signs ( +, —, /...). These alphabet letters, nhumbers and signs are
referred to as characters. Each character is represented by a combination of 8 holes which

may, or may not, be present.

These combinations make up what is called codes.

This NC employs the ISO code (R-840).

3.1 Tape Codes

/N\CAUTION

"line feed" and "%" for ISO.

/\ ", "EOB" and "%" "EOR" are expressions used for the explanation. The actual codes are

Detailed description

(1) For the sake of convenience, a ";" has been used in the NC display to indicate End Of
Block (EOB/LF) which separates one block from another. Do not use the ";" key, however,
in actual programming but use the keys in the following table instead.

EOB/EOR keys and displays

Code used
ISO NC displa
Key used play
End Of Block LF or NL ;
End Of Record % %

(Note 1) If a code not given in Table of tape codes is assigned during operation, an lllegal

address error "P32" will result.

(Note 2) The following codes which exist with ISO can be designated by parameter:
(left square parenthesis)
(right square parenthesis)

(sharp sign)
(asterisk)
(equals sign)
(colon)

S % H—r—

i (exclamation mark) = (queuing code)

$ (dollar sign) = (code designating system number)

Any codes which overlap with existing codes or codes which result in parity H cannot

be designated.




3. DATA FORMATS

(2)

3)

(4)

3.1 Tape Codes

Significant data section (label skip function)

All data up to the first EOB (;), after the power has been turned ON or after operation has
been reset, are ignored during automatic operation based on tape, memory loading
operation or during a search operation. In other words, the significant data section of a
tape extends from the character or number code after the first EOB (;) code after resetting
to the point where the reset command is issued.

Control out, control in

When the 1SO code is used, all data between control out "(" and control in *)" are ignored
by the NC, although these data appear on the setting display unit. Consequently, the
command tape name, number and other such data not directly related to control can be
inserted in this section.

This information will also be loaded, however, during tape loading.

The system is set to the "control in" mode when the power is turned ON.

Example of ISO LC S L
code pgC00X-85000Y-64000(CUTTERE RETURN) .
] (] ] [ BN o0 [ XL J ([ ] o & o o0
e 00 O ° ° o0 o0 o
ee oo L X o0 o000 o000 000 O oo

® 6 0 0 0600 00 0 0000 0 00 00 0 ¢ 200 008 %P PP OO OGO O L e 000 e e

..”0.... ..‘...000.0...0..”..... ...... ..
® o 00 © LK ° o 00000000 06 © O
Operator information print-out example L | f

Information in this section is ignored and nothing is executed.

EOR (%) code

Generally, End Of Record is punched at both ends of the tape. It has the following
functions:

(&) Rewind stop when rewinding tape (with tape handler)

(b) Rewind start during tape search (with tape handler)

(c) Completion of loading during tape loading



3. DATA FORMATS

3.2 Program Formats

3.2 Program Formats

Function and purpose

The prescribed arrangement used when assigning control information to the NC unit is known as
the "program format", and the format used with the NC is called the "word address format."

Detailed description

(1) Word and address

(@)

(3)

A word is a collection of characters arranged in a specific sequence. This entity is used as
the unit for processing data and for causing the NC to execute specific operations.

Each word used for the NC consists of an alphabet letter and a number of several digits
(sometimes with a "+" or "—" sign placed at the head of the number).

Word

Numerical (word data)

Alphabet (address)

Word configuration

The alphabet letter at the head of the word is the address. It defines the meaning of the
numerical information which follows it.

With the NC, "SO=" can be commanded for a multiple number of spindle commands
although this applies only to address S.

For details of the types of words and the number of significant digits of numbers used for
this NC, refer to Table 1 Format details and abbreviations.

Blocks

A block is a collection of words. It includes the information which is required for the NC to
execute one specific operation. One block unit constitutes a complete command. The end
of each block is marked with an EOB (End-Of-Block) code.

Programs
A program is a collection of several blocks.

(Note 1) If there is no number after the alphabetic character in the actual program, the value

following the alphabetic character will be handled as 0.
(Example) G28XYZ; —» G28X0Y0Z0;



3. DATA FORMATS
3.2 Program Formats

Table 1 Format details and abbreviations

ltem Abbreviation
Program number 08
Sequence number N5
Preparatory function G3/G21
Movement Input setting unit A 0.01°, mm X+62 Z+62 < +62
command Input setting unit B 0.001°, mm |X+53 Z+53 <4 +53
Input setting unit C 0.0001°, mm |X+44 Z+44 <= +44
Movement . Input setting unit A 0.01°, mm l+62 K+62
command', circular, Input setting unit B 0.001°, mm I+53 K+53
cutter radius - -
Input setting unit C 0.0001°, mm |[l+44 K+44
Dwell Input setting unit A 0.01°, mm X+53 P8
Input setting unit B 0.001°, mm X+53 P8
Input setting unit C 0.0001°, mm |[X+53 P8
Feed function Input setting unit A 0.01°, mm F62 (feed per minute)
F43 (feed per rotation)
Input setting unit B 0.001°, mm F53 (feed per minute)
F34 (feed per rotation)
Input setting unit  C 0.0001°, mm |F54 (feed per minute)
F25 (feed per rotation)

Tool offset T1/T2

Miscellaneous function M2/M8

Spindle function S2/S5/S8 or SO=n

Tool function T2/T8

2nd miscellaneous function A8/B8/C8

Subprogram P8H5L4

Fixed cycle Input setting unit A 0.01°, mm R+62 Q62 P8 L4
Input setting unit B 0.001°, mm R+53 Q53 P8 L4
Input setting unit C 0.0001°, mm |[R+44 Q44 P8 L4

(Note 1) " <= "denotesthe A, B, C, Y,Por R.

(Note 2) The number of digits in the words is checked by the maximum number of digits in the
addresses.
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3.3 Tape Storage Format

3.3 Tape Storage Format

(1)

Function and purpose

Storage tape and storage sections

The section which is stored into the memory extends from the character following the
head EOB after resetting as far as the EOR code.

The significant codes listed in Table of tape codes in Section 3.1 are the codes in the
above storage section which are actually stored into the memory. All other codes are
ignored and are not stored.

The data between control out "(" and control in ")" are stored into the memory.

3.4 Optional Block Skip

Function and purpose

This function selectively ignores specific blocks in a machining program which starts with the
"I" (slash) code.

Detailed description

1)

Provided that the optional block skip switch is ON, blocks starting with the "/* code 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, the same command tape can be used to
machine different parts by inserting the "/ " code at the head of those specific blocks.

Precautions for using optional block skip

1)

(2)
3)

(4)
()

Put the "/" code at the head of the block. When inserted in a block, this is handled as a
division sign.
(Example) N20G1X25./z225.; <« -« - NG

(This will be handled as 25. /0, so the error P283

"Divided by zero" will occur.)
IN20G1X25.225.; ==+ - OK

Parity checks (H and V) are conducted regardless of the optional block skip switch state.

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.

This function is valid even during a sequence number search.

All blocks with the "/" code are also input and output during tape storing and tape output,
regardless of the state of the optional block skip switch.



3. DATA FORMATS
3.5 Program/Sequence/Block Numbers

3.5 Program/Sequence/Block Numbers (O, N)

Function and purpose

These numbers are used for monitoring the execution of the machining programs and for
calling both machining programs and specific stages in machining programs.

(1) Program numbers are classified by workpiece correspondence or by subprogram units,
and they are designated by the address "O" followed by a number with up to 8 digits.

(2) Sequence numbers are attached where appropriate to command blocks which configure
machining programs, and they are designated by the address "N" followed by a number
with up to 5 digits.

(3) Block numbers are automatically provided inside the NC itself. They are preset to "0"
every time a program number or sequence number is read, and they are counted up one
at a time unless program numbers or sequence numbers are commanded in blocks which
are subsequently read.

Consequently, all the blocks of the machining programs given in the table below can be
determined without further consideration by combinations of program numbers, sequence
numbers and block numbers.

NC monitor display
NC input machining program Program | Sequence Block
No. No. No.
012345678 (DEMO.PROG); 12345678 0 0
N100 GO0 G90 X120. Z100.; 12345678 100 0
G94 S1000; 12345678 100 1
N102 G71 P210 Q220 10.2 K0.2 D0.5 F600; 12345678 102 0
N200 G94 S1200 F300; 12345678 200 0
N210 GO1 X0 295, 12345678 210 0
GO01 X20.; 12345678 210 1
G03 X50. Z80. K-15.; 12345678 210 2
GO01 Z55.; 12345678 210 3
G02 X80. 740. 115,; 12345678 210 4
GO01 X100.; 12345678 210 5
G01 Z30.; 12345678 210 6
G02 710. K-15.; 12345678 210 7
N220 GO01 Z0; 12345678 220 0
N230 GO0 X120. Z150.; 12345678 230 0
N240 M02; 12345678 240 0
% 12345678 240 0
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3.6 G Code System

3.6 G Code System

Function and purpose

These numbers are used to monitor the execution status of the machining program, or to call a
machining program or a specific process in the machining program.

There are 3 G code systems: 1, 2 and 3. Parameters "G code type 1", "G code type 2" and "G
code type 3" are used to set the applicable system.

G code system 3 is an additional specification.

The description of the G functions is based on G code system 2 which serves as the standard.

(Note 1) An alarm results when a G code not listed in the table is commanded. ("P34": lllegal
G code)

(Note 2) An alarm results when a G code not included in the additional specifications is
commanded.

(Example) An alarm ("P50 No spec: Inch/mm") occurs when the inch command G
code (G20) is commanded although the inch/mm specifications have
not been provided.

Table of G code systems

Reference
G code system (standard = 2) | Group Function name trsli?scag(:;n:rgl
(Section)
1 2 3

GO0 GO0 GO0 01 |Positioning 6.1

" Go1 " GOl " Go1 01 |[Linear interpolation 6.2
G02 G02 G02 01 [Circular interpolation (clockwise) 6.3,6.4
GO03 G03 G03 01 [Circular interpolation (counterclockwise) 6.3,6.4
G04 G04 G04 00 |Dwell 8.1,8.2
G09 G09 G09 00 |Exact stop 7.8
G10 G10 G10 00 [Data setting 125
G11 G111 G111 00 [Data setting mode cancel 12.1
Gil2.1 Gil2.1 Gil2.1 19 |Milling mode ON 6.8

4 G131 |4 G131 |~G131 19 [Milling mode OFF

A G14 A G4 A G14 18 |Balance cut OFF 17.4
G15 G15 G15 18 |[Balance cut ON
G16 G16 G16 02 |Y-Z cylindrical plane selection 6.8

" G17 " G17 " G17 02 |X-Y plane selection 6.5

® G18 " G18 ® G18 02 |Z-X plane selection

" G19 " G19 " G19 02 |Y-Z plane selection

" G20 " G20 " G70 06 |Inch command 5.3

" G21 " G21 " G71 06 |Metric command
G22 G22 G22 04 [Barrier check ON 151

4 G23 4 G23 4 G23 04 |Barrier check OFF

—10-
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3.6 G Code System

Reference
G code system (standard = 2) | Group Function name tl’slieSC:Tllci)ir:lllJr;I
(Section)
G27 G27 G27 00 [Reference point return check 14.9
G28 G28 G28 00 |Reference point return 14.7
G29 G29 G29 00 |Return from reference point
G30 G30 G30 00 |2nd reference point return 14.8
G31 G31 G31 00 |Skip function 16.1
G32 G33 G33 01 [Thread cutting 6.7
G34 G34 G34 01 |Variable lead thread cutting
G35 G35 G35 01 [Circular thread cutting (CW)
G36 G36 G36 01 |Circular thread cutting (CCW)
G37 G37 G37 00 @%;w?rt:g atchj)rlelﬁwngr:? offset, automatic tool 16.3
4 G40 G40 4 G40 07 |Tool nose R compensation cancel 12.4
G41 G41 G41 07 |Tool nose R compensation left
G42 G42 G42 07 |Tool nose R compensation right
" G43 G43 " G43 08 |2nd spindle control OFF 10.6
" G44 G44 " G44 08 |2nd spindle control ON
Tool nose R compensation 12.4
G46 G46 G46 07 (automatic selecti%n of direction) ON
Coordinate system settin 14.6
G50 G92 G92 00 Spindle clam)r/) speed sett?ng 104
G52 G52 G52 00 |Local coordinate system setting 14.11
G53 G53 G53 00 [Machine coordinate system selection 145
A G54 G54 A G54 12 [Workpiece coordinate system selection 1 14.10
G55 G55 G55 12 (Workpiece coordinate system selection 2
G56 G56 G56 12 |(Workpiece coordinate system selection 3
G57 G57 G57 12 (Workpiece coordinate system selection 4
G58 G58 G58 12 |[Workpiece coordinate system selection 5
G59 G59 G59 12  |Workpiece coordinate system selection 6
G61 G61 G61 13 |Exact stop check mode 7.9
4 G64 G64 4 Go64 13 |Cutting mode 7.10
G65 G65 G65 00 ([Macro call 13.7.1
G66 G66 G66 14  |Macro modal call A
G66.1 G66.1 G66.1 14 |Macro modal call B
4 G67 G67 4 G67 14  [Macro modal call cancel
G68 G68 G68 15 |Facing turret mirror image ON 13.8
4 G69 G69 4 G69 15 |Facing turret mirror image OFF
G70 G70 G72 09 |Finishing cycle 13.2.4
G71 G71 G73 09 [Longitudinal rough cutting cycle 13.2.1
G72 G72 G74 09 |Face rough cutting cycle 13.2.2
G73 G73 G75 09 [Stock removal in rough cutting cycle 13.2.3

—-11 -
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3.6 G Code System

Reference
G code system (standard = 2) | Group Function name s_ectlon in
this manual
(Section)
G74 G74 G76 09 [Face cut-off cycle 13.2.5
G75 G75 G77 09 |Longitudinal cut-off cycle 13.2.6
G76 G76 G78 09 |Compound thread cutting cycle 13.2.7
G76.1 G76.1 G76.1 09 [2-system simultaneous thread cutting cycle 1 17.13
G76.2 G76.2 G76.2 09 [2-system simultaneous thread cutting cycle 2
4 .G80 4 G80 4 .G80 09 [Hole drilling cycle cancel 13.34
G83 G83 G83 09 |Deep hole drilling cycle 1 (Z axis) 13.3.1
G79 G83.2 G83.2 09 |Deep hole drilling cycle 2 13.4
G84 G8g4 G84 09 [Tap cycle (Z axis) 13.3.2
G85 G85 G85 09 [Boring cycle (Z axis) 13.3.3
G87 G87 G87 09 |Deep hole drilling cycle (X axis) 13.3.1
G88 G88 G88 09 [Tap cycle (X axis) 13.3.2
G89 G89 G89 09 |Boring cycle (X axis) 13.3.3
G90 G77 G20 09 |Longitudinal cutting fixed cycle 13.1.1
G92 G78 G21 09 |Thread cutting fixed cycle 13.1.2
G94 G79 G24 09 [Face cutting fixed cycle 13.1.3
" G96 " G96 " G96 17 |Constant surface speed control 10.3
" G97 " G97 " G97 17 |Constant surface speed control cancel
" Go8 "G94 "G94 05 |Asynchronous feed 7.3
" G99 "G95 "G95 05 |Synchronous feed
- " G90 " G90 03 |Absolute value command 51
- " Ga1 " Gal 03 |Incremental value command '
- 4 G98 4 G98 10 [Hole drilling cycle initial return 13.3
- G99 G99 10 [Hole drilling cycle reference point return
G110 G110 G110 00 [Cross machining command 17.6
G111 G111 G111 00 |Axis name change 18.3
G113 G113 G113 00 Spindle s_ync_hronlzatlon, tool/spindle 17.8-17.12
synchronization cancel
G114.1 | G114.1 | Gli14.1 00 [Spindle synchronization 17.8
c1142 | 1142 | c114.2 00 Tool/s_p_lndle synchronization 1 (polygon 17.9
machining)
c1143 | c1143 | 1143 00 Tool/s.pllndle synchronization 2 (hobb 17.10
machining)
G115 G115 G115 00 [Waiting at designated start point 1 17.2
G116 G116 G116 00 [Waiting at designated start point 2 17.3
G117 G117 G117 00 Miscellaneous function output during axis 18.1, 18.2
movement
G125 G125 G125 00 [Control axis synchronization 17.7
G126 G126 G126 00 [Control axis superimposition 17.11
G164 G164 G164 00 |Spindle superimposition 17.12
G173 G173 G173 00 [Inclined coordinate rotation control 13.16
G200to| G200 to G999 G macro call 18.3

—12-



3. DATA FORMATS
3.6 G Code System

(Note 1) The " a " mark denotes a G code which is selected within each group when the
power is turned ON or when resetting that initializes the modal commands is
executed.

