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FOREWORD

This manual gives the information necessary for creating a program using the YASNAC
J300L (with basic NC operation panel, 9-inch CRT).

Some information is given in tables in the Appendix so that readers can easily find the neces-
sary information. In the G code table, section numbers are given for each G code to allow
quick access to a detailed explanation if necessary.

The YASNAC J300L comes with an operation manual in addition to this programming
manual. Use these manuals in conjunction with each other to ensure productive operation.

CAUTIONS

ko

This manual describes all the option functions (identified by the “*” symbol) but some of
these may not be available with your YASNAC J300L. To determine the option functions
installed in your NC, refer to the specification document or manuals published by the ma-
chine tool builder.

Unless otherwise specified, the following conditions apply in programming explanations
and programming examples.

¢ Metric system for input and metric system for output/movement
. $ : Zero point in the base coordinate system

. @ : Reference point

Yaskawa has made every effort to describe individual functions and their relationships to oth-
er functions as accurately as possible. However, there are many things that cannot or must
not be performed and it is not possible to describe all of these. Accordingly, readers are re-
quested to understand that unless it is specifically stated that something can be performed,
it should be assumed that it cannot be performed.

Also bear in mind that the performance and functions of an NC machine tool are not deter-
mined solely by the NC unit. The entire control system consists of the mechanical system,
the machine operation panel and other machine related equipment in addition to the NC.
Therefore, read the manuals published by the machine tool builder for detailed information
relating to the machine.




General Precautions

* Some drawings in this manual are shown with the protective cover or shields removed,
in order to describe the detail with more clarity. Make sure all covers and shields are
replaced before operating this product, and operate it in accordance with the directions
in the manual.

» The figures and photographs in this manual show a representative product for reference
purposes and may differ from the product actually delivered to you.

» This manual may be modified when necessary because of improvement of the product,
modification, or changes in specifications. Such modification is made as a revision by
renewing the manual No.

* To order a copy of this manual, if your copy has been damaged or lost, contact your
Yaskawa representative listed on the last page stating the manual No. on the front
page.

o If any of the nameplates affixed to the product become damaged or illegible, please
send these nameplates to your Yaskawa representative.

* Yaskawa is not responsible for any modification of the product made by the user since
that will void our guarantee.




NOTES FOR SAFE OPERATION

Read this programming manual thoroughly before installation, operation , maintenance or
inspection of the YASNAC J300L.

The functions and performance as NC machine tool are not determined o:1ly by an NC unit
itself. Before the operation, read thoroughly the machine tool builder’s documents relating
to the machine tool concerned.

In this manual, the NOTES FOR SAFE OPERATION are classified as “WARNING” or

“CAUTION”.

Indicates a potentially hazardous situasion which, if

A WAR N I N G not avoided, could result in death or serious injury to

personnel.
Symbol is used in labels attached to the prod-
uct.

Indicates a potentially hazardous situasion which, if

A CAUTI O N not avoided, may result in minor or moderate injury

Even items described in

to personnel and damage to equipment.

It may also be used to alert against unsafe practice.

A CAUTION may result in a vital accident in some situations.

In either case, follow these important items.

Please note that symbol mark used to indicate caution differs between ISO and JIS.

ISO

JIS

A

®

In this manual, symbol mark stipulated by ISO is used.

On products, caution symbol marks of ISO and JIS are used in labels.
Please follow the same safety instructions concerning caution.




KEY TO WARNING LABELS

The following warning labels are used with the YASNAC J300L.

/\ WARNING

<&

Electric shock hazard
Do not touch the terminals while the power is

on, and for 5 minutes after switching off the
power supply!

Location of label

NC unit

D— Warning label




Grounding wires must be conrected to the unit’s

: B¥P—28
A CAUTION‘} tRies grounding terminals.

Use proper

grounding
techniques.

Location of label
NC'unit

D¢—-- Warning label

=’ Electric shock hazard

A WARNING WARNING Do not touch inside.

MROBNBHY, ABIMSL!
May cause electric shock.

Don't touch the inside.

Location of label

NC operation panel with @inch CRT

.

!
Rear face |
Warning label
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PROGRAMMING BASICS

Chapter 1 describes the basic terms used in programming
and the feed functions.

1.1 FUNDAMENTALS OF PROGRAMMING

TERMINOLOGY ...t 1-2
1.1.1 Numerically Controlled Axes and the Number
of Simultaneously Controllable Axes . ....... 1-2

1.1.2  Least Input Increment and Least Output
Increment ... i 1-3

1.1.3  Maximum Programmable Values for Axis

Movement ............. ... il 1-5

114 TapeFormat ........ ..., 1-6

115 ProgramFormat ......................... 1-9

1.1.6  Optional Block Skip (/1), (2to /9)* ........ 1-17

1.1.7  Buffer Register and Multi-active Register ... 1-18

1.2 BASICS OF FEED FUNCTION ........ 1-19
1.2.1 Rapid Traverse ........c.covviiiiinn 1-19

1.22 Cutting Feed (F Command) .............. 1-20

1.2.3  Switching between Feed per Minute Mode
and Feed per Revolution Mode (G98/G¢g9) . 1-26

1.2.4 Automatic Acceleration and Deceleration ... 1-27




1.1

1.1.1

FUNDAMENTALS OF PROGRAMMING TERMINOLOGY

This section describes the basic terms used in programming,.

Numerically Controlled Axes and the Number of Simultaneously Controllable
Axes

The numerically controlled axes and the number of axes that can be controlled simultaneous-
ly are indicated in Table 1.1.

Table 1.1  Numerically Controlled Axes and the Number of Simultaneously
Controllable Axes

Description
Basic axes Xand Z
Controlled Series 1 Additional axis XandZ +C
control A*
axes control

Additional axis Expandable to 5 axes (Y-axis, B-axis, etc.)

control B*
Positioning (G00) All axes
Number of Linear interpolation (GO1) | All axes
simultaneously - : -
Zi:;mnable gg?c,;llar interpolation (G02, 2 axes
Manual operation All axes

Note 1: For polar coordinate interpolation* and cylindrical interpolation*, circular interpolation is possible on virtual
XCorZCplane. Fordetails, see 2.1.7, “Polar Coordinate Interpolation” and 2.1.6, “Cylindrical Interpolation”.

2: With a manual pulse generator, only one axis control is possible.



1.1 FUNDAMENTALS OF PROGRAMMING TERMINOLOGY

1.1.2 Least Input Increment and Least Output Increment

The least input and output increments vary depending on the type of controlled axis whether
it is a rotary axis or a linear axis.

(1) Least Input Increment and 10-time Input Increment

The least input increment to express axis movement distance that is input by using
punched tape or manual data input switches is indicated in Table 1.2.

Table 1.2 Least Input Increment (pm1000 DO = 0)

Linear Axes * C-axis

(X-, Y-, Z-axis, etc.)
Metric Input 0.001 mm 0.001 deg.
Inch Input 0.0001 inch 0.001 deg.

By setting “1” for parameter pm1000 DO (pm1000 DO = 1), the “1(-time input incre-
ment” specifications indicated in Table 1.3 is selected.

Table 1.3 10-time Input Increment (pm1000 DO = 1)

Linear Axes * G-axis

(X-, Y-, Z-axis, etc.)
Metric Input 0.01 mm 0.01 deg.
Inch Input 0.001 inch 0.01 deg.

Note: Selection of “mm-input” and “inch-input” is made by the setting parameter pm0007 L'0 or by the specification
of G20/G21.

Disregarding of the least input increment mode which has been selected, tool offset data
are always written in units of 0.001 mm (or 0.0001 inch, or 0.001 deg.). Offset move-
ment is possible in the specified value. If the offset data are set in units of 0.01 mm,
the following operations and the commands for them must be given in units 0f 0.01 mm.

¢ Data writing in the MDI mode
» Programming for the memory mode operation

s Program editing



1. If an NC program written in units of 0.001 mm is executed while the 0.01 mm
setting increment is selected, dimension commands are all executed 10 times the
specified value.

2. Ifthe program stored in memory is executed in the memory mode after changing
the setting for pm1000 DO (input increment setting parameter), dimension com-
mands in the stored program are executed in either 1/10 or 10 times the specified
value.

3. When a program stored in memory is output to a tape, the stored program is out-
put as it is and not influenced by the setting for pm1000 DO (input increment set-
ting parameter).

(2) Least Output Increment

The least output increment indicates the “minimum unit” of axis movement that is de-
termined by the mechanical system. By selecting the option, it is possible to select the
output unit system between “mm” and “inches”.

Table 1.4 Least Output Unit (pm1000 DO = 1)

Linear Axes * oo
(X-, Y-, Z-axis, etc.) C-axis
Metric Output 0.001 mm 0.001 deg.
Inch Qutput 0.0001 inch 0.001 deg.




1.1 FUNDAMENTALS OF PROGRAMMING TERMINOLOGY

1.1.3 Maximum Programmable Values for Axis Movement

The maximum programmable values that can be designated for a move command are indi-
catedinTable 1.5. The maximum programmable values indicated in these tables are applica-
ble to addresses I, J, K, R, A, and B which are used for designating “distance” in addition
to the move command addresses X, Y, Z, C, U, W, V, and H.

Table 1.5 Maximum Programmable Values for Axis Movement

Linear Axes * C-axis
(X-, Y-, Z-axis, etc.)
Metric Input +999999.999 mm +999999.999 deg.
Metric Output
Inch Input +39370.0787 inch +999999.999 deg.
Metric Input +999999.999 mm +999999.999 deg.
inch Output
Inch Input +99999.9999 inch +£999999.999 deg.

In incremental programming, the values to be designated must not exceed the maximum pro-
grammable values indicated above. In absolute programming, the movz distance of each
axis must not exceed the maximum programmable values indicated above. In addition to
the notes indicated above, it must also be taken into consideration that the cumulative values
of move command must not exceed the values indicted in Table 1.6.

Table 1.6 Maximum Cumulative Values

Linear Axes % )
(X-, Y-, Z-axis, etc.) C-axis
Metric Input +999999.999 mm +£999999.999 deg.
Inch Input +999999.9999 inch +£999999.999 deg.

Note: The values indicated above do not depend on the “least output increment”.




1.1.4 Tape Format

The following describes the important items concerning the tape format.

(1)

Label and Label Skip
By entering “label” at the beginning of a punched tape, classification and handling of
tape can be facilitated.

The label skip function disregards the data appearing before the first EOB code. With
this feature, label can contain address characters and function codes which are not sup-
ported by the NC. A code that does not match the selected parity scheme can also be
used. The label skip function becomes enabled when the power is turned ON or when
the NCis reset. While the label skip function is enabled, “LSK” message is displayed
on the screen.

Tape Start and Tape End
At the start and end of a tape, the same code (see Table 1.7) should be punched.

Table 1.7 Tape Start and Tape End
EIA ISO Description

ER % Tape start/Tape end

* The ER code (rewind stop code) entered following the tape startlabel indicates
the rewind stop when the tape is rewound by the tape rewind command.

* The ER code, expressing the tape end, indicates the stop point when several
part programs are stored in NC memory.



1.1 FUNDAMENTALS OF PROGRAMMING TERMINOLOGY

ER CR \
( )

i
!
—a— | abe| -t —a— Program part —-a— Comment ;

‘\7 k part ‘i B

Program start
(Called as “EOB” or “End of Block” code)

Tape start
(Called as "%” or “Rewind Stop” code)

M 3 0 |CR | ER

~—————— Program part o Program ——me
end ;

Tape end

Note: Asthe end of program code, M02 or M99 can be used instead of M30. Whetheror not the M codes indicated above
are used as the program end M code is determined according to the setting for parameter pm3005 D3.

Fig. 1.1 Single Main Program Punched on Tape (EIA Cocle)

% LF/NL / )
AN
~=s— [abel —» i ~a— Program past —=—=— Comment —m—r—a———-—
/J \\ part
Tape start Program start
LF/
M 3 0 InL
Program part ——————w=|—s— Program ——— \-4———— Tapeend ————
end
M| 3| ol %
Program _
Program part end — \

Tape end

Fig. 1.2  Multiple Programs Punched on Tape (EIA Code)




(8) Program Start and Program End

(a) Program start

When punching a program on a tape, the following code should be punched to de-
clare the beginning of a program. This code cancels the label skip function.

Table 1.8 Program Start

EIA ISO Description

CR - LF/NL Program start

(b) Program end

Any of the following codes indicated in Table 1.9 should be punched at the end of
a program to declare the program end.

Table 1.9 Program End

EIA ISO Description
MO2CR MO2LF/NL Program end
M30CR M30LF/NL Program end and rewind
M99CR MOI9LEF/NL Subprogram end

Note 1: When “M02CR” or “M30LF/NL” is executed, the equipment may or may not be reset or rewound depending
on equipment specifications.

Refer 1o the manual published by the machine tool builder.

2: When multiple part programs are started in the NC memory, control may move to the next part program after
reading the program end code shown above.

This occurs when part programs are entered by total input.

3: IfER or LF/NL code is executed for a program in which neither MO2 nor M30 is entered at the end of the pro-
gram; the NC is reset.



1.1 FUNDAMENTALS OF PROGRAMMING TERMINOLOGY

1.1.5 Program Format

(1) Program Part

The section beginning with the program start code -and ending with the program end
code is called the program part. The program part consists of blocks, and each block
consists of words.

<

R ; ; ; ;

Note:

Word , Word  Word

Block Block - Block o
o Program part o

In this manual, the “EOB” code is expressed by a semi-colon (;).

Fig. 1.3  Construction of Program

(@)

Program number

By entering a program number immediately after the program start code, it is pos-
sible to distinguish a specific program from other programs. A program number
consists of address O and a maximum of 5-digit number that follows address O.
The NC memory has a capacity to store a maximum of 99 programs; this capacity
can be optionally increased to store up to 299 or 999 programs.

Sequence number

A sequence number, consisting of address N and a maximum of 3-digit integer that
follows address N, can be entered at the beginning of a block. “equence numbers
are used only for reference numbers of blocks and do not influence the contents and
execution order of machining processes. Therefore, sequential or non-sequential
numbers may be used for sequence numbers. It is also allowed to leave blocks
without assigning sequence numbers. In addition, the same sequence number may
be assigned to different blocks. Although there are no restrictions on using se-
quence numbers, it is recommended to assign sequence numbers in a sequential
order. Before executing the sequence number search, it is necessary to execute the
program number search to determine the program in which sequence number
search should be executed.




:)

If a sequence number consisting of 6 of more digits is designated, 5 digits from
the least insignificant digit are regarded as a sequence number.

If address search is executed for a sequence number which is assigned to more
than one block, the block searched firstis read and search processing is completed
at that block.

For blocks for which a sequence number is not assigned, search is possible by
the address search operation if address data in the block to be searched are desig-
nated as the object of address search operation.

When designating a sequence number following G25 or M99, designate a 4-digit
number.

(¢) Word

A word consists of an address character included in the function characters and a
numeral of several digits that follow the address character. For example, word
“G02” consists of address character “G” and numeral “2”.

The function character means a character that can be used in the significant data
area. For details of address character and function character codes, refer to Tables
1.10 and 1.11.
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Table 1.10 Table of Address Characters

Address Description Car'fl((a)?eory
A Designation of angle for G01 and G111, Designation of thread angle for 576 o
B Designation of spindle shift ar.lgle for mult.iple thrg:ad chting operation o

Designation of angle for multiple chamfering and rounding
C C-coordinate . 0
D Designation of depth and number of cuts for G71 to G76 (6]
E Designation of precision feed, Designation of precision lead in thread cu:ting B
F Designation of ordinary feed, Designation of ordinary lead in thread cutting B
G Preparatory function B
H Incremental command of C-axis @)
1 X-coordinate of center of arc, Canned cycle parameter data, Chamfer size (radius) B,O
J Y-coordinate of center of arc o
Z-coordinate of center of arc, Canned cycle parameter data, Chamfer size B,O
K Increment/decrement amount in variable-lead thread cutting o
L Number of repetitions B,O
M Miscellaneous function
N Sequence number
o) Program number
P Dwell time, Designation of the fi(st sequence number of a canned cycle, program B.O
number, and macro program number ’
Designation of the first sequence number of a subprogram and the end sequence B O
0 number of a canned cycle ’
Depth of cut in a hole-machining canned cycle o
R Radius of a‘m. arc, Amount of rounding, Nose-R amount, Point R coordinate in a B.O
hole-machining canned cycle ’
S Spindle function, Clamp spindle speed B
T Tool function, Tool coordinate memory number B,O
U Incremental command of X-axis, Dwell time, Canned cycle parameter B,O
v Incremental command of Y-axis (0]
w Incremental command of Z-axis, Canned cycle parameter B,O
X X-coordinate B
Y Y-coordinate
Z Z-coordinate B
Note: B: Basic, O: Option

1-11




Table 1.11 Table of Function Characters

ElA code ISO code Description Remarks
EIA:  Error if designated in the significant in-
Blank NUL formation area
ISO: Disregarded
BS BS Disregarded
Tab HT Disregarded
CR LF/NL End of block (EOF)
- CR Disregarded
SP Sp Space
ER % Rewind stop
ucC - Upper case
LC - Lower case
2-4-5 bits ( Control out (Comment start) EIA:
2-4-7 bits ) Control in (Comment end) Special code
+ + Disregarded, User macro operator
- - Minus sign, User macro operator
6-9 0-9 Numerals
A-Z A-Z Address characters
/ / 8ptional block skip
Ser macro operator
Del DEL Disregarded (includes all punched holes)
Decimal point
Parameter setting # Symbol of sharp (Variable)
* * Asterisk (Multiplication operator)
= = Equal symbol
[ [ Left bracket
] ] Right bracket EIA:
0 For comment in macro program Special code
$ $ For comment in macro program
@ @ For comment in macro program
9 9

For comment in macro program

For comment in macro program

Note 1: If a code not indicated above is designated in the significant information area, it causes an error.

2: Information designated between the control out and control in codes is regarded as insignificant information.

3: Input code (EIA/ISO) is automatically recognized, and output code is determined by the setting for parameter

pm0004 DO.

1-12



1.1 FUNDAMENTALS OF PROGRAMMING TERMINOLOGY

(d) Block

* Ablock consists of words to define a single step of operation. One block ends
with the EOB (end of block) code. The EOB code is expressed by “CR” in
the EIA code system and “LE/NL” in the ISO code systeni.

In this manual, it is expressed by a semicolon “;” to make the explanation sim-
ple.

* Characters not indicated in Tables 1.10 “Table of Address Characters” and
1.11 “Table of Function Characters” must not be used.

¢ Oneblock can contain up to 128 characters. Note that invalid characters such
as “Del” are not counted.

S ; N12G00X40000 Z200000SP ; ;

[ 20 characters ]
(=even number)

(a) Adding a character for TV check (an error occurs if an even number of characters is contained in a block.)

S ; NOOS8GO3X -+~ Z - 5 g cee Moeer Foeee S

| Less than 129 |
characters in a block

(b} Number of valid characters allowed in a block

Fig. 1.4  Block

(2) Comment Part

A comment can be displayed by using the control out and control in codes.

(a) Entering a comment in a program

It is possible to display a required comment on the screen by enclosing it with the
control out and control in codes in a part program. The information enclosed by
these codes is regarded as insignificant information.




(b) Entering the control out and control in codes

The control out and control in codes can be entered in the same manner as entering
ordinary characters.

¢ “(":Press the [U] key after pressing the [SHIFT] key.
* “)7:Press the [V] key after pressing the [SHIFT] key.

Characters that can be entered between
“(” (control out) and “)” (control in) codes
{Operation panel with 9-inch CRT)
+ %

® ®

®

5

Note 1: The characters that can be entered between the control out and control in codes are those that are entered by
using the keys enclosed by dark line in Fig. 1.5.

2: Itis notallowed to use the control out and control in codes in the area which are already enclosed by the control

out and control in codes.

Fig. 1.5  Characters that can be Entered between Control Out and Control
In Codes (Keys Enclosed by Dark Line)
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<Example of comment display by using the control out and control in codes>

T A
p—

RUNNING RUN 012345 NQ0018 W

(TEST PROGRAM) ;
GO0 . X100. Z100. ;
GO1 X0 20 F10.;

(DRILL END) ;
ABSOLUTE INCREMENT G/M CODE
X1 200.000 X1 0.000 G Gis1
71 2.000 Z1  0.000 GO1 G8Q

Go7 G199

G99 G127
TOOL: 70101 ACT : S1 G40 G125

FEED: F 71rev. MAX.: S1 5000 G67 G133
COM: 851 1000 G69

G123M03
MEM STP  LSK
COMMND  SETING 1
« [pspPsy] | 1 | [oren | Eoim | [4]

\ J

N

vy
4 1 2 3 4 50 7
FEEEREEE®

Fig. 1.6  Program Execution Display Screen

(38) Programmable Range (Input Format)

This model of NC adopts the variable block format which complies with JIS B6313.

Programmable range of individual addresses is indicated in Table 1.12. The numbers
given in this table indicate the allowable maximum number of digits.

An example of input format is given below.
X + 5 3

1 |
—— 3 digits to the right of a decimal
point This varies depending on
—— 5 digits in integer part the dimensioning system

(Metric or inch).
See Table 1.12.

Sign

Address is X

Input data should be entered without a decimal point. If a decimal point is used, the
entered value is treated in a different manner. Leading zeros and the “+” (plus) sign can
be omitted for all kinds of address data including sequence numbers. Note that, howev-
er, the “~” (minus) sign cannot be omitted.

1-15




Table 1.12 Input Format

Metric Output Inch Output . ;
Address . g ' gaglc
Metric Input | Inch Input | Metric Input | inch Input : Option
Program number (ON] 05 B
Sequence number N5 NS5
G function G3 G3
Linear axis
X ZLKU, a+63 a+54 a+63 a+54 B,O
Coordinate words | W» R, Q ¥, 1) ]
Rotary axis
b+63 b+63 O
(C. H)
Feed per minute (mm/min) function | F60 or F63 | F52 or F54 | F60 or F63 | F52 or F54 B
F33 F24 F33 F24 B
Feed per revolution and thread lead
F34 F26 F34 F26 B
S function S5 S5 B
T2+2) T(2+2) B
T function
T(3+3) T(3+3) 0]
M function M3 M3 B
Dwell U (P) 63 U (P) 63 B
Program number designation P5 PS5 B
Sequence number designation QP)s Q@S B,O
Number of repetitions L9 L9 B
Designation of angle of line A (B)33 A(B)33 O
Designation of multiple-thread angle B3 B3

Note: The input format for “feed per minute” is set by using parameter pm2004 DO.

pm2004 DO=0 F60 mm/min, F52 inch/min

pm2004 DO =0 F63 mm/min, F54 inch/min




1.1 FUNDAMENTALS OF PROGRAMMING TERMINOLOGY

1.1.6 Optional Block Skip (/1), (/210 /9) *

If a block containing the slash code “/n (n=1 to 9)” is executed with the external optional
block skip switch corresponding to the designated number set ON, the commands in the
block following the slash code to the end of block code are disregarded. The slash code “/n”
can be designated at any position in a block.

Example:

/2 N 1234 G00X100 /3 Z200;
If the “/2” switch is ON, the entire block is disregardyed, and
if “/3” switch is ON, this block indicates the following.
N 1234 G00X100;

1. “1” can be omitted for “/1”.

2. The optional block skip function is processed when a part program is read to the
buffer register from either the tape or memory. If the switch is set ON after the
block containing the optional block skip code is read, the block is not skipped.

3. The optional block skip function is disregarded for program reading (input) and
punch out (output) operation.




1.1.7 Buffer Register and Multi-active Register

By using the buffer register and multi-active register, the NC ensures smooth control of the
machine by reading the blocks of data into the buffer register.

1)

Buffer Register

In normal operation, two blocks of data are buffered to calculate the offset and other
data that are necessary for the succeeding operation.

In the nose R offset mode (option), two blocks of data (a maximum of four blocks of
data, if necessary) are buffered to calculate the offset data that are necessary for the
succeeding operation. In both of the normal operation mode and nose R offset mode,
the data capacity of one block is a maximum of 128 characters, including the EOB code.

Multi-active Registers *

With a part program enclosed by M93 and M92, a maximum of seven blocks of data
are buffered. If the time required for automatic operation of these seven buffered blocks
is longer than the time required for the buffering and calculation of the offset data for
the next seven blocks, the program can be executed continuously without a stop be-
tween blocks.