(Note 2) The " = " mark denotes a G code for which a parameter can be selected as the initial
status when the power is turned ON or when resetting that initializes the modal
commands is executed. Note that the inch/metric conversion can be made only when
the power is turned ON.

/N\CAUTION

/\ The commands with “no value after G*, will be handled as "G00" during operation.

— 13-
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3.7 Precautions Before Machining

3.7 Precautions Before Machining

Precautions before machining

/N\CAUTION

A Before starting actual machining, always carry out dry operation to confirm the machining
program, tool offset amount and workpiece offset amount, etc.

A 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 consider the machining conditions.

—14 -
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4.1 Pre-read Buffers

4. BUFFER REGISTER

4.1 Pre-read Buffers

Function and purpose

During automatic processing, the contents of 1 block are normally pre-read so that program
analysis processing is conducted smoothly. However, during nose R compensation, a
maximum of 5 blocks are pre-read for the intersection point calculation including interference
check.

The specifications of pre-read buffer are as follows:

(1) The data of 1 block are stored in this buffer.
(2) Only the significant data in the significant data section are stored into the pre-read buffer.

(3) When codes are sandwiched in the control in or control out mode 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.

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

(5) When the single block function is ON during continuous operation, the pre-read buffer
stores the following block data and then stops operation.

Analysis processing

Mode
switching

Keyboard . Arithme;ic
Buffer 1 processing
ooona
00000 | =t [MDI data [e——
ggggg (Note) Data equivalent to 1 block are stored
in 1 pre-read buffer.

—15—




5. POSITION COMMANDS

5.1 Incremental/Absolute Value Commands

5. POSITION COMMANDS

Incremental/Absolute Value Commands

5.1

Function and purpose

There are 2 methods of issuing tool movement amount commands: the incremental value
command and the absolute value command.

The incremental value method applies for coordinates of a point which is to be moved and it
issues a command using the distance from the present point, on the other hand, the absolute
value method issues a command using the distance from the coordinate zero point. The
following figure shows what happens when the tool is moved from point P1 to point P2.

X axis
3
Z W Pl
I‘ >y
-
//’// ,g
g 2
//
-
Spindle || / b )
X
Z axis
et

Coordinate zero point

Incremental and absolute value commands

The incremental and absolute value commands for the X and Z axes are identified by
addresses when control parameter "#6 ABS/INC Addr." is ON and by G codes (G90/G91)

when it is OFF.
Similarly, even with additional axes (C or Y axis), they are differentiated by addresses, or G
code.
Command Remarks
system
X axis Address X For setting correspondence between
Absolute 7 axis Address Z addresses and axes into machine
value - parameters
C/Y axis Address C/Y Co
X o Add U Absolute and incremental values can be used
Incremental axis ress = together in the same block.
Z axis Address W
value g
C/Y axis Address H/V
(Example)
X w

A Incremental value command for Z axis

—16 —

Absolute value command for X axis




5. POSITION COMMANDS
5.1 Incremental/Absolute Value Commands

Precautions

(1) Coordinate values can be omitted, in which case they are treated as "0".
The absolute and incremental value commands can be differentiated for any axis by the
G90 and G91 commands.

(Example) When the C axis has been differentiated by G90/G91.
(when incremental addresses have not been set)

G91X W _C_ ;
Incremental value command for C axis

Incremental value command for Z axis
Absolute value command for X axis

—17 -
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5.2 Radius/Diameter Commands

5.2 Radius/Diameter Commands

Function and purpose

The cross sections of workpieces machined on a lathe are circular, and the diameter or radius
value of those circles can be used for movement commands in the X-axis direction. A radius
command will move the tool by the commanded amount only, but a diameter command will
move the tool both in the X-axis direction by an amount equivalent to one-half the command
amount only and in the Z-axis direction by the commanded amount only.

This system permits radius or diameter commands to be issued, depending on the parameter
setting. The figure below shows the command procedure when the tool is to be moved from
point P1 to point P2.

X axis
P 1, )
/// rz
rd
//,
/,/
Spindle | | / PL—" ]
P2 N
_ - Z axis
Coordinate zero point
X command U command Remarks
Radius Diameter Radius Diameter [Even when a diameter command has
been selected, only the U command
X=n X=2n U=r, U=2r, [|canbe made aradiuscommand by
parameter.

Radius and diameter commands

Precautions

(1) In the above example, the tool moves from P1 to P2 in the minus direction of the X axis
and so when an incremental value is issued, 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 convenience.

— 18—
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5.3 Inch/Metric Conversion

5.3

Inch/Metric Conversion (G20, G21)

Function and purpose

These G commands are used to switch between the inch and millimeter (metric) systems.

Command format

G20/G21;
G20 Inch command
G21 Metric command

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 and it is meaningless for rotation
axes.

(Example) Relationship between input command units and G20/G21 commands (with
decimal point input type I)

Input _ Command "Initial inch" OFF "Initial inch" ON
command unit | AXis type example
" eunit” P G21 G20 G21 G20
10 Linear axes X100; 0.100mm 0.254mm 0.0039 inch  {0.0100 inch
Rotation axes C100; 0.100° 0.100° 0.100° 0.100°
1 Linear axes X100; 0.0100mm |0.0254mm |0.00039 inch |0.00100 inch
Rotation axes C100; 0.0100° 0.0100° 0.0100° 0.0100°

— 19—
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5.4 Decimal Point Input

5.4 Decimal Point Input

Function and purpose

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

A parameter selects whether type I (minimum input command unit) or type II (zero point) is to
apply for the least significant digit of data without a decimal point.

Command format

OOO00O.000 Inch system
OO0O0.0000 Metric system

1)

(2)

3)

(4)

(5)

(1)

Detailed description

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

Refer to the table "Addresses used and valid/invalid decimal point commands" for details
on the valid addresses for the decimal point commands.

The number of significant digits in a decimal point command is shown below (for input
command unit CS-B).

Moveme.nt Movement gommand Feedrate Dwell (X)
command (linear) (rotation)
Integer | Decimal | Integer Decimal . Integer Decimal
Integer part| Decimal part
part part part part part part
xn'\i’l'”_ 0to .000 0to 000 | 01060000. | .000to.999 0.to .000
INCH Oto | 0000 | 99999. | . oo 0102362, | .0000t0 .9999 01099 000
(inch) 9999. |10.9999 | (359.) | - 010 99 -000000 “ | to.999
) t0 .999999

(Note) The top row of Feedrate is for feed per minute and the bottom row is for feed per
rotation.

The decimal point command is valid even for commands defining the variable data used
in subprograms, etc.

Decimal point commands for decimal point invalid addresses are processed as integer
data only and everything below the decimal point is ignored. Addresses which are invalid
for the decimal point are D, H, L, M, N, O, P, S and T. All variable commands, however,
are treated as data with decimal points.

Precautions

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

(Example) GO0 X123+0;------ This is the X axis 123mm command. It will not be
123um.
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5. POSITION COMMANDS

Example of program

5.4 Decimal Point Input

(1) Example of program for decimal point valid address

Specification
division

Decimal point command 1

Decimal point

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

#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
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5. POSITION COMMANDS

Addresses used and valid/invalid decimal point commands

5.4

Decimal Point Input

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

— 22—

Decimal Decimal
Add- [ point - Re- Add- | point S Re-
ress com- Application marks ress com- Application marks
mand mand
A Valid | Coordinate position data K Valid | Circular center coordinates
Invalid | 2nd miscellaneous function Valid | Nose R compensation/tool
code radius compensation vector
Valid [Angle data components
Invalid |MRC program number Invalid | Hole drilling cycl'e'
- - - Number of repetitions
Invalid | Data setting, axis number vaid 1o hote dril e
- o ali eep hole drilling cycle
Valid |Deep ho_Ie drilling cycle (2) Second and subsequent cut
Safety distance amounts
B Valid | Coordinate position data L Invalid | Subprogram
Invalid | 2nd miscellaneous function Number of repetitions
code Invalid | Program tool compensation | L2,
C Valid | Coordinate position data input type selection L10,
Invalid | 2nd miscellaneous function L11
data Invalid [ Data setting selection L50
Valid | Corner chamfering amount |,C Invalid | Data setting 4 bytes
Valid | Program tool compensation 2-word type data
input M Invalid [ Miscellaneous function
Nose R compensation codes
amount (incremental) N Invalid | Sequence numbers
D Valid | Automatic tool length Invalid | Data setting, data numbers
measurement, o nvalid |p b
deceleration range d nval rogram numbers
Invalid | Data setting, byte type data P Inval!d Dwell time
E valid |inch threads Invalid Subrl)jrogram call program
Precision thread lead - numbers -
= valid | Feedrate Inval!d 2nd reference point number
valid | Thread lead Invalid [ Constant s_urface speed
S i Py 3 control, axis number
Va! Prepal.'atory un‘c.tlon coce Invalid | MRC finishing shape start
H Valid | Coordinate position data sequence number
Invalid | Sequence numbers in valid | Cut-off cycle
subprograms Shift amount/cut amount
Invalid | Data setting, bit type data Invalid | Compound thread cutting
I Valid | Circular center coordinates cycle, number of cutting
Valid | Nose R compensation/tool passes, clhamferlng, tool
radius compensation vector nose angle
components Valid Compound thread cutting
- — le
Valid | Deep hole drilling cycle (2) cyc .
First cut amount - Thread height -
J Valid | Circular center coordinates Invalid _Program tool compensation
- - input/ Offset number
Valid | Nose R compensation/ invalid | Dat tting. broad
nose radius compensation nvall Ia a_?_e 't’Fg' roab
vector components . classification number
Invalid | Deep hole drilling cycle (2) Invalid ?eturn Zequence number
Dwell at return point rom subprogram
Valid | Coordinate position data




5. POSITION COMMANDS
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5.4 Decimal Point Input
Decimal Decimal
Add- | point L Re- Add- | point P Re-
ress com- Application marks ress com- Application marks
mand mand
Q Invalid | Minimum spindle clamp S Invalid | Spindle function codes
speed Invalid | Maximum spindle clamp
Invalid | MRC finishing shape end speed
sequence number Invalid |Constant surface speed
Valid | Cut-off cycle control, surface speed
Shift amount/cut amount Invalid |Data setting, word type data | 2 bytes
Valid Corlnpound thread cutting T Invalid | Tool function codes
cycle - - —
Minimum cut amount U ValI‘d Coordl.nate position data.
Valid | Compound thread cutting Invalid | 2nd miscellaneous function
cvel codes
ycle
First cut amount Valid | Program tool compensation
Valid | Deep hole drilling cycle (1) input
Cut amount of each pass \% Valid | Coordinate position data
Invalid | Program tool compensation Invalid |2nd miscellaneous function
input codes
Hypothetical tool nose point Valid | Program tool offset input
- number — w Valid | Coordinate position data
Invalid - | Deep hole dr||||_ng cycle (2) Invalid [ 2nd miscellaneous function
Dwell at cut point codes
R Valid R-designated arc radius Valid Program tool compensation
Valid Corner rounding circular R input
radius X Valid | Coordinate position data
Valid | Automatic tool length valid | Dwell
measurement, deceleration - - -
range r Invalid |2nd miscellaneous function
codes
Valid MRC longitudinal/face - -
escape amount Valid _Progtram tool compensation
inpu
Invalid | MRC shaping division - P - —
number Y Valid | Coordinate position data
Valid | Cut-off cycle, return amount Invalid ggger:lscellaneous function
Valid | Cut-off cycle, escape - -
amount Valid _Progtram tool compensation
inpu
Valid | Compound thread cutting - P - —
cycle, finishing allowance z Valid | Coordinate position data
valid | Compound thread cutting Invalid 2n3 miscellaneous function
cycle/turning cycle, taper codes
difference Valid [ Program tool compensation
Valid | Hole drilling cycle/deep input
hole drilling cycle (2),
distance to reference point
Valid | Program tool radius
compensation input
Nose R compensation
amount (absolute)
Valid | Coordinate position data




6. INTERPOLATION FUNCTIONS

6.1 Positioning (Rapid Traverse)

6. INTERPOLATION FUNCTIONS

6.1 Positioning (Rapid Traverse); GO0

Function and purpose

This command is accompanied by coordinate words. It positions the tool along a linear or
non-linear path from the present point as the start point to the end point which is specified by
the coordinate words.

Command format

GO00 Xx/Uu Zz/Ww;

X, U, Z, W Coordinate values

The command addresses are valid for all additional axes.

Detailed description

1)

(2)

3)

(4)

(5)

Once this command has been issued, the GO0 mode is retained until it is changed by
another G function or until the G01, G02, G03 or G33 command in the 01 group is issued.
If the next command is GO0O, all that is required is simply that the coordinate words be
specified.

In the GOO mode, the tool is always accelerated at the start point of the block and
decelerated at the end point. Execution proceeds to the next block after it has been
confirmed that the command pulse of the present block is 0 and that the tracking error of
the acceleration/deceleration circuit is 0. The in-position width is set by parameter.

Any G function (G83 to G89) in the 09 group is cancelled (G80) by the GOO command.

Whether the tool moves along a linear or non-linear path is determined by parameter, but
the positioning time does not change.

(@) Linearpath =------- This is the same as linear interpolation (G01), and the speed is
limited by the rapid traverse rate of each axis.

(b) Non-linear path ---- The tool is positioned at the rapid traverse rate independently
for each axis.

When no number following the G address, this is treated as GO0O.

/N\CAUTION

/\ The commands with "no value after G" will be handled as "G00" during operation.
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6. INTERPOLATION FUNCTIONS
6.1 Positioning (Rapid Traverse)

Example of program

!

+X ' Turret

; u =7 "~ Start point (+180, +300)

End point (+100, +150)

t

% Workpiece ——
+z (Unit: mm)
S l Chuck

GO0 X100000 Z150000; Absolute value command

G00 U-80000 W-150000; Incremental value command
(With an input setting unit of 0.001mm)

(Note 1) When the "GO interpolation OFF" user parameter is OFF, the path along which the
tool is positioned is the shortest path connecting the start and end points. 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 9600mm/min,
the tool will follow the path in the figure below if the following is programmed:

GO0 Z-300000 X400000; (With an input setting unit of 0.001mm)

. Actual X axis rate:
End point 6400mm/min
/ X
S
<r
fx
Z
Start
300 point
(Unit: mm)
f z - >
Actual Z axis rate: 9600mm/min
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6. INTERPOLATION FUNCTIONS

(Note 2)

6.1 Positioning (Rapid Traverse)

When the "GO interpolation OFF" user parameter is ON, 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 9600mm/min,
the tool will follow the path in the figure below if the following is programmed:

G00 Z—300000 X400000; (With an input setting unit of 0.001mm)

Actual X axis rate:
End point 9600mm/min
/_/ )
]
<
fx
Z
Start g
300 point
fz Qﬁ_
Actual Z axis rate: 9600mm/min (Unit: mm)

(Note 3)

(Note 4)

The rapid traverse rate for each axis with the GOO command differs according to the
individual machine and so refer to the instruction manual issued by machine
manufacturer.

Rapid traverse (G00) deceleration check

Upon completion of the rapid traverse (G00), execute the next block after the
deceleration check time (Td) has elapsed.

The deceleration check time (Td) is as follows, depending on the acceleration/
deceleration type.

Linear acceleration/linear deceleration =« -« cccceeeee Td=Ts+a
Exponential acceleration/linear deceleration -« ----- Td=2xTs+a
Exponential acceleration/exponential deceleration =« - - - - Td=2xTs+a

Where Ts is the acceleration/deceleration time constant, o = 0 to 14ms

The time required for the deceleration check during rapid traverse is the longest
among the rapid traverse deceleration check times of each axis determined by the
rapid traverse acceleration/deceleration time constants and by the rapid traverse
acceleration/deceleration mode of the axes commanded simultaneously.
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6. INTERPOLATION FUNCTIONS
6.2 Linear Interpolation

6.2 Linear Interpolation; GO1

Function and purpose

This command is accompanied by coordinate words and a feedrate command. It makes the
tool move (interpolate) linearly from its present 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 center advance direction.

Command format

GO0 Xx/Uu Zz/Ww ae. Ff; ("a" is an additional axis)

X, U, Z, W, a Coordinate values

X axis

7 w i

Command point

U \
//

Present position
- Z axis

Detailed description

Once this command is issued, the mode is maintained until another G function (G01, GO02,
GO03, G33) in the 01 group which changes the GO1 mode is issued. Therefore, if the next
command is also GO1 and if the feedrate is the same, all that is required to be done is to
specify the coordinate words. If no F command is given in the first GO1 command block,
program error "P62" results.

The feedrate for a rotation axis is commanded by °/min (decimal point position unit). (F300 =
300°/min)

The G functions (G70 to G89) in the 09 group are cancelled (G80) by the GO1 command.
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6. INTERPOLATION FUNCTIONS

Example of program

(Example 1)

6.2 Linear Interpolation

X axis

/4 jl\ﬂ

Present position

ﬁ#- - » 7 axis
/ (Unit: mm)

[ Go1 X50.0 220.0 F300; |

(Example 2) Cutting in the sequence of P; —» P, — P3 — P4 at 300mm/min feedrate
Po —» P1, P4 — Py is for tool positioning

Turret
+ X
240 4 -
pr =TT PO
2004 e —
/ A
1
140 4+~
P3 P4
100 4~
P2
Input setting unit :
i } H T
Ll 1 ¥ LI
| 40 90 160 220230 (Unit: mm)
GO0 X200000 240000; Po— Py
GO01 X100000 Z90000 F300; P, — P,
Z160000; P, > Ps
X140000 Z220000; P; > Py
GO0 X240000 Z2230000; Ps— Po
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6. INTERPOLATION FUNCTIONS

6.3 Circular Interpolation

6.3 Circular Interpolation; G02, G0O3

Function and purpose

These commands serve to move the tool along a circular.

Command format

G02 (G03) Xx/Uu Zz/Ww i Kk Ff:

GO02 Clockwise (CW)
GO03 Counterclockwise (CCW)
Xx/Uu Circular end point coordinates, X axis (absolute value of workpiece
coordinate system for X, incremental value from present position for U)
Zz/Ww Circular end point coordinates, Z axis (absolute value of workpiece
coordinate system for Z, incremental value from present position for W)
li Circular center, X axis (for I, radius command/incremental value of X
coordinate at center as seen from start point)
Kk Circular center, Z axis (for K, incremental value of Z coordinate at center
as seen from start point)
Ff Feedrate
X axis
Center
End point
\\ i
A
us2 N \, Start
X N point
Z W K -

—G - - - Z axis
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6. INTERPOLATION FUNCTIONS

6.3 Circular Interpolation

Detailed description

1)

)

3)

(4)

(5)

GO02 (or G03) is retained until another G command (G00, GO1 or G33) in the 01 group that
changes its mode is issued.

The direction of the circular rotation is differentiated by G02 and G03:

G02: CW (Clockwise)

GO03: CCW (Counterclockwise)

+X 1 Turret

Chuck CCW(GO03)
-~
; L +X

___________________ -
/’-\ :
| @wmom l +2
|
|
- - - - - | -
! —
| +2Z
| Work- / |
piece ﬁW(GOZ) |
| +Z

__________________ J
( 1 - h +X
| CCW(G03)

+ xl Turret

An arc which extends for more than one quadrant can be executed with a single block
command.

The following information is needed for circular interpolation.
(a) Rotation direction . Clockwise (G02) or counterclockwise (G03).

(b) Circular end point coordinates : Given by addresses X, Z, U, W.

(c) Circular center coordinates : Given by addresses I, K (incremental value
commands).
(d) Feedrate . Given by address F.

A program error results when I, 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 as seen from the start point and K is the distance in the Z-axis
direction.

No T commands can be issued in the G2/G3 modal status.
A program error results "P151" if a T command is issued in the G2/G3 modal status.
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6. INTERPOLATION FUNCTIONS

Example of program

6.3 Circular Interpolation

X axis
—ery
50.0
Coordinate 120.0
zero point 9
20.0
- - Z axis
70.0 50.0
(Unit: mm)

G2 X120.0 Z70.0 150.0 F200;

Absolute value command

G2 U100.0 W-50.0 150.0 F200;

Incremental value command
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6. INTERPOLATION FUNCTIONS
6.3 Circular Interpolation

(Note 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 coordinate axis which is
at right angles to the plane in question.

(Note 2) When the end point is the same position as the start point, a 360° circular (full circle)
is commanded when the center is commanded using | and K. In this case, always
command the end point.

(Note 3) The following occurs when the start and end point radius do not match in a circular
command:

(1) Program error "P70" results at the circular start point when error AR is greater
than the "G02/G03 Error" parameter value.

G02 Z80. K50.;

/ Alarm stop

/ \
/ \
| Center  ENdpoint 1\

Start P
point  Start point radius End point T;ﬁ.

radius
Y/

(2) Spiral interpolation in the direction of the commanded end point results when
error AR is less than the parameter value.

G02 Z790. K50.;

Spiral interpolation

/
' Center point
Start

point

O

|
Start point radius ~ End point
7 radius AR

Although the parameter setting range is from 0 to 100 (input unit), the parameter
values in the above examples are assumed to be extremely high in order to
facilitate understanding.
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6. INTERPOLATION FUNCTIONS
6.4 R-designated Circular Interpolation

6.4 R-designated Circular Interpolation; G02, GO3

Function and purpose

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

Command format

GO02 (G03) Xx/Uu Zz/Ww Rr Ff;

x/u X-axis end point coordinate
zlw Z-axis end point coordinate
r Circular radius

f Feedrate
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6. INTERPOLATION FUNCTIONS
6.4 R-designated Circular Interpolation

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 perpendicular bisector line, serves as the center
coordinates of the circular command.

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

7/ AN
/ \_— Circular path when R sign is minus
! \

End point

Start point

The following condition must be met with an R-designated circular interpolation command:

L

<
2X%Xr <1

Where L is the line from the start point to end point.

If the above conditions are not satisfied and the arc center cannot be calculated, a program
error (P71) will occur.

If an R designation and I, K designation are given at the same time in the same block, the
circular command with the R designation takes precedence.

In the case of a full-circle command (where the start and end points match), an R designation
circular command will be completed immediately if it is issued and no operation will result. An I,
K designation circular command should therefore be used in such a case.

Example of program

(Example 1)

| G03 Zz1 Xx1 Rrl Ff1; R-designated arc on Z-X plane

(Example 2)

GO02 Xx1 Zz1 li1 Kk1 Rrl Ff1; R-designated arc on X-Z plane

(When the R designation and I, K designation are
contained in the same block, the R designation has
priority in processing.)
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6. INTERPOLATION FUNCTIONS
6.5 Plane Selection

6.5 Plane Selection; G17, G18, G19

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 commands can select the plane composed of any 2 axes which are not
parallel axes. If a rotation axis is entered as a parallel axis, the commands can select the
plane containing the rotation axis.

These commands are used to select:

* The plane for circular interpolation
* The plane for nose R compensation
¢ The plane for milling interpolation

Command format

G17, (I-J plane selection)
G18; (K-I plane selection)
G19; (J-K plane selection)

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 control
parameters (Initial Z-X plane, Initial Y-Z plane) is selected. If neither of these has been set, the
X-Y plane is selected.

J I K
GO03 Go03 GO0 3
GA G ox G o\
I K J
G17 (I-J) plane G18 (K-I) plane G19 (J-K) plane
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6. INTERPOLATION FUNCTIONS
6.5 Plane Selection

Parameter entry

Basic axis Parallel axis Basic axes and parallel axes can be entered in
I X Y the parameters. The same axis name can be
entered in duplication, but when it is assigned in
J Y L . .
duplication, the plane is determined by plane
K Z selection system (4).
Fig. 1 Examples of plane It is not possible to set axes, which have not

selection parameter entry been entered, as control axes.

Plane selection system

This section describes the plane selection for the parameter entry samples shown in Fig. 1.

(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)
X  G18XZ; Y G18YZ; z G19YZ;
GO03 \G 03 \(; 03
G m G ON G h
Z Z Y

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

G18, G19) is not assigned.
G18X_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 = G18XZ;)

(4) 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.

G18XYZ; The Z-X plane is selected.
Therefore, the Y movement is unrelated to the selected plane.

(Note 1) When the "#8121 Initial Z-X plane" in the control parameter is kept ON, the G18
plane is selected when the power is turned ON or when the system is reset.

—-36-—



6. INTERPOLATION FUNCTIONS
6.6 Helical interpolation

6.6 Helical interpolation; G17, G18, G19, and G02, G03

Function and purpose

With three orthogonal axes, large diameter screws and solid cams can be machined with
simultaneous 3-axis control. With this control, circular interpolation is carried out with two
random axes, and at the same time, linear interpolation is carried out with the other axis in
synchronization with the circular interpolation.

z
A Command program path

End point

Start point

X-Y plane projected path in
command program

Command format

G17 G02 (G03) Xx/Uu Yy/Vv Zz/Ww li Jj Pp Ff;

G17 Arc plane (G17: X-Y plane, G18: Z-X plane, G19: Y-Z plane) (Note 2)
GO02 (G03) Arc rotation direction (G02: clockwise, GO3: counterclockwise) (Note 3)
Xx/Uu, Yy/Vv Arc end point coordinates

Zz/Ww Linear axis end point

li, Jj Arc center coordinates

Pp Number of pitches

Ff Feedrate

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

(Note 2) The linear interpolation axis is the other axis not included in the plane selection.

Arc plane Linear interpolation axis
G17 X-Y plane Z axis
G18 Z-X plane Y axis
G19 Y-Z plane X axis

(Note 3) The rotation direction is that looking at the arc plane in the linear interpolation axis'
positive to negative direction.
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6. INTERPOLATION FUNCTIONS

Explanation of addresses

6.6 Helical interpolation

Add- Addrgss Command range (unit) Remarks
ress meaning
X/U Arc end point Coordinate command range [ 1. If a value that exceeds the command
YV coordinates (mm/inch) range is commanded, a program error will
(Decimal point command occur. (P35 Setting value range over)
valid) 2. If an axis other than one which can be
controlled with the command system is
commanded, a program error will occur.
(P33 Format error).

ZIW Linear axis end |Coordinate command range | 1. If a value that exceeds the command
point (mml/inch) range is commanded, a program error will
coordinates (Decimal point command occur. (P35 Setting value range over)

valid) 2. If an axis other than one which can be
controlled with the command system is
commanded, a program error will occur.
(P33 Format error).
| Arc center Coordinate command range [ 1. If a value that exceeds the command
J coordinates (mm/inch) range is commanded, a program error will
(Decimal point command occur. (P35 Setting value range over)
valid) 2. If an axis other than one which can be
controlled with the command system is
commanded, a program error will occur.
(P33 Format error).

3. Input a radius value.

4. An arc radius value command (R
command) cannot be used for the arc
center coordinates.

P Number of 0to 99 1. If avalue that exceeds the command
pitches (*) range is commanded, a program error will

occur. (P35 Setting value range over)

2. When omitted, this will be handled as PO.

F Feedrate Speed command range 1. Command the speed in the direction of

(mm/inch, inch/min) each axis' composite element as the

(Decimal point command feedrate.

valid) 2. If avalue that exceeds the command
range is commanded, a program error will
occur. (P35 Setting value range over)

* Calculating the pitch (11)

(Example: X-Y plane)

End point Z Command program path
S
Pitch (11)
Number of
pitches (P1) < Y

Command program's

X Start point Ve
X-Y plane projection path

End point (xe, ye)

\

Start point (xs, ys)

11 =2z1/((2x - p1 + 0)/27)
6 = e — Bs = arctan (ye/xe) — arctan (ys/xs)

(0<0<2n)

Whereas, ys and xs indicate the start point coordinates, ye and xe indicate the end point
coordinates, z1 indicates the linear axis end point coordinates, and p1 indicates the number of
pitches. 6e and 0s each indicate the phase difference from the arc center coordinates.
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6. INTERPOLATION FUNCTIONS
6.6 Helical interpolation

Detailed description

The following type of movement will take place when the following type of command is issued.
G17 G02 Xx Yy Zz li Jj Pp Ff;

Z Command program path

End point

Number of
pitches p

Start point

Command program's
X-Y plane projection path ]
-~ Start point

The left drawing shows the process as an exploded view, and the right drawing shows the arc
plane from directly above.

Using the point designated as the arc center coordinates as the center, the axis starts to rotate
at the feedrate f, and after uniformly cutting from the start point to the end point with the
number of pitches designated with p, the axis stops.

Example of program

(Example 1)

G17 G02 U0. V0. W150. 1-100. | Normal command
JO. P3 F300;

End point z Command program path AY

© End point
> 150. ©/ 100.
. W X
Start point Y )
X Start point

Command program's
X-Y plane projection path

The left drawing shows the process as an exploded view, and the right drawing shows the
arc plane from directly above.

At the start of the block, the axis centers at the point -100mm in the X axis direction and
Omm in the Y axis direction from the workpiece coordinates (start point), and starts cutting
at the feedrate 300mm/min while rotating.

While carrying out circular interpolation, the axis uniformly cuts three-step pitches while
moving 100mm in the Z axis direction, and then stops.
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6.6 Helical interpolation

(Example 2)

G17 G02 U-50. v200. W100. When P command is omitted
1-100. J100. F1500;

z Command program
path Y

J100.

Command program’s X-Y

LR ¥ i
plane projection path Start point

The left drawing shows the process as an exploded view, and the right drawing shows the
arc plane from directly above.