Table 1.13 M92 and M93 Codes

M Code Function

M93 Multi-active registers ON

M92 Multi-active registers OFF




1.2 BASICS CF FEED FUNCTION

1.2 BASICS OF FEED FUNCTION

This section describes the feed function that specifies feedrate (distance per minute, distance
per revolution) of a cutting tool.

1.2.1 Rapid Traverse

Rapid traverse is used for positioning (G00) and manual rapid traverse (EAPID) operation.
In the rapid traverse mode, each axis moves at the rapid traverse rate set for the individual
axes; the rapid traverse rate is determined by the machine tool builder and set for the individ-
ual axes by using parameters. Since the axes move independently of each other, the axes
reach the target point at different time. Therefore, the resultant tool paths are not a straight
line generally.

The rapic traverse override function can adjust the set rapid traverse rate to Fo, 25%, 50%,
and 100% where Fy indicates a fixed feedrate set for parameter pm2447.

= 1. Rapid traverse rate is set in the following units for the individual axes.
i Setting units of rapid traverse rate  0.001 mm/min
or
1 deg./min

2. The upper limit of the rapid traverse rate is 240,000 mm/min. Since the most ap-
propriate value is set conforming to the machine capability, refer to the manuals
published by the machine tool builder for the rapid traverse rate of your machine.




1.2.2 Cutting Feed (F Command)

The feedrate at which a cutting tool should be moved in the linear interpolation (GO1) mode
or circular interpolation (G02, G03) mode is designated using address characters F and E.
The axis feed mode to be used is selected by designating the feed function G code (G98 or
G99) as indicated in Table 1.14. Select the required feed mode by designating the feed func-
tion G code before specifying an F and E code.

Table 1.14 Cutting Feed Mode G Codes

G Code Function Group
G98 Designation of feed per minute (mm/min) mode 10
G99 Designation of feed per revolution (mm/rev) mode 10

See 1.2.3 “Switching between Feed per Minute Mode and Feed per Revolution Mode” for
details of these G codes. F and E codes are modal and once designated they remain valid
until another F or E code is designated. If feed mode designation G codes are switched be-
tween G98 and G99, however, it is necessary to designate the F and E code again. If nonew
F and E codes are designated, alarm “0370” occurs. Note that it is not allowed to designate
an E code in the G98 (feed per minute) mode. If an E code is designated in the G98 mode,
alarm “0371” occurs.



1.2 BASICS OF FEED FUNCTION

(1) Feed per Revolution Mode (G99)

A feedrate of a cutting tool per revolution of the spindle (mm/rev, inch/rev) can be des-
ignated by a numeral specified following address character F or E.

Table 1.15 Programmable Range of F and E Commands
(Feed per Revolution Mode) ‘

Format Programmable Range
F33 F0.001 to F500.000 mm/rev
mm input
E34 E0.0001 to E500.0000 mm/rev
mm output
F24 F0.0001 to F19.6850 inch/rev
inch input
E25 E0.000001 to E19.685000 inch/rev
F33 F0.001 to F1270.000 mm/rev
mm input
E34 E0.0001 to E1270.0000 mm,rev
inch output
F24 F0.0001 to F50.0000 inch/rev
inch input
E25 E0.000001 to E50.00000 inch/rev

Note 1: The allowable maximum value for the X-axis is 1/2 of the value indicated in the table.

2: The upper limit of feedrates could be restricted by the servo system and the mechanical system. For the actual
programmable feedrate range, refer to the manuals published by the machine tool builder.

The feedrate per revolution is further restricted as indicated in Table 1.16 due to spindle
speed S.

Table 1.16 Restrictions on F and E Commands by Spindle Speed

Restriction

mm output | F(E) X S = 240,000 mm/min

inch output | F(E) X S = 24,000 inch/min




An F command specified in the simultaneous 2-axis linear interpolation mode or in the
circular interpolation mode represents the feedrate in the tangential direction.

Example of Programming (linear interpolation mode)
With the following program:

G99 S1000 (r/min);
GO1 U60. W40. FO.5;

Tangential velocity

F X S =0.5 mm/rev X 1000 r/min 500 mm/min
500 mm/min

= /300% + 400 +X | 300 mm/min
L Z-axis component ———
400 mm/min

- X-axis component

+Z

Fig. 1.7  F Command in Simultaneous 2-axis Control Linear Interpolation
(Feed per Revolution)

Example of Programming (circular interpolation mode)

With the following program: Center
G99 S1000 (r/min); N
Go3uU--- W-- I--- FOZ, \\ 200 mm/min
N
N

F X S =0.2 mm/rev x 1000 r/min
= 200 mm/min

= JFx? + Fz?

+X

+Z

Note 1: An FO command causes an input error.

2: A feedrate in the X-axis direction is determined by the radial value.

Fig. 1.8 F Command in the Simultaneous 2-axis Control Circular
Interpolation (Feed per Revolution)

SUPPEE g Do not specify a negative value for an F command. An F command with a negative
MENT 7/ value causes alarm “0102”.




1.2 BASICS OFF FEED FUNCTION

(2) Feed per Minute Mode (G98)

A feedrate of a cutting tool per minute (mm/min, inch/min) can be designated by a nu-
meral specified following address character F. It is possible to set the F60 format and
F63 format (mm input) by the setting for parameter pm2004 D0. The programmable
range is indicated in Table 1.17.

Table 1.17 Programmable Range of F Commands (Feed per Minute Mode)

Format | Programmable Range (Linear Axis) | Programmable Range (Rotary Axis)
mm input F60 F1 to F240000 mm/min F1 to F240000 deg/min
mm output
pm2004 inch input Fs2 FO0.01 to F94488.18 inch/min F0.01 to F240000.00 deg/min
D0 =0 mminput | F60 F1 to F609600 mm/min F1 to F240000 deg/min
inch output
inch input F52 F0.01 to F24000.00 inch/min F0.01 to F240000.00 deg/min
mm input F63 F0.001 to F240000.000 min/min F0.001 to F240000.000 deg/min
mm output -
pm2004 inch input F54 F0.0001 to F94488.1890 inch/min F0.001 to F240000.0000 deg/min
Do=1 mminput | F63 F0.001 to F609600.000 mm/min F0.001 to F240000.000 deg/min
inch output
inch input Fs54 F0.0001 to F24000.0000 inch/min F0.0001 to F24010.0000 deg/min

Note 1: The allowable maximum value for the X-axis is 1/2 of the value indicated in the table.

2: The upper limit of feedrates could be restricted by the servo system and the mechanical system. For the actual
programmable feedrate range, refer to the manuals published by the machine tool builder.

(8) Simultaneous 2-axis Control

An F command specified in the simultaneous 2-axis linear interpolation mode or in the
circular interpolation mode represents the feedrate in the tangential direction.

Example of Programming (linear interpolation mode)

With the following program:

G98; o
G01 U60. W40. F500; Tangential velocity /
F = 500 = V300% + 400° 500 mm/mn

L Z-axis component |y | 300 mm/min
X-axis component _—— )

(mm/min) T

400 mm/min

Fig. 1.9  F Command in Simultaneous 2-axis Control Linear Interpolation
(Feed per Minute)




Example of Programming (circular interpolation mode)

With the following program: Center

GI§; N

GO3 X-++ Z-- I-- " F200.; \\ 200 mm/min
F = 200 = /Fx’ + F2? AN

(mm/min)

+X

+Z

Note 1: An FO command causes an input error.

2: A feedrate in the X-axis direction is determined by the radial value.

Fig. 1.10 F Command in the Simultaneous 2-axis Control Circular
Interpolation (Feed per Minute)

Do not specify a negative value for an F command. An F command with a negative
value causes alarm “0102”.




1.2 BASICS CF FEED FUNCTION

(4) Rotary Axis and Linear Axis

An FF command specified in the interpolation mode between a rotary axis and a linear
axis represents the feedrate in the tangential direction.

Example of Programming

G98,;
G01 W10. H60. F100.;

* mm input (F60)

Distance = /gmz + 60000° = 60827.625

C-axis component

Z-axis component Tangential velocity
100 mm/min

Time = 80827:625 _ 6082 (min) = 36.5 (s)

1000000 |
+Z / :10 mm

O e e am wm = e - -
6 d
« inch input (FS2) ‘ c 9

Distance = v100000% + 60000% = 1166190.0379

C-axis component
Z-axis component

- _ 1166190.0379 _ £ (min) =
Time = 1000000 0.1166 (min) = 6.9 (s)

Fig. 1.11 F Command in Interpolation between Rotary Axis and Linear Axis
(Feed per Minute)

(5) Independent Rotary Axis Command

If a rotary axis command is specified independently, feedrate is determined according
to the selected input increment system. In the case of inch input systzm, the unit of fee-
drate is determined by the setting for parameter.

Table 1.18
Format pm2004 D7 =0 pm2004 D7 =1
pm2004 mm input F60 1 =1 deg/min 1 =1 deg/min
DO=0 inch input F52 1=0.1 deg/min 1 =0.01 deg/min
pm2004 mm input F63 1 =0.001 deg/min 1 =0.001 deg/min
DO =1 inch input F54 1 =0.001 deg/min 1 =0.0001 deg/min




1.2.3 Switching between Feed per Minute Mode and Feed per Revolution Mode
(G98/G99)

Before specifying a feedrate command (E, F), a G code that determines whether the specified
feedrate command is interpreted as feed per minute value or feed per revolution value should
be specified. These G codes (G98, G99) are modal and once they are specified they remain
valid until the other G code is specified. When the feed mode designation G code is specified,
the presently valid E and F codes are canceled. Therefore, an E and F code must be specified
newly after switching the feed mode by designating G98 or G99 command. The initial status
that is established when the power is turned on is set by parameter pm4000.

Table 1.19 Parameter pm4000 and Initial Status

Parameter initial G Code
pm4000 D2 =0 G98
pm4000 D2 =1 G99

(1) Feed per Minute Mode (G98)

By specifying “G98;”, the F codes specified thereafter are all executed in the feed per
minute mode.

Table 1.20 Meaning of G98 Command

G98 Meaning
mm input mm/min
inch input inch/min

(2) Feed per Revolution Mode (G99)

By specifying “G99;”, the F codes specified thereafter are all executed in the feed per
revolution mode.

Table 1.21 Meaning of G99 Command

G99 Meaning
mm input mm/rev
inch input inch/rev




1.2 BASICS OF FEED FUNCTION

1.2.4 Automatic Acceleration and Deceleration

Automatic acceleration/deceleration control is provided for rapid traverse and cutting feed
operation, respectively.

(1) Acceleration and Deceleration for Rapid Traverse and Manual Axis Feed Op-
eration

For positioning (G00), manual rapid traverse (RAPID), manual continuous feed (JOG),
and manual handle feed (HANDLE), linear pattern automatic acceleration/deceleration
isapplied. Rapid traverse rate and acceleration/deceleration time constant for rapid tra-
verse are set for following parameters.

Table 1.22 Parameters Used for Setting Rapid Traverse Rate and Accelera-
tion/Deceleration Time Constant

X-axis Z-axis 3rd-axis 4th-axis 5th-axis

Rapid traverse rate pm2801 pm2802 pm2803 pm2804 pm2805

Acceleration/deceleration time constant pm2461 pm2462 pm2463 pm2464 pm2465

\ G0Oo

| -

Feedrate

Time —#=

Fig. 1.12 Automatic Acceleration/Deceleration in Linear Pattern




(2) Acceleration and Deceleration for Cutting Feed

For cutting feed (GO1 to GO3 mode), feedrate is controlled by the automatic accelera-

1 tion/deceleration in the exponential pattern.
v A
b bt
Feedrate

Time —#»

Fig. 1.13  Acceleration/Deceleration in Exponential Pattern

Time constant for cutting feed and feedrate bias are set for parameters. For tapping,
time constant and feedrate bias can be set independently.

Table 1.23 Parameters for Tapping

X-axis Z-axis 3rd-axis 4th-axis 5th-axis
Feedrate time constant pm2501 pm2502 pm2503 pm2504 pm2505
Feedrate bias pm2821 pm2822 pm2823 pm2824 pm2825
Tapping time constant pm2511 pm2512 pm2513 pm2514 pm2515
Tapping feedrate bias pm2831 pm2832 pm2833 pm2834 pm2835

%

For the parameters indicated above, the most optimum values are set for respective
machines. Do not attempt to change the setting unless necessary.

Y

SUPPLE-,
MENT




COMMANDS CALLING AXIS

MOVEMENTS

Chapter 2 describes the interpolation commands, thread cut-
ting function, and reference point return function.

2.1 INTERPOLATION COMMANDS ........ 2-3
2.1.1 Positioning (GO0, GOB) ................... 2-3
2.1.2  Linear Interpolation (GO1) ................. 2-5
213 Circular Interpolation
(G02,Gi03,G22,G23) .............. it 2-9
214 Chamfering (G11)....................... 2-14
215 Rounding(G12) ............... ... ... 2-16
2.1.6  Cylindrical interpolation (G124, G125)* .... 2-18
2.1.7  Polar Coordinate Interpolation
(G126, G127)* ... 2220
2.2 USING THE THREAD CUTTING
FUNCTION ...... ..., 2-28
2.21 Thread Cutting and Continuous Thread
Cutting(G32) ...... ..., 2-28
2.2.2  Multiple-thread Cutting (G32)* ...... . .... 2-34
2.2.3  Variable Lead Thread Cutting (G34)* . ..... 2-37
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234

Automatic Return to Reference Point

Reterence Point Return Check (G27) ...... 2-44
Return from Reference Point Return (G29) . 2-45

Second to Fourth Reference Point Return
(G30)* ... PR 2-49



2.1 INTERPOLATION COMMANDS

2.1 INTERPOLATION COMMANDS

This section describes the positioning commands and the interpolation commands that con-
trol the tool path-along the specified functions such as straight line and arc.

2.1.1 Positioning (G00, G06)

In the absolute programming mode, the axes are moved to the specified pcint in a workpiece
coordinate system, and in the incremental programming mode, the axes raove by the speci-
fied distance from the present position at a rapid traverse rate.

For calling the positioning, the following G codes can be used.

Table 2.1 G Codes for Positioning

G Code Function Group
GO0 Positioning in the error detect ON mode 01
G06 Positioning in the error detect OFF mode *

(1) Positioning in the Error Detect ON Mode (G00)

When “GO0OX(U) « -+ Z(W) - -+ (*C(H) - - - *Y(V) - - -);” is designated, position-
ing is executed in the “error detect ON” mode, in which the program advances to the
next block only when the number of lag pulses due to servo lag are checked after the
completion of pulse distribution has reduced to the permissible value.

In the GO0 mode, positioning is made at a rapid traverse rate in the simultaneous 2-axis
(*5-axis) control mode. The axes not designated in the GO0 block do not move. In posi-
tioning operation, the individual axes move independently of each other at a rapid tra-
verse rate that is set for each axis. The rapid traverse rates set for the individual axes
differ depending on the machine. For the rapid traverse rates of your machine, refer to
the manuals published by the machine tool builder.

+X
] W

N
je

+Z

A

Fig. 2.1 Positioning in Simultaneous 2-axis Control Mode




SUPPLE_-' 1. Inthe GOO positioning mode, since the axes move at a rapid traverse rate set for
MENT 7/ the individual axes independently, the tool paths are not always a straight line.

Therefore, positioning must be programmed carefully so that a cutting tool will
not interfere with a workpiece or fixture during positioning,.

2. Theblock where a T command is specified must contain the GO0 command. Des-
ignation of the GO0 command is necessary to determine the speed for offset
movement which is called by the T command.

Example of Programming

G50 X150. Z100. ;
GO0 T0101 S1000 MO3 ; <— @ GO0 determines the speed
for offset movement.

(G00) X30. Z5.; - @ Designation of GOO can be omitted

since it is a modal command.

Fig. 2.2

(2) Paositioning in the Error Detect OFF Mode (GO6)

When “G06 X(U) - - Z(W) - -+ *CH)- -+ Y(V) - - -);” is specified, positioning
is executed in the “error detect OFF” mode.

In the GO6 mode, positioning is executed in the simultaneous 2 axis (*up to 5 axis) con-
trol mode. Note that the GO6 command is not modal and valid only in the designated
block. Inthis mode, program advances to the next block immediately after the comple-
tion of pulse distribution.

ns
o




2.1 INTERPOIATION COMMANDS

2.1.2 Linear Interpolation (G01)

o)

With the commands of “GO1 X(U) « « - Z(W) « - - *C(H)- - - Y(V) - - -} F(E) - - -;”, linear
interpolation is executed in the simultaneous 2-axis (*5-axis) control mode. The axes not
designated in the GO1 block do not move. For the execution of the linear interpolation, the
following commands must be specified.

(1) Command Format

To execute the linear interpolation, the commands indicated below must be specified.

(a) Feedrate

Feedrate is designated by an F or E code. The axes are controlled so that vector
sum (tangential velocity in reference to the tool moving direction) of feedrate of
the designated axes will be the specified feedrate.

F (mm/min) = /Fx? + Fz? + (Fc?)

(Fx: feedrate in the X-axis direction)

If no F or E code is designated in the block containing GO1 or in the preceding blocks,
execution of a GO1 block causes alarm “0370”.




* With an F code, axis feedrate is specified in either feed per spindle revolution
(mm/rev or inch/rev) or feed per minute (mm/min or inch/min).

* If the optional C-axis is selected, the feedrate of X- and Z-axis and that of C-
axis differ from each other. Feedrates of these axes obtained by the same F
code are indicated in Table 2.2 below.

Table 2.2 Feedrates of X-/Z-axis and C-axis (F Command)

F Function Minimum F Command Unit
(Feed per Minute) Feedrate of X-/Z-axis | Feedrate of C-axis
mm input F60 1 mm/min 1 deg/min
mm output
pm2004 inch input F51 0.1 inch/min 2.54 deg/min
D0=0 mm input | F60 1 mm/min 0.3937 deg/min
inch output
inchinput | F51 0.1 inch/min 0.1 deg/min
mm input F63 0.001 mm/min 0.001 deg/min
mm output
pm2004 inch input F54 0.0001 inch/min 0.00254 deg/min
Do=1 mm input | F63 0.001 mm/min 0.0003937 deg/min
inch output
inch input F54 0.0001 inch/min 0.0001 deg/min
|/ p
@ For the C-axis, a feedrate cannot be specified in the feed per minute mode.
C___ 3
C 7
e’



2.1 INTERPOLATION COMMANDS

(b) End Point

The end point can be specified in either incremental or absolute values correspond-
ing to the designation of an address character or G90/G91. For details, see 3.2.1,
“Absolute/Incremental Programming”.

+X

Programmed point
w

PN

[S1I=

Present tool position
?» - +Z
< -~

Fig. 2.3  Linear Interpolation

Example of Programming

G50 X100. Z60.;

GO0 T0202 S600 MO3;
X3s. 75

GO01 Z0 F1,;
X60. F0.2;

. p

} Axes are roved in the GO1 linear interpolation mcde.

Ve
Ve
7
Ve
7/
e
o
®f
._,j5'.... $60
$35
/ +2Z

Fig. 24  Example of Programming




(2) Angle-designated Linear Interpolation*

By selecting the optional angle-designated linear interpolation function, it is possible
to execute linear interpolation by designating an angle.

With the commands of “GO1 X(U) + -« A -+ F(E) -+ ;" or“GO1Z(W) - - - A - -
F(E)- - - ;7, linear interpolation is executed at an angle A which is measured from the
+Z-axis to the end point specified by either X or Z coordinate as shown in Fig. 2.5.

Feedrate is specified by an F or E code along the tangential direction. Programmable
range of an angle A is indicated in Table 2.3.

Table 2.3 Programmable Range of Angle (A)

Programmable Range of Angle (A)

mm input

0to +360.000°
inch input

How the angle designated by command A is measured is determined by the sign which
precedes the specified value as indicated in Table 2.4.

Table 2.4 Definition of Angle

Sign Definition

A+ Angle measured in the countercloc A
wise direction from the +Z-axis +Z

Angle measured in the clockwise

A - . .
direction from the +Z-axis

+Z

! A+ A+

Start point

e

+X

Start point

- +Z

Fig. 2.5  Angle-designated Linear Interpolation




2.1 INTERPOLATION COMMANDS

Example of Programming

GO01 X50. A150. F0.3; -— ®

G01 Z0. A-180,; - @
+X

Start point

¢ 50. 7/\A =+ 150°
\_, - +Z
60.

Fig. 2.6  Angle-designated Linear Interpolation

2.1.3 Circular Interpolation (G02, G03, G22, G23)

By specifying the following commands in a program, the cutting tool moves along the speci-
fied arc in the ZX plane so that tangential velocity is equal to the feedrate specified by the
F or E code.

G02(G03) X(U). Z(W).I.K.. (R...)F(E)..’

Center
‘RX End point R !
Start !
X1 u S point
212 .
Z W r—|$1 z

+Z

—&
'

Fig. 2.7  Circular Interpolation




(1) Command Format

To execute the circular interpolation, the commands indicated in Table 2.5 must be spe-

cified.

Table 2.5 Commands Necessary for Circular Interpolation

item Address Description
GO02 Clockwise (CW)
Direction of Rotation
GO3 Counterclockwise (CCW)
XU X coordinate of arc end point (diametric value)
End Point Position Z (W) Z coordinate of arc end point
*Y (V) Y coordinate of arc end point
1 Distance along the X-axis from the start point to the
center of arc (radial value)
Distance from the Start Distance along the Z-axis from the start point to the
. K
Point to the Center center of arc
*] Distance along the Y-axis from the start point to the
center of arc
Radius of Circular Arc R Distance to the center of arc from the start point

(a) Rotation direction

The direction of arc rotation should be specified in the mannerindicated in Fig. 2.8.

G02 Clockwise direction (CW)
GO03 Counterclockwise direction (CCW)
+X
)
/':"
U Go3
R -
Fig. 2.8 Rotation Direction of Circular Arc

(b) End point

The end point can be specified in either incremental or absolute values correspond-

ing to the designation of G90 or G91.

2

-10




2.1 INTERPOLATION COMMANDS

If the specified end point is not on the specified arc, the arc radius is gradually
changed from the start point to the end point to generate a spiral so that the end point
lies on the specified arc.

Example of Programming

GO01 Z100. X0 F10.;
G03 Z-50. K-100.;

100.7 X
|
-50. 0 100. Z
- 100.

(a) End point positioned inside the circumference

Example of Programming

G01 Z50. XO0;
G03 Z-100. K-50.;
T
50.
-100. -50. O 50. z

(b) End point lying outside the circumference

Fig. 2.9 Interpolation with End Point off the Specified Arc




(c) Center of arc

The center of arc can be specified in two methods - designation of the distance from
the start point to the center of the arc and designation of the radius of the arc.
+X End point

Start point

w +7

Fig. 2.10

¢ Specifying the distance from the start point to the center

Independent of the designated dimensioning mode (G90 or G91), the center
of an arc must be specified in incremental values referenced from the start
point.

* Specifying the radius

When defining an arc, it is possible to specify the radius by using address R
instead of specifying the center of the arc by addresses I or K. This is called
“circular interpolation with R designation” mode.

For the circular arc with the central angle of 180 deg. or smaller, use an R
value of “R > 0”.

For the circular arc with the central angle of 180 deg. or larger, use an R
value of “R < 07,

Example of Programming

GOZX(U)"'Z(W)"'R:t F(E),

180° or larger

End point

Start point

Fig. 2.11  Circular Interpolation with Radius R Designation
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&t
MENT '

If an R command is used to specify the radius of an arc, G22 and (23 can be used
instead of GO2 and GO3. When G22 or G23 is used, the programming format is the
same as used when GO2 or G03 is specified with an exception of a G code. If G22 or
G23is used, however, it is not allowed to define the center of the arc by I and K com-
mands. If these commands are used with G22 or G23, alarm “0162” occurs.

(2) Supplements to Circular Interpolation

A circular arc extending to multiple quadrants can be defined by the commands in a
single block.

Example of Programming

GOl Z...F...;
G02 X60. Z-46.6 120. K-19.596 F - - -;

¢ 100.

¢ 60.

$———>+z

Fig. 2.12 Circular Interpolation over Multiple Quadrants

Table 2.6
Center of Arc (10000, 2700)
I value 10060 _ 20 mm
2
K value ~/28%20% = ~ /384 = ~19.596 mm




2.1.4 Chamfering (G11)

With the commands of “G11 X(U) + - - K-+ - {orZ(W) - - :1---}F(E) - - -;”,chamfering
at corners is specified. In the designation of chamfering, single axis command of either X-
axis or Z-axis should be used.