At the start of the block, the axis centers at the point -100mm in the X axis direction and
100mm in the Y axis direction from the workpiece coordinates (start point), and starts
cutting at the feedrate 1500mm/min while rotating.

Since the P command is omitted, the number of pitches is 0. Thus, the axis will cut
100mm in the Z axis direction while carrying out circular interpolation, and then stops.

Precautions and restrictions

1)
(2)
3)
(4)

(5)

(6)

(7)

(8)

When the P designation is omitted, the setting will be the same as PO.
When the arc center coordinates are omitted, "P70 Arc radius error" will occur.
Circular machining is possible by omitting the arc end point coordinates.

If PO is commanded when the start point and end point coordinates are the same, linear
interpolation will take place only in the direction of the linear interpolation axis. If PO is
commanded when the start point and end point coordinates differ, helical interpolation will
take place from the start point to end point in one cycle.

A circular interpolation radius command (R command) cannot be issued when carrying
out helical interpolation.

If the linear interpolation axis is omitted, the movement will be the same as normal circular
interpolation. However, the axis will stop at the end point after carrying out circular
interpolation the number of times commanded with P.

If a height axis is set with the same axis designating an arc plane, the latter setting will
become valid and normal circular interpolation will take place. However, the circle will be
traced only the number of times designated with the P command.

The feedrate is the speed in the direction of each axis' composite element.
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6.7 Thread Cutting

6.7 Thread Cutting
6.7.1 Constant lead thread cutting; G33

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.

<

1) o

- #

F/E F/E

Straight thread Scrolled thread Continuous thread

Command format

G33 Zz/Ww Xx/Uu Ff Qq ; (Normal lead thread cutting commands)

Zz, Ww, Xx, Uu Thread end point addresses and coordinates
Ff Lead of long axis (axis which moves most) direction
Qq Thread cutting start shift angle (0.001 to 360.000°)

G33 Zz/Ww Xx/Uu Ee Qq ; (Precision lead thread cutting commands)

Zz, Ww, Xx, Uu Thread end point addresses and coordinates
Ee Lead of long axis (axis which moves most) direction
Qq Thread cutting start shift angle (0.001 to 360.000°)
) W
X axis End
point
I
ure ﬁ\
! Start point
i 51 |—
Z | s '
- Z axis
X
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Detailed description

6.7 Thread Cutting

(1) The E command is also used for the number of threads in inch thread cutting, and
whether the threads or precision lead is to be designated can be selected by parameter
setting. (The parameter "#8114 Precision thrd cut E" is set to ON for precision lead
designation.)

(2) The lead in the long axis direction is commanded for the tapered thread lead.

<

U/2

f Tapered thread section

/\

When a < 45° lead is in Z-axis direction
When a > 45° lead is in X-axis direction
When a = 45° |lead can be in either Z or X-axis direction.

Thread cutting metric input

Input unit A (0.01mm) B (0.001mm) C (0.0001mm)
system
Command E (threads/ E (threads/ E (threads/
address F (mm/rev) | E (mm/rev) inch) F (mm/rev) E (mm/rev) inch) F (mm/rev) E (mm/rev) inch)
Minimum
command |1 &0:001), |1(=0.0001), 1 (=1), 1 (= 0.0001), |1 (=0.00001), [1(=1), 1 (= 0.00001), |1(=0.000001), |1 (=1),
unit (1.=1.000) [(1.=1.0000) [(1.=1.0) (1.=1.0000) |(1.=1.00000) (1.=1.00) (1.=1.00000)  [(1.=1.000000) |(1.=1.000)
Command |0.001 to 0.0001 to 0.1to 0.0001 to 0.00001 to 0.01to 0.00001 to 0.000001 to 0.001 to
range 9999.999 9999.9999 9999999.9 999.9999 999.99999 999999.99 99.99999 99.999999 99999.999
Thread cutting inch input
Input unit A (0.001inch) B (0.0001inch) C (0.00001inch)
system
Command ) ) E (threads/ ' ) E (threads/ ) ) E (threads/
address F (inch/rev) | E (inch/rev) inch) F (inch/rev) E (inch/rev) inch) F (inch/rev) E (inch/rev) inch)
Minimum 1(=0.0000001) [1(=0.00000001)
command | 1(F0-00001), |1(=0.000001) (1 (= 1), 1(=0.000001), [1(=0.0000001), 1 (= 1), , , 1(=1),
nit (1.=1.00000) |(1.=1.000000)|(1.=1.000)  |(1.=1.000000) |(1.=1.0000000) [(1.=1.0000) |(1.=1.0000000 |(1.=1.00000000 |(1.=1.00000)
) )
Command |0.00001to [0.000001to [0.001to 0.000001 to |0.0000001 to |0.0001 to 0.0000001 to |0.00000001 to |0.001
range 999.99999  (99.999999 99999.999 99.999999 9.9999999 9999.9999 9.9999999 0.99999999 t0999.99999

(Note 1) It is not possible to assign a lead where the feedrate as converted into feed per
minute exceeds the maximum cutting feedrate.

(3)

(4)

The constant surface speed control function should not be used for tapered thread
cutting commands or scrolled thread cutting commands.

The spindle speed should be kept constant throughout from the rough cutting until the

finishing.
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()

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

6.7 Thread Cutting

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.
If the feed hold switch is pressed during thread cutting, block stop will result at the end
point of the block following the block in which thread cutting is completed (no longer G33
mode).

The converted cutting feedrate is compared with the cutting feed clamp speed when
thread cutting starts, and if it is found to exceed the clamp speed, an operation error will
result. (Note 1)

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

An illegal lead is normally produced at the start of the thread cutting and at the end of the
cutting because of servo system delay and other such factors.
Therefore, it is necessary to command a thread length which is determined by adding
the illegal lead lengths 3; and &, to the required thread length.

The spindle speed is subject to the following restriction:
Maximum feedrate
Thread lead

1<R<

Where R < Permissible speed of encoder (r/min)
R = Spindle speed (r/min)
Thread lead = mm or inches
Maximum feedrate = mm/min or inch/mm
(this is subject to the restrictions imposed by the machine specifications).

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.

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

For the spindle override during thread cutting, select either valid or invalid (100% fixed)
with the parameters. When the override is valid, the thread will not be cut correctly
because of a delay in the servo system if the override is changed during thread cutting.
When the override is invalid, the override will change to 100% when operation with an
override other than 100% is started. Thus, the thread will not be cut correctly due to a
delay in the servo system.

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

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.

When the model is switched to the manual 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. In the case of a single block, the following block which does not contain a
thread cutting command is first executed and then the automatic operation stops.

The thread cutting command waits for the single rotation synchronous signal of the
rotation encoder and starts movement.

However, movement starts without waiting for this signal when another system issues a
thread cutting command during ongoing thread cutting by one particular system. Therefore,
thread cutting commands should not be issued by a multiple number of systems.
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6.7 Thread Cutting

Example of program

X axis
20.0
- - - - - Z axis
90.0
40.0 50.0 T
G33 X90.0 Z40.0 E12.34567; Absolute value command
G33 U70.0 W-50.0 E12.34567; Incremental value command
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6.7 Thread Cutting

6.7.2 Inch thread cutting; G33

Function and purpose

If the number of threads per inch in the long axis direction is assigned in the G33 command,
the feed of the tool synchronized with the spindle speed will be controlled, which means that
constant-lead straight thread cutting, tapered thread cutting, and continuous thread cutting can
be performed.

Command format

G33 Zz/Ww Xx/Uu Ee Qq;
Zz, Ww, Xx, Uu Thread end point addresses and coordinates
Ee Number of threads per inch in direction of long axis (axis which
moves most) (decimal point command can also be assigned)
Qq Thread cutting start shift angle (0.001 to 360.000°)
X axis
W
End !
point
T~
v | o TS
Start point
—i f
z |es,
Q.——- Z axis

Detailed description

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

(2) The E code is also used to assign the precision lead length, and whether the thread
number or precision lead length is to be designated can be selected by parameter setting.
(The parameter "G33 Precision thrd cut E" is set OFF for thread number designation.)

(3) The E command value should be set within the lead value range when the lead is
converted.

(4) See Section 6.7.1 on lead thread cutting for other details.
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Example of program

6.7 Thread Cutting

X axis

20.0

- Z axis

90.0

40.0

50.0 (Unit: mm)

G33 X90.0 240.0 E12.0;

Absolute value command

G33 U70.0 W-50.0 E12.0;

Incremental value command

6.7.3 Continuous thread cutting

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.

‘(;33\‘ 4/{

G33
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6.7.4 Variable lead thread cutting

Function and purpose

Variable lead thread cutting is enabled by a command specifying a lead increment or

6.7 Thread Cutting

decrement amount per turn of the screw.

Command format

G34 X/U ZIW F/IE K ;
X/U X coordinate at the end of thread cutting
ZIW Z coordinate at the end of thread cutting
F/E Standard thread lead
K Lead increment or decrement amount per turn of the screw
Non-lead axis
!
!
\
|
1
i
\
WA W _ | teadans
|
l
l
|
! ‘ F +3.5K ‘ F +2.5K F +1.5K ‘F+0.5K
.
; | | ]
Lead speed 1\ T T T
F+4K F+3K F+2K  F+K F
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Detailed description

(1) The command range is as shown below.

Thread cutting metric input

6.7 Thread Cutting

Input unit

A (0.01mm) B (0.001mm) C (0.0001mm) A/BIC
system
ggé?g;znd F (mm/rev) E (mm/rev) F (mm/rev) E (mm/rev) F (mm/rev) E (mm/rev) K (n * mm/rev)
: Number of
Minimum 1(=0.001) | 1(=0.0001) | 1(=0.0001) | 1 (=0.00001) | 1 (=0.00001) | 1 (=0.000001) |" pi‘tjcrﬂegr ©
command unit | (1.=1.000) | (1.=1.0000) | (1.=1.0000) (1.=1.00000) (1.=1.00000) | (1=1.000000) | - "~ "=
Command 0.001 to 0.0001 to 0.0001 to 0.00001 to 0.00001 to 0.000001 to E (signed)
range 9999.999 9999.9999 | 999.9999 999.99999 99.99999 99.999999
Thread cutting inch input
Input unit A (0.001inch) B (0.0001inch) C (0.00001inch) A/BIC
system
(alggr:g:nd F (inch/rev) E (inch/rev) F (inch/rev) E (inch/rev) F (inch/rev) E (inch/rev) K (n * inch/rev)
N f
Minimum 1 (=0.00001) | 1 (=0.000001) | 1 (=0.000001) | 1 (=0.0000001) | 1 (=0.0000001) | 1 (=0.00000001) |" pimggr ©
command unit | (1.1.00000) | (1=1.000000) | (1.=1.000000) | (1.=1.0000000) | (1.51.0000000) | (1.1.00000000) | .~ " " "
Command 0.00001to | 0.000001to | 0.000001 to 0.0000001to | 0.0000001to | 0.00000001to |E (signed)
range 999.99999 | 99.999999 | 99.999999 9.9999999 9.9999999 0.99999999
(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 number

Meaning

Remedy

P93

Illegal pitch value
1) An invalid value is specified for F/E |K
or K in a thread cutting command.

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

(Reference 1)

Specify valid values for F/E and

Reference 1) Lastlead = V (F* + 2KZ)
Number of pitches = (—F + last lead)/K
Z : Length of lead axis

(5) The other matters are the same as G33.
Refer to section "6.7.1 Constant lead thread cutting; G33".
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6.7 Thread Cutting

6.7.5 Circular thread cutting; G35/G36

E Function and purpose

Circular thread cutting is carried out by applying circular interpolation while feeding the tool in
synchronization with the spindle rotation.

Thread cutting tool

—

Workpiece
center

F/E

F/E: Long axis direction lead
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6.7 Thread Cutting

Command format

G35/G36 Xx/Uu Zz/Ww {

Ff/Ee ;
Rr } Qq

G35 Clockwise (CW)
G36 Counterclockwise (CCW)
Xx/Uu X axis circular end point coordinate (X: absolute value for workpiece
coordinate system, U: incremental value from current position)
Zz/\Ww Z axis circular end point coordinate (Z: absolute value for workpiece
coordinate system, W: incremental value from current position)
li X axis circular center coordinate (incremental value of circular center
looking from start point)
Kk Z axis circular center coordinate (incremental value of circular center
looking from start point)
Rr Circular radius
FflEe Lead of long axis (axis with longest movement amount) direction
(Ff ... Normal lead thread/Ee ... Precision lead thread or inch thread)
Qq Thread cutting start shift angle (0.001 to 360.000°)
X axis
4 w
g - -
End point
A
u/2
N Start point
AT A
by
Z axis
R |
Y
Center y
K
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6.7 Thread Cutting

Matters related to command

(1) A program error (P33) will occur if the start point and end point match, or if the circular
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 larger than the "[Setup parameter]
#8010 G02/03 Error".

(b) If the error AR is smaller than the "[Setup parameter] #8010 G02/03 Error", the start
point radius and end point radius will be equally sectioned, and interpolation will start
from the new circular center.

Interpolation
path

Command

€ Commanded circular center |,
end point

i ° 1 e Command
start point

AR
Recalculated circular center

(3) A program error (P33) will occur if the R_ sign is negative.
(4) A program error (P33) will occur if |_K_,R_ are not commanded together.

(5) If1_K_command and R_ command are issued in the same block, the R_ command will
have the priority.

(6) An arc can be issued in two continuous quadrants when the circular center is set as (0,0).
A program error (P33) will occur if an arc extending over three or more quadrants is

issued.
When Z axis is long axis direction (lead)
1st, 2nd quadrant 3rd, 4th quadrant
T ~ p 7 ~
AN i AN
Start point End point / \
X \ X ,/ Center \
4 ‘ Center ] 4 ‘
/ \
tart poin
AN e po! AN point
~ N ~ .
»Z » 7
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(7)

6.7 Thread Cutting

If the vertical axis and horizontal axis command movement amount is the same, the
horizontal axis direction in the selected plane will be the long axis.

. Long axis
Plane selection .
when movement amount is the same
G17 : (1J plane) | axis
G18 : (Kl plane) K axis
G19 : (JK plane) J axis

Matters related to speed

(1)

()

3)

1)

(@)

If "cutting feedrate > clamp speed (thread cutting clamp speed)" when thread cutting is
started, the "MO1 operation error 0107" will occur and thread cutting will not start. The
lead axis and non-lead axis feedrate is checked in the following manner.

(@) Lead axis ...........oeuus Checked with the spindle rotation speed and commanded
pitch when thread cutting starts.

(b) Non-lead axis............ Feedrate of the section with the largest movement per unit
time between the circular start point and end point is checked
at the start of thread cutting.

The cutting feedrate may exceed the clamp speed to guarantee the lead during thread
cutting. In this case, "MO1 operation error 0107" will appear, but thread cutting will
continue. Note that only when the circular thread command is successively commanded, if
the cutting feedrate exceeds the clamp speed during thread cutting, the automatic
operation will stop just before the circular thread command, and "MO1 operation error
0107" will appear.

Related parameters
o #2002 clamp (cutting feed clamp speed)
o #2044 thr_clamp (thread cutting clamp speed)

Matters related to continuous thread cutting

Continuous thread cutting is possible by successively commanding the thread cutting
command. This makes it possible to cut a lead midway or to cut a special thread having a
changing shape.

Continuous thread cutting is possible as arc — arc, arc — constant lead, constant lead —
constant lead, constant lead — arc.

Matters related to servo system delay

1)

Illegal leads will result at the start and end of thread cutting due to normal servo system
delay, etc.

Thus, command the length including the illegal lead length at the start and end of thread
cutting to the required thread length.

Another method is to command the required thread length with the circular thread, and
command the illegal lead length before and after (start and end of thread cutting) as a
uniform lead thread (G33). (Continuous thread cutting with constant lead — arc —
constant lead.)
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1)

(2)

3)

(4)

()

(6)

(7)

(8)

(9)

6.7 Thread Cutting

Relation with other functions

Coordinate system

(@) A program error (P113) will occur if a circular thread command is used for an
orthogonal axis in the selected plane.

Program test

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

(b) The dry run signal input during thread cutting is invalid.

(c) The thread cutting feedrate is not synchronized with the spindle rotation during
program check. (The thread pitch is not guaranteed.) The circular thread is a reverse
run prohibit command, so reverse run is not possible.

Calling, starting and stopping the program

(a) Feed hold cannot be applied during thread cutting. If the feed hold switch is pressed
during thread cutting, block stop will result at the end point of the block following the
block in which thread cutting is completed (no longer thread cutting mode).

Functions for supporting machining methods

(a) Circular thread cutting will function correctly even during mirror image.

(b) Circular thread cutting will function correctly even during cross.

(c) The "MO1 operation error 1003" will occur if the circular thread command is used
during superimposition control.

(d) A program error (P201) will occur of there is a circular thread command in the
finished shape program while using the compound lathe fixed cycle.

(e) A program error (P385) will occur if a corner R/C is commanded during thread cutting
or in the next block's thread cutting.

(f) The geometric function cannot be used with the circular thread command. A program
error (P395 or P70) will occur if the geometric command is issued with the circular
thread command.

Inputting the speed

(@) The thread cutting command will be synchronous feed even during the per minute
feed (asynchronous) mode.

Tool diameter

(@) Thread cutting during nose R compensation will be executed after nose R
compensation is temporarily canceled.

Feed

(@) "Thread cutting time constant (axis specification parameter #2045: thr_t1" can be
applied to the acceleration/deceleration of the NC control axis during circular thread
cutting.

Interpolation

(@) A program error (P481) will occur if the thread cutting command is issued during
milling.

Spindle

(@) The spindle motor energy saving mode is invalid during thread cutting even if the
ECMD signal is valid.

(10) Machine structure related functions

(@) A program error (P712) will occur if the circular thread cutting command is issued
during the inclined coordinate rotation mode. A program error (P711) will occur if the
inclined coordinate rotation command is issued during the circular thread modal.
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1)

(@)

3)

(4)

6.7 Thread Cutting

Precautions and restrictions

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

If the spindle override is changed during thread cutting, the threads will not be cut
correctly due to a delay in the servo system.

A program error (P39) will occur if the circular thread (G35/G36) command is issued
without the additional specifications.

Circular threads cannot be cut with the thread cutting fixed cycle or the compound thread
cutting fixed cycle.
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6.8 Milling Interpolation

6.8 Milling Interpolation; G12.1/G13.1

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 rotation
axis (workpiece rotation).

Y (Hypothetical axis) k

A G12.1 command is issued to perform milling and a G13.1 command is issued to cancel
milling and returns to normal turning.

Command format

G12.1; Milling mode ON
G13.1; Milling mode OFF (Turning mode)
The following G codes are used to select milling and set the conditions.
G code Function Remarks

G121 Milling mode ON Default is G13.1.
G13.1 Milling mode OFF
G16 Selection of Y-Z cylindrical plane One of G17, G16, and G19 can be
G17 Selection of X-Y plane defined as the default (when G12.1
G19 Selection of Y-Z plane is issued) by the parameter.
G41 Tool R compensation left Default is G40.
G42 Tool R compensation right
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6.8 Milling Interpolation

Machining mode

G13.1 (Turning mode)

G17

G18 G19

(X-Y plane) (Z-X plane) (Y-Z plane)

G46, G41, G42/G40 (Nose R compensation)

G12.1 (Milling mode)

G16
X-Y
cylindrical

plane
|

G17 G19
(X-Y plane) (Y-Z plane)

G41, G42/G40 (Tool compensation)

6.8.1 Selecting milling mode

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 results.

(@) 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 point return,
a program error results.

(5) The G12.1 command automatically cancels an asynchronous mode F command.
Therefore, specify an F value in milling mode.

(Note) If G12.1 is executed, while no movement command has been given, after nose R
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6.8 Milling Interpolation

6.8.2 Milling interpolation control and command axes

(1)

)

3)

(4)

Detailed description

The two orthogonal linear axes (X axis and Z axis) and a rotation axis are used as control
axes for milling interpolation. The rotation axis is defined by a parameter.

Three orthogonal linear axes are used as the command axes for milling interpolation.
They are the X, Z, and a hypothetical axis.

The hypothetical axis is a hypothetical axis for interpolation which intersects the X and Z
axes at right angles.

The name of the hypothetical axis is defined by a parameter, either Y or the name of the
control rotation axis selected in (1) above.

AN
\
\
> Z
+ Hypothetical
// axis

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.

All values are treated as radius values in the milling coordinate system. (Any parameters
commanded with radius/diameter in turning mode are ignored.)

(Example 1)
(Program 1)
I
i
N1 GO X40;
N2 G12.1;
(or G12.1 E=C, DO;)
N3 G1 X10. Y10. F10,;
Hypothetical i
axis
(Unit: mm)
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N3 of program 1 is executed as follows:

6.8 Milling Interpolation

X=Mill_X
Hypothetical
axis
Hypothetical
axis
X
Hypothetical
axis
Mi ] 1__Xaxis
Hypothetical
axis

X Mil 1_Xaxis

X=Mi | |_Xaxis

Current values

X 28.284 (diameter value display)

C 45.000

(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 commands handle radius commands only.

mill_c (hypothetical
axis parameter)

Absolute axis name

Incremental axis name

0 Y Y,
1 Rotation axis name (C) Rotation axis incremental 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 Milling Interpolation

6.8.3 Selecting a plane during the milling mode

Function and purpose

A plane selection command decides the plane on which the tool moves for circular
interpolation or tool radius compensation in milling mode.

Command format

G17/G19;

G1l6 C_;

G16 Y - Z cylindrical plane
C_ Cylindrical radius value
G17 X -Y plane

G19 Y - Z plane

(1) These G commands for plane selection are modal. The G17 plane is automatically
selected as the default each time the turning mode is switched to the milling mode by a
G12.1 command. 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.

(2) G16 or G19 can also be defined as the default effective when a G12.1 command is issued.
A parameter is used for this.

(3) The three planes selected are explained below.

(a) G116
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.

Y-Z cylindrical plane
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(b) G17
G17 is an X-Y plane in an XYZ orthogonal coordinate system. This is useful to
process the end face of a workpiece.

X-Y plane

(c) G19
G19 is a Y-Z plane in an XYZ orthogonal coordinate system.

T\;;’
= ‘/j'_—_'_:: ks iy’ 7
m ¥ - Center of workpiece
i
/ \4’
Y
Y-Z plane
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6.8.4 Setting milling coordinate system

Function and purpose

The coordinate system for the milling mode is set according to the selected plane each time
the turning mode (G13.1) is switched to the milling mode by a G12.1 command.

G17 and G19 planes

(1) For the X and Z axes, the current positions are set as radius value on the coordinate
value.

(2) The Y axis is decided as the axis which intersects the X and Z axes at right angles. Y=0 is
defined in a G12.1 command.

Tool

™
™
/

o

G16 plane

(1) To select a G16 plane, the radius value of a cylinder is specified by G16C_;. If no radius
value is specified, the current X axis value is used as the radius value to define a cylinder.
If no radius value can be defined, a program error "P485" occurs.

(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.
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 a cylinder defined by a
G16 command.
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(4) The zero point of the Y axis is the position where a G12.1 command is issued.

(Example)

G121 G16 G50.. or GI12.1:
G16 C50.:
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6.8.5 Preparatory functions

Valid G codes in milling mode

Cla§5|f|- G code Function CIa§S|f|- G code Function
cation cation
* GO0 Positioning G65 Macro call
* G01 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 Y-Z cylindrical plane selection G88 Tap cycle (X axis)
G17 X-Y plane selection G89 Boring cycle (X axis)
G90 Absolute value command
G19 Y-Z plane selection G91 Incremental value command
G22 Barrier check ON G94 Asynchronous feed
G23 Barrier check OFF
G98 Hole drilling cycle initial point
return
G99 Hole drilling cycle reference point
return
G61 Exact stop mode
G40 Tool radius compensation
cancel
G41 Tool R compensation left G64 Turning mode
G42 Tool R compensation right

* . Milling interpolation command
O : G code effective only in milling mode

(1) Ifaninvalid G code is issued in milling mode, a program error "P481" occurs.

(2) In milling mode, all movement commands are commanded with the coordinate system
determined by the selected machining plane. The rotation axis thus cannot be moved by a
direct command in milling mode. To perform milling at a specific position of a workpiece,
therefore, positioning must have been made in turning mode.

(Example)

GO X100. C180.; = Positioning before milling
Gl12.1;
GO X50.;

(3) If acommand for an axis other than X, Z, and Y (rotation axis) is issued in milling mode, a
program error results.
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(4) In milling mode, the Y axis can be specified by only four G codes: G00, G01, G02, and
GO03. These are called the milling interpolation commands.

Positioning (G00)

If a GOO command is issued in milling mode, positioning is made to the specified point on the
selected plane at a rapid traverse rate.

GOOX/U__YN__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 speed.

(1) G16 mode
Program format

|Goiyv_zw__Xu__F_;
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(2) G17 mode
Program format

lGoixu__Ywv_zw_F_

X
\
o
Al |
B
>
[ S z '
“/i ! A
_______ -z
¥
(3) G19 mode
Program format
|Gor1ywv_zw_ xu_ F_
X
®

— 65—



6. INTERPOLATION FUNCTIONS
6.8 Milling Interpolation

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

or

G02/GO3 YIV__ZIW_J__

K

_F

G02/GO3 YNV_ZIW_R__F_;

G02 Circular interpolation (clockwise)
G03 Circular interpolation (counterclockwise)
YV Circular end point coordinate Y axis (Y: absolute value, V:
incremental value)
ZIW Circular end point coordinate Z axis (Z: absolute value, W:
incremental value)
JIK Circular center incremental value (radius command
incremental value from the start point to the center)
R Circular radius
F Feedrate
Ve
/
// /
’ /
oA Q)
®.! - - __ { = Y/
K—)G} X
\ \
\ A
\ \
N N\
U Development
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(2) G17 mode

G02/GO3 X/U__YIV__I__J__F__
or
G02/GO3 X/U_YN_R__F_;

X/U Circular end point coordinate X axis (X: absolute value, U:
incremental value)

YV Circular end point coordinate Y axis (Y: absolute value, V:
incremental value)

1/J Circular center incremental value (incremental value from the
start point to the center)

R Circular radius

F Feedrate

Z
Y
(2) G19 mode

G02/GO3YNV__ZIW__J__K__F__;
or
G02/GO3YNV_ZIW_R__ F__;
YV Circular end point coordinate Y axis (Y: absolute value, V:

incremental value)
ZIW Circular end point coordinate Z axis (Z: absolute value, W:

incremental value)
J/IK Circular center incremental value (incremental value from the

start point to the center)
R Circular radius
F Feedrate

X
A
,Q Y/
j g 41
Y k ©
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6.8.6 Switching from milling mode to turning mode; G13.1

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
occurs.

(a) Tool radius compensation has been canceled.

(3) The G13.1 command restores the plane selected before the preceding G12.1 command
was issued.

(4) The G13.1 command restores the mode (synchronous or asynchronous) and the F value
(if in asynchronous mode) selected before the preceding G12.1 command was issued.

(Note) If G13.1 is executed, while no movement command has been given, after cancellation
by an independent G40 command, tool radius compensation is canceled in the G13.1
block.

6.8.7 Feed function

Asynchronous cutting feed

An asynchronous feed mode (G94 command) can use F5.3 digits to specify the feedrate per
minute in units of 0.001lmm/min. The specifiable range is 0.001 to 60000.000mm/min. If the
effective speed exceeds the cutting feed clamp speed, it is clamped by that clamp speed.

(Note 1) Whenever the turning mode is switched to the milling mode by a G12.1 command,
the F command modal value is canceled. After mode change, therefore, the feedrate
must be set by an F command.

(Note 2) A G12.1 command forces the mode to shift to the asynchronous mode.

(Note 3) When the milling mode is canceled by a G13.1 command, both the feed mode and F
command modal value return to the original state before the preceding G12.1
command was issued.

6.8.8 Program support functions

Relation with other functions

The following program support functions are effective in milling mode:
(1) Linear angle command

(2) Variable command

(3) Automatic corner chamfering/corner R

(4) Geometric function

(5) Hole drilling cycle

(6) Subprogram function

(7) User macro
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6.8.9 Miscellaneous functions

Relation with other functions

(1) M and B commands can be issued in milling mode.
(2) In milling mode, an S command specifies not the spindle speed but the rotary tool speed.

(3) If a T command is issued in milling mode, a program error occurs. Before a G12.1
command is issued, therefore, tool selection must be done.

T1212; = Specify a T command before a G12.1 command.

GO X100. Z0;

G12.1;

T1200; = In milling mode, a T command causes a program error.
G13.1;
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6.8.10 Tool offset functions

Tool length offset

(1) In milling mode, tool compensation is performed by adding the tool length offset amount
specified on the cutting coordinates converted from the milling coordinate system.

X

Tool position
Tool position

<
Tool length offset

/ Milling coordinate system
Actual tool position

e

Movement on the milling
coordinate system
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(2) As in (1) above, if the offset amount is different from the actual one, the shape is not
corrected normally.

(a) If the offset amount is larger than tool length:

Example: The actual tool length is 15.0 when tool length X = 20.0

<\

1]

LK

27

U

Milling command
Actual shape

Tool movement
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(b) If the offset amount is smaller than tool length:

Example: The actual tool length is 25.0 when tool length X = 20.0

Y 4

N\

7/ ]

A

A

0

S

Tool radius compensation

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 number.

Command format

G40 Xx Yy; Tool radius compensation cancel
G41 Xx Yy; Tool radius compensation (left)
G42 Xx Yy; Tool radius compensation (right)

(1) A tool radius compensation command must be issued after the milling mode is entered.
The tool radius compensation command must be canceled before the turning mode is
restored.

(2) A tool compensation number must be specified before the milling mode is entered (before
a G12. 1 command is issued).
A T command in milling mode causes a program error.

(3) Tool radius compensation is performed on the selected plane.

G17 plane ... XY axes

G19 plane
G16 plane } YZ axes
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Tool radius compensation cancel mode

Tool radius compensation is canceled under either of the following conditions:

(1) While a G12.1 command is effective
(2) After a compensation cancel command (G40) is issued
In the compensation cancel mode, the offset vector is 0 and the tool center path matches the

programmed path. A program that contains tool radius compensation must end after the
compensation is canceled.

Starting tool radius compensation (startup)

Tool radius compensation starts if all the following requirements are met in compensation
cancel mode:

(1) A G41 or G42 command is issued.

(2) The tool radius compensation number is greater than 0 and equal to or less than the
maximum compensation number.

(3) The movement command is not a circular command.

Whether in continuous or single block operation, compensation always starts after reading
three movement command blocks, or if three movement command blocks are not found, up to
five continuous blocks.

Similarly, in compensation mode, up to five blocks are pre-read for compensation operation.