G11 is amodal G code of 01 group. Once designated, it remains valid until other G code in
the 01 group is specified next.

(1) X-axis Chamfering

Gl11 X(U)"'Ki;_F(E)'-';
S Chamfer size

Designation of chamfering direction

With the commands indicated above, X-axis chamfering is executed.

K- K+ I
En.d I\ / 1 [
point "~
Iy
- u
2

45° X (diametric value)

+X

['e SRBBUIS W
Start
+Z

point

Fig. 2.13 X-axis Chamfering

(2) Z-axis Chamfering
G11 Z(W)IE___F(E),

L=

With the commands indicated above, Z-axis chamfering is executed.

Chamfer size (radial value)

Designation of chamfering direction

End point
+ m 457 Start point
TP
| b
4
w
z
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-}

Example of Programming

GO0 X30. Z0;
G11 Z-20. 18. F30; - @
(G11) X80. K-7.; - Q

7 - 20. [

7 $.-~._* +Z

Fig. 2.15 Example of Programming

The following restrictions apply to the chamfer size K and 1.
|K[<|U2],[T|<| W]

The K and I values must be smaller than the total move distance in the direction
of the designated axis. A format error occurs if a value exceeding this limit is
specified.

Alarm “0445” occurs if both addresses X and Z are specified in the same block,
a block not including I or K is specified in the G11 mode, or I or K value is “0”.

The nose R offset offset function* is valid for the block where G11 is specified.

It is possible to specify the G11 block in the commands of blocks that define fin-
ishing shape for a multiple repetitive cycle (G70 to G73).

It is possible to specify chamfering by specifying GO1 instead of G11.
GO]_ X(U)'K"'{OTZ(W)"'I'} F(E),




2.1.5 Rounding (G12)

With the commands of “G12 X(U) - -« K-+ {orZ(W) - - -1 -} F(E) - - -;”, corner
rounding is executed. In the designation, single axis command of either X-axis or Z-axis
should be used. Rounding is executed in a quarter circle.

G12is a modal G code of 01 group. Once designated, it remains valid until other G code in
the 01 group is specified next.

(1) X-axis Rounding
Gl2 X(U)-+- K& - F(B) "

L=
With the commands indicated above, X-axis rounding is executed.
K- K+

E: Start point
End = (—
point h 1

+X X (diametric value)

L M
et +Z

Fig. 2.16 X-axis Rounding

Rounding size

Designation of rounding direction

) [

(2) Z-axis Rounding

GI2Z(W)y---1% -+ F(E) -~
S

Rounding size (radial value)

Designating of rounding direction

With the commands indicated above, Z-axis rounding is executed.
End point

+l l ‘\ Start point
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@

Example of Programming

GO0 X20. Z0;
G12 Z-25. 19. F30; -
(G12) X70. K-6. F20; -— @

/
Fig. 2.18 Example of Programming

The following restrictions apply to the rounding size K and I.
|K|<[U2}|1]<| W]

The K and I values must be smaller than the total move distance in the direction
of the designated axis. A format error occurs if a value exceeding this limif is
specified.

Alarm “0445” occurs if both addresses X and Z are specified in the same block,
a block not including I or K is specified in the G12 mode, or I or K value is “0”.

The nose R offset offset function* is valid for the block where G12 is specified.

It is possible to specify the G12 block in the commands of blocks that define fin-
ishing shape for a multiple repetitive cycle (G70 to G73).

It is possible to specify chamfering by specifying GO1 instead of G12.
Gol X(U)...R... {OrZ(W)"'R"'} F(E)...;




2.1.6 Cylindrical Interpolation (G124, G125) *

The cylindrical interpolation function allows programming of machining on a cylindrical
workpiece (grooving on a cylindrical workpiece) in the manner like writing a program in a
plane using the cylinder developed coordinate system. This functions allows programming
both in absolute commands (C, Z) and incremental commands (H, W).

(1) Programming Format

(@) Features of G124, G125

The following G codes are used for cylindrical interpolation.

Table 2.7 G Codes Used for Cylindrical Interpolation

G Code Function Group
G124 Cylindrical interpolation mode ON 22
G125 Cylindrical interpolation mode OFF 22

These G codes are buffering prohibiting G codes.

Specify G124 and G125 in a block without other commands. If other G code is
specified with G124 or G125 in the same block, alarm “0161” (UNMATCH G
CODE) occurs.

G124 and G125 are modal G codes of 20 group. Once G124 is specified, the cylin-
drical interpolation mode ON state remains until G125 is specified. Whenthe pow-
er is turned ON or the NC is reset, the G125 (cylindrical interpolation mode OFF)
state is set.

Programming format

G124 C- - - < Cylindrical interpolation mode ON
: <~ Machining program in the cylindrical interpolation mode

G125, < Cylindrical interpolation mode OFF
where, C = Radius of cylindrical workpiece
(1 =0.001 mm or 0.0001 inch)

The radius of a cylindrical workpiece must always be specified. If a C command
is not specified, alarm “0162” (LACK OF ADDRESS) occurs.
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(c) Feedrate

In the cylindrical interpolation mode, interpolation is executed in the virtual C-Z
plane. Therefore, after the entry to the cylindrical interpolatior: mode, it is neces-
sary to specify feedrates in the C-Z plane. Use address F to specify feedrates. F
value represents feedrates (mrm/min, inch/min) in the C-Z plane.

» Forcylindrical interpolation, use the G98 (feed per minute) mode. Cylindrical
interpolation is not possible in the GO0 mode. To execute positioning, cancel
the cylindrical interpolation mode. Note that GOO mode may be specified in
a plane other than the C-Z plane.

(2) Example of Programming

Cutting tool U———————-— z

@—c

Example of programming

0100 ;

G98 ;

T0101 ;

G00 X44.0 CO; Positioning at the start point ¢f cutting
G124 C45.0; = Cylindrical interpolation mode ON
G01 G42 Z47.5 F100;
C60.0;

732.5 C120.0;
C240.0;

G03 7Z40.0 C249.549 R7.5; > Machining program
G02 Z47.5 C259.099 R7.5;

G01 C360.0;

G40 Z44.0;

G125 ; ~
M30; == Cylindrical interpolation mode OFF

A

Fig. 2.19 Coordinate System for Cylindrical Interpolation




(3) Relationships between Cylindrical Interpolation and Operations

In the cylindrical interpolation mode, the following G codes may be specified: (G0O0),
GO01, GO2, GO3, G04, G10, G22, G23, G40, G41, G42, G65, G66, G67, (G0, G91),
G98, and G134. Alarm “0161” (UNMATCH G CODE) occurs if a G code other than
those indicated above is specified in the cylindrical interpolation mode.

1. Inthe GOO mode, only X-axis can be specified.

2. (90 and G91 are valid only when special G code specification is selected.

3. Inthe G134 mode, only M commands may be specified.

¢ In the cylindrical interpolation mode, the tool radius offset function can be
used. Turning ON/OFF of the tool radius offset function must be made in the
cylindrical interpolation mode. The tool radius offset function is valid only
in the cylindrical interpolation mode and the polar coordinate interpolation
mode.

* Inthe cylindrical interpolation mode, cutting in the linear interpolation (G01)
mode and circular interpolation (G02/G03) mode is available. Circular inter-
polation is permitted only in the C-Z plane. If circular interpolation com-
mands are specified in other plane, an alarm occurs. For the definition of an
arc, use either addresses I and K to specify the center of arc or address R to
directly specify the radius of the arc. Note that designation of address R is op-
tional.

* The nose R offset function must be canceled before specifying G124.

* Itisnotallowed to specify G124 with the mirror image function ON. Similar-
ly, it is not allowed to turn ON the mirror image function in the G124 mode.
If the mirror image function is turned ON in the G124 mode, an alarm occurs.

* TandS commands must not be specified in the cylindrical interpolation mode.
Designation of M commands is possible in the cylindrical interpolation mode.

¢ The spindle function is invalid in the cylindrical interpolation mode.

*» Inthe cylindrical interpolation mode, the manual absolute function is fixed to
OFF.



2.1 INTERPOLATION COMMANDS

 In the cylindrical interpolation mode, program restart is not possible. If pro-
gram restart is attempted from a block in the cylindrical interpolation mode,
alarm “0481” (PROG, ERROR IN G124 MODE) occurs. However, program
restartis allowed for blocks in which the cylindrical interpolation mode blocks
are included.

2.1.7 Polar Coordinate Interpolation (G126, G127) *

The polar coordinate interpolation function allows programming of machining that is
executed by the combination of tool movement and workpiece rotation in a virtual rectangu-
lar coordinate system.

In the machining accomplished by the combination of a linear axis (X-axis) and a rotary axis
(C-axis), the C-axis is assumed to be a linear axis that is perpendicular to the X-axis. By as-
suming a rotary axis as a linear axis, machining an arbitrary shape that is defined by the X-
and C-axis can be programmed easily in the X-Crectangular coordinate system. In this pro-
gramming, both of absolute commands (X, C) and incremental commands (U, H) can be
used.

(1) Programming Format

When G126 is specified, the polar coordinate interpolation mode is established and the
virtual coordinate system is set in the X-C plane with the origin of the absolute coordi-
nate system taken as the origin of this coordinate system. Polar coordinate interpolation
is executed in this plane. Note that polar coordinate interpolation starts when G126 is
specified assuming the present position of the C-axis to be “0”.

Return the C-axis to the origin of the absolute coordinate system before specifying
G126.




(@)

Features of G126 and G127

The following G codes are used to turn ON/OFF the polar coordinate interpolation
mode.

Table 2.8 G Codes Used for Turning ON/OFF the Polar Coordinate Interpola-

tion
G Code Function Group
G126 Polar coordinate interpolation mode ON 19
G127 Polar coordinate interpolation mode OFF 19

Specify G126 and G127 in a block without other commands. If other G code is
specified with G126 or G127 in the same block, alarm “0161” (UNMATCH G
CODE) occurs.

G126 and G127 are modal G codes of 19 group. Once G126 is specified, the polar
coordinate interpolation mode ON state remains until G127 is specified. Whenthe
power is turned ON or the NC is reset, the G127 (polar coordinate interpolation
mode OFF) state is set.

Feedrates

In the polar coordinate interpolation mode, interpolation is executed in the X-C
plane. Itis necessary to specify feedrates after entering the polar coordinate inter-
polation mode. For the designation of feedrates, use address F. Feedrate F expres-
ses feedrates (mm/min, inch/min) in the X-C plane. In the polar coordinate inter-
polation mode, specify feedrates in the G98 (feed per minute) mode. It is not
possible to specify GOO (G codes that include rapid traverse cycle). To execute
positioning, cancel the polar coordinate interpolationmode. Itisallowed tospecify
GO0 in a plane other than the X-C plane.

¢ Restrictions on feedrates

The following must be satisfied so that the actual speed of the rotary axis does
not exceed rapid traverse rate:

F/D = (1/360) X (Rapid traverse rate of rotary axis)
F(mm/min) : Fcommand X Feed override

D (mm) : Diametric value when a cutting tool approaches closest
to the workpiece center
(tool paths after offset if the tool radius offset function
is used.)
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¢ Example of calculation
- To find the maximum value of F command (override: 100%)
Conditions: To carry out grooving of 15 mm wide along the center-
line
To use 12 mm diameter end mill
C-axis rapid traverse rate is 12000 deg/min.

F/(15 - 12) = (w/360) x 12000

F = 314

From the result indicated above, it is possible to specify F300 in the
program.

C+

15

) : ) \ X+

Fig. 2.20

- To find the minimum machining diameter with F command of 80 mm/min.

Conditions: Rapid traverse rate of the rotary axis is 12000 deg/min.

80/D = (/360) x 12000

D = 0.764
From the result indicated above, machining is not possible if the tool
path after offset comes closer to the center of the workpiece than the
calculated value.



(2) Example of Programming

Virtual C-axis

Example of programming

00001 ;

G98;

T0101 ;

GO0 X120.0 CO;

A

G126 ; <«
GO1 G42 X40.0 F100.0; ~N
G03 X0 C40.0 1-20.0;

GO01 X-25.0;

G03 X-40.0 C25.0 K-15.0; >

GO01 CO;
G03 X20.0 120.0;
GO01 G40 X120.0; P,

G127 ; «=
M30;

Fig. 2.21

Positioning at the cutting start point

Polar coordinate interpolation mode ON

Machining program using the polar coordinate
interpolation function

Polar coordinate interpolation mode OFF

Coordinate System for Polar Coordinate interpolation
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(3) Negative Polar Coordinate Specification

Fo the machines in which the positive/negative designation of the X-axis is reversed,
it is possible to select the negative X-axis specification. In this specification, the plus
and minus sign of the X-axis in the virtual X-Cplane is reversed. The coordinate system
used for programming is shown in Fig. 2.22. Whether or not the negative X-axis speci-
fication is selected is specified by using parameter pm4019 D1.

pm4019 D1 =1 Negative X-axis specification
pm4019 D1 =0 Normal specification
Normal specification Negative X-axis specification
Virtual C (+) Virtual C (+)
'} )
X (:> - X
) / ()
Fig. 2.22 Coordinate System of Negative X-axis Specification Polar
Coordinate
Normal specification Negative X-axis specification
A virual C (+) b Virtual C (+)

\ Go3 ( \ G02
/7 4
' Go2 C/ GO03

X (+) - X (-)

Normal specification Negative X-axis specification

Fig. 2.23 Direction of Rotaticn for Arc Commands




Normal specification Negative X-axis specification

b virtual ¢ (1) bk vinuaic (+)

2 Normal specification Negative X-axis specification

Fig. 2.24 Offset Direction of Tool Radius Offset Function

SUPPLE— a 1. If the negative X-axis specification is selected, the direction of rotation for the
X/ arc comrmands (G02, GO3) and the direction of offset for the tool radius offset

(G41, G42)are reversed from those in the normal specification. This must be tak-
en into consideration when writing a program.

2. Turn ON the polar coordinate interpolation mode when the X-coordinate is plus
for the normal specification and when it is minus for the negative X-axis specifi-
cation.

(4) Relationships between Polar Coordinate Interpolation Functlon and Opera-
tions

In the cylindrical interpolation mode, the following G codes may be specified: (G0O),
GO01, G02, GO3, G04, G10, G22, G23, G40, G41, G42, G65, G66, G67, (G90, GI1),
G98, and G134. Alarm “0161” (UNMATCH G CODE) occurs if a G code other than
those indicated above is specified in the polar coordinate interpolation mode.

é 1. Inthe GOO mode, only X-axis can be specified.

R 2. (90 and G91 are valid only when special G code specification is selected.
3. Inthe G134 mode, only M commands may be specified.

¢ Inthe polar coordinate interpolation mode, the tool radius offset function can
be used. Turning ON/OFF of the tool radius offset function must be made in
the polar coordinate interpolation mode. The tool radius offset function is val-
id only in the cylindrical interpolation mode and the polar coordinate inter-
polation mode.
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In the polar coordinate interpolation mode, cutting in the linear interpolation
(G01) mode and circular interpolation (G02/G03) mode. Circular interpola-
tion is permitted only in the X-C plane. If circular interpolation commands
are specified in other plane, an alarm occurs. For the definition of an arc, use
either addresses I and K to specify the center of arc or address R to directly
specify the radius of the arc. Note that designation of address R is optional.

The nose R offset function must be canceled before specitying G126.

Itis not allowed to specify G126 with the mirror image function ON. Similar-
ly, it is not allowed to turn ON the mirror image function in the G124 mode.
If the mirror image functicn is turned ON in the G126 mode, an alarm occurs.

T and S commands must not be specified in the polar coordinate interpolation
mode. Designation of M commands is possible in the polar coordinate inter-
polation mode.

The spindle function is invalid in the polar coordinate interpolation mode.

In the polar coordinate interpolation mode, the manual absolute function is
fixed to OFF.

In the polar coordinate interpolation mode, program restart is not possible. If
program restart is attempted from a block in the polar coordinate interpolation
mode, alarm “0483” (PROG, ERROR IN G126 MODE) occurs. However,
program restart is allowed for blocks in which the cylindrical interpolation
mode blocks are included.

If a command that causes the tool paths to pass the center of the polar coordi-
nate in the polar coordinate interpolation mode, alarm “0483” occurs since the
C-axis feedrate becomes infinite.

In the polar coordinate interpolation mode, selection is possible for the X- and
C-axis commands whether they are specified in diametric values or radial val-
ues.

pm1000 D1 =0 X- and C-axis commands are specified in diameter.

pmi000 D1 =1 X- and C-axis commands are specified in radius.




2.2

2.2.1

USING THE THREAD CUTTING FUNCTION

Thread Cutting and Continuous Thread Cutting (G32)

With the commands of “G32X (U) - - - Z(W) - - - F(E) - - - ;”, itis possible to cut straight
thread, tapered thread, or scroll thread in the lead specified by an F (normal thread cutting)
or E (precise thread cutting) command to the point specified by absolute coordinate values
(X, Z) or incremental coordinate values (U, W). Note that chamfering of thread is not pos-
sible in the G32 mode. Use the G92 or G76* mode to include chamfering in thread cutting.

(1) Programmable Range of F and E Codes

Table 2.9 indicates the programmable range of thread lead F and E.

Table 2.9 Programmable Range of F and E Commands

Format Programmable Range of F and E
F33 F0.001 - F500.000 mm
mm input
E34 E0.0001 - E500.0000 mm
mm output
F24 F0.0001 - F19.6850 inch
inch input
E26 E0.000004 - E19.685000 inch
F33 F0.001 - F1270.000 mm
mm input
E34 E0.0003 - E1270.0000 mm
inch output
F24 F0.001 - F50.0000 inch
inch input
E26 E0.000010 - ES50.000000 inch

-28
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(2) Direction of Thread Lead
The direction of thread lead specified by the F and E commands is indicated in
Table 2.10.
Table 2.10 Direction of Thread Lead

Taper Angle a - Direction of Thread Lead

x. 2 a =45° Lead in the Z-axis direction should be specified.
+X
I 7 a>45° Lead in the X-axis direction should be specified.

+X _v

! End point

. * U
%G ZL%&&{E

N

+Z

i
ol
L (lead)

Fig. 2.25 Thread Cutting

(8) Restrictions on F and E by Spindle Speed S

As indicated in Table 2.11, there are restrictions on the designaticn of F and E com-
mands by Table 2.11spindle speed S. Concerning the X-axis feedrate component, its
upper limit is 1/2 of the values indicated in Table 2.11.

Table 2.11 Restrictions on F and E Commands by Spindle Speed S

Limit Value
mm output F (E) X § = 240,000 mm/min
inch output F (E) X S = 24,000 inch/min




(4) Programming Formats

Programming formats of thread cutting are indicated in Table 2.12.

Table 2.12 Programming Formats of Thread Cutting

Thread Type Command Format
Normal G31ZW)---F---,
Straight thread
Precision G32 Z(W):-+-E---;
Normal G32 X(U)y---Z(W)y---F .-
Tapered thread
Precision GRZ XU --+ZMW)y---E---;
Normal G322 X@U)---F---;
Scroll thread
Precision G32 X(@U):+-E---;

» Example of programming for cutting straight thread

Thread lead

L =50mm
01 =5.0mm
02 =3.0mm

Depth of cut per pass = 1.0 mm

GO0 U-42.;

0

G32 W-68. F5.0;

GO0 U 42.;
W 68.;
U-44. ;

G32 W-68.;

GO0 U 44.;

(

- +Z

Q

+X
-2 ‘— ______ ‘v—_—
: @ . OT 20.
LL._.AAAAAAAAAA.A’J’—j
- & —pele &1
[TTTIAAAAAAAAAN
L‘——GQ'—-—\

Fig. 226 Example of Programming for Cutting Straight Thread
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o Example of programming for cutting tapered thread

Thread lead L =40mm
01 =3.0mm
& =2.0mm
Depth of cut per pass = 1.0 mm

GO0 X13. = @
G32 X38. W-35. F4.0; -—®
G00 X60. ;

W3s.;

X11.;
G32 X36. W-35.;
GO0 X60. ;

O r—q.w“’w 15.
I |20 g, ’

Fig. 2.27 Example of Programming for Cutting Tapered Trread




(5) Continuous Thread Cutting

Since the NC has buffer register, designation for continuous thread cutting is possible.
In addition, continuous threads can be cut smoothly because the block-to-block pause
time is “0” for thread cutting command blocks.

Example of Programming

2 GR2 XU Z(W) " FE) 5 =~ @
G32 X(U) *++ Z(W) -+ ; ®

G32 X(U)+++ Z(W) -+ ; - ®

_—
e,

LU

{a) Reinforced pipe coupling (b) Worm screw

Fig. 2.28 Continuous Thread Cutting

N s/
1. If designation of thread lead (F, E) is changed during thread cutting cycle, lead
accuracy is lost at joints of blocks. Therefore, thread lead designation must not

E be changed during thread cutting cycle.

2. If continuous thread cutting is specified, M codes must not be specified. If an M
code is specified, the cycle is suspended at the specified block and continuous
thread cannot be cut.




2.2 USING THE THREAD CUTTING FUNCTION

(6) Margin for Incomplete Thread Portions (81, §2)

Atthe start and end of thread cutting, lead error is generated. Therefore, margins 8, and
O should be given at the start and end portions in thread cutting.

+X
do &4 {
[~ —0

Fig. 2.29 Margins for Incomplete Threads

These margins 8; and d; can be calculated as indicated in Table 2.13.

Table 2.13 Calculation of Margins for Incomplete Thread Portions

Approximate Value Meaning
L(mm) : Thread lead
L-S SN - Qi .
8 5, > 60'K(]n%_1) S (r / min) Spindle specivd
K : Constant (normally 30)
a(-) : Thread accuracy
LS = % .... (Lead error)
%3 8, > 50°K .
In : Natural logarithm (log)
a 1/50 1/100 1/150 1/200 1/250 1/300
anl-n) 2.91 3.61 4.01 429 4.52 470

Example of calculation

Threadlead L =3.0 mm )
Spindle speed S = 5.0 r/min b1 and & for this case
Thread accuracy =1/100

LS 1n1 4y = 3.0 X500 _
b, > grgng—1) = =5 X 3.61 = 3.0mm
5, > LS - 30 %500 _ on

27 60K~ 60°K




N s
Keep the spindle speed at the same value until one thread is cut. If the spindle speed
is not maintained constant, accuracy could be lost due to servo lag.

During thread cutting, override operation and feed hold operation are disre-
garded.

1%

D

C__J

o’
SUPPLE-
MENT

2. If G32is specified in the G98 (feed per minute) mode, alarm “0452” occurs.

3. If a thread cutting command is executed in the dry run mode, axes move at the
jog feedrate.

2.2.2 Multiple-thread Cutting (G32) *

Multiple-thread cutting (multiple threads in a lead) is possible without shifting the thread cut-
ting start point. In thread cutting operation, axis feed starts in synchronization with the start-
point pulse (1 pulse/turn) output from the spindle pulse generator attached to the spindle.
Therefore, the thread cutting start point is always at the same point on the workpiece circum-
ference. In multiple-thread cutting operation, axis feed starts when the spindle rotates by a
certain angle after the output of the start-point pulse from the spindle pulse generator.

Fig. 2.30 Double-start Thread

With the commands of “G32 X(U) - -+ Z(W) - - - F(E) * - - B+ - + ;”, the spindle rotates
by the angle specified by address B after the output of the start-point pulse of the spindle pulse
generator. After that thread cutting starts toward the point specified by X (U) and Z (W) at
the lead specified by an F or E command.



2.2 USING THE THREAD CUTTING FUNCTION

(1) Address B Specified in Multi-thread Cutting

()

Least input increment : 0.001°
Programmable range : 0 = B <360.000

If decimal point input is used, “B1.” is equal to 1° (B1. = 1°). B commands are non-
modal and valid only in the specified block.

Number of Threads and B Command

In general, the thread cutting start points lie on the workpiece circumference; the inter-
vals of these points are calculated by dividing 360° by the number of threads. Examples
of multiple threads (double-start, triple-start, and quadra-start threads) are shown in
Fig. 2.31.

Thread cutting start point Thread cutting start point Thread cutting start point
- double-start thread - tripla-start thread - quadra-start thread

<7

A

1st thread . No B command 1st thread : No B command 1st thread : No B command
2nd thread: B180. 2nd thread: B120. 2nd thread : B90.
3rd thread : B240. 3rd thread : B180.

4th thread : B270.