Control state diagram

Machining program} T_; S_; GOO__; G41_ ; GO1__ ; GO2__; )

Starting to pre-read
five blocks

Pre-read buffer

Executedblock 4 7 |4 S [feo0; |4 ca1:] 4 coi | co2 ]

There are two ways of starting tool radius compensation: type A and type B.

The type depends on selection of the control parameter "Radius compen type B".
This type is used in common with the compensation cancel type.

In the following explanatory figure, "S" denotes the single block stop point.
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Start operation for tool radius compensation

(1) Machining an inside corner

Linear = Linear Linear —» Circular

= Program path R,

r = Compensation amount

““““““““ Tool center path

Tool center \
path

\
Start point Start point é \
Center of Circular

(2) Machining an outside corner (obtuse angle) (Type A or B can be selected by
parameter) [90° < 6 < 180°]

Linear —» Linear (Type A) Linear — Circular (Type A)
S s Tool center
/ Tool center path ~o path
// r = Compensation amount N
G441 / - \

Program path \
y \
: \
s \‘
Start pOint Start point ¢ Program
Center of path
circular
Linear » Linear (Type B) Linear —» Circular (Type B)
Intersection Intersection
s Tool center
________ -~ ~ ath
Tool center path s >~ p
AN
e \
Program path \\
: \
! \
' \
H |
_ . i t
Start point Start point
Center of P;?t?ram
circular p
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(3) Machining an outside corner (acute angle) (Type A or B can be selected by
parameter) [0 < 90°]

Linear - Linear (Type A) Linear —» Circular (Type A)
? Centerof §
s — : circular  /
T - Tool center path  Tool center
r \ path
\ s -
V] Program path r Program path
\
\G41 —_—
\
\
Start point
Start point
Linear —» Linear (Type B) Linear —» Circular (Type B)
¢ Center of
s Appr—————————— — i circular }
Tool center path .
/ + Tool center
/ '
L e H
< h i
Program patl
»\

Program

Start point

Start point
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Operations in compensation mode

Compensation is valid both for positioning and for interpolation commands such as circular
and linear interpolation.

Even if the same compensation command (G41 or G42) is specified in the compensation
mode, the command will be ignored.

If four or more blocks not accompanying movement are assigned continuously in the
compensation mode, over-cutting or under-cutting will result.
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(1) Machining an outside corner

6.8 Milling Interpolation

Linear = Linear (90° <0 < 180°)

)

Program path

Intersection Tool center path

Linear = Circular (90° <9 < 180°)

Program path

Tool center path

Center of circular

Circular— Linear (90° < 0 < 180°)

Center of circular

Program path /

N\ g /
N\ . /
N /
N /
N /

Tool center N d
path

Intersection

Circular = Circular (90° <9 < 180°)

Linear = Linear (0° <6 <90°)

Tool center path

Program path

Tool center path

g  Program path
o \
.
Center of
circular

Circular > Linear (0° < 6 <90°)

Program path

——
AN i
N /
N\
< /
\
N

aestecccnecc@
Center of

Tool center path circular

Circular = Circular (0° <6 <90°

! [
Program path N / Program path
: /
/
— /
/ Tool center ——— —
7 path - RN -7 TN
N
\ / Tool center

Intersection

o"
Center of circular

path

Center of circular
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(2) Machining an inside corner

6.8 Milling Interpolation

Linear —» Linear (Obtuse angle)

Program path

- Intersection Tool center path

Inter-
1 section

Center of circular

Circular = Linear (Obtuse angle)

—~—

@ermcon mmnafoa e

Center of circular

Circular = Circular (Obtuse angle)

Intersection
- = "= — — —~ _ Tool center path

Program path

®
Center of Center of
circular circular

Linear —» Linear (Obtuse angle)

‘ r Program path
s
—————— —
\ Tool center path
N\
\
N\

Linear —» Circular (Obtuse angle)

Center of

Program path .
circular

Tool center path
— -
— -

Circular > Linear (Obtuse angle)

S === = =~ =-® Center of circular

Program path

—
— —

—
— —

section —
Tool center
Circular — Circular (Acute angle)
4 Center of circular
3 ) 4 | 4 '
/
/
/
/

Program path
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(3) When the arc end point is not on the circular
With a spiral circular command: the area from the arc start point to the end point is
interpolated as a spiral arc.

With a normal circular command: if the error after compensation is within the parameter
value, it is interpolated as a spiral arc.

!

|
Tool center path

Hypothetical circle
-/ - — ——
-~ -

s Program path

End point of circular

Center of circular

(4) When the inside intersection does not exist

In an instance such as that shown in the figure below, the intersection of arcs A and B
may cease to exist due to the compensation amount.

In such cases, program error "P152" appears, and the tool stops at the end point of the
preceding block.

Program error stop

_______ ‘ ¢ Center of
. circular A

Program path

Linear intersecting circulars A and B
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Tool radius compensation cancel

If either of the following conditions is met in the tool radius compensation mode, the
compensation will be canceled. However, the movement command must be a command other
than a circular command. If an attempt is made to cancel the compensation by a circular
command, program error "P151" results.

(1) A G40 command has been executed.

The cancel mode is established once the compensation cancel command has been read,
the 5-block pre-read process is suspended, and 1-block pre-read applies instead.

Tool radius compensation cancel operation

(1) Machining an inside corner

Linear - Linear Circular - Linear

Program path

r = Compensation amount

Program path

1 Tool center \
! path \
i Center of \
End point End point & circular
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(2) Machining an outside corner (obtuse angle) (Type A or B can be selected by
parameter) [90° £ 6 < 180°]

Linear - Linear (Type A) Circular - Linear (Type A)
S __T_I.._ N S -_ Tool center
t t -~
Yy, . ool center pa p ~ path
7/ r = Compensation amount
G40 7
/

Program path

End point End point ¢ h
Center of Program patl
circular

Linear — Linear (Type B) Circular - Linear (Type B)
Intersection s Intersection 1 center

— — — — ———— -

Tool center path

Program path

End point Center of Program path

End point .
circular
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(3) Machining an outside corner (acute angle) (Type A or B elm be selected by
parameter) [0 < 90°]

Linear - Linear (Type A)

Circular = Linear (Type A)

circular
Tool center path

Tool center

? Center of |
1 path

Program path

Program path

End point

End point

Linear = Linear (Type B)

Circular —» Linear (Type B)

o Center of
g — ————— —— — — y circular
Tool center path

/
Tool center
path

Program path Program path

End point

End point

- 82—




6. INTERPOLATION FUNCTIONS
6.8 Milling Interpolation

Changing the compensation direction during tool radius compensation

The compensation direction can be changed by changing the compensation command in the
compensation mode without the compensation having to be first canceled.
However, no change is possible in the compensation start block and the following block.

Linear = Linear

~

~

> Tool center path

Program path

If there is no
G41 G4l G42 intersection when the
compensation
direction is changed:
O
Ve
7

Linear & Circular

G41 G442 G41 G411 G42

——

Tool center path
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Circular = Circular

Tool center path

— — —

Center of circular
&

Program path G41

Center of circular
G411 G41 G4 2

Program path

GO block

If there is a block containing a GO command, the preceding block does not perform
intersection operation, the tool comes to the position vertical to the end point, and the GO block
temporarily loses the offset vector. Compensation is not canceled, but instead the tool moves
from the intersection vector directly to a point without vector, that is, to the point specified by
the program. The offset vector is regenerated by a block containing a G1 command.

Y
N10 G12.1; R R
N11 G42; r 7
N12 G1 Y100..F100; /
N13 X-100.; I Ni3 /
N14 GO Y-100.: [ N1zl /
N15 G1 X100.; N /N7
N16 YO.: = X
N17 G40 GO X200.: | N16 I
: ' x5 |
| i
R J
(Unit: mm)
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Blocks without movement and M commands inhibiting pre-read

The following blocks are known as blocks without movement;

a. MO3, ......................... M Command

b. 812, ......................... S Command

C. GO4 XSOO, .................... DW6|| No movement
d. GIOPO1R50; e Compensation amount setting

€. (G17)Z40; == Movement but not on compensation plane

f. GOO; ccrerrrrre e G code onIy

g. GOL X0 rerermrmrmeeeeeeen Movement amountQ - - - - - Zero movement amount

MO0, M01, M02, and M30 are treated as M codes inhibiting pre-read.

(1) Blocks without movement commands specified at compensation start

If four or more blocks without movement continue or if M command inhibiting pre-read is

issued, offset vectors are not generated.

N1 X30. Y60.;
N2 G41;

N3 G4 X1000;
N4 F100;

N5 S500;

N6 M3;

N7 X20. Y-50.;
N8 X50. Y-20.,

Block without
movement

(2) Blocks without movement commands specified in compensation mode

If four or more blocks without movement do not continue in compensation mode and if no

M command inhibiting pre-read is issued, intersection vectors are generated as usual.

N7 N8

N6 G91 X100. Y200.;

N7 G04 X P1000;  ....... Block without N6 TTNsT T
N8 X200.: movement

/ Block N7 is

/ executed here.
/ N 6

If four or more blocks without movement continue or if M command inhibiting pre-read is
issued, offset vectors are generated perpendicularly at the end point of the preceding

block.

N6 X100. Y200.;

N7 G4 X1000;

N8 F100; _

N9 S500: Block without
N10 |\/|4-’ movement
N11 X100.;

This may cause cutting.
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(3) Compensation cancel alone

6.8 Milling Interpolation

(@) G1 precedes the block containing

G40:
———
NIOGLX_ Y
N11 G4O;
NI2GOX_ Y

Compensation is canceled by a
movement command following G40.

(b) GO precedes the block containing
G40:

N20GLX_ Y

N21GOX__ Y
N22 G40;

N22

Compensation is canceled by a GO
command before G40.

(Note) In program (a), if G13.1 is commanded after G40 without a movement command,

cancellation is done at block G13.1.

Corner movement

When a multiple number of offset vectors are created at the joints between movement
command blocks, the tool will move in a straight line between those vectors. This action is
called corner movement.

When the vectors do not match, the tool moves in order to turn the corner although this
movement belongs to the next block. Consequently, operation in the single block mode will
execute the previous block + corner movement as a single block and the remaining joining

movement + next block will be executed as a single block in the following operation.

\

. N2

\
\
Tool center N\
path

This movement and feedrate N\
are under block N2.

L Stop point in single block mode
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6.8.11 Interference check

Function and purpose

A tool, whose tool radius has been compensated under the tool radius compensation function
by the usual 2-block pre-reading, may sometimes cut into the workpiece. This is known as
interference. An interference check is the function which prevents such interference from

occurring.
The types of interference check are indicated below, and each can be selected for use by
parameter.
Function Parameter Operation
Interference check | Rad compen intrf byp : OFF Operation stops with a program error
alarm function Interference check invalid signal | before execution of the block
OFF causing cutting.
Interference check | Rad compen intrf byp : ON The tool path is changed to prevent
avoiding function |Interference check invalid signal | cutting from occurring.
OFF
(Example)
(G41)

Avoided path

N1 G90 G1 X50. Y-100.;
N2 X70. Y-100.;

2 %
Qi

Cutting by N2 Cutting by N2
/

\\\\\ AN\

Tool outside diameter

(1) With alarm function

An alarm is given before N1 is executed. The buffer correction function can thus be used
to change N1 to the following, enabling machining to continue:
N1 G1 X20. Y-40,;

(2) With avoidance function
The intersection of N1 and N3 is calculated to create interference avoidance vectors.

87—



6. INTERPOLATION FUNCTIONS
6.8 Milling Interpolation

Examples of interference check:

Vector (1) (4)' check — No interference

Vector (2) (3)' check — No interference

Vector (3) (2)' check — Interference — Vectors (3) (2)’ deleted
Vectors (4) (1)’ deleted

As a result of the above processing, vectors (1) (2) (3)' , and (4)' remain as valid, and
operation is done with the path connecting these vectors as the interference avoidance
path.
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Detailed description

(1) Conditions regarded as interference

With three blocks containing movement commands of five pre-read blocks, interference is
regarded as occurring if the compensation calculation vectors, which have been created
at contact of movement commands, intersect each other.

\ / Tool center path
\ r Program path
\ /
X
Vectors intersect here.
N2

(2) Interference check is not available when:

(@) Three blocks containing movement commands cannot be pre-read (three or more
blocks of five pre-read blocks do not contain movement commands).

(b) Interference occurs in the fourth or subsequent block containing movement commands.

_ - Tool center path

Program path

No interference check available

(3) Operation during interference avoidance

If the interference avoidance function is available, the tool moves as follows.

Y

Tool center path
Program path

N3
N1
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Solid line . Interference avoidance path
Broken lines : Interference check invalid path

Tool center path when interference is avoided

/
/

===

Tool center path when interference check is invalid
Program path

N
\\L—"

17777777
N 2 /N3f

77777777777 T/
Nl// //\(Q”/

If all interference
avoidance line vectors
have been deleted, new
avoidance vectors are
created to avoid
interference as shown
in the figure at right.

Tool center path

Program path

s
7/ . . .
/ Tool center path when interference is avoided
Linear movement jr Tool center path when interference check is invalid
e b .
\Ik - s Program path
| W////7// 777777
, N 2 — N3
l_,: 7777 /4 Center of circular
N1 1 r
Avoidance

vector

N2

Avoidance
vector/
/

Avoidance vector 1

Avoidance vector 2 N2

Program path
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6.8 Milling Interpolation

In the figure below, the groove is left uncut.

Interference avoidance path

Nose R center path |
I
]
[

v
! .
Program path !\_/I
[
Solid line . Interference avoidance path

Broken lines : Interference check invalid path

In the figure below, the tool moves in the opposite direction at N2. After N1 is executed,
program error "P153" occurs.

1234

N1 N 4
N2 N3

Interference check alarm

An interference check alarm occurs under the following conditions.

(1) With the interference check alarm function selected

(a) All vectors are deleted at the end point of the current block.
As shown in the figure, if vectors 1 to 4 are all deleted at the end point of the N1 block,
program error "P153" results prior to N1 execution.
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6.8 Milling Interpolation

(2) With the interference check avoidance function selected

(b) There are valid vectors at the end point of the following block though all vectors at the
end point of the current block were deleted.

() In the figure, if N2 interference check is conducted, the N2 end point vectors are
all deleted but the N3 end point vectors are regarded as valid.
This causes program error "P153" at the N1 end point.

Alarm stop

(i) In the figure, the tool moves in the opposite direction at N2.
This causes program error "P153" after N1 execution.

1234
~J L~
N17 N4
N 2 N3
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6. INTERPOLATION FUNCTIONS
6.8 Milling Interpolation

(c) The avoidance vectors cannot be created.

As shown in the figure, even when the conditions for creating avoidance vectors are
met, it may still be impossible to create avoidance vectors or the avoidance vectors
may interfere with N3. Program error "P153" thus occurs at the N1 end point if the
vectors intersect at an angle of 90° or more.

/\/AIarm stop
N1
N 2
N4
N 3
f\?larm stop
N1
N 2
o N 4
NON3 L7
Angle of intersection L7
\,
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6. INTERPOLATION FUNCTIONS
6.8 Milling Interpolation

(d) The program advance direction and the advance direction after compensation are
reversed.
An interference may be assumed when no interference occurs actually if grooves

running in parallel with narrower width between the two than the tool diameter or a
bottom-widened groove is programmed.