Fig. 231 Number of Threads and B Commands




(3) Spindle Rotating Angle from Start-point Pulse Specified by B Command

For the designation of spindle rotating angle measured from the start-point pulse, the
least detectable increment is 360°/4096 pulses = 0.0879°/pulse since the pulses output
from the spindle pulse generator (4096 pulses/rotation) are used. For a B command,
an error of +1 pulse of the spindle rotation detection pulses could be generated. An
example of programming for double-start thread is indicated below.

Example of Programming

GOO U -+

G32W...F...;

GOOU---;

W Thread cutting of thread A
U:---;

G32 W:- -+

GOO U -+,

G32 W - - - B180.;

GO0 U -+

Wy Thread cutting of thread B
U ...;

G32 W - - - B180. ;

Fig. 2.32 Spindle Rotation Angle from Start-point Pulse by B Command

1. If a B command value is outside the programmable range (0 to 360.000), alarm
“0453” occurs.

2. If a B command is specified for multiple-thread cutting, continuous thread cut-
ting is not possible.

G32W .... B9

G32W .... < Since the operation is suspended at this block to wait for the
start-point pulse, continuous thread cannot be cut.

3. The spindle rotation angle from the start-point pulse is specified using a B com-
mand (0 to 360°) disregarding of the spindle rotating direction.




2.2 USING THE THREAD CUTTING FUNCTION

2.2.3 Variable Lead Thread Cutting (G34) *

With the commands of “G34 X (U) Z(W) -+ K-+ F(E) - -+ ;”, variable lead thread
can be cut; thread lead variation per one spindle rotation is specified by address K. The least
input increment of a K command is 0.0001 mm/rev or 0.00001 inch/rev. If the setting for
parameter pm1000 DO = 1, the least input increment of a K command is 0.001 mm/rev or
0.0001 inch/rev.

Fig. 2.33 Variable L.ead Thread

(1) Restrictions on Programmable Range of K Commands

The programmable range of K commands is restricted by the formula indicated below.

F : Fixed lead command (mm/rev or inch/rev)
K : Variable lead command (mm/rev or inch/rev)

W : Distance along the Z-axis from the start point to the end pecint (mm or inch)
<“U” along the X-axis in the case of face thread cutting.>

S : Spindle speed (rev/mm)
Number of spindle revolutions from the start point to the end point (rev)
~F+XK/2) + JF + 5 +2:K-W
K




(2) Feedrate at End Point

Specify the commands so that the feedrate at the end point will not exceed the upper
limit indicated in Table 2.14.

Table 2.14 Upper Limit of Feedrate at End Point

Upper Limit

mm output 500 mm/rev

inch output 50 inch/rev
Sx (F+%+KN) = pm2800  (Max. cutting feedrate)

(3) Feedrate at End Point

Specify the commands so that the feedrate at the end point will not be a negative value.

F+52 +2kw >0

1. Inthe continuous block thread cutting for variable lead thread cutting, distribu-
tion of command pulses is interrupted at joints between blocks.

2. If a K command is outside the programmable range, alarm “0450” occurs.

3. 1f G34 is executed in the dry run mode, the axes move at a feedrate designated
for the jog feedrate if “parameter pm2000 D1 = 1”.

4. 1If address B is designated in the G34 block, alarm “0450” occurs.




2.3 REFERENCE POINT RETURN

2.3 REFERENCE POINT RETURN

2.3.1 Automatic Return to Reference Point (G28)

With the commands of “G28 X(U) - - - Z(W) - - - (*C(H) - - - *Y(V) - - - );”, the numeri-
cally controlled axes are returned to the reference point. The axes are first moved to the speci-
fied position at a rapid traverse rate and then to the reference point automatically. This refer-
ence point return operation is possible in up to simultaneous 2-axis (* 5-axis) control. The
axes not designated in the G28 block are not returned to the reference point.

Example of Programming

(GY0/GO1) G28 X(U) * -+ Z(W) * + + (C(H) * - *);

Z-axis deceleration LS
+X Intermediate positioning point V/

l

Reference point

Positioning | (A fixed point in the machine)

./’—-——- .' .
LJ,L« Y-
Start ,

Reference point return operaticn

ol

f

ﬁ +Z

Fig. 2.34 Reference Point Return

(1) Reference Point Return Operation

Reference point return operation is the series of operations in which the axes return to
the reference point after the reference point return operation has beern started manually.

Reference point return is accomplished in two ways:

(a) Low-speed reference point return

In low-speed reference point return operation, a deceleration lirait switch is used.
Inhigh-speed reference point return operation, the first return operation is executed
in the low-speed type using a deceleration limit switch; the reference point data are
stored after the completion of the first reference point return and in subsequent ref-
erence point return operations is executed without using a deceleration limit
switch.

Alarm “2061” to “2065” occurs if an attempt is made to start the reference point
return operation from a position where return operation is impossible.




(b) High-speed reference point return

See parameter pm4003 D6 and D7.

It is possible to use the “high-speed reference point return” in place of the “auto-
matic reference point return”. In this case, the reference point return is executed
in the following manner.

After the positioning at the intermediate positioning point B, the axes return
directly to the reference point at a rapid traverse rate. The axes can be returned
to the reference point in a shorter time compared to the normal reference point
return operation that uses a deceleration limit switch for the individual axes.

Even if point B is located outside the area in which reference point return is
allowed, the high-speed reference point return specification allows the axes
to return to the reference point.

High-speed reference point return is enabled only for the axes for which nor-
mal reference point return has been completed either manually (manual refer-
ence point return) or by executing the G28 command after turning ON the
power.

If low-speed reference point return has not been completed for the X- and Z-
axis either manually or by executing the G28 command after power-ON, low-
speed reference point return is executed for the axis (X- and/or Z-axis) which
is specified in the G28 block.

High-speed automatic reference point return is valid only when reference
point return is called by G28, and it does not influence manual reference point
return operation.

g-40
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=
MENT '

(2) C-axis* Control Integrated with Spindle Control

Reference point return is executed for the C-axis each time the contrnl mode is changed
over from the spindle control to the C-axis control.

Feedrate

1
Approach speed

/ / Creep spead

Distance
traveled

Set for parameters

Feedrate change sequence

PRIV S

Reference point

.__.ﬂ._.__ Reference pulse

Fig. 2.35 Reference Point Return Pattern of C-axis Integrated with Spindle

For the C-axis integrated with the spindle, a deceleration limit switch is not used even
in low-speed reference point return operation.




(3) Supplements to the Automatic Reference Point Return Commands

Concerning machine lock intervention, there are two types of operation: turn-
ing ON the machine lock after suspending axis movement by using the feed
hold function, and turning OFF the machine lock after suspending axis move-
ment again by using the feed hold function. Table 2.15 shows how the ma-
chine operates according to the machine lock intervention.

Table 2.15 Machine Operation according to Machine Lock Intervention

Machine Lock Intervention during
Positioning to Intermediate
Positioning Point

Machine Lock Intervention during
Positioning to Reference Point

Machine Lock
OFF — ON

Display data are infinitely updated. Al-
though positioning is made at the refer-
Low- ence point after the detection of the ac-
speed tuation of the deceleration limit switch,
type | Although positioning is continued | this cannot be detected due to machine
to the intermediate positioning point | Jock and, therefore, the display data are

(position data display only), move- infinitely updated.
ment to the reference point is not - -
executed. In response to the machine lock inter-

High- | Display data are not updated, either. vention, the axes stops moving. After
that, the display data (position data in

st'; epzd the workpiece coordinate system) are
updated until the reference point return
is completed. (without axis movement)

Low- The axes move to the reference point

speed (position data display is offset by the

type machine lock intervention amount).
Although positioning is continued
Machine Lock to the intermediate positioning Actual axis position is displayed due to
OFF — ON point, the position is displaced by | the intervention of machine lock.

— OFF High- | the machine lock intervention Accordingly, although the display data
speed | amount. (position data in the workpiece coordi-

type nate system) agree with the reference

point, the axes are not located at the ref-
erence point.

Before specifying the G28 command, the tool position offset mode and nose
R offset mode should be canceled. If the G28 command is specified without
canceling these modes, they are canceled automatically.

It is possible to select valid/invalid of reference point return for each axis. If
the axis for which “reference point return invalid” has been set is specified in
the G28 block, alarm “0241” occurs. Refer to parameter pm4002 DO to D4,
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It is possible to display alarm “0411” (X-axis) to “0415” (5th-axis) when an
axis move command other than G28 is executed without corapleting reference
point return after turning ON the power. Whether or not such alarm display
should be given is determined by the setting for parameter pm4022. The direc-
tion of reference point return is set for pm4002 DO to D4 for the individual
axes.

The absolute coordinate values of the axes specified in the G28 block are saved
to memory as the intermediate positioning point. For the axes not specified
in the G28 block, the intermediate positioning point saved in the previous ref-
erence point return operation remains valid.

If M and/or T command is specified with G28 in the same b.ock, the axes con-
tinue moving to the reference point disregarding whether or not the FIN pro-
cessing is completed before the positioning of an axis at the intermediate posi-
tioning point. Therefore, DEN is output at the reference point.

The deceleration limit switch position must be carefully attended to when
executing the reference point return for the first time after turning ON the pow-
er, For details, refer to 2.4.2, “Manual Reference Point Return” of the Operat-
ing Manual.




2.3.2 Reference Point Return Check (G27)

This function checks whether the axes are correctly returned to the reference point at the
completion of the part program which is created so that the program starts and ends at the
reference point in the machine by specifying the commands of “G27 X(U)- - - Z(W)- - -

(* C(H) v e *Y(V) .. .);”-

In the G27 mode, the function checks whether or not the axes positioned by the execution
of these commandsin the simultaneous 2-axis (* 3-axis) control mode are located at the refer-
ence point. For the axes not specified in this block, positioning and check are not executed.

(1) Operation after the Check

When the position reached after the execution of the commands in the G27 block agrees
with the reference point, the reference point return complete lamp lights. The automatic
operation is continuously executed when all of the specified axes are positioned at the
reference point. If there is an axis that has not been returned to the reference point,
reference point return check error (alarm “0421” (X-axis) to “0425” (5th-axis)) occurs
and the automatic operation is interrupted. In this case, the cycle start lamp goes OFF.

(2) Supplements to the Reference Point Return Check Command and Other
Operations

* If G27is specified in the tool position offset mode, positioning is made at the
position displaced by the offset amount and the positioning point does not
agree with the reference point. It is necessary to cancel the tool offset mode
before specifying G27.  Note that the tool position offset function is not can-
celed by the G27 command.

¢ The reference point return check is not executed if G27 is executed in the ma-
chine lock ON state.

* The mirror image function is valid to the direction of axis movement in the
reference point return operation called by G27. To avoid a position unmatch
error, the mirror image function should be canceled by specifying G69 (mirror
image OFF) before executing G27.
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2.3.3 Return from Reference Point Return (G29)

The commands of “G29 X - - - Z - - -;” the axes, having been returned to the reference point
by the execution of the automatic reference point return function (G28, G30), to the inter-
mediate positioning point by back tracing the paths along which the reference point return
has been executed. '

Example of Programming

G28 X+« Z--+; Point A— B — C (Reference point)
Point B
C (reference point)

G299 X:-++Z-++; PoitC—-B—=D

Point D

L

Positioning in rapid
traverse

/

Reference point return

B (Intermediate positioning point)

Fig. 2.36 Return from Reference Point




(1) Intermediate Positioning Point

¢ Itisnotpossible tospecify the intermediate positioning point in the G29 block.
The axes return to the previous point at a rapid traverse rate along the paths
taken in the return to the reference point. Note that the axes not specified in
the G29 block do not move.

e I G28 or G30 (see 2.2.4, “Second to Fourth Reference Point Return (G30)*”)
has been executed several times before the execution of G29, point B to be set
for the execution of B29 is established at the intermediate positioning point set
in the last G28 or G30 operation. The following program written in absolute
commands explains how point B is set for the return operation from the refer-

ence point.
Coordinate values of intermediate positioning point
X Z
N20 G28  710. Z20. (10, 20)
N23 G28  X30.; (30, 20)

N24 G29 X-40. Z-50.;
End point

GO0 X30.720. ;

A e e
G00 X-40.Z-50. ;
—F

Intermediate positioning point

End point
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Example of Programming

N31 T0300;
N32 G28 U80. W20.;
N33 T0400;

N34 G29 U-80. W40.; ¢ C ireference point)
'

Intermediate positioning point
(absolute coordinate values)

“"“—““—‘V Incremental | x

\ command
/ \\
40, / \/
/ \
/ N\
({ D
ry — — » +Z
20. 40.
A e

Fig. 2.37 Coordinate Values of Point B for G29 Operation

¢ Inthe following cases, the intermediate positioning point used for the execu-
tion of G29 does not agree with the intermediate positioning point specified
for the execution of G28 or G30. Therefore, do not specifv such commands
or attempt such operation.

Execution of the following before the execution of G29 after the comple-
tion of G28:

Coordinate system setting (G50 or coordinate system setting operation
in POS. job)

Intervention of machine lock

Intervention of manual operation with manual absolute OFF

Execution of G28, or G30 or G29 in a block specified after the cancellation
of the mirror image at a position different from the position where the mir-
ror image was started.

Execution of G28, or M30 or M29 after the intervention of manual opera-
tion with the manual absolute OFF.

Tad P &, i ATEY



(2) Supplements to the Return Command from the Reference Point Return

(a) Automatic reference point return

If G29 is specified without the execution of G28 or G30 after turning ON the power,
alarm “0240” occurs.

(b) Nose R offset and canned cycle

If G29 is specified in the nose R offset mode (G41, G42) or in a canned cycle (G70
to G76, G90, G92, G94, G81 to G89), alarm “0170” or “0182” occurs.

(¢) Tool position offset

It is necessary to cancel the tool position offset function before specifying G28,
G30, or G29. If these G codes are executed in the offset mode, the intermediate
positioning point B’ is also offset, causing the tool to move to point B. Note that
the tool position offset function is not canceled by G29.

| C (reference point)

Fig. 2.38 G29 Operation Executed in the Tool Position Offset Mode
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2.3.4 Second to Fourth Reference Point Return (G30) *

With the commands of “G30 Pn X(U) -+ Z(W) - - - (*CH) * - - Y(V) - - -);”, the axes
are moved to P2 (second reference point), P3 (third reference point*), or P4 (fourth reference
point*) in the simultaneous 3-axis (* 5-axis) control mode after the positioning at the speci-
fied intermediate positioning point. If “G30P3 U-40. W30.;” is specified, the X- and Z-axis
return to the third reference point. If “Pn” is omitted, the second reference point is selected.
The axes not specified in the G30 block do not move.

(1) Reference Point Positions

The position of each reference point is determined in reference to the first reference
point. The distance from the first reference point to each of the reference points is set
for the following parameters.

Table 2.16 Reference Points

X-axis Z-axis 3rd-axis 4th-axis 5th-axis
2nd reference point pmo6811 pm6812 pm6813 pms5814 pm6815
3rd reference point pmo6821 pm6822 pm6823 pmis824 pm6825
4th reference point pm6831 pm6832 pm6833 pmo834 pm6835

(2) Supplements to the 2nd to 4th Reference Point Return Commands

* For the points to be considered to for the execution of G30, refer to the supple-
ments in 2.2.1, “Automatic Return to Reference Point (G28)”.

» If G29 is specified after G30, positioning is made at the point specified with
(29 after passing the intermediate positioning point specifizd with G30. Only
the coordinate value of intermediate positioning point of the axis specified
with G30 is updated.

* For the execution of G30, reference point return must have been completed
after power-ON either manually or by the execution of G28. If an axis for
which reference point return has not been completed is included in the axes
specified in the G30 block, alarm “0240” occurs.




MOVEMENT CONTROL COMMANDS

Chapter 3 describes the procedure used for setting and se-
lecting the coordinate system and the programming for con-
trolling the movement of a cutting tool.
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3.1 SETTING THE COORDINATE SYSTEM

3.1.1 Base Coordinate System (G50)

Before programming axis movement, a coordinate system must be set. "When a coordinate
system is set, a single absolute coordinate system is determined and absolute move com-
mands specified after the setting of a coordinate system are all executed in it. The G50 com-
mand sets the position of the origin of a coordinate system used for programming.

G50 is a non-modal G code that is valid only in the specified block. The block in which the
G50 command is specified must not contain other G codes, M codes, S codes, and T codes.
Especially, if an S or T code is specified in a block with G50 like “G50 S~ - +;” or
“GS50T - - -;”, such designation calls specific functions and does not set a coordinate system.

(1) Commands

For setting a coordinate system, both absolute and incremental commands may be used.

(@) Coordinate system setting in absolute commands

With the commands of “G50X + - - Z - -« (*C - - - *Y + - +);”, a coordinate sys-
tem is set so that the present tool nose position has the absolute coordinate values
specified in the G50 block (X, Z, C, B *, Y *). In other words, the addresses in the
G50 block specify the distance from the point that should be set as the origin (0,
0, 0) of the coordinate system used for programming to the present tool nose posi-
tion. Axis movement commands can be specified for up to 2 axes (* 5 axes max.)
simultaneously. Note that the axes not specified the G50 block do not move.

An example of coordinate system setting is shown in Fig. 3.1. In this example, the
coordinate system is set at the position where reference point return has been
executed. A coordinate system can be set at any position.

+X  Present tool nose
position i E@ '
—

z

| ><

Qrigin of the base
coordinate system

49,/ 0,0)

Fig. 3.1 Setting of Base Coordinate System (G50) at Reference Return
Position

+Z




(b) Coordinate system setting in incremental commands

If addresses U, W, and H are specified with the commands of “G50X - - Z - - -
(*H -+ *V -} anew coordinate system is set in reference to the present
coordinate system by shifting it the distance specified in incremental values of U
(X-axis direction), W (Z-axis direction), and H (C-axis direction).

This feature is effectively used in several applications - an operation that uses cut-
ting tools having considerable differences, for example. In this case, the cutting
tools should first be divided into two groups and the difference between the length
of standard tool in one group and that in the other group should be entered in a pro-
gram. Then, a new base coordinate system can be set for the second tool group.

Example of programming +X 100
P 8 B~ “GEOX + v Z et
G50 U100. W-100.: 50 / point with standard tool
’ Position of the
second standard
tool

+2

Fig. 3.2  Setting of Coordinate System with Incremental Values

(2) Coordinate System and Tool Position Offset

After setting the coordinate system by executing the commands of “G50 X80. Z62.;”
taking the cutting tool No. 01, if the cutting tool No. 02 which has the tool position off-
set amount as shown in Fig. 3.3 is selected and offset is executed, the cutting tool No.
02 moves to point A.

Example of Programming

+X
N3 G50 X80. Z62.; 8z No. 02 tool
N4 GO0 T0101; 5
> OX

* 2

* G50 command X

* with No. 02tool | 5 = 40mm
N10 GO0 T0202; selected

* +Z

*

Fig. 3.3  Coordinate System and Tool Position Offset

As shown in Fig. 3.3, if the coordinate system is set in reference to the standard tool
and offset data are set for other tools, it is possible to program all tool movements in
a single coordinate system.
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(3) Automatic Coordinate System Setting

Itis possible to set a coordinate system automatically at the completion of manual refer-
ence point return. To set the coordinate system in this manner, the seiting values should
be set for parameters for each of mm and inch input operation as indicated below.

Table 3.1 Parameters for “mm” Input and “inch” Input

X-axis Z-axis C-axis 4th-axis 5th-axis
mm input pm4801 pm4802 pm4803 pm4804 pm4805
inch input pm4811 pm4812 pm4813 pm4814 pm4815

Whether or not the automatic coordinate system setting function is made valid
or not should be set for parameters pm4006 DO to D4 for the individual axes.

To use the workpiece coordinate system shift function, set the coordinate system
by adding the workpiece coordinate system shift values to the coordinate system
setting values when setting the coordinate system using the automatic coordinate
system setting function.

The coordinate system that has been set using the automatic cocrdinate system
setting function becomes invalid when other coordinate system setting function
such as G50 is executed.




(4) Supplements to the Base Coordinate System Commands

Ifa T code is specified in the block next to the one in which the G50 command
is specified, it is necessary to enter GOO in the block where the T code is speci-
fied to define the offset movement feedrate.

GSOX...Z...;
GO0 S500 MO03 T0101;

Cancel the tool position offset and nose R offset function before specifying
GS50.

When the power is turned ON, coordinate values (0, 0, 0) is set for the present
tool position. Therefore, the coordinate system must always be set before
starting an operation. Concerning the C-axis integral with the spindle, use the
automatic coordinate system setting function - change the mode to the C-axis
control and execute the reference point return, and the coordinate system is set
for the C-axis at the position where the reference point return has been com-
pleted.

Once the coordinate system is set, it is not influenced by the reset operation.
To reset the coordinate system, use either of the following operation.

To set “0” on the [ABS] function screen.

To set “0” for the coordinate values by executing “G50 X0 Z0 (C0);” in the
MDI mode.

To turn OFF the power once and turn it ON again.

The present tool position in the base coordinate system is displayed on the
[ABS] function name which is called in the [POSIT.] job.

Whether or not the workpiece coordinate shift is valid when G50 is specified
is determined by the setting for parameter pm4012 DO.

3-6
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3.1.2 Workpiece Coordinate System (G50T, G51) *

The function to set workpiece coordinate systems is provided to set the coordinate system
for the individual cutting tools so that the program can be executed at the same program ori-
gin even if the cutting tool to be used is changed by the tool selection operation.

(1) Tool Coordinate Data Memory (Number)

Before specifying “G50T” command, it is necessary to write the cocrdinate data to the
tool coordinate data memory for each of the cutting tools.

(a) Tool coordinate data memory

The number of tool coordinate data memory areas corresponds to the number of
tool offset data memory area pairs. See Table 3.2.

Table 3.2 Tool Coordinate Data Memory

Number of Tool Offset Data Memory Area | Tool Coordinate Data Memory Areas
Pairs (Number)
1 When O to 16 51 to 66 (16 areas)
2 When 0t 50 51 to 99 (4% areas)

(b) Tool coordinate data memory numbers and tool numbers:

Tool coordinate data memory number “51” corresponds to tool rumber “01”. Sim-
ilarly, tool coordinate data memory number “52” corresponds to tool number “02”,
and so on.

Table 3.3 Correspondence between Tool Coordinate Data Memory Num-
bers and Tool Numbers

Tool Coordinate
Data Memory No. Tool No.
51 01
52 02
80 30




(¢} Coordinate data: Xin, Ztn

The coordinate data (Xtn, Ztn) as shown in Fig. 3.4 are written to the tool coordi-

nate data memory for the individual tools Tn.

+X
Ztn
The tool post or turret is at the position
/ where the CNC'’s present position data
Ay, display is (0, 0).
O Xin /2
Zm
g +Z
( Xm
- Workpiece
\

The workpiece coordinate system determined
by the operator at the workpiece measurement
value direct input operation.

Fig. 3.4  Tool Coordinate Data Memory
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(2) Commands

(a) Features of G50T and G51
Table 3.4 G Codes Related to Workpiece Coordinate Systam
G Code Function Group
G50T Setting a workpiece coordinate system *
G51 Return to the origin for present value display *

(b)

The G50T and G51 commands are both non-modal and valid only in the specified
block.

Setting a workpiece coordinate system
GsoT OO AA;
—I—— Tocl offset number designation (00 to 50)

Tocl coordinate value memory number designation (51 to 99)

A workpiece coordinate system is set by using the command format indicated
above; the value calculated in the following formula is used as the setting value of
the workpiece coordinate system.

Workpiece coordinate system setting value

= [Present position display value in the NC]
+ [Value set at the specified tool coordinate data memory arca]
+ [Value set at the specified tool offset memory area]

Here, the “present position display value in the NC” indicates the value displayed
at the [EXTERN] function in the [POSIT.] job.

* Innormal operation, “00” should be set for A A (tool offset number designa-
tion part).
Example: G50 T5100 ;
L—— If “00” is set, a workpiece coordinase system is set

assuming that the data set in the tool offset memory
areais “0".

3




When the program as indicated in the example above is set when the tool post
or turret is positioned at arbitrary position, the workpiece coordinate system
that the operator has determined is set correctly.

T1 when the turret or tool post is positiéned
at an arbitrary position (-x, -z)

When the turret or tool post
is positioned at (0, 0)
-xf2

X41/2

+Z

ﬁ \ (-x/2) + X /2 } The workpiece coordinate system

\ (-2) + Zn is set using these values.

Workpiece coordinate system

Fig. 3.5  Workpiece Coordinate System Setting

* With the commands of “G50 T0000;”, the workpiece coordinate system is
canceled. That is, the command T000O causes the calculation of the present
position data with “value in tool coordinate data memory = 0” and “value in
tool offset data memory = 0” to set the workpiece coordinate system.

(c¢) Returning to the origin for present position (G51)

With a machining program that uses the workpiece coordinate system setting func-
tion, the start point of machining should be set at the position where the present
position data display is (0, 0). Therefore, after the completion of machining, G51
must be specified in the program so that the X- and Z-axis return to the start point
of machining accurately. With the G51 command, both of the X- and Z-axis return
to the start point at a rapid traverse. Note that G51 should be specified in a block
independently without other commands.
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(3) Example of Programs

(a) Example program using a workpiece coordinate system

An example of program in which a workpiece coordinate system is used is given

below.

The start point of machining is (0, 0) of present position display.

N1 G50 T5100; = Setting of a workpiece coordinate system for
tool No. 01

N2 GO0 T0101 MO03 S100; ~——— Selection of tool No. 01 (Mote)

* (Machining using tool No. 01)

N20 GOO X -+--Z -+ —~———— Positioning

N21 G50 T5200; Setting of a workpiece coordinate system for
tool No. 02

Selection of tool No. 02 (Mote)

A

A

N22 GO0 T0202;

* (Machining using tool No. 02)

N40 GS51; - Returning to the point of (0, 0) (present position
data display)

Position where position
data display is (0, 0)

+Z

Workpiece coordinate system
(Machining with tool Nos. 01 and 02 is programmed in this coordinate system)

Note: The tool position offset command in TO161 and T0202 can be used for the compensation for tool wear. It can also
be used for offsetting in taper cutting.

Fig. 3.6 Example Program Using Workpiece Coordinate System




(b) Example of program in which operation in a workpiece coordinate system
is interrupted

If an operation is restarted from the beginning of the program without returning the
cutting tool to the start point of machining after the interruption of the program giv-
en below, the cutting tool is positioned correctly at the first approach position.

Example of program in which operation in a workpiece coordinate system is interrupted

N1 G50 T5100;

N2 T0101;

N3 G96 S150 MO3;

N4 GO0 X20. Z2.5; —A

When the operation is restarted from the position
of (-20., -27.5) after the interruption

+X

TO1

TO1 . -
40, Machining start position

= Present position data display (0, 0)
$80.

A Approach position (20., 2.5)

/ ﬁ —z

Workpiece coordinate (Tool coordinate data memory 51X = 80.
system 51Z = 40.)

Fig. 3.7 Example of program in which operation in a workpiece coordinate
system is interrupted

The commands of “N1 G50 T5100;” executed at point B sets a workpiece coordi-
nate system using the values of X = 60. (-20. + 80.) and Z = 12.5 (-27.5 + 40.).
Therefore, the workpiece coordinate system is saved and, accordingly, the ap-
proach position point A remains unchanged.
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(c) If tool change positions differ in a workpiece coordinate system

An example of program and workpiece coordinate system setting values are indi-
cated below for cases where tool change position differs by tools.

Table 3.5 Tool Coordinate Data Memory

No. X y4
51 100. 47.5
52 110. 40.

N1 G50 T5100;
N2 GO0 T0101 MO3 S1000;

(Machining with TO1)

N25 G50 T0000;
N26 GO0 X-50. Z-35,; < Tool change position to T02 is (-50., -35.).
N27 G50 T5200; -

N28 GO0 T0202 MO03 S800; L

The coordinate systen setting values used
by these commands ae:

X = (-50.) + 110. = 60.
Z=(-35)+40.=5.

(Machining with T02)
N48 GS51;

T02 >]
r'd

4

i
Pt

-

Machining start position
Q = Position where present position data is (0, 0)

+X
4110, }_17.5)] U 502
! 100.
2=5 T02 f(}
,._B - 35.
TO1
X = $60.
+Z

Workpiece coordinate system

Fig. 3.8  If Tool Change Positions Differ in a Workpiece Coordinate System



(4) Workpiece Coordinate System Shift Amount

The coordinate system that is set using G50 or the workpiece coordinate system setting
function can be shifted by the required distance. It is possible to write the shift distance
to the workpiece coordinate system shift data memory, which is No. 00 of the offset data
memory data, for the X-, Z- and C-axis in the same operation as writing the tool offset
data.

(a) Shift data written to the memory

The shift data written to the memory becomes valid at the following timing:
» Execution of the G50 coordinate system setting command
e Execution of the G50 T workpiece coordinate system setting command
» Execution of the automatic coordinate system setting function
¢ Execution of key operation for setting the coordinate system.

When any of the operation indicated above is executed, a coordinate system is set
by simply adding the set shift amount. No cutting tool movement takes place. If
a positive value is set for AX, AZ, and AC, the coordinate system is shifted in
the direction indicated by the arrow symbol in Fig. 3.9. In this figure, Xg and Z
indicate the original coordinate system setting values.

+X +X

- Original coordinate system

AZ | Zy /
Xol2
/ +Z

[' Shift 1 AXR2
i

/

Coordinate system set after the shift

Fig. 3.9  Workpiece Coordinate System Shift Operation

+Z

The direction in which the coordinate system should be shifted can be changed by
changing the setting for parameter pm4012 D3. By setting D0, it is possible to
make the shift amount invalid at the execution of G50.

@

14
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et
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(b) After changing the data in the workpiece coordinate system shift data
memory

If the data in the workpiece coordinate system shift data memory is changed, the
new shift amount becomes valid when any of the operations indicated in item (a)
above is executed.

1. Once the coordinate system is shifted by the workpiece coordinate system shift
function, it cannot be canceled unless “0” is set. Resetting of the NC cannot can-
cel the shifting of the workpiece coordinate system.

2. The G50 TLJJOO; commands do not indicate the offset data mernory number of
the workpiece coordinate systern shift function but it indicates the cancel of the
tool position offset function.

(5) Supplements to the Workpiece Coordinate System Setting Commands

To use the G50 T and G50 commands, set “0” for parameter pm3000 DO
(pm3000 DO = 0; presetting of the external present position data for G50 is
OFF).

The “G51;” command is equivalent to the commands specified in two blocks
like “G50 TO000;” and “GO0 X0 Z0;”. Therefore, execution of the G51 com-
mand cancels the tool offset number as well as the workpiece coordinate sys-
tem and thus the tool offset number becomes “00” after the execution of it.

The workpiece coordinate system shift function becomes valid when the
workpiece coordinate system is set by using the “G50 T command.

The present position data of the cutting tool in the set workpiece coordinate
system is displayed in the present position display (workpie¢ce coordinate sys-
tem) and not displayed in the external present position display.

The workpiece coordinate system set by G50 T is not carceled by the reset
operation.




3.2 DETERMINING THE COORDINATE VALUE INPUT MODES

This section describes the commands used to input coordinate values.

3.2.1 Absolute/Incremental Designation

Axis movement data specified following an axis address determines axis movement distance
in either incremental or absolute values.

By using addresses X, Z, C*, Y*, U, W, H*, and V*, it is possible to use both incremental
and absolute values.

(1) Command Format

(@)

(0)

(©)

Absolute commands

To specify axis movement distance in an absolute value, use addresses X, Z, and
C.

Example: X -+ Z -+ C--+;

Incremental commands

To specify axis movement distance in an incremental value, use addresses U, W,
and H.

Example: U+ W - --H---;

Use of both incremental and absolute commands in the same block

It is allowed to use both incremental and absolute values in the same block.
Example: X -+ W -

U “ .. Z . ’
If addresses that represent the same axis are specified in the same block like “X - - -

U - - -7, the address specified later becomes valid.

These G codes specify whether dimension values specified following an axis ad-
dress are given in an absolute value or incremental value.
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Table 3.6 Absolute and Incremental Commands and Meariing

Address Command Value Meaning (Description)
X Diametric | Position in the X-axis direction
value
Z Absolute - Position in the Z-axis direction
*C - Position in the C-axis direction
*Y - Position in the Y-axis direction
Diametric . . e
U Movement distance in the X-axis direction
value
W Incremental value - Movement distance in the Z-axis direction
*H - Movement distance in the C-axis direction
*V - Movement distance in the Y-axis direction
. X-axis direction component of the distance to the
I Radial value . .
center of arc viewed from the start point of arc
Z-axis direction component of the distance to the
K Incremental value - . -
center of arc viewed from the start point of arc
- Y-axis direction component of the distance to the
center of arc viewed from the start point of arc
R Incremental value - Direct designation of arc radius

Since a diametric value is specified for addresses X and U, actual axis movement dis-
tance is a half the specified value.

+X
4
Ys
2
« O
2 B
X2
2] X pY
272
> +Z
W W. Ws
Zy h
Zp

Z3

Fig. 3.10 Absolute and Incremental Coordinate Values




(2) Use of G0 and G91

(a) If special G code I (Basic) or II (Option) is selected

G90 and G91 commands can be used when special G code I (basic) or special G
code II (option) is selected.

Table 3.7 Function of G90 and G981 Commands

G Code Function Group
G90 Absolute designation 03
Go1 Incremental designation 03

Note: G90 and (G91 are valid only for X, Z, C*, and Y* as indicated in Table 3.8.

Table 3.8 Valid Address for G90/G91 Designation

Mode Address G390 Command G91 Command
TAPE, MEM, and MDI %ZGCY Absolute Incremental
modes UWHYV Incremental Incremental

Example:  With the commands of “G91 GO0 X40. Z50.;” axis movement com-
mands are executed as incremental commands.

(b) Auxiliary data for circular interpolation

The auxiliary circular interpolation data I, J*, K, and R are always interpreted as
incremental commands.

SUPPLE- & It is not allowed to specify G90 and G91 in the same block. If both of these G codes
MENT {7/ are specified in the same block, the one specified later becomes valid. For example,

if the commands of “G01 G90 X80. G91 Z60.;” are specified in a block, G91 specified
later becomes valid and all axis movement commands (X80. and Z60.) are interpreted
as incremental commands.
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3.2.2 Diametric and Radial Commands for X-axis

To specify X-axis commands, address X or U is used and dimensions arz usually specified
in diametric values. This designation method is called the diametric command designation.
However, it is also possible to use a radial value to specify X-axis dimensions and which of
designation is used is set by parameter pm1000 D1.

pml000 D1=0 Diametric designation
pml000 D1=1 Radial designation
+X +X
] y Xv
Xo L2 Xo —+
X4z X1,z
(a) Diametric designation (o) Radial designation

Fig. 3.11  Coordinate Values

Table 3.9 Use of Diametric and Radial Designation

ltem Diametric Designation | Radial Designation
Address X command Diametric value Radial value
Address U command Diametri‘c,:ailr:lzremental Radial incremental value
X-axis position display Diametric va ue
Tool position offset amount Diametric vaiue
Tool coordinate data for tool coordinate system Diametric value
Nose R amount Radial valuz
Feedrate F and E in the X-axis direction Radial value/rev, Radial value/mm

Radius designation for circular interpolation

(LK, I, R)

G90 to G94, G70to G76

Chamfering, rounding, multiple chamfering
parameters

D,LK P QR

Radial valu:2

Radial value




3.2.3 Inch/Metric Input Designation (G20, G21)

It is possible to select the dimension unit for the input data between “mm” and “inches”. For
this selection, the following G codes are used.

Table 3.10 Dimension Unit Selection G Codes

G Code Function Group
G20 Input in “inch” system 06
G21 Input in “mm” system 06

(1)

Command Format

G20 and G21 should be specified at the beginning of a program in a block without other
commands. When the G code which selects the input dimension unit is executed, the
following values are processed in the selected dimension unit: subsequent programs,
offset amount, a part of parameters, a part of manual operation, and display.

Example of Programming

ER

CR

01234,

G20;, - Designating the input in “inch” system
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(2) Supplements to the Dimension Unit Designation Commands

* Aparameter is used to select “inch/mm”. Therefore, the stite when the power
is turned ON is determined by the setting for this parameter.

» If the dimension unit system should be switched over during the execution of
a program, the tool position offset and nose R offset function must be canceled
before the switching over of the dimension unit system,

» After switching over the dimension unit system between G20 and G21, the
following processing must be accomplished.

Set the coordinate system before specifying axis move commands.

If position data are displayed in a workpiece coordinate system, or when
an external position data display unit is used, reset the present position data
to “0’7.

* Thetool offset amounts stored in memory are treated in a different manner be-
tween the G20 and G21 modes.

Table 3.11 Tool Offset Amounts in G20 and G21 Modes

Stored Offset Amount In the G20 {Inch System) Mode In the G21 (mm System) Mode

150000 1.5000 inch 15.200 mm




3.3 TIME-CONTROLLING COMMANDS

3.3.1 Dwell (G04)

It is possible to suspend the execution of axis move commands specified in the next block
for the specified length of time (dwell period).

By specifying “G04 U (P, X, F) - - - ; 7, execution of programmed commands is suspended
for the length of time specified by address U, P, X or F.

¢ Command unit of address P is “1 = 0.001 sec”. For example, a dwell period
of 2.5 seconds is specified by “G04 U2500;”. The block used to specify dwell
must not include commands other than G04 and P commands.

* The maximum programmable value with address U, P, X, or F is indicated in

Table 3.12.
Table 3.12 Dwell Period (Programmable Range of P)
Format Programmable Range of Dwell Period (P)
U@ X, F)63 0 to 999999.999 sec

Note: The value is independent of the input and output unit systems.




3.4 TOOL OFFSET FUNCTIONS

3.4 TOOL OFFSET FUNCTIONS

The following three kinds of tool offset functions are provided: tool position offset function,
nose R offset function, and tool radius offset function®.

3.4.1 Tool Offset Data Memory

The memory area where the data of the offset functions and coordinale system setting is
called the tool offset data memory.

Tool Offset Data | v e | Z.axis | C-axis Nose R Con'trol
Memory No. Offset Data Point
Workpiece - 00 B
coordinate
system shift )
mermory 01to 16 Basic
Memory area
for storing tool
offset data, tool 171098
coordinatedata
{X- and Z-axis) Option
100 to 299

Fig. 3.12 Tool Offset Data Memory

(1) Contents of Tool Offset Data Memory (X-/Z-axis) of 001 to 299

The tool offset data memory of 001 to 299 for the X- and Z-axis is usually used to store
the tool position offset data. However, there are also cases that the tool coordinate data
are stored in this area if workpiece coordinate systems are used. For details of the use
of this memory area, refer to the manuals published by the machine tool builder.

Evenif 299-set optionis selected, offset numbers 0 to 99 are allowed if a T4-digit spec-
ification is used.

(2) Tool Offset Number Specified by T Function

A “tool offset number” specified by the T function directly corresponds to the “tool off-
set memory number” and the data stored in the specified area is cclled out to execute
offset functions. Concerning the tool coordinate data memory, the “tool selection des-
ignation” number in the T functicn corresponds to the tool coordinate data memory
number. The workpiece coordinate system shift data memory is independent of the T
command. The offset data should be stored to the memory area before starting automat-
ic operation.




3.4.2 Tool Position Offset

The tool position offset function adds the offset amount to the coordinate value specified in
a program when a tool offset number is specified and moves the nose R to the position ob-
tained by the addition. Therefore, the difference between the coordinate value of the nose
R of the cutting tool, assumed in programming, and that of the actual nose R position should
be set to the tool offset data memory in advance as the offset amount. If the coordinate value
of the nose R is changed due to tool wear or other reasons, the offset amount set in the tool
offset data memory must be modified accordingly. By using the tool position offset function,
the required dimensions can be obtained without changing numerical values in a program.

(1) Setting Range of Tool Position Offset Amounts

The range of tool position offset amounts that can be set to the memory is indicated in
Table 3.13.

Table 3.13 Tool Offset Amount Setting Range

Output Input Tool Offset Amount Setting Range
mm input 0 to £9999.999 mm
mm output
inch input 0to £999.9999 inch
mm input 0to £9999.999 mm
inch output
inch input 0 to £999.9999 inch

(2) Signs Used in Tool Position Offset Amounts

For the tool position offset amount, difference between the reference tool and the se-
lected tool is set as the signed value with the offset amount of reference tool taken as
“0”. The sign that precedes the offset amount should be determined by viewing the ref-
erence tool from the selected tool.

+X
% Tool
+5 7 -87
By
0%
4 +Z
S AN
. -
M Reference 2
100! positior ox: X-axis tool position offset amount (in diameter)
dz: Z-axis tool position offset amount
-X

Fig. 3.13 Signs Used in Tool Position Offset Amounts



3.4 TOOL OFFSET FUNCTIONS

(3)

(4)

Outline of Tool Position Offsetting Movements

As explained in item (2) above, when the cutting tool selected by “TUILI[J[]” com-
mand moves according to the axis movement command specified in a program, the off-
setamount that corresponds to the specified tool offset number is added to the command
and the cutting tool moves to the point obtained after the addition. If no axis movement
command in the same block, the cutting tool moves only by the offset amount. Once
offset, the cutting tool always moves to the offset position unless other offset number
is specified. If other number is specified or offset amount is changed while the tool
position is offset, offset is made corresponding to the difference between the previous
and new offset amounts.

Example of Programming

T0101;

GOl X+ Z: - FE)- - -—®

T0115, - @
+X ® Offset movement

End of commands(®

(X, Z) +§Z1

+Z
Fig. 3.14 Tool Position Offsetting Movements

Offset Movement Speeds

Offset movement explained above is executed at the feedrate valid at that point. There-
fore, the required feedrate must be specified in the same block or a preceding block if
the tool position offset function is specified (G00, GO1 E.., etc.).

Example of Programming

GSO X o« v Z .. .;
G00 S - - - M03 TO108; ~«————— Only offset movement is executed
X oo e at a rapid traverse rate

b




(5) Calling the Tool Position Offset Function

The tool position offset command is called when a tool offset number is specified.

(a) Designating a T code

Specify a T code in the block where the tool position offset function should be
called. The tool position offset function becomes from the specified block. When
aTcodeisread, atool selection signal (binary code) is output and, at the same time,
offset movements start using the offset amount which corresponds to the specified
offset number. T codes are modal and once a T code is specified, it remains valid
until another T code is specified. If “G00 T0202;” is specified, for example, tool
No. 02 is selected and offset movements occur according to the data set for tool
offset No. 2.

(b) Changing the offset amount

To change the offset amount, specify a T code that has another offset number. If
a T code with a different tool number is specified, tool selection operation is
executed.

Example of Programming

G00 T0202;
GOl X +++Z-++F-++;

G01 TO216; «———————— Offset No. is changed from 02 to 16 and offset movements
occurs at a cutting feedrate.
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(c) Correcting angle in taper cutting

To correct an angle in taper cutting, specify the T code that changes the offset
amount in the same block with the cutting feed commands.

GO0 T0202;
GOlX"'Z"'F"';

GO1 U+ +++ W- =+ F -+ + T0216; -~ 0

X Difference between T0216 and T0202
Operation by commands®

Operation without T0216

-W Start point
- +Z

Fig. 3.15 Correcting Taper Angle

If axis movement commands are specified with the T function in the same block,
the nose R moves to the offset target position. In this example, cutting is executed
by correcting the difference between the offset amounts called by T0202 and
T0216.

(d) Canceling the tool position offset function

To cancel the tool position offset function, specify a T code of offset No. 0 or 00
like TCJ[]00. The cancel command becomes valid immediately in the specified
block and offset cancel movements occur.

Example of Programming

GO0 T0202;
GOl X+ Z " F-++;

GO1 U+ + -+ W- -+ F - T0216;

GO0 X - -+ Z - -+ T0200; =——— @ Offset amount is not added to the programrned
axis movement commands and X- and Z-axis
move to the target point specified in the program




The commands in block D can be written in two blocks.

GOOX-..Z..-;
T0200;  <«————  Withthis command, only cancel movement is executed

at a rapid traverse.

The reset operation alsc cancels the tool position offset function.

(6) Supplements to Tool Position Offset Commands

Cancel the tool position offset function before specifying the automatic refer-
ence point return (G28) operation.

Cancel the offset by specifying “T(J(J00” command before specifying the
reference point return check (G27) operation. If G27 is executed although the
tool position is offset, an error occurs since the offset amount is added to the
specified coordinate values.

Cancel the tool position offset function before specifying M02 or M30.

If the NC is reset by the reset operation or by the execution of M02 or M30
during the tool position offset mode, the offset function is canceled and offset
number becomes “0” or “00”.

The tool position offset function is temporarily canceled if the reference point
return (manual or automatic) operation is executed. The processing after that
varies depending on the setting for the parameter.

pm4010 D1 =0 The offset data is saved and recovered in a later block.

pm4010 D1 =1 The offset data is canceled.




3.4 TOOL OFFSET FUNCTIONS

3.4.3 Nose R Offset Function (G40, G41/G42) *

Since the nose of a cutting tool is rounded, overcuts or undercuts occur in taper cutting or
arc cutting since offset simply by the tool position offset function is not satisfactory. How
such problems occur is shown in Fig. 3.16. The nose R offset function called by G41 and
G42 compensates for an error to finish the workpiece to the programmed shape.

Nose R center paths without nose R offset
Nose R center paths with nose R offset
Nose cf cutting tool

Undercut (uncut portion left) .
Shape obtained without using the nose R
offset function

Programmed shape
(Also the shape obtained by using the nose R
offset function)

Cenler of nose R
Nose R

Imaginary tool nose

Fig. 3.16 Nose R Offset Function

Nose R Offset Amount

The term “Nose R Offset Amount” means the distance from the too nose to the center

of nose R.

(a) Nose R offset data memory

To use the nose R offset function, the nose R amount of the cutting tools to be used
must be written to the nose R offset data memory in the NC. The number of pairs
of the nose R offset data that can be written to the NC is determined according to
the machine model. The memory area used for storing the nose R offset data varies
depending whether the basic specification NC is used or option is selected. The
allowable maximum value of the nose R offset amount that can be written is
+99.999 mm (£ 9.9999 inches).




(b) Nose R offset amount range

The nose R offset amount can be written in the range indicated in Table 3.14.

Table 3.14 Nose R Offset Amount Range

Nose R Offset Amount Range

mm input 0 to 99.999 mm

inch input 0 to 9.9999 inch

(c) Setting the nose R offset amount

For the nose R offset amount, set the radius of the circle of the tool nose without
a sign.

Button tool

Imaginary tool nose

Fig. 3.17 Setting the Nose R Offset Amount and Imaginary Tool Nose

@ Imaginary Tool Nose

With the nose R offset function, the imaginary tool nose which is set at the reference position is taken as the
reference point. The present position display givenby the NC represents the position of the imaginary tool nose.
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(2) Designation of Imaginary Tool Nose Position (Control Point)

(@) Control point memory

The position of the imaginary tool nose viewed from the center of the nose R is
expressed using a 1-digit number, 0to 9. This is called the control point. The con-
trol point should be written to the NC memory in advance as with the nose R offset
data.

+X

3| Nose R
center

3 8 4
Fig. 3.18 Control Point

(b) Setting the control point

As explained above, the position of the tool nose in reference to the center of nose
R is expressed by a 1-digit number as the control point. Control point 0 is treated
different manners depending on the setting for a parameter: when “parameter
pm4013 D6 = 17, control point 0 is processed in the manner as with control point
9. If “pm4013 D6 = 07, the nose R offset function isinvalid. Note that control point
data is written using address C.

tmaginary nose control point
J—— e R Qorg

Imaginary nose control point 3

Fig. 3.19 Examples of Control Point Setting




(c) Control points and programs

* When control points 1 to 8 are used, the imaginary tool nose position should
be used as the reference to write a program. Write the program after setting
a coordinate system.

- Center of
= Center of nose R h nose R
R N /? >
/" lmaginary toot nose
@ (\Imagmary tool nose
Movements of

Imaginary tool @ imaginary tool nose /\\

nose point

Maovements of

i :) imaginary tool nose
.

= Programmed . Imaginary tool
shape Portion left Programmed shape nose point
uncut - Programmed shape
(8 Program without Nose R Offset Function (b) Program with Nose R Offset Function
The imaginary tool nose point follows the The nose R offset function offsets the
programmed shape, causing overcuts and tool paths from the programmed shape
undercuts at tapers and arcs. to eliminated overcuts and undercuts.

Fig. 3.20 Program and Tool Movements for Control Points 1 to 8

¢ When control points 0 or 9 is used, the center of nose R should be used as the
reference to write a program. Write the program after setting a coordinate sys-
tem. If the nose R offset function is not used, the program shape must not be
different from the shape to be machined.