Program path Tool center path
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7. FEED FUNCTIONS

7.1 Rapid Traverse Rate

Function and purpose

The rapid traverse rate can be set independently for each axis. The available speed range
depends on the input setting unit. When the input setting unit becomes 1/10, the available
speed range also becomes 1/10. For instance, when the input setting unit is 0.1um, the
minimum and maximum speeds become 1/10 of those for the input setting unit of 1um. Refer
to the specifications manual for details of setting ranges. The maximum speed is further limited
depending on the machine specifications.

Refer to the specifications manual of the machine for the rapid traverse rate settings.

Two paths are available during 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 is selected by parameter. The
positioning time is the same in each case.

(Note) Rapid traverse override
Override can be applied by an external input signal for both manual and automatic
rapid traverse. There are 2 types which are determined by the PLC specifications.
Type 1: Override in 4 steps: 1%, 25%, 50% and 100%
Type 2: Override in 1% steps from 0% to 100%.

7.2 Cutting Feedrate

Function and purpose

The cutting feedrate is assigned with address F and 8 digits (F8-digit direct designation).
The F8 digits are assigned with a decimal point for a 5-digit integer and a 3-digit fraction. The
cutting feedrate is valid for the G01, G02, GO3 and G33 commands

Examples (asynchronous feed)

Feedrate
G1 X100. Z100. F200; 200.0mm/min F200. or F200.000 gives the same rate.
G1 X100. Z100. F123.4; 123.4mm/min
G1 X100. Z100. F56.789;  56.789mm/min

(Note 1) A program error "P62" results when there is no F command in the first cutting
command (G01, G02, G03, G33) after the power has been turned ON.

(Note 2) When a metric system machine is used with inch commands, the maximum speeds
for both rapid traverse and cutting feed are indicated in inches after conversion of
values in millimeters.
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/. FEED FUNCTIONS

Function and purpose

Using the G95 command, it is possible to assign the feed amount per rotation with an F code.

7.3 Synchronous/Asynchronous Feed

7.3 Synchronous/Asynchronous Feed; G94, G95

When this command is used, the rotary encoder must be attached to the spindle.

Command format

G94;
G95;

G94
G95

Feed per minute (mm/min) (asynchronous feed)
Feed per rotation (mm/rev) (synchronous feed)

The G95 command is a modal command and so it is valid until the G94 command (feed per

minute) is next assigned.

(1) The F code command range is as follows.

The movement amount per spindle rotation with synchronous feed (feed per rotation) is

assigned by the F code and the command range is as shown in the table below.

Metric input
Input unit B (0.001mm) C (0.0001mm)

system
%c())r(;?and Feed per minute Feed per rotation Feed per minute Feed per rotation
Command . .
address F (mm/min) E (mm/rev) F (mm/min) E (mm/rev)
Minimum 1 (= 1.000), 1 (= 0.0001), 1 (= 1.0000), 1 (= 0.00001),
command unit | (1. = 1.000) (1. =1.0000) (1. =1.0000) (1. =1.00000)
Command 0.0001 to
range 0.001 to 480000.000 |0.0001 to 999.9999 108000.0000 0.00001 to 99.99999

Inch input
Input unit B (0.0001inch) C (0.00001inch)

system
ﬁ(c))ré\énand Feed per minute Feed per rotation Feed per minute Feed per rotation
Command . . . . . )
address F (inch/min) E (inch/rev) F (inch/min) E (inch/rev)
Minimum 1(=0.01), 1 (= 0.000001), 1(=0.01), 1 (= 0.0000001),
command unit | (1. =1.0000) (1. =1.000000) (1. =1.00000) (1. =1.0000000)
Command 0.0001 to 0.000001 to 0.00001 to 0.0000001 to
range 18897.6370 99.999999 4251.96850 9.9999999
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7. FEED FUNCTIONS
7.3 Synchronous/Asynchronous Feed

(2) The effective speed (actual movement speed of machine) under feed per rotation
conditions is given in the following formula (Formula 1).

FC=FxNxOQVR:ccrreeee (Formula 1)

FC Effective speed (mm/min, inch/min)

F Commanded speed (mm/rev, inch/rev)
N Spindle speed (r/min)

OVR Cutting feed override

When a multiple number of axes have been commanded at the same time, the effective
speed FC in Formula 1 applies in the vector direction of the command.

(Note 1) The effective speed (mm/min or inch/min), which is produced by converting the
commanded speed, the spindle speed and the cutting feed override into the feedrate
per minute, appears as the FC on the "Monitor 1" screen of the setting display unit.

(Note 2) When the above effective rate exceeds the cutting feed clamp speed, it is clamped at
that clamp speed.

(Note 3) If the spindle speed is zero when synchronous feed is executed, operation alarm
"105" results.

(Note 4) During machine lock high-speed processing, the rate will be 60,000 mm/min (or
2,362 inch/min, 60,000°/min) regardless of the commanded speed and spindle
speed. When high-speed processing is not undertaken, the speed will be the same
as for non-machine lock conditions.

(Note 5) Under dry run conditions, asynchronous speed applies and movement results at the
externally set speed (mm/min or inch/min).

(Note 6) Whether asynchronous feed (G94) or synchronous feed (G95) is to be established
when the power is turned ON or when M02 or M30 is executed can be selected with
the parameter "Initial sychr feed" setting.
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7.4 Feedrate Designation and Effects on Control Axes

Function and purpose

It has already been mentioned that a machine has various control axes. These control axes
can be divided into linear axes which control linear movement and rotation 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 rotation axes.

The displacement amount for each axis is assigned separately for each axis by a value
corresponding to the respective 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 involved.

The assignment of the feedrate is described with the following related items.

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

P, (Tool end point)

I
/ Speed in this direction is "f"

1 z
P1 (Tool start point) z

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.

In the above example:

X

Feedrate for X axis= f x ————
/ X2 + Z2

z

Feedrate for Zaxis= f x Ny
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7.4 Feedrate Designation and Effects on Control Axes

When controlling rotation axes

When rotation axes are to be controlled, the designated feedrate functions as the rotation
speed of the rotation 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 rotation center and the tool. This distance must
be considered when designating the feedrate in the program.

(Example) When the feedrate is designated as "f* and rotation axis (C axis) is to be
controlled ("f" units = °/min)

P2 (Tool end point)
Angular speed is "f"

7
7 \ . . —mer-ef
Linear speed is :
c 180

/S
Rotation center «Z— X — — _ __ __ 4 P1 (Tool start point)

I r

In this case, in order to make the cutting feed (linear speed) in the tool advance

direction "fc":
fc = f _mer
180
Therefore, the feedrate to be designated in the program must be:
f o= fe 180
Ter

(Note) When the circular interpolation function is used and the tool is moved
along the circumference of an arc by the linear control axis, the rate in the
tool advance direction, or in other words the tangential direction, will be
the feedrate designated in the program.

P2

y ———————
e - | _— Linear speed is "f".
7 - !
-, _4-
Pl I
X i X

(Example) When the feedrate is designated as "f* and the linear axes (X and Z axes) are to
be controlled using the circular interpolation function
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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7.4 Feedrate Designation and Effects on Control Axes

When linear and rotation axes are to be controlled at the same time

The NC unit proceeds in exactly the same way whether linear or rotation axes are to be
controlled.

When a rotation axis is to be controlled, the numerical value assigned by the coordinate words
(C, H) is the angle and the numerical values assignees by the feedrate (F) are all handled as
linear speeds. In other words, 1° of the rotation axis is treated as being equivalent to Imm of
the linear axis.

Consequently, when both linear and rotation axes are to be controlled simultaneously, the
components for each axis of the numerical values assigned by F will be the same as for
section above (applying "when linear axes are to be controlled"). 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 rotation axis control will change along
with the tool movement (their size will not change). This means, as a result, that the combined
tool advance direction feedrate with vary along with the tool movement.

(Example) When the feedrate is designated as "f* and linear (X) and rotary (C) axes are to
be controlled simultaneously
If the X-axis incremental command value is "x" and the C-axis incremental
command value is "c":

Size and direction are
fixed for fx.

Size is fixed for fc but
direction varies.

Both size and direction
vary for ft.

NS -
/ — } X
/_—>"Ve

Rotation center
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7.4 Feedrate Designation and Effects on Control Axes

X-axis feedrate (linear speed) "fx" and C-axis feedrate (angular speed) "o" are expressed as:

fX=fx+ ..... (1) (D:fx% ...... (2)
\ x2+c2 Vv xX"+c

Linear speed "fc" based on C-axis control is expressed as:

fo=f x Is'or ...... (3)

If the speed in the tool advance direction at start point P 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:

T

ftx = —rsin ( 0) x L w+fx e (4)
180 180

ftv = —rcos T 0) x LU @ e 5

Y ( 180 ) 180 ©)

Where r is the distance between rotation center and tool (in mm units), and
0 is the angle between the P, point and the X axis at the rotation center (in ° units).
The combined speed "ft" according to formulas (1), (2), (3), (4) and (5) is:

ft=\/ ftx® + fty’

JZ I momerec
X“—xecersin(180 9 go*+( 180 )
=fx- ... (6)

x* + ¢?

Consequently, feedrate "f* designated by the program must be as follows:

f=ftx T @

) ] i eiJrn-r-c ’
X —XecC rsm(_18O )90 (—180 )

"ft" in formula (6) is the speed at the P, 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 rotation angle which is designated in one block must be
reduced to as low as possible and the change width in the 6 value must be minimized.

-101 -



7. FEED FUNCTIONS
7.5 Thread Cutting Leads

7.5 Thread Cutting Leads

Function and purpose

F7-digit or E8-digit commands for thread leads can be issued for the thread cutting mode (G33,
G34, G76, G78 commands).

The thread lead command range is 0.0001 to 999.9999mm/rev (F7 digits) or 0.0001 to
999.99999mm/rev (E8 digits) (with input unit of um).

Thread cutting metric input

Input unit A (0.01mm) B (0.001mm) C (0.0001mm)
system
Command E (threads/ E (threads/ E (threads/
address F (mm/rev) | E (mm/rev) inch) F (mm/rev) | E (mm/rev) inch) F (mm/rev) | E (mm/rev) inch)
Mini 1(= 1= 1 1 1
Minimum 11 (= 0.001), |3 E)_o oy, [LED. : E)_o op,  |(5000000). [1(=1), (= 0.00001), |(=0.000001), |1 (= 1),
unit (1.=1.000) (i =1 0600) (1.=1.0) (i =1 00'00) (1.=1.00000 |(1.=1.00) (1.=1.00000 |(1.= (1.=1.000)
T T ) ) 1.000000)
Command [0.001 to 0.0001 to 0.1to 0.0001 to 0.00001to |[0.01to 0.00001 to [0.000001 to |0.001
range 9999.999  [9999.9999 |9999999.9 [999.9999  [999.99999 [999999.99 [99.99999  |99.999999 [t099999.999

Thread cutting inch input

Input unit

A (0.001inch) B (0.0001inch) C (0.00001inch)

system
Command ) ; E (threads/ ) ’ E (threads/ ; ) E (threads/
address F (inch/rev) | E (inch/rev) inch) F (inch/rev) | E (inch/rev) inch) F (inch/rev) | E (inch/rev) inch)
Mini 1 1 1(=

inimum - -
command |% (0-00001), {1 (=0.000001),(1 (= 1), 1(=0.000001), |(=0.0000001), |1 (= 1), (=0.0000001), |0.00000001), |1(=1),

; (1.=1.00000) [(1.=1.000000) (1.=1.000) (1.1.000000) |(1.= (1.=1.0000) |(1.= 1= (1.=1.00000)
unit 1.0000000) 1.0000000)  |1.00000000)
Command [0.00001 to 0.000001 to  |0.001 to 0.000001 to  [0.0000001 to |0.0001 to 0.0000001 to  (0.00000001 to |0.001 to
range 999.99999 99.999999 99999.999 99.999999 9.9999999 9999.9999 9.9999999 0.99999999  |999.99999
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7.6 Automatic Acceleration/Deceleration

Function and purpose

The rapid traverse and manual feed acceleration/deceleration pattern is linear acceleration
and linear deceleration. Time constant Tg can be set independently for each axis using
parameters in 1ms steps from 1 to 500ms.

The cutting feed (not manual feed) acceleration/deceleration pattern is exponential acceleration/
deceleration. Time constant Tc can be set independently for each axis using parameters in 1ms
steps across a range from 1 to 500ms. (Normally, the same time constant is set for all axes.)

With continuous commands

With continuous commands —\

T R T R T [4 T C
T
Rapid traverse acceleration/ Cutting feed acceleration/
deceleration pattern deceleration pattern
(Tr = Rapid traverse time constant) (T, = Cutting feed time constant)

(T4 = Deceleration check time)

With rapid traverse and manual feed, the following block is executed after the command pulse
of the present block has become "0" and the tracking error of the acceleration/deceleration
circuit has become "0". However, with cutting feed, the following block is executed as soon as
the command pulse of the present block becomes "0" although an external signal (error
detect) can detect that the tracking error of the acceleration/deceleration circuit has reached
"0" and the following block can be executed.

When the in-position check has been made valid (selected by machine parameter) during the
deceleration check, it is first confirmed that the tracking error of the acceleration/deceleration
circuit has reached "0", then it is checked that the position deviation is less than the parameter
setting value, and finally the following block is executed.

It depends on the machine as to whether the error detect function can be activated by a switch
or M function and so reference should be made to the instruction manual issued by the
machine manufacturer.
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7.7 Rapid Traverse Constant Inclination Acceleration/Deceleration

Th

Function and purpose

is function allows acceleration/deceleration to be carried out at a constant inclination during

linear acceleration/acceleration in the rapid traverse mode.
The constant inclination acceleration/deceleration method is effective in improving the cycle
time compared to conventional methods.

Detailed description

1)

()

Rapid traverse constant inclination acceleration/deceleration is effective only when rapid
traverse is commanded. This is also only effective when the rapid traverse command's
acceleration/deceleration mode is linear acceleration and linear deceleration.

Rapid traverse constant inclination acceleration/deceleration selection parameters
(Machine parameter "SP-1")
SP-1/bitl = 0: Rapid traverse constant time acceleration/deceleration

1: Rapid traverse constant inclination acceleration/deceleration

The acceleration/deceleration pattern for when rapid traverse constant inclination
acceleration/ deceleration is carried out is shown below.

<When interpolation distance is longer than acceleration/deceleration distance>

rapid ___ rapid : Rapid traverse rate
Ts : Acceleration/deceleration
time constant
Td : Command deceleration
L check time
0 : Acceleration/deceleration
Next block inclination
0 T : Interpolation time
Ts L : Interpolation distance
Ts
Td L
T=—""+Ts
T ! rapid

Td =Ts + (0 to 14ms)

_, .1, rapid
0 =tan (—Ts )
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7.7 Rapid Traverse Constant Inclination Acceleration/Deceleration

<When interpolation distance is shorter than acceleration/deceleration distance>

_ rapid : Rapid traverse rate
Ts : Acceleration/deceleration
time constant
Td : Command deceleration

rapid A T

check time
Next block 6 : Acceleration/deceleration
inclination
T : Interpolation time
0 L : Interpolation distance
— Ts
Td T=2x/ Ts x Lirapid

Td =% + (0 to 14ms)

rapid

_ -1
0 =tan" ( Ts

(3) When 2-axis simultaneous interpolation (linear interpolation) is carried out during rapid
traverse constant inclination acceleration/deceleration, the longest time will be applied
among the acceleration/deceleration times for all axes commanded at the same time.
Note that the time is determined by the rapid traverse rate, rapid traverse acceleration/
deceleration time constant, and interpolation distance.