Y Center of nose R —— Center of
R (imaginary tool nosse) ) nose R
e

(imaginary

’ tool nose)
. e
(\ Movements of center Movements of
of nose R _l ) center of nose R

~—— Programmed shape
T Programmed shape i

(@) Program without Nose R Offset Function (b) Program with Nose R Offset Function

The center of nose R follows the programmed As with the program (b) in Fig. 3.20, appropriate
shape. Therefore, if the coordinate system is set in  offsetting is made to finish the shape accurately
reference to the center of nose R, the shape to be  without overcuts and undercuts.

programmed must be different from the shape to be

machined.

Fig. 3.21  Program and Tool Movements for Control Point 0 or 9
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(38) Nose R Offset Commands

(@) Designation of offset amount and control point

To designate the nose R offset amount and control point, specify the offset data
memory number where the nose R offset amount and control point are entered by
lower 2 digits (3 digits) of a T command.

T 0O OO (T4-digit command)

Designation of memory number where tool position offset
and nose R offset number, and control point are saved

Designation of tool selection

(b) Designation of nose R offset function ON and offset direction

To designation ON/OFF of the nose R offset function and the o:fset direction, use

the G codes
Table 3.15 G Codes Used for Turning ON/OFF Nose R Offset Function
G Code Function Group
G40 Nose R offset cancel 06
G41 Nose R offset, left (nose R center is at the left side) 06
G42 Nose R offset, right (nose R center is at the right side) 06

G40 and G41/G42 are modal G codes in 06 group, and once designated the speci-
fied G code mode remains valid until another G code is specified. When the power
is turned ON or the CNC is reset, the G40 mode is set.

To enter the nose R offset mode, specify either G41 or G42 with a T code.

+X / Offset to the right (G42)

7 e Offset to the left (G41)

i

Fig. 3.22 Designation of Nose R Offset Direction

+Z

The nose R offset direction can be changed over between “to the right” and “to the
left” by specifying G41 or G42 during the execution of a program. It is not neces-
sary to cancel the nose R offset mode by specifying G40 or T0OO before changing
over direction of offset. To cancel the nose R offset mode, specify G40.
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(4) Outline of Nose R Offset Movements

Fig. 3.23 shows how the nose R offset function is executed.

@
Offset cancel (G40) block Offset cancel state
(in the GO1 mode) ,

Imaginary tool nose

@ Offset start-up (G42) block
(in the GOO mode)

—— - tZ Programmed paths

Fig. 3.23 Ouitline of Nose R Offset Movements (G42, Control Point 3)

* Inthe offset cancel state, the imaginary tool nose position (7) agrees with the
point specified in the program (D).

* In the offset mode, the center of nose R is offset by the nose R amount from
the programmed paths and it follows the offset paths. Therefore, the imagi-
nary tool nose position does not agree with the programmed point. Note that
the present position display shows the position of the imaginary tool nose.

» Inthe offset mode, at the joints between two blocks, there are two patterns for
tool movements: the center of nose R passes the point of intersection between
the nose R center paths (M97), or the round-the-arc paths are generated (M98).
In Fig. 3.23, round-the-arc path is generated between blocks (3) and (4.

» At the offset start-up block (1) and cancel block (), the movements to link the
offset mode and offset cancel mode are inserted. Therefore, special attention
must be paid for specifying the offset start-up and cancel blocks.

1. The nose R offset function can be used for circular interpolation specified by ra-
dius designation.

2. Itis allowed to specify a subprogram (M98, M99) in the offset mode. The nose
R offset function is applied to the programmed shape which is offset by the tool
position offset function.




3.4 TOOL OFFSET FUNCTIONS

()

(6)

Entering the Offset Mode

The offset mode is set when both of a tool offset number (by a T code:) and G41 (or G42
to G44) are specified and the nose R offset function is called. More precisely, the offset
mode starts at the time when the AND condition of a T code and a (G code is satisfied.
There are no differences whichever of these codes is specified first (see Fig. 3.24). The
initial movement when the offset mode starts in the offset cancel state is called the start-
up motion.

G41T0101 ; Start-up block

TO101 ;
G41 ; Start-up block G4t ;
T0101 ; Start-up block }
|
| | |
| | :
Offsetmode | {

Offsetmode

|
Offset mode

Fig. 3.24 Offset Mode Entry Methods

Start-up of Offset (Axis Movement Command Specified in the Start-up Block)

Since the offset start-up is executed with the offset taken into account, the G code in
01-group must be either GOO or GO1. If a G code other than GOO or GO1 is specified,
alarm “0180” occurs. If the offset starts in the GO0 mode, the axes move to the offset
point at their individual rapid traverse rates. Therefore, be aware of possible interfer-
ence of a cutting tool with the workpiece.

There are two types of start-up such as start-up at inside corner and start-up at outside
corner.




(a) Start-up at inside corner (180° or less)

The center of nose R moves to the offset point (on the normal start point of the vec-
tor of movement called up in the block next to the start-up block).

* From straight-line to straight-line

Example of Programming

T
G1 G422 ---X -+
Zm..;

G40

———— +Z

Programmed path

Note: “S” indicates the single-block stop point.

Fig. 3.25 Offset Start-up (Straight-Line to Straight-Line)
* From straight-line to arc

Example of programming

T...;
GOl G2 Z -+ X+

>

G02Z...X...I(...;

Programmed path

Fig. 3.26 Offset Start-up (Straight Line to Arc)
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(b) Start-up at outside corner (180° or larger)

In this case, two kinds of start-up modes (types A and B) are provided and the mode
to be used can be selected by the setting for a parameter.

pm4013 DO =1 Type A

pm4013 DO =0 Type B

* Type A: pm4013 D0 =1

The center of nose R moves to the offset point (on the normal start point of
the vector of the block next to the start-up block).

+ From straight-line to straight line at outside corner (189° to 270°)

Example of Programming

T -
GO1G42 Z -+ X+ -+
YR
S
- e b

[

O =

Programmed path

G40
Fig. 3.27 Offset Start-up (Straight-line to Straight-line (1))




- Straight-line to Straight-line at outside corner (270° to 360°)

Fig. 3.28

Example of Programming

T...;
GO01 G42 Z--- X -+
Z...;

e —/qs
AN
//

Programmed path

G40
Offset Start-up (Straight-line to Straight-line (2))

- Straight-line to arc at outside corner (270° to 360°)

Fig. 3.29

Example of Programming

T...;
GOl G42 Z -+ X+ ;
G02Z..X.R.,

Programmed path

G40
Offset Start-up (Straight-line to Arc)
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¢ Type B: pm4013D0=0

The offset mode starts in the manner so0 that overcut dozs not occur in the
movement in the next block.

- Straight-line to straight-line at outside corner (270° to 360°) in the M97
(round-the-arc motion OFF) mode

Example of Programming

T...;
GO1 G42 Z--- X+
Z...;

o

Programmed path

Fig. 3.30 Offset Start-up (Straight-line to Straight-line (1)}

- Straight-line to straight-line at outside corner (180° to 270°) in the M96
(round-the-arc motion ON) mode

Example of Programming

T«
GO1 G42 Z--- X -+
Z- -
S
——— e e — =~ Fiound-the-arc motion
R by

Prograrnmed path

Fig. 3.31 Offset Start-up (Straight-line to Straight-line (2)]




Straight-line to arc at outside corner (180° to 270°) in the M97 mode
Example of Programming
'T IR

G011 G42 Z--- X -+
GOZZ...X...R...;

Fig. 3.32 Offset Start-up (Straight-line to Arc (1))

- Straight-line to arc at outside corner (180° to 270°) in the M96 mode
Example of Programming
T:--- ;

GOl G42 Z -+ X -+
GOZZ...X...R...;

Round-the-arc motion

Fig. 3.33 Offset Start-up (Straight-line to Arc (2))
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Straight-line to straight-line at outside corner (270° to 360°) in the M97
mode

In the M96 mode, tool path is generated to connect the end point of the stari-
up block to the start point of the next block by an arc ir. the same manner
as shown in Figs. 3.31 and 3.33. In the M97 mode, the tool path is gener-
ated as shown in Figs. 3.34 and 3.35.

Example of Programming

T...;
G011 G42 2 -+ X -+
Z...;

G40
Fig. 3.34 Offset Start-up (Straight-line to Straight-line)

- Straight-line to arc at outside corner (270° to 360°) in the M97 mode
Example of Programming
T.-- ;

G011 G42 Z--- X -+
Gozz...X...R...;

Fig. 3.35 Offset Start-up (Straight-line to Arc)




(7) Start-up of Offset (Axis Movement Command Not Specified in the Start-up
Block)

If there are no axis movement commands specified in the start-up block, the center of
nose R moves to the point offset by R on the normal at the start point of the next block
disregarding of the inside or outside corner and M96 or M97 mode. G codes in the 01
group that can be specified in the start-up block are only GO0, GO1, and G11, and an
alarm “0180” occurs if other G code is specified. When G11 is specified in the start-up
block, the offset mode starts when the execution of the first cutting feed command
starts. Chamfering operation is executed as in the GO1 mode operation in the offset
mode.

» If the next block calls straight-line motion
Example of Programming
T e

GOl G42 F -« - ;
GOl Z:- X

Movement of the center of nose R
at the start of offset

Fig. 3.36 Offset Start-up (No Axis Movement Command in the Start-up
Block)

+ [If the next block calls arc motion

Example of Programming

T -
GO1 G42 F - - - Movement of the center of nose R
GO3 Z -+« X+ T:+-: at the start of offset

|
/

|
i
t
i
i

Fig. 3.37 Offset Start-up (No Axis Movement Command in the Start-up
Block)
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(8) Axis Movements in the Offset Mode

Once the tool radius offset mode is set by the execution of G41 or G42, the center of
nose R moves along the paths offset by R from the programmed paths until the tool ra-
dius offset mode is canceled by G40. Since the offset paths are autornatically generated
by the NC, the program should simply define the shape to be machined. The tool paths
are controlled according to the angle made between the specified programmed paths.

(a) Inside corner (smaller than 180°)

The center of nose R moves to the position obtained by the calculation for the point
of intersection.

* Straight-line to straight-line

Fig. 3.38 Straight-line to Straight-line

¢ Straight-line to Arc

Fig. 3.39  Straight-line to Arc

e Arcto arc

GO3
Fig. 3.40 Arcto Arc




(b) Outside corner (larger than 180°)

For this offset, two types of offset modes are provided and the offset mode to be
used can be selected by the designation of an M code.

M96 Tool radius offset round-the-arc ON

M97 Tool radius offset round-the-arc OFF
(calculation is executed to obtain the point of intersection)

* Tool movements in the M96 (tool radius offset round-the-arc ON) mode

Straight-line to straight-line
Round-the-arc motion

Note: In this case, round-the-arc motion of a cutting tool is included in the preceding block.

Fig. 3.41 Round-the-arc Motion (Straight-line to Straight-line)

Straight-line to arc Round-the-arc motion

Center

Fig. 3.42 Round-the-arc Motion (Straight-line to Arc)

Arc to arc
Go2

Round-the-arc motion

Fig. 3.43 Round-the-arc Motion (Arc to Arc)
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 Tool movements in the M97 (tool radius offset round-the-arc OFF) mode

Straight-line to straight-line at outside corner (180° to 270°)
Q

e Go1

Got

Fig. 3.44 Offset Motion (Straight-line to Straight-line)

- Straight-line to arc at outside corner (180° to 270°)

Center

Fig. 3.45 Offset Motion (Straight-line to Arc)

- Arc to arc at outside corner (180° to 270°)

Fig. 3.46 Offset Motion (Arc to Arc)




- Straight-line to straight-line at outside corner (270° to 360°)

Fig. 3.47 Offset Motion (Straight-line to Straight-line)

- Straight-line to arc at outside corner (270° to 360°)

Fig. 3.48 Offset Motion (Straight-line to Arc)

+ Arc to arc at outside corner (270° to 360°)

Fig. 3.49 Offset Motion (Arc to Arc)
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(c) Special commands and motion in the offset mode

Special commands in the offset mode include the temporary cancel command (type
I and I1) and re-designation of G41 and G42.

* Temporary cancel command (type I)

The offset mode is temporarily canceled and offset mode cancel motion is
executed if the following commands are specified in the cffset mode. In this
temporary cancel motion, the center of nose R moves to the point offset by R
on the normal at the end point of the preceding block.

- Three or more blocks that do not include axis movemznt commands can
be specified consecutively. The commands that do not call for axis move-
ment includes G04 (dwell), independent M codes, S code, and axis com-
mand with 0 movement distance.

Itisallowed tospecify buffering prohibiting block. The blocks that prohib-
it buffering include M codes (M00, MO1, M02, M30), buffering prohibit-
ing M code set by a parameter, G36 to G39 (stored stroke limit area ON,
OFF), and G10 (tool offset amount setting).

Example of Programming

NIGO1X +--Z -+
N2 GO4 P ---;

N3 M15;

N4 S1000;

NSGO1L X:--+-Z -+

[ SO Nose R center path
R

N Programrned path

N2 N1 (G42)

N3

N4

Fig. 3.50 Nose R Offset Temporary Cancel Command
(Consecutive 3 Blocks Not Including Axis Movement Commands)




Example of Programming

N1GOLX -+ Z -
N2 GOL - - ;
N3GOLX -+ Z -

o inieieieiebeiei it Nose R center path
!
| R
1
{
-

N N1 (G42)

Programmed path

Fig. 3.51 Fig. 3.51 Nose R Offset Temporary Cancel Command
(Buffering Prohibiting Block)

» Temporary cancel command (type II)

With this type of command, the center of nose R moves so that the imaginary
tool nose moves to the end point of specified in the program by the automatic
reference point return command (G28, G30), thread cutting command (G32,
G34, G92), and coordinate system setting command (G50, etc.). The offset
mode is automatically set again from the block next to the one that contains
such commands. Note that axis movement does not occur if the coordinate
system setting command is specified.

o Re-designation of G41 and G42

Itis possible to move the center of nose R to the point offset by R on the normal
at the start point of the next block by specifying G41 or G42 in the offset mode,
disregarding of the outside or inside corner and M96 or M97 mode.

S
A~

. \ ~ -
-7 RN

//" / "7~ ~~. Nose R center path
Pl (G42)
G42 designated block Programmed path

Fig. 3.52 Re-designation of G41, G42 in the Nose R Offset Mode
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(9) Axis Movements in the Offset Mode (No Axis Movement Cornmands)

In the nose R offset mode, the NC generates the tool paths by buffering the data of two
blocks. If a-block not including axis move commands is read, the NC reads one more
block to generate the offset tool paths. Designation of such a block which does not in-
clude axis move commands is allowed in the tool radius offset mode for up to two con-
secutive blocks. ‘

After the designation of G41 or G42, there must not be three or more consecutive blocks
that do not include the movement commands of the axes in the offset plane.

(@) Consecutive three or more blocks not including axis move commands

If three or more blocks not containing axis move commands in the offset plane are
given consecutively, the cutting tool is moved to the position offset normally by
the specified offset amount at the end point of the block immediately preceding
such blocks.

Example of Programming

T ey

GO1L G4l Z -+ X--+F---:

G04 P1000; Blocks not including axis movement

AR GRS commands in the offset plane

’ (If such blocks continue up to two

blocks, the NC zan generate tool
paths without a problem.)

Z [T X . ;

M . °

S:--; -

Z e X o ;

Z - X ;




(b) Insertion of dummy block

If there are no axis move commands in three consecutive blocks, the cutting tool
is positioned on the normal end point of the block immediately preceding such
blocks. Ifitisimpossible to specify move commands of the axes in the offset plane
due to the retraction motion of the third axis or other reasons and if normal position-
ing is not desirable, a dummy block that includes I or K can be inserted in the pro-
gram. The dummy block does not call up actual axis movements, but it only gives
the data necessary for the calculation to generate the offset tool paths. In the exam-
ple program given below, a dummy block specifying the same movements as given
in the block (N020) where the axis movement restarts in the ZX plane after the Z-
axis movement is inserted in a program; addresses I and K are used in the dummy
block.

Example of Programming

NOO1 G17 GO1 G41 Z--- X+ F++-T:---;

NOO2 Z - X -+ N
> XY plane

NOQ Z -+ Y -+ J

NO11 K--- I+ <« Dummy block - - - - --- -

NO12 M- 3
? Z-axis (3 blocks or more)

NO19 § -+

) .

NO20Z -« X:--y 777777 N T
}XYplane

NO2% Z ---X -+

NO30 G40 Z -+ X + - ;

Noi2 NO19

NO10

S 4

Fig. 3.53 Insertion of Dummy Blocks
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* Inadummy block, addresses I and K are used corresponding to X- and Z-axis.
Specify these addresses meeting the plane which has beer selected as the off-
set plane. Note that in dummy blocks, commands should be given in incre-
mental commands. With the example program indicated above, if
“Z -++ X ---”in N20 are specified in absolute values, change them to
equivalent incremental values.

¢ If the object of the dummy block-is circular interpolation, enter the dummy
block as shown in the example program given below. Insert the dummy block
in which the straight line expressing the tangential direction at the start point
of circular interpolation is specified as shown in Fig. 3.54. The cutting tool
moves to point A as shown in Fig. 3.55 by the execution of the dummy block
so that the following circular interpolation can be executed.

Example of Programming

NOSO GOt Z ---X -+
NO051 GO1 K (b)I(-a); « Dummy block
NO52 M - -

Z-exis

NO59 S -+
N060 GO3 Z --+ X +-- K(a) I(b); < Circular interpolation
NO61 GO1 Z--- X ---;

Center
- /O
-
P b
NQ52 -
NO59 .. X a

-,

X NO50 al
\ ¥el
b S\ NO51: Dummiy block (straight-line)
L
z

Fig. 3.54 Insertion of Dummy Block




N A __ .~ Center

\I
1 NO51 Dummy block
s e Z

Fig. 3.55 Movement to Point A by Execution of Dummy Block

» IflorKisspecified when canceling the offset mode, the offset position is cor-
rected from point ) to point (2) according to the direction specified by these
addresses.

Direction defined
by I and J

Fig. 3.56 Correction of Offset Position
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(10)Switching the G41 and G42 in the Offset Mode

The direction of offset (left side and right side) can be directly switched without cancel-
ing the offset mode. There are two kinds of G41/G42 switching methods (types A and
B) and the method to be used can be selected by the setting for a parameter.

pm4013 D1 =1 Type A

pm4013 D1=0 Type B

(a) Type A: pm4013 D1 =1

The offset direction is switched at the start and end of the block iriwhich the switch-
ing of the offset direction is specified.

Example of Programming

NIOT:---;
Ni1 G41(G42) Z -+ X -+

N20GO1 Z--- X~~~

F sy
N21 G42(G4l) Z - -+ X -+,  « Offset direction switching block
N22 Z -~

(b) G42 — G41

Note: If the contents of N21 block are expressed in two blocks as indicated below
G42 (or G41);

Z Xy

the offset direction is switched in the same manner.

Fig. 3.57 Switching the Offset Direction at the Start and End of the Block




S
Point of intersection

(b) Type B: pm4013 D1 =0
Direction of offset is switched at the point of intersection of the offset tool paths
A ~ ~

G41

A 4

Point of intersection

Fig. 3.58 Switching of the Offset Direction at Point of Intersection of Offset

Tool Paths
If there is no point of intersection, the offset direction is switched according to type

A.

Fig. 3.59 Switching of the Offset Direction when There is No Point of

Intersection
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(11) Changing the Tool Offset Amount in the Offset Mode

There are two kinds of offset amount changing methods (types A and B), and the meth-
od to be used can be selected by the setting for a parameter.

pm4013 D2 =0 Type A

pm4013 D2=1 Type B

(@) Type A: pm4013 D2 =0

When a new T code is specified, the new offset data are calculated from the axis
move commands given in the block including the new D code and the next block.
R2 S

-

8 - - - wd we we . s e mm e Me wm m ey e e e am aE

Block specifying a new D code

Fig. 3.60 Calculating the New Offset Data from the Axis Move Commands
in the New T Code Specifying Block and the Next Block

(b) Type B: pm4013 D2 =1

When a new T code is specified, the new offset data are calculated from the axis
move commands given in the block including the new T code and the preceding
block.

Block specifying a new [) code

Fig. 3.61 Calculating the New Offset Data from the Axis Move Commands
in the New T Code Specifying Block and the Previous Block




(12)Canceling the Offset Mode

I£“T**00” or G40 command is specified in the offset mode, the offset mode is canceled
from the block in which such a command is specified. The first block of the offset can-
cel mode is called the cancel block.

(13)Offset Mode Cancel Movements (Axis Movement Command Specified in the
Cancel Block)

(a) Canceling the offset mode at inside corner (smaller than 180°)

The center of nose R moves to a point on the normal at the end of the block immedi-
ately before the cancel block. Inthe cancel block, the imaginary nose R agrees with
the command value.

o Straight-line to straight-line

Example of Programming

(G42)
GOl X---Z---; s
XeooZoe
G40 X -+ Z -+
o G42
|
' Ga0  ~—_

Fig. 3.62 Canceling the Offset Mode at Inside Corner
(Straight-line to Straight-line)

* Arc to straight-line

Example of Programming

(G42)

G40

Fig. 3.63 Canceling the Offset Mode at Inside Corner (Arc to Straight-line)
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(b) Canceling the offset mode at outside corner (larger than 180°)

There are two types (types A and B) of offset mode cancellaticn axis movement
patterns, and the pattern to be used can be selected by the setting for a parameter.
For this selection, the same parameter as used to select the start-up mode is used.

pm4013 DO =1 Type A

pm4013 DO =0 Type B

* Type A: pm4013D0=1

The center of nose R is moved normally to the offset position at the end point
of the block immediately before the offset mode cancellation block and then
to the end point specified in the progran:.

Straight-line to straight-line at outside corner (180° to 270°)

Example of Programming

(G41)

/ ’
G41 , /

G40 /

/

)

G4OX...Z...; ( ?1
[}

C-=r— -\ S>

. /’

Fig. 3.64 Straight-line to Straight-line at Outside Corner

Straight-line to straight-line at outside corner (270° to 360°)

Example of Programming

(G41)

Fig. 3.65 Straight-line to Straight-line at Outside Corner




- From arc to straight-line at outside corner (180° to 270°)

Example of Programming

G42

G2 X -+ Z -+
GO01 G40 X - -

G40

Center

Fig. 3.66 From Arc to Straight-line at Outside Corner

+ Arc to straight-line at outside corner (270° to 360°)

Example of Programming

G42

G2 X-+++Z +++Je+v" K-~
GO1 G40 X -+ Z -+

Center

Fig. 3.67 Arc to Straight-line at Outside Corner

w

-58
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e Type B: pm4013 D0 =0

The center of nose R moves to the point obtained by the calculation of the point
of intersection using the axis move commands in the offset mode cancel block
and those in the block immediately before this block, and then to the point spe-
cified in the program.

- Straight-line to straight-line at outside corner (180° to 270°)

Example of Programming

G42

GOlZ.‘. F.,

Fig. 3.68 Straight-line to Straight-line at Outside Corner

- Straight-line to straight-line at outside corner (270° to 360°)

Example of Programming

G42

G40

Fig. 3.69 Straight-line to Straight-line at Outside Corner




Fig. 3.70

Arc to straight-line at outside corner (180° to 270°)

Example of Programming

G42

GO1 G40 X+ Z -

Center

Arc to Straight-line at Outside Corner

- Arc to straight-line at outside corner (270° to 360°)

Fig. 3.71

Example of Programming

G42

G2 X -+ Z oo 1--
G01 GO X -+ Z -

Center

Arc to Straight-line at Outside Corner

3-60
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(c) Example of programs

Example of Programming 1

(G42, control point 3)

® GO2
@ GO01 U20. F0.25; ‘
® GO0 G40 X110. Z40.; -«———— Offsetmode cancel movement (nthe GO0 mode)

@ TO100;  1pg soordinate values of this point are (110, 40)
with a standard tool since the tool position offset
is also canceled.

Fig. 3.72 Example of Programming 1
Example of Programming 2

(G42, control point 3)

@GOlX...Z...F...;
@ GO01 U24. FO.3;
® GO01 G40 X80. 740. F6.; <«———— Offset mode cancel movement (in the GO1 mode)

@ GO0 T0200;

+Z

Y




(14)Offset Mode Cancel Movements (Axis Movement Command Specified in the
Cancel Block)

If the G40 block that cancels the offset mode does not include an axis movement com-
mand, the offset cancel movement in which the imaginary tool nose moves to the end
point specified in the program. Since G40 (or T[J[J00) command calls such axis
movements, GOO or GO1 must be specified in a preceding or the same block that con-
tains it. If other than G0O, GO1, or G11 is specified as a G code in 01 group, an alarm
“0181” occurs.

Example of Programming

(G41, control point 4)

D GOLX: "+ Z-+" Frovs
@ GO1 G40 F - - - ;
GO0 T0300;

@ Offset cancel movement

Fig. 3.74 Offset Mode Cancel Movements

(a) Canceling the offset mode by TCJ(J00 command

If the nose R offset mode is canceled by “T(J[J00” command, tool position offset
cancel movements occur simultaneously with the nose R offset cancel movements.
In these movements, the imaginary nose R moves to the position, where the tool
position offset is canceled, specified in the program. If these two cancel move-
ments should not be executed simultaneously, use G40 to cancel the nose R offset
mode.
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(b) Canceling the offset mode by “G40 X - -+ Z--- 1+ K---}

A special cancel movement can be called by specifying I and K commands with
G40 in the same block. The point of intersection is calculated using the commands
specified in the block immediately preceding the G40 block and the vector defined
by I and K specified in the G40 block; the offset mode is canceled in the manner
the center of nose R passes through the calculated point of intersection.

Vector defined by | and K

Programmed paths

Fig. 3.75 Canceling the Offset Mode by G40 | - - - K- -

In this offset mode cancel movements, the center of nose R passes the point of inter-
section determined by the two blocks disregarding of whether the corner made by
the preceding block and the vector (defined by I and K) is inside or outside corner,
and also disregarding of the M96 and M97 mode. Ifthe point of intersection cannot
be calculated, the center of nose R moves to the point offset by R on the normal
at the end point of the preceding block as shown in Fig. 3.76.

Nose R center paths

Vector defined by | and K - Programmed paths

Fig. 3.76 Canceling the Offset Mode by G40 | - - - K- -
(No Point of Intersection)




Example of Programming

N1 G50 X140. 720.;
N2 GOOC S1700 MO03 T0202;

N3 (G00) G42 X0 Z5.; ——————— Nose R offset start-up block —¢—
N4 GO1 Z0 F0.2;
N5 X20.;
N6 Z-20.; 3
N7 X30. W-15. §1100; g
N8 G12 W-20. 13.; (Rounding) 3
N9 G11 X50. K-3. S700 ; -——————— (Chamfering) b=
N10 GO1 Z-70.; :;
N11 GO2 X90. Z-90. R20. S360 ; — (Arc designated by R command) g
N12 GO01 X110. S300; 2
N13 G04 UQ; (Dwell for making sharp edge) =
N14 (G01) Z-110.;
N15 X120.;
N16 GOO X140. Z30. T0200 ; ——— Nose R offset cancel block ~ —¥—
N17 G40;
___________________________ TOOL
-~ Offsetmode T T T -@@ No.2
’ ol e =TT /\ '
N15 :i__,_‘iaj‘&‘i'—mé—" ~\Mm(§ments for tool o
8 position offset: N2 = .7 |
[4 {
# Programmed ! !
¢110 T paths T~/
r //ENoseRcenter paths © /N3
$90. L/ v
X1
50, i,'/
3 mm chamferi '
° aﬁ; ;glL?nding $30. ¢2‘o. { 7
N4
S 0 20 15, 20. 15, 20. 5__’
fa- - 110. b -90. tew- -70.

Fig. 3.77 Example of Programming
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(15)Interference Check

The interference check function prevents the cutting tool from cutting into orinterfering
with the workpiece. However, this check is not made at the start-up of the tool radius
offset mode. The process to be taken in case of interference is detected from the blocks
read into the buffer memory can be selected by the setting for a parameter as indicated
below.

Type A pm4013D4 =1 Alarm occurs ard operation stops.

Type B pm4013D4 =0 Tool paths are corrected.

Whether or not the interference check is executed is also determined by the setting for
a parameter.

pm4013 D3 =0 Interference check is not made.

pm4013 D3 =1 Interference check is made.

The illustration in Fig. 3.78 shows how the interference check function operates. In
reference to the programmed paths, offset tool paths are generated according to the set
nose R offset amount. With nose R offset amount Ra, tool paths f — f; — f3 — {4
— f5 — {4 is generated and with Rb tool paths f;” — g’ are generated. However, in
the tool paths generated with the offset amount of Rb, path f3> — f4 shows 180° re-
versed movement from the correct programmed path direction f5 — f4. The function
assumes this interference and generates an alarm.

fy’ for fg fe'
Rb —*¢ O ~ ]
commande’ i,
4 fy

f f fs | f

Ra T S ! 2 S us
command Raj fa i
s |
)
'
i i !

s

Programmed
paths

Fig. 3.78 Definition of Interference




(@) Type A: pm4013 D4 = 1 Generation of alarm

The foliowing programs give examples in which the function determines that inter-
ference (overcuts) will occur due to considerable differences between the pro-
grammed paths and the tool paths generated after offset.

¢ Example program 1

NO

Fig. 3.79 Example Program 1

¢ Example program 2

Note: Since the cutting tool cuts into the workpiece excessively at the end point@ of block N1, alarm “0187” occurs.
The operation stops when the cutting tool reaches the end point of block NO.

Fig. 3.80 Example Program 2
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(b) Type B: pm4013 D4 = 0 Correcting the tool paths

If the function detects possible interference after the calculaticn of the offset tool
paths, the function clears the nose R center paths that might cause interference and
generates the paths that are free of interference.

* Generating interference-free paths for straight-line to straight-line motion

For the programmed paths as shown in Fig. 3.81, three poiats fq, f5, and f5 are
generated at the joint of blocks N1 and N2 according to the nose R offset func-
tion.

Point £ is also generated at the joint of N2 and N3. Interference check is made
using these four points f; to f4 and the points causing interference are erased
one by one until the tool paths that are free of interference are generated.

Checked for f5 - f4: Erasing f since interference occurs.
Checked for f; - f4: Erasing f; since interference occurs.
Checked for f] - f4: No interference

Tool paths are generated as @ — f; = {4 — @.

Fig. 3.81 Generating Tool Paths without Interference
(Straight-line to Straight-line)




* Generating interference-free paths for arc to arc motion

For the programmed paths as shown in Fig. 3.82, four points fy, f,, f3, and 4
are generated at the joint of N1 and N2 according to the nose R offset function.
At the joint of N2 and N3, another four points fs to fg are generated. Interfer-
ence check is made using these eight points ] to fg and the points causing in-
terference are erased one by one until the tool paths that are free of interference
are generated.

Checked for {4 - f5:  f4 and f5 are erased since interference occurs.
Checked for f3 - fg:  f5 and f¢ are erased since interference occurs.
Checked for fp - f7:  No interference

Tool paths are generated as f; — f; — fy — fg.

Fig. 3.82 Generating Interference-free Paths for Arc to Arc Motion
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e Example where interference-free tool paths cannot be generated

For the programmed paths as shown in Fig. 3.83, three points {1, f5, and f5 are
generated at the joint of N1 and N2 according to the nose R offset function.
At the joint of N2 and N3, another three points f4 to f5 are generated. Interfer-
ence check is made using these six points f] to fg and the points causing inter-
ference are erased one by one until the tool paths that are free of interference
are generated.

Checked for f5 - f4: f3 and f4 are erased since interference occurs.
Checked for f; - f5: 5 and f5 are erased since interference occurs.
Checked for fy - f5: {1 and fg are erased since interference occurs.

Occurrence of alarm (“0188”): Operation stops when the cutting tool is posi-
tioned at the start point of N1 block.

Fig. 3.83 Example where Interference-free Tool Paths cannot be
Generated




(16)Internal M codes for judging round-the-arc ON/OFF (M96/M97)

M96 and M97 commands are modal and the M96 mode is set when the power is turned
ON. The round-the-arc judgment internal M codes are indicated in Table 3.16.

Table 3.16 Round-the-arc Judgment Internal M Codes

M96 Nose R offset round-the-arc ON

M97 Nose R offset round-the-arc OFF (execution of the calculation of point of intersection)
Arc Point of

\\i — intersection [ g _} _ __ -

; O

/

4

T Programmed paths

(a) M96 Mode (b) M97 Mode
Fig. 3.84 Movements in the M96/M97 Mode

(@) Movements in the nose R offset mode called by G41/G42

In the nose R offset mode, called by G41/G42, when the shape specified by the pro-
gram has a corner that has the tangential angle of 180° or larger, the cutting tool
turns around the corner along an arc if the M96 mode is specified. In the M97
mode, an arc is not generated for the tool paths, but the point of intersection is cal-
culated from the paths that are offset from the programmed paths by the nose R
offset amount and the cutting tool moves to the calculated point of intersection
when torning around the corner.

(b) Blocks where M96 and M97 commands are valid

The following example shows how the M96 and M97 commands become valid.

Example of Programming

Gor Z2--- X+« F--- ; M96 becomes valid from the tool movements
Gon z--- X - M96; along the corner, defined by these two blocks.
Z:o Xy M97 becomes valid from the tool movements
Z--- X M97; along the corner, defined by these two blocks.
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(17)Supplements to the Nose R Offset Commands

s Innose R offset mode, the maximum programmable values specified in Table
3.21 also apply.

e Alarm “0184” occurs if the following shapes are specified.

Circular arc: Radius (1) of arc-+ 5 = Nose R radius (E)

Cutting tool e
; .
r r<R
_——

|

|

r Ri

g

r<R |
(@) Alarm in offset at the outside of an arc (b) Alarm in offset at the inside of an arc

-4»,-\\
! N !
! N\

\
1
R Z(_ —
r< ; ?
! ! -=— QOffset is correctly executed
Y at the outside of the arc even
1 if v < B

|

Fig. 3.85 Programmed Paths Causing an Alarm @

Point of intersection does not lie on the tool paths

No point of intersection error

The error occurs if a nose R has
an excessively large diameter in
comparison with the programmed
shape to be machined.

No point of
intersection

Cutting tocl

/
KT
/
{
\\
\.

-




* The G codes that can be used in the nose R offset mode are indicated in
Table 3.17. The following G codes must not be used in the nose R offset
mode: G31, G74/G75/G76, G68/G69, and G122/G123. If any of these G
codes is specified in the nose R offset mode, alarm “0161” occurs.

Table 3.17 G Codes That Can Be Specified in the Nose R Offset Mode

Usable G Codes Remark

G00, GO1, G04, GO6, G11

G96, G97 : Constant surface speed control
G98, G99 : Feed function designation

(G90, G91: Absolute/incremental command)

G02, GO3

G12, G22, G23 : Commands including an arc These G codes must not be
G70, G71, G72, G73 : Multiple-repetitive cycle specified in the offset start-
G111, G112 : Multiple chamfering, rounding up and cancel blocks.

* Even in the M96 mode, if both AX and AZ are smaller than the specified
amount as shown in Fig. 3.87, round-the-arc paths are not generated but the
cuiting tool moves directly to point B. The amount to determine whether or
not round-the-arc paths are generated is set for parameter pm4450.

AZ
B e AX =
i AZ=T
L X
\ i Cutting tool r: Value set for parameter pm4450
\\ | movements
\\ Z

Programmed path

Fig. 3.87 If Both AX and AZ are Smaller Than Specified Amount
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¢ If offset is made in the M96 mode for the step that is smaller than the nose R
offset amount, overcuts will occur. Conversely, uncut portion will be left if
the M97 mode is used for offset. In actual operation, it is recommended to use
the M97 mode.

- e

@

(a) M36 Mode

Overcuts

Uncut portion
(b) M97 Mode

Fig. 3.88 Offsetting Step Smaller Than Nose R Offset Amount

* MDI operation intervention is not allowed in the offset mode. However, one-
line MDI operation is possible.

¢ Inthe G41 or G42 mode, it is possible to enter the data in the same procedure
as in the MDI operation by using the following steps: First turn ON the single
block switch. After the machine has stopped in the block stop state, select the
RAPID or JOG mode and enter the data. The data that can be entered in this
operation are restricted to F, M, S, and T codes. After entering the data, press
the cycle start switch without changing the mode (RAPID or JOG) selected
for entering the data, and the entered code is executed immediately with the
signal such as BIN code output. Return the mode to the automatic operation
mode and press the cycle start switch. With this operation, suspended auto-
matic operation can be resumed. Note that MO0, M0O1, M02, M30, and M
codes processed in the CNC cannot be entered by this operation.




e The T code command that has the tool offset number of “00” cancels the tool
position and nose R offset functions.

Example of Programming

N2 G41;
N3 GO0 T0101; -

. Nose R offset mode with tool No. 01
N21 GO0 T0100; =

Nose R offset
Cancel
} Tool position offset

J 1

N25 GO0 T0202 ;

Nose R offset mode with tool No. 02

N4G GO0 T0200; -
N41 G40;



3.5 SPINDLE FUNCTION (S FUNCTION)

3.5 SPINDLE FUNCTION (S FUNCTION)

3.5.1 Spindle Command (S5-digit Command)

A spindle speed can be directly specified by entering a 5-digit number following address S
(SOOOOO). The unit of spindle speed is “r/min”. The specified S value becomes valid
from the moment the S command completion input signal (SFIN) is turned ON. If an S com-
mand is specified with MO3 (spindle forward rotation) or M04 (spindle reverse rotation), the
program usually advances to the next block only after the spindle has reached the speed spe-
cified by the S command. For details, refer to the instruction manuals published by the ma-
chine tool builder.

Example of Programming
S1000 MO03;

S
‘ 1000 r/min Spindle speed agreed

~~ Actual spindle speed
rzStart of spindle
rotation
& o 1

—a={ Completion of M

!
|
|
l
|
!
r

|

Start of the block indicated above

Fig. 3.89 Spindle Speed Command




* For the output of S5-digit commands, it is possible to add the control function
implemented by the PLC can be added by the NC. In this case, it is possible
to set the spindle speed in manual operation to the speed that corresponds to
the specified S command by using the rotary switch on the machine operation
panel. For details, refer to the manuals published by the machine tool builder.

* AnS command is modal and, once specified, it remains valid until another S
command is given next. If the spindle is stopped by the execution of M05,
the S command value is retained. Therefore, if M03 or M04 is specified with-
out an S command in the same block, the spindle can start by using the S com-
mand value specified before.

e The lower limit of an S command (SO or an S command close to S0) is deter-
3 mined by the spindle drive motor and spindle drive system, and it varies with
each machine. Do not use a negative value for an S command. For details,

refer to the instruction manuals published by the machine tool builder.

¢ Spindle speed override is possible for the specified S code.

¢ For the machine that has the gearbox with which gear range can be changed
by specifying an M code, specify the M code to select an appropriate gear
range before specifying an S code. For the number of gear ranges and the
available spindle speed range in the individual gear ranges, refer to the manu-
als published by the machine tool builder.

3.5.2 Maximum Spindle Speed Command (G50 S)

By the commands of “G50S - - -+ ;”, the clamp speed of the spindle can be set by specifying
the allowable maximum spindle speed in a 5-digit number following address S. Once the
clamp speed is set, it is not influenced by the reset operation.

If a spindle speed that exceeds the specified speed is entered, the spindle speed is clamped
at the specified clamp speed. To cancel the clamp speed, specify “G50 SO ;”.

¢ The clamp speed specified with G50 can be displayed on the screen.

¢ [f the PLC-based control function is added to the S code output, the unit of S
codes is not always “r/min”. For the unit system used for spindle speed, refer
to the manuals published by the machine tool builder.



3.5 SPINDLE FUNCTION (S FUNCTION)

3.5.3 Constant Surface Speed Control (G96, G97) *

The G codes indicated in Table 3.18 are used for the constant surface speed control function.
(96 and G97 are modal G code of 02 group. The initial state when the power is turned ON
is the G97 (cancel) mode.

Table 3.18 G Codes for Constant Surface Speed Control

G Code Function Group
G Constant surface speed control ON 02
G97 Constant surface speed control cancel 02

(1) Constant Surface Speed Control ON (G96)

With the commands of “G96 S - - - (M03);”, the workpiece surface speed is desig-
nated by a maximum 5-digit number following address S. The unit used for specifying
the surface speed is indicated in Table 3.19.

Table 3.19 Units of Surface Speed Designation

Unit
mm m/min
inch ft/min

In the constant surface speed control mode, the NC assumes the present value of the
X-axis as the workpiece diameter and calculates the spindle speed every 32 msec so that
the specified surface speed is maintained. The result of calculation is output in analog
voltage. The specified surface speed can be changed by specifying a required S code
in the following blocks.




(a) Spindle gear range selection

(b)

For the machine that has the gearbox with which gear range can be changed by
specifying an M code, specify the M code to select an appropriate gear range before
specifying G96. For details, refer to the manuals published by the machine tool
builder.

Example of Programming

N8 MAA; = M code for selecting gear range

N9 G96 S100 MO3; (Example: Gear range No. 4)
Designation of “G50 S”

In the constant surface speed control operation, the allowable maximum spindle
speed must be specified following G50 before the G96 designation block so that
the spindle speed becomes abnormally high as the X-axis present value becomes
smaller.

N10 G50 S2000 ; -«——— Designation of clamp speed (r/min)

N11 MAA;
N12 G96 S150 MO03;

3-78
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(c) Constant surface speed control in positioning mode blocks

If the setting for parameter pm4011 D4 is “1” (pm4011 D4 = 1), the constant sur-
face speed control is applied even to positioning mode (GO0, G06) blocks. In this
case, however, the spindle speed is calculated based on the cooridinate values of the
end point of positioning. Therefore, spindle speeds are constaatly calculated and
controlled only in the cutting mode.

If “pm4011 D4 = 0”, constant surface speed control is applied only to the cutting
feed blocks and the positioning block immediately before the cutting feed block.
For the positioning block, spindle speed is calculated based on the coordinate val-
ues of the end point of positioning.

N

GO0 /’ At the start of GOO mode operation, spindle speed is
/

calculated and set for the end point of positioning.
/
GO1 Ps

E
, e o 2

; . X-coordinate value used for calculating spindle speed
H for positioning block

>

N4 G50 S1500; «————— Spindle speed clamp velue
N5 MAA; - Giear range selection M code
N6 G96 S150 MO03; «———— Designation of surface speed of 150 m/min

N7 GO0 X40. Z5.;
N8 GO1 Z0 F0.15;

N9 X80. Z-30.; Constant surface speec control mode
N10 W-10.;

N11 G22 X120. W-20. R20.;
N12 GO1 U10.;

N13 G97 S500;
N14 G50 S2000 ; «———————— Cancel of constant surface speed control

+X

i
5—9 R

$120. ‘J)J
$80.

$40. .z

_20.110 3Q.15

T

Fig. 3.90 Constant Surface Speed




(2) Canceling the Constant Surface Speed Control (G97)

Specify a spindle speed (r/min) by a maximum of 5-digit number following address S
with the commands “G97 S - - - (M03) ;”. The constant surface speed control mode
is canceled, and the spindle rotates at the specified spindle speed.

(8) Supplements to the Constant Surface Speed Control Commands

» To execute the constant surface speed control, set the G50 coordinate system
or a workpiece coordinate system so that the X-coordinate value of the center-
line of the spindle will be “0” and program the operation on this coordinate
system. With this, X-coordinate values in a program represent the diameter
of workpiece accurately.

¢ Set “1” for parameter pm4011 D5 (pm4011 DS = 0) to execute the constant
surface speed control. In this setting, spindle speed is calculated without ad-
ding the tool position offset amount to the coordinate values specified in a pro-
gram. [falarge value is set for tool offset data, the tool position offset function
is executed correctly and the constant surface speed control is also executed
correctly.

¢ With the setting of “pm4011 DS = 17, the “coordinate value in a program +
tool position offset amount” is taken as the diameter of a workpiece for the
calculation of spindle speed to execute the constant surface speed control. If
the constant surface speed control is executed under such setting, it is neces-
sary to set a coordinate system for the individual tools. It is also necessary to
use the tool position offset only for compensation for tool wear so that a large
value will not be set for offset data.

« For spindle gear ranges, up to four steps is allowed.

¢ Setting for parameter pm4011 D5 and that for pm3000 D2 are not related to
each other. Switching over the setting for these parameters (calculation for the
constant surface speed control, present position data display on the screen) is
processed independently.

In the present position data (workpiece coordinate system),
pm3000 D2 =0 coordinate values are displayed with the tool position offset
amount and nose R offset amount included.

In the present position data (workpiece coordinate system),
pm3000 D2 =1 coordinate values are displayed without including the tool
position offset amount and nose R offset amount.
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3.5.4 Rotary Tool Spindie Selection Function *

By selecting this option, it is possible to add the rotary tool spindle to the main spindle. In
this case, spindle speed commands (S codes) are applied to the main or rotary tool spindle
according to the specified G code as indicated below. G132 and G133 ar2 modal; when the
NC is reset or when the power is turned ON, the G133 mode is set.

After switching over the G code between G132 and G133, make sure to specify a spindle
speed before rotating the spindle.

Table 3.20 Spindle Mode Selection G Codes

G Code Function Group
G132 Spindle speed commands are used as those for the rotary tool 22
spindle.
G133 Spindle speed commands are used as those for the main spindle. 22

¢ Itisnot possible to use the rotary tool spindle for the reference spindle where
feed per revolution control is executed.

¢ The constant surface speed control is not valid for the rotary tool spindle.




3.6 TOOL FUNCTION (T FUNCTION)

The tool function has two command designation types as T4-digit commands and T6-digit
commands.

3.6.1 T4-digit Command

A tool number and a tool offset number are specified by a 4-digit number following address
T (TLIOICO).

T OO 0o

Tool offset number

Tool number

The range of numbers that can be specified differ depending on whether the option is selected
or not. For details, refer to the manuals published by the machine tool builder. Concerning
the details of tool offset, refer to 3.4 “TOOL OFFSET FUNCTIONS”.

a 1. When a command that changes the selected tool is given, turret indexing opera-
C/ tion starts immediately to select the specified tool with the turret type NC lathe.
Therefore, move the axes to the position where rotation of the turret does not

cause interference before specifying such a command.

2.  Tool offset number “00” indicates “cancellation” of the tool offset function.

3.6.2 T6-digit Command *

A tool number and a tool offset number are specified by a 6-digit number following address
T (TOOOOED). Ina T command, leading zeros may be omitted. In comparison to the
T4-digit commands, only the number of digits is increased and functions and other details
are the same as T4-digit commands.

T OO0 OO0

Tool offset number

L Tool number
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3.7 MISCELLANEOUS FUNCTION (M FUNCTION)

The miscellaneous function is specified by a maximum of a three-digit number (MI[CI[J)
following address M. With the excepticn of specific M codes, the functions of MOO to M89
codes are defined by the machine tool builder. Therefore, for details of the M code functions,
refer to the instruction manuals published by the machine tool builder.

The M codes specific to the NC are described below.

3.7.1 M Codes Relating to Stop Operation (M00, M01, M02, M30)

When an M code relating to stop is executed, the NC stops buffering. Whether spindle rota-
tion, coolant discharge or another operation stops in response to the execution of such an M
code is determined by the machine tool builder. For details, refer to the instruction manuals
published by the machine tool builder. For these M codes, a code signal is output indepen-
dently in addition to M2-digit BIN code.

(1)

(2)

3)

MO0 (Program Stop)

If MO0 is specified during automatic operation, automatic operation is interrupted after
the completion of the commands specified with M0O in the same block and the MOOR
signal is output. The interrupted automatic operation can be restarted by pressing the
cycle start switch.

MO01 (Optional Stop)

If MO1 is executed with the optional stop switch ON, the same operation as with M0O
is executed. If the optional stop switch is OFF, M01 is disregarded.

MO2 (End of Program)

MO2 should be specified at the end of a program. When MO02 is executed during auto-
matic operation, automatic operation ends after the commands specified with M02 in
the same block have been completed. The NCis reset. The state after the end of a pro-
gram varies with each machine. For details, refer to the instruction manuals published
by the machine tool builder.

M30 (End of Tape)

Normally, M30 is specified at the end of tape. When M30is executed during automatic
operation, automatic operation ends after the commands specified with M30 in the
same block have been completed. The NCis reset and the tape is rewound. The state
after the execution of M30 varies with each machine. For details, refer to the instruction
manuals published by the machine tool builder.




When MO0, M01, M02, or M30 is specified, the NC stops buffering. For these M
codes, the NC output the independent decode signal in addition to the M2-digit BIN
code.