Thus, linear interpolation will be carried out even when the acceleration/deceleration time
constants for each axis differ.

<For 2-axis simultaneous interpolation (for linear interpolation Tsx <Tsz, Lx # Lz)>

rapidX
Next block
Lx
X axis ox |
~ Tsx T = Tsx ﬂ
— Tdx
T I
rapidZ
Lz
Next block
Z axis
0z
— Tsz — — Tsz —
Tdz
Tz I
When Tsz > Tsx, Tdz > Tdx will be established, and Td = Tdz in this block.
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7.7 Rapid Traverse Constant Inclination Acceleration/Deceleration

(4) As for the time required for checking the commanded deceleration during rapid traverse
constant inclination acceleration/deceleration, the longest time will be applied among the
checking times for all axes. Note that the checking time is determined by the rapid
traverse acceleration/deceleration time constant and interpolation distance.

(5) The GO (rapid traverse command) program format for rapid traverse constant inclination
acceleration/deceleration is the same as when this function is invalid (constant time
acceleration/deceleration).

This function is valid only when GO (rapid traverse) is commanded.

Relation with other functions

(1) Relation with override and dry run

If the rapid traverse rate changes due to override or dry run, etc., the acceleration/
deceleration inclination will change, and constant inclination acceleration/deceleration will
not take place.

rapid P R

Override Next block

100%

rapid I

Override
50%
Next block

Ts

7.8 Speed Clamp

Function and purpose

This function exercises control over the actual cutting feedrate in which override has been
applied to the cutting feedrate command so that the speed clamp value which has been preset
independently for each axis is not exceeded.

(Note) Speed clamping is not applied to synchronous feed and thread cutting.
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7.9 Exact Stop Check; G09

Function and purpose

In order for roundness to be prevented during corner cutting and for machine shock to be
alleviated 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.

The "inpos" machine parameter among the basic specifications parameters enables control to
be exercised either by the deceleration check time or in-position state. The in-position state is
valid when "inpos" is set to "1".

The in-position width is set into parameter "ZRZ" on the Servo param screen by the machine
manufacturer.

Command format

| G09 GO1 (G02, GO3); |

The exact stop check command G09 has an effect only with the cutting command (GO1 to
GO03) in its particular block.

Example of program

NO001 G09 GO01 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.

NO002 Z100.000;

Tool
With
Tf(Commanded speed) — / G09
| N\
| NO001
X axis NOOL I /
I Without GO9 |N002
| —>
I Time
Z axis I
|
l

Solid line indicates speed pattern with GO9 command.
Broken line indicates speed pattern without GO9 command.

Fig. 1 Exact stop check result
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Detailed description

(1) With continuous cutting feed

7.9 Exact Stop Check

Previous block

Next block

Ts

Fig.2 Continuous cutting feed command

(2) With cutting feed in-position check

Previous block

Next block

— Lc (in-position width)
Vo Pr o T

Ts

Ts

Fig. 3 Block joint with cutting feed in-position check

In Figs. 2 and 3:

Ts = Cutting feed acceleration/deceleration time constant

Lc = In-position width

As shown in Fig. 3, the in-position width "Lc" can be set into the "ZRZ" servo parameter as
the remaining distance (shaded area in Fig. 3) of the previous block when the next block

is started.

The setting unit for the "ZRZ" servo parameter is 0.001mm or 0.0001inch.

The in-position width is designed to reduce the roundness at the workpiece corners to
below the constant value.
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L¢ I Next block

Previous block

To eliminate corner roundness, set the "ZRZ" servo parameter to zero and perform an
in-position check or assign the dwell command (G04) between blocks.

(3) With deceleration check

(@) With linear acceleration/deceleration

Previous block Next block

Ts Ts : Acceleration/deceleration time constant
Td : Deceleration check time
Td =Ts + (0 to 14ms)

Td

(b) With exponential acceleration/deceleration

Previous block Next block

Ts Ts : Acceleration/deceleration time constant
Td : Deceleration check time

Td Td=2xTs + (0 to 14ms)
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7.9 Exact Stop Check

(c) With exponential acceleration/linear deceleration

Previous block

——

Next block

2XTs

Td

Ts

Ts : Acceleration/deceleration time constant
Td : Deceleration check time
Td=2xTs + (0 to 14ms)

The time required for the deceleration check during cutting feed is the longest among
the cutting feed deceleration 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 1) To execute exact stop check in a fixed cycle cutting block, insert command
G089 into the fixed cycle subprogram.
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7.10 Exact Stop Check Mode; G61

Function and purpose

Exact stop check with G09 confirms the in-position state only for that block, while G61
functions as a modal. Thus, cutting commands (GOl to GO3) issued after G61 will all
decelerate at the end point of that block, and the in-position state will be checked.

G61 is canceled with the cutting mode command (G64).

Command format

ey
6 |

| G61;

7.11 Cutting Mode; G64

Function and purpose

In this mode, the next block is successively executed instead of decelerating and stopping
between the cutting feed blocks such as with the exact stop check mode (G61). The cutting
mode (G64) is entered when the power is turned ON. The cutting mode command is canceled
by the exact stop check mode command (G61).

Command format

Q Q

G64,
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7.12 Feed Forward Control

Function and purpose

This function is used to decrease the difference in continuous speed that occurs during servo
position loop control.

Detailed description

<Feed forward control>

Generally with machine tools, the movement path error at the machine end in respect to the
commanded path is caused by the following three accuracies.

(1) Machine static accuracy (assembly accuracy/thermal displacement)
(2) Machine dynamic accuracy (machine displacement caused by movement)
(3) Control system accuracy (error caused by NC control delay)

The (3) control system accuracy is a factor for the following two errors.

e Error caused by smoothing circuit droop amount because of NC control
acceleration/ deceleration
e Continuous speed error caused by servo position loop control

The feed forward control function improves the speed error caused by the servo position loop
control, which is one of the errors caused by the control system accuracy. (Refer to following

diagram.)
Feed forward control Kp : Position loop gain
Kv : Speed loop gain
S : Differential
Command after +
acceleration/
leration
deceleratio _ Kp N E Motor
-+ — _
Detector
Machine error
compensation ' S
amount
Feed forward control

Feed forward parameters (machine parameters "GOfwdg" "fwd-g")
GOfwdg : GO feed forward gain 0 to 200%
fwd-g : Gl feed forward gain 0 to 200%

Restrictions

(1) Feed forward control is valid for a movement command during automatic operation.
Note that this control will not function on axes for which skip, dog-type zero point return,
synchronous tap or hobb machining is being carried out.

(2) If the machine vibrates when the feed forward gain is set to 100%, the feed forward gain
must be lowered or the servo system must be adjusted.
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8. DWELL

The G04 command can delay the start of the next block.

8.1 Dwell Per Second; (G94) G04

Function and purpose

When the dwell command is given in the feed per minute mode (G94), the execution of the
next block is delayed for the designated time.

Command format

G94 G04 X/U__; or G94 G04 P__;

Command unit: 0.001s
Decimal point commands are invalid for address P and if such commands are assigned,
everything following the decimal point will be ignored.

Detailed description

(1) The table below lists the dwell time.

Inout setting unit Command range based Command range based
P 9 on address X, U on address P
0.01/0.001mm 0.001 to 99999.999 (s) 1 t0 99999999 (x0.001s)

0.0001inch 0.001 to 99999.999 (s) 1 t0 99999999 (x0.001s)

(2) 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.

(3) Dwell is valid even for machine lock but it can be completed immediately by the control
parameter "Machine lock rapid".

(4) The per-second dwell can be established regardless of the G94 or G95 mode by means
of the control parameter "G04 time fixed".

Previous block
cutting command

|

|

|

! Next block
+

|

Dwell command

| Dwell time
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Example of program

(1) When input setting unit is 0.01mm, 0.001mm or 0.0001inch

(Example 1)

| Go4 x500; | 0.55 dwell time |
(Example 2)

| G04 X5000;, | 5s dwell time |
(Example 3)

| Go4 x5.; | 55 dwell time |
(Example 4)

| G04 P5000;, | 5s dwell time |
(Example 5)

| Go4 P12.345; | 0.012s dwell time |

(2) When the time designation has been inserted prior to G04 with an input setting unit
of 0.0001 inch

(Example 6)

| X5. G04; 50s dwell time (this is equivalent to X50000 G04) |
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8.2 Dwell Per Rotation; (G95) G04

Function and purpose

When the G04 command is issued in the feed per rotation mode (G95), the spindle first rotates
by the designated speed and then the next block is executed.

Command format

G95 G04 X/U__; or G95 G04 P__;

Command unit: 0.001rev
Decimal point commands are invalid for address P and if such commands are assigned,
everything following the decimal point will be ignored.

Detailed description

(1) The table below lists the dwell speeds.

Command range based Command range based
on address X, U on address P

0.01/0.001mm 0.001 t0 99999.999 (rev) | 1 to 99999999 (x 0.001rev)

Input setting unit

(2) When a cutting command is in the previous block, the dwell command starts controlling
the dwell speed after the machine has completed its deceleration. If it is commanded in
the same block as an M, S, T or B command, the control is started simultaneously.

(3) Dwell is valid even for machine lock but it can be completed immediately by the control
parameter "Machine lock rapid".

(4) Dwell also stops during spindle stop. It is resumed when the spindle starts to rotate again.
(5) The per-second dwell can be fixed by means of the control parameter "G04 time fixed".

(6) This function cannot be used unless a position detection encoder has been mounted on
the spindle.

Previous block
cutting command

]

|

|

! Next block
+

1

Dwell command

| Dwell rotation
angle
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9. MISCELLANEOUS FUNCTIONS

9.1 Miscellaneous Functions (M2-digit BCD)

Function and purpose

The miscellaneous functions are also known simply as M functions, and they include such
numerically controlled machine miscellaneous functions as spindle forward run and reverse
run, operation stop and coolant ON/OFF.

These functions are designated by a 2-digit number following the address M with this NC, and
only one command can be commanded in a single block.

(Example) GO0 Xx1 Mm1;

When two or more commands are issued, only the last one will be valid.

The six commands of MO0, MO1, MO02, M30, M98 and M99 are used as
miscellaneous commands for specific purposes and so they cannot be used as
general miscellaneous commands. This therefore leaves 94 miscellaneous
functions which are usable as such commands. Refer to the instruction manual
issued by the machine manufacturer for the actual correspondence between the
functions 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.

An M function can be specified together with other commands in the same block,
and when such a function is specified together with a movement command in the
same block, there are two possible sequences in which the commands are
executed:

(1) The M function is executed after the movement command.
(2) The M function is executed at the same time as the movement command.

Which of these sequences actually applies depends on the machine
specifications.

Processing and completion sequences are required in each case for all M
commands except M98 and M99.

The six M functions used for specific purposes will now be described.

Program stop; M0OO

When the tape reader has read this function, it stops reading the next block. As far as the NC's
functions are concerned, only the tape reading is stopped. Whether such machine functions as
the spindle rotation and coolant supply are stopped or not differs according to the machine
specifications.

Restart is enabled by pressing the automatic start button on the machine operation board.
Whether resetting can be carried out by MO0 depends on the machine specifications.
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Optional stop; M0O1

If the tape reader reads the M0O1 command when the optional stop switch on the machine
operation board is ON, it will stop and the same effect as with the MOO command will apply.
If the optional stop switch is OFF, the MO1 command is ignored.

(Example)
: Optional stop switch status and operation
N10 GO0 X1000; Stops at N11 when switch is ON
N11 MO1; Next command (N12) is executed
N12 GO01 X2000 Z3000 F600; without stopping at N11 when 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 tape rewinding. Whether the tape is actually rewound or not depends on the
machine specifications.

Depending on the machine specifications, the NC is reset by the M02 or M30 command upon
completion of tape rewinding 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 commands and compensation amounts are cancelled.)

The NC stops when the rewinding 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.

(Note 1) Independent signals are also output respectively for the MO0, M01, M02 and M30
commands and these outputs are each reset by pressing the reset key.

(Note 2) M02 or M30 can be assigned by manual data input MDI.
At this time, commands can be issued simultaneously with other commands just as
with the tape.

Subprogram call/completion; M98, M99

These commands are used as the return instructions from branch destination subprograms
and branches to subprograms.

M98 and M99 are processed inside the NC and so M code signals and strobe signals are not
output.

NC internal processing with MO0/M01/M02/M30 commands

NC internal processing suspends pre-reading when the M0O, M01, M02 or M30 command has
been read. Other tape rewinding operations and the initialization of modals by resetting differ
according to the machine specifications.
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9.2 Miscellaneous Functions (M8-digit)

Function and purpose

These functions are assigned with an 8-digit (0 to 99999999) number following the address M,
and up to 4 commands can be assigned in one block. However, the number of commands
which can be assigned in one block depends on the machine specifications.

(Example) GO0 Xx Mm; Mm, Mms; Mmy;

When five or more commands have been assigned in one block, the last four
commands will be valid.

Parameters are used to select whether BCD output or binary output is to apply for
the M8-digit commands.

The output signals are 8-digit BCD code and start signals or 32-bit binary data
with sign and start signals.

As with the M2-digit functions, the MO0, M01, M02, M30, M98 and M99 codes are
reserved for special applications.

Processing and completion sequences are required for all M commands except
for M98 and M99.

9.3 2nd Miscellaneous Functions (A8/B8/C8-digit)

Function and purpose

These serve to assign the indexing table position and other such functions. In this NC, they
are assigned by an 8-digit number from 0 to 99999999 following address A, B or C. The
machine specifications determine which codes correspond to which positions.

The output signals are command value BCD signals and start signals.

The A, B and C functions can be assigned simultaneously with any other commands but when
they are in the same block as movement commands, there are 2 sequences in which the
commands are executed, as below. The following two cases may apply depending on the
machine specifications.

(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 2nd miscellaneous functions.
The table below gives the various address combinations. It is not possible to use an address
which is the same for the axis name of an additional axis and 2nd miscellaneous function.

Additional axis name
2nd A B C
miscellaneous function
A X O O
B O X O
C O O X

(Note) When "A" has been assigned as the 2nd miscellaneous function address,
the following commands cannot be used.
(1) Linear angle commands
(2) Geometric I commands
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10. SPINDLE FUNCTIONS

10.1 Spindle Functions (S2-digit BCD)

Function and purpose

The spindle functions are also known simply as S functions and they assign the spindle speed.
In this NC, they are assigned with a 2-digit number following the address S ranging from 0 to
99, and 100 commands can be specified. In actual fact, however, it depends on the machine
specifications as to how many of these 100 functions are used and which numbers correspond
to which functions, and thus refer to the instruction manual issued by the machine
manufacturer. When a number exceeding 2 digits is assigned, the last 2 digits will be valid.
The S functions can be assigned simultaneously with any other commands but when they are
in the same block as movement commands, there are 2 sequences in which the commands
are executed, as below. The following two cases may apply depending on the machine
specifications.

(1) The S function is executed after the movement command.
(2) The S function is executed simultaneously with the movement command.

Processing and completion sequences are required for all S commands from SO0 to S99.

10.2 Spindle Functions (S8-digit)

Function and purpose

These functions are assigned with an 8-digit (0 to 99999999) number following the address S,
and only one command can be assigned in one block. The output for S8-digit functions can be
either BCD or binary, and this can be selected by parameter.

The output signals are 8-digit BCD signals and start signals or 32-bit binary data with sign and
start signals.

Processing and completion sequences are required for all S commands.
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