=
@a Refer to the manuals published by the machine tool builder concerning whether or not
C/ the spindle and/or coolant supply is stopped by the MO0, MO1, M02, and M30.
pped by

3.7.2

Internally Processed M Codes

M codes in the range of M90 to M99 and M190 to M199 are processed by the NC internally
and the corresponding output signal (BIN code and decode output) is not output even when
these M codes are executed.

Table 3.21 Internally Processed M Codes

M Code Function Setting at Power-ON
*M92 Multi-active registers OFF O
*M93 Multi-active registers ON
* M96 Nose R offset, round-the-arc mode O
*M97 Nose R offset, point of intersection calculation mode

MS8 Subprogram call

MS9 End of subprogram

*M191 Comment output function

Note 1: M190 tc M199 are used for extension M codes.

2: When the power is turned ON, the M code mode indicated by “C” symbol is set. This is not influenced by the
reset operation.
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3.7.3 General Purpose M Codes

(1) Other General M Codes

The functions of the M codes other than the specific M codes are determined by the ma-
chine tool builder. The representative use of several general M codes is given below.
For details, refer to the instruction manuals published by the machine tool builder. If
an M code is specified with axis move commands in the same block, whether the M
code is executed with the axis move commands simultaneously or it is executed after
the completion of the axis move commands is determined by the machine tool builder.
For details, refer to the instruction manuals published by the mach:ne tool builder.

Table 3.22 Other General M Codes

M Code Function Remarks
MO3 Spindle start, forward direction
M04 Spindle start, reverse direction

Generally, M state between M03 and M04 cannot
MOs5 Spindle stop be switched directly. To change the M code state,
execute MOS once.

MO8 Coolant ON

M09 Coolant OFF

(2) Designation of Multiple M Codes in a Single Block*

It is possible to specify up to five M codes in a single block. The specified M codes
and sampling output are output at the same time. Concerning the combinations of the
M codes that can be specified in the same block, refer to the manuals published by the
machine tool builder for restrictions on them.




ENHANCED LEVEL COMMANDS

Chapter 4 describes the program support functions, automa-
tion support functions, and macro programs.

4.1 PROGRAM SUPPORT FUNCTIONS

Canned Cycles (G90, G92,G94) ... ........ 4-3
Multiple Repetitive Cycles (G70to G76)* .. 4- 16
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Both Ends of Taper (G111} *.............. 4 -56
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(G % 4-70
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4.1 PROGRAM SUFPORT FUNCTIONS (1)

4.1 PROGRAM SUPPORT FUNCTIONS (1)

4.1.1 Canned Cycles (G90, G392, G94)

The canned cycle function defines the four block operations of basic cutting operation, in-
feed, cutting (or thread cutting), retraction, and return, in one block (to be called as one

cycle).

Table 4.1 Tale of Canned Cycles

G Code Straight Cycle - Taper Cycle
G90X(U).Z(W)..F(E)..’ (}9OX(U).Z(W)..-I...F(E)..’
) [

G90 - - )
Cutting R =] U
cycle A \F Ry % AF RY |5

OD cutti

(OD cutting) ,; " T t?
- w p X Z | w T X
G92X(U)"’Z(W)"‘F(E)"‘; ngX(U)...Z(W)...I...Fai)...;

G92 E) "

R U ] v
Thread ) A RY |37 45° ! 5
cutting cycle | 45 F E | ™ F {
Z—.—T———~—~——-——‘!W ' X ZV - W \Jl‘i X
Chamfer size ol V. lea Chamfer size
G94X(U)...Z(W)...F(E)...; G94X(U).Z(W)...I...F(E)’
z W z W

G94 , = ~1 . AD
Cutting R
cycle B u i U F 4

(face cutting) 7| Y F R 7 R
F F
x4 X} o




(1) Cutting Cycle A (GS0) Commands

The cutting cycle A is used for outside diameter (OD) cutting and has two kinds of
cycles — straight cutting cycle and taper cutting cycle.

(a) Straight cutting cycle

With the commands of “G90 X(U)- -+ Z(W)- - - F(E)- - - ;”, straight cutting
cycle is executed as indicated by sequence (D to (® shown in Fig. 4.1.

- — Rapid traverse
--——Feed designated by F code

+Z

Fig. 4.1 Straight Cutting Cycle

Since (690 is a modal G code, cycle operation is executed by simply specifying in-
feed movement in the X-axis direction in the succeeding blocks.

Example of Programming

N10 GOO X94. Z62.;

N11 GY0 X80. W—42. F0.3;

N12 X70.;
N13 X60. ;

N14 GOO- - - ;
+X
i 20

gy

-

2.

$90

A

60 ¥70

e
—

40.

$94

Start of G90 cycle

Executes G0 cycle by changing
the cutting paths.

- +Z

©

-

Fig. 4.2  Straight Cutting Cycle
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(b) Taper cutting cycle

With the commands of “G90 X(U)- - - Z(W)- - - I+ - - E(E)- - - ;” taper cutting
cycle is executed as indicated by sequence (D to (® shown in Fig. 4.3.

+X
[
- Co._..2 @‘ ————— oy A

0 @ @1

Z’ -~ - - Rapid traverse

X‘_ \ i -=——  Feed designated by F code

A
- 17

/-
Fig. 4.3  Taper Cutting Cycle

The sign of address I is determined by the direction viewing point A’ from point
B.

Example of Programming
N20 00 X87. Z72.;

N21 G90 X85. w—42. I-10.5 F0.25;
N22 X80.;
N23 X75.;
N24 X70.;

N25 GO0 - - -;
+X

[ 10.
—

$87.

{P $50. -z




¢ Ifthe G90 cycle is executed with the single block function ON, the cycle is not
interrupted halfway but it stops after the completion of the cycle consisting of

sequence () to (®.

e TheS, T, and M functions that are used as the cutting conditions for the execu-
tion of the G90 cycle should be specified in blocks preceding the G90 block.
However, if these functions are specified in a block independently without
axis movement cornmands, such designation is valid if the block is specified

in the G90 mode range.

G900 X--+Z---1---FE)---; ]
Xy G90 valid range
X...;
X -+ - TO505 M05 ; < Error _

GOO X...Z...;

G90 X. .Z...I...F(E)...; o]
X G90 valid range
X.. ;

GO0 X -::- T0OS505 MO5; < Correct -
X...Z...;

The G90 mode is valid up to the block immediately before the one in which
a G code of 01 group is specified.

(2) Thread Cutting Cycle (G92) Command

For thread cutting operations, four kinds of thread cutting cycles are provided — two
kinds of straight thread cutting cycles and two kinds of tapered thread cutting cycles.

(a) Straight thread cutting cycle

Designation of thread lead (L)
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With the commands indicated above, straight thread cutting cycle O to @), shown
in Fig: 4.5, is executed.

+X
Z L W ‘@/ Start point A
Al

i
C +
K_ ® @ O ~=- -Rapid traverse
)

U ’ /‘f
/;\\. = !_' 2 ~=—Fged designated by F B .
{\5/ Iy code (designation by Approx.
P E code) B 45°
o +7 v

S— V V.V
/ - t L Details of thread chamfering

Fig. 4.5  Straight Thread Cutting Cycle




Since G92 isa modal G code, thread cutting cycle is executed by simply specifying
depth of cut in the X-axis direction in the succeeding blocks. It is not necessary
to specify G92 repeatedly in these blocks.

Example of Programming

N30 GO0 X80. 7276.2 MOO; ~— MOQ; Thread chamfering ON
N31 G92 X66.4 7254 F6.; ]
N32 X65.; l Thread cutting cycle, in four in-feeds
N33 X63.8; J
N34 X62.64 ;
N35 GO0 X100. Z100. MA A : < MAA; Thread chamfering OFF
+X
v Depth of cut
i "'.""'"--' 1stin-feed: 1.8 mm
[t} | 2nd in-feed: 0.7 mm
\ &\ { 3rd in-feed; 0.6 mm
\\ . 4th in-feed: 0.58 mm
—'G $62.64 +Z
o
3]
y ARV
i~ ‘ 6. -
‘25.4
~ 76.2

Fig. 4.6  Straight Thread Cutting Cycle

* When the G92 cycle is executed with the single block function ON, the cycle
isnot suspended halfway, but it stops after the completion of the cycle consist-
ing of sequence (D to (@.

» If“thread chamfering input (CDZ)” is ON at the time G92 is specified, thread
chamfering is executed. Thread chamfering size yy can be set for parameter

pm0100 in increments of 0.1L in the range from O to 25.5L. Here, “L” repre-
sents the specified thread lead.

Itisrecommended to program the sequence that turns ON and OFF the “thread
chamfering input (CDZ)” by using appropriate M codes.
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(b) Straight thread cutting cycle (in-feed along thread angle)

With the commands of “G92 X(U) - -+ Z(W) - - - K - - - F(E)- - - ;”, straight

thread cutting cycle of @ to (4) as shown in Fig. 4.7 is executed. In this cycle, in-
feed is made along the thread angle.

+X
b - . w
e ~ -~ Rapid feed
T A~ Feed designated by F code

u : ® a (Designation by E code)

2| 2
!
hN -

R } \ ® A

B it

/$§ +Z

Fig. 4.7  Straight Thread Cutting Cycle (In-feed along Thread Angle)

The sign of address K is determined by the direction viewing point A’ from point

Angle of thread
a

T }
LAy d4
1st pass ' 34, Depth of cut
IA’fg "

2nd pass
“n"th pass - A'} RS
Ko
SO .

Fig. 4.8  Designation of Shift Amount K in Z-axis Direction from Point A to
Point A

* When the G92 cycle is executed with the single block function ON, the cycle
is not suspended halfway, but it stops after the completion of the cycle consist-
ing of sequence @) to (.

» To execute in-feeding along the angle of thread (a), calculate the value of K
using the following formula.

|K,| = dn tan (%)




Table 4.2 Quick Reference — Angle of Thread (a) and tan (53)

2
a tan(-g—)
29° 0.258618
30° 0.267949
55° 0.520567
60° 0.577350
80° 0.839100

Fig. 4.9

In the multiple repetitive cycle (G76), thread angles are restricted to six kinds.
However, the cycle called by G92 allows cutting of thread which has an op-
tional thread angle.

Calculation of value | K | =d tan (60°/2)

K1 =-1.8 X 0.57735 = -0.866 mm

Ky =-2.5 X 0.57735 = -1.443 mm

K3 =-3.1 X 0.57735 =-1.790 mm
K4 =-3.68 X 0.57735 =-2.125 mm

From the calculation indicated above, the program should be as indicated below.
N40 GO0 X80. 276.2 MOQO ;

N41 G92 X66.4 72254 K-0.87 F6.;

N42 X65. K-1.44;
N43 X63.8 K-1.79;
N44 X62.64 K-2.13;

N45 GO0 X100. Z100. MAA ;

+X Angle of thread
76.2 a=60°
4__2.5_".' Depth of cut
______ dy =1.8mm
f— 5 do =2.5 mm
[ N ' dz =3.1 mm
‘\\\ ds4 =3.68 mm
S =
~
-
- - +7
$62.64
- [ - ] 6.]

Straight Thread Cutting Cycle (In-feed Along Thread Angle)
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(c) Tapered thread cutting cycle

With the commands of “G92 X(U) « -+ Z(W) - -1+ F(E) - -+ ;” tapered
thread cutting cycle of @O to @) as shown in Fig. 4.10 is executed.

+X
$

| --- Rapid traverse ! APProX)
- Feed designated T

@
1 by F code
@ ! A\ (Designation
! by E code)
o +7Z :
Details of thread chamfering

Fig. 4.10 Tapered Thread Cutting Cycle

njc
..@._

X
3

The sign of address I is determined by the direction viewing point A’ from point
B. Since G92is amodal G code, thread cutting cycle is executed by simply specify-
ing depth of cut in the X-axis direction in the succeeding blocks. Itis not necessary
to specify G92 repeatedly in these blocks.

Example of Programming
N50 GO0 X80. Z80.8 MOO;

N51 G92 X70. W-50.8 I-1.5 F2.;

N52 X68.8; +X
N53 X67.8; 30. 508 1|
Bt R
N54 GO0 X100. Z100. MAA ; 5 i ! Lead: 2.0
. ‘\ ]
15
S
—Qe - +Z
Depth of cut
J— 2nd pass: 0.6 mm
3rd pass: 0.5 mm

Fig. 4.11  Tapered Thread Cutting Cycle

* When the G92 cycle is executed with the single block function ON, the cycle
is not suspended halfway, but it stops after the completion o7 the cycle consist-
ing of sequence O to @.




(d) Tapered thread cutting cycle (in-feed along thread angle)

With the commands of “G92 X(U) -+ - Z(W) - -+ 1+ - K- FE) - ;" ta-
pered thread cutting cycle of (D to (® as shown in Fig. 4.12 is executed. In-feed
ismade along the angle of thread. The sign of address K is determined by the direc-
tion viewing point A’ from point A.

A —=-- Rapid traverse
8 -— Feed designated by F code
2 (Designation by E code)

ic
@

NIX
5
Q
s}

+Z
a
(T ——— e m A
' “T a
[} Ve 2
I'd
t ¢l
L vl
1 ]
B! I |
(YA d4j Depth of cut
A’
| \\, /7 - dn
/

Fig. 4.12 Tapered Thread Cutting Cycle (In-feed Along Thread Angle)

* When the G92 cycle is executed with the single block function ON, the cycle
is not suspended halfway, but it stops after the completion of the cycle consist-
ing of sequence @ to (@.

* To execute in-feeding along the angle of thread (a), calculate the value of K
using the following formula.

dn tan (%)

oK, = —— -
1+ !—W‘| * tan (i')

The sign of denominator depends on the value of 6°.

If0’ <90°: “+47
If9’>90°: «
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Since this makes calculation complicated, it is recommended to use the G76
automatic thread cutting cycle if the NChas the multiple repetitive cycle func-
tion. With the G76 cycle, the calculation indicated above is automatically
executed by the NC.

* Inthe multiple repetitive cycle (G76), thread angles are restricted to six kinds.
However, the cycle called by G92 allows cutting of thread which has an op-
tional thread angle.

* TheS, T, and M functions that are used as the cutting conditions for the execu-
tion of the G92 cycle should be specified in blocks preceding the G92 block.
However, if these functions are specified in a block independently without
axis movement commands, such designation is valid if the block is specified
in the G92 mode range.

¢ Ifthe thread cutting feed hold optionisselected, thread charnfering is executed
immediately when the FEED HOLD button is pressed during the execution of
thread cutting cycle. After the completion of chamfering, the cutting tool re-
turns to the start point A. If the setting for parameter pm4011 D1 is «1”
(pm4011 D1 = 1), the cutting tool stops at the point B where chamfering is
completed.

When the CYCLE START button is pressed while the cutting tool is at start
point A or chamfering completion point B, the suspended cycle is executed
again from the beginning.

If the thread cutting feed hold option is not selected, the thread cutting cycle
is continued even if the FEED HOLD button is pressed during the execution
of thread cutting cycle. In this case, the operation is suspended upon comple-
tion of retraction operation after finishing the thread cutting cycle.

Thread cutting cycle path
when feed hold is not executed

Co / A

; Start
point

! .
Thread cutting

i

f‘/ cycle path

!

when feed

B® hold is

N, executed
N

Fig. 4.13 Feed Hold during Thread Cutting Cycle

o If chamfer size is “0” when the G92 cycle is executed with chamfering ON,
alarm “0454” occurs.




(3) Cutting Cycle B (G94) Commands

(a) Straight facing cycle

With the commands of “G94 X(U) - - - Z(W) - - - F(E) - - - ;”, straight facing
cycle of D to (@ as shown in Fig. 4.14 is executed.

+X
[

Ao DA

Start point A

D e - - Rapid traverse
~&-— Feed designated by F code

5463 W
- - +Z
——7——7_

Fig. 4.14 Straight Facing Cycle

Since G94 is amodal G code, thread cutting cycle is executed by simply specifying
depth of cut in the Z-axis direction in the succeeding blocks. It is not necessary to
specify G94 repeatedly in these blocks.

Example of Programming

N60 GO0 X65. Z42.;

N61 G94 X20. Z38. F0.35;
N62 Z34.; Cutting in 3 cycles in the G94 mode
N63 730.;
N64 GO0,
+X
)
25 |1 ]
[ W
i ]
$60. ‘
30. - ! ? ? ;
gt LSO
+—~21———
$20. T
40.

Fig. 4.15 Straight Facing Cycle
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(b) Taper facing cycle

With the commands of “G94 X(U) -+ - - Z(W) - - - K- FE):---;”, taper
facing cycle of O to (® as shown in Fig. 4.16 is executed.

+X
ALLD i}[ﬂ
i
i
i
)
u @ @
2 ¢
}
® ; =~~~ Rapid feed
X B -=—— Feed designated by F cocde
2 - +Z
Z

I L.
Fig. 416 Taper Facing Cycle

The sign of address K is determined by the direction viewing point A’ from point
B.

Example of Programming

N70N GO0 X74. Z32.;

N71 GY94 X20. Z30. K-5.29 F0.3;
N72 725, ; Taper cutting in 3 cycles in the (394 mode
N73 Z720.;
N74  GO0O;
+X 5.29
] _%_ L ?:g
I
{
]
$70. '
i
2]
- +Z
20. ¢TO-
n 30.
-]

Fig. 4.17 Taper Facing Cycle

* TheS, T, and M functions that are used as the cutting conditions for the execu-
tion of the G94 cycle should be specified in blocks preceding the G94 block.




However, if these functions are specified in a block independently without
axis movement commands, such designation is valid if the block is specified
in the G94 mode range.

» Ifthe G94 cycle is executed with the single block function ON, the cycleisnot
interrupted halfway but it stops after the completion of the cycle consisting of

sequence (D to (@.

4.1.2 Multiple Repetitive Cycles (G70 to G76) *

By using the muitiple repetitive cycles, programming steps can be considerably reduced due
to the features that both rough and finish cutting cycles can be executed by simply defining
the finishing shape, and the like.

For the multiple repetitive cycles, seven kinds of cycles (G70 to G76) are provided as indi-
cated in Table 4.3. Note that these G codes are all non-modal G code.

Table 4.3 Cycles Called by G70 to G76

G Code Cycle Name Remark

G70 Finishing cycle

G71 OD stock removal cycle

G70 cycle can be used for Nose R offset possible

GT72 Face rough turning cycle finishing

G73 Pattern repeating cycle

G74 Face cut-off cycle

G75 OD cut-off cycle

Nose R offset impossible

Automatic thread cutting

G76
cycle
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Table 4.4 Table of Multiple Repetitive Cycies (G70-76)

Cutting Cycle

Programming Format

M

(1) Monotorious increase/monotorious decrease shape

Face rough turning
cycle

S s A :{D G7T1Pns Qnf U - W - | --K--D - F(E) -
N T 1 S--; )
L_\ /’ : Nns - -+
~ . \ :
1 ! ; Firnishing shape
L ot =t od U .
Tape commands - u NNf -« -
G71 IN(s) — N (] AT 2
W K
OD stock removal 2 (2) Shape with recesses
cycle
G711 PnsQnf U --[--D--FE)--S--R1;
an e
) Finishing shape
Tape commands Nnf .-
(U, W, |, and K: Signed commands)
1) D (1) Monotonous increase/monotor:ous decrease shape
A C G72Pns Qnf U--W - 1--K--D-«F(E) -
A o YA S
! an BRI
h o )
A
: Finishing shape
! .
'|| Nnf - - - .
1
Tape commands + |
:{ V]
2
G72 @

(2) Shape with recesses

G72 Pns Qnf W--K--D - F(E) -+ S -- R1;
Nng +---:

1

Firishing shape
Nnf ...

(U, W, |, and K: Signed commands)




Table 4.4

Table of Multiple Repetitive Cycles (G70-76) (cont'd)

Cutting Cycle

Programming Format

;Q G73Pns Qnf U - W -+ [ --K--D--FE) -+ S -
ll +Y Nns - - ;
2 )
G73
Finishing shape
Pattern repeating Nnf -
cycle '
| (U, W, t and K: Signed commands)
y
Tape commands A,TW K >
G70 Execution of finishing cutting defined by Nns to Nnf | G70 Pns Qnf;
K K K K K_ . K_ G74
D ! G75 } X{(U) --Z(W)--]--K--D--
- 1 A F(E) - R1;
p = = =5
R : (1) Operation as shown in the left is executed if “R1”
G74 { R R R — . g
1= E o fF = = = F command is not specified.
1 ' i | U
Face cut-off cycle ! ! ! 2
: R i _.TQT.._ "IR (2) If “R1” command is specified, retraction amount “d”
! § for each in-feed is disregarded and the axis returns
[ LI I
= L= = = ¢ B u to point A level after each in-feed.
| "
zZ T X
d: Setting parameter pm0864 (G74)
A pm0865 (G75)
Bo — — (I, D and K: Unsigned commands)
T
q_i' (3) Using address A, it is possible to specify the
’ number of in-feed steps instead of depth of cut.
G75 R ¢ y
2
OD cut-off cycle (4} It is possible to shift the axis at the start and end of
operation by specifying the width of cutting tool by
address B.
‘ =D ]
W X
4 (I, K, D, A, and B: Unsigned commands)
A G766 X(U) -+ Z(W)--t--K--D--F(E)--A--;
u A: Angle of thread
7 (0°, 29°, 30°, 55°, 0°, 60°, 80°)
G76 )
| \\\ K and D: Unsigned commands
Automatic Xy \ Bl k | 1/6K=D=K
thread cutting cycle v /
i w _/
&\h
A
2
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(1) OD Stock Removal Cycle (G71)

With the G71 command, stock removal cycle and rough finishing cycle in which finish-
ing allowance is left on OD or ID can be specified. The programming format differs
depending on the finishing shape, whether it is of monotonous increase/monotonous
decrease shape or it has recesses in it.

(a) Forthe workpiece with monotonous increase/monotonous decrease finish-
ing shape

If the finishing shape is monotonous increase/monotonous decrease, the following
commands are used.
ns: Sequence number of cycle start

l— nf: Sequence number of cycle end

G71 Pns Qnf U +-- W -+~ I+ -+ K-+ D+ FE) - -S--+;

A A [ [
N e eene ; (Note)
...... ’ ———— Depth of cut in the X-axi¢
o Feey direction in each in-feed
Sy (urisigned)
Nof--«-v-ovy - Rough finishing allowance
in the Z-axis direction

RRough finishing aliowance in the X-axis
direction (radius designation)

————Finishing allowance in the Z-axis direction

Finishing allowance in the X-axis direction
(diameter designation)

— Finishing shape program

(Max. 45 blocks)
This program defines the shape to be finished (A —» A’ — B) and it
should start with sequence number “ns” and end with “nf”. Among
the commands specified in this program, the F and S commands
are valid only when the G70 finishing cycle is executed.

Note: Specify the feed command (F (E)) and spindle command (S)that are used forthe execution of the OD stock remov-
al cycle.




» The operation starts from point A; after executing the stock removal cycle
(-—) and rough finishing cycle (- - -) , the cutting tool returns to point A and
the operation ends.

+X
b
C
D

:

| The point shifted by % W) from point A

1

] . n

j_:%: Ly Finishing shape program
Rough finishing > 3 —— Stock removal cycle
allowance ALL - - - - Rough finishing cycle

— WK -7

Fig. 4.18 Execution of the Cycle

o If“I =0, K =0 (or no designation)”, the cycle finishes by skipping the rough
finishing cycle as shown in Fig. 4.19.

+X

Return movement

Yy

Finishing
allowance

A 1o

"~ In-feed movement

/.
{

B

S—]

Finishing shape program
W +7 ——— Stock removal cycle

5

Fig. 4.19 Skipping the Rough Finishing Cycle
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* The “return movement” is executed in the GOO (rapid traverse) mode. Con-
cerning the “in-feed movement”, it is executed at the feedrate (GO0 or GO1)
specified in the program for AA’. For feedrate for in-feeding by depth of cut
D in the X-axis direction, override setting is possible in 21 steps in units of

10% in the range from 0 to 200% by the setting for a parameter.
A X:Monotonous B B A

increase X': Monotonous Q

Z : Monotonous ncrease
increase Z : Monotonous

\jecrease
}

X : Monotonous
decrease fo)

X : Monotonous
fo) decrease

Z : Monotonous Z : Monotonous
increase B B tlecrease

A
A

b

Fig. 420 Examples of monotonous increase/monotonous decrease shape

* The following restrictions apply to the start (Nns- - -) and end (Nnf- - -)
blocks of the finishing shape program.
+X

- Nns - - - ;
AR is paraliel
to the X-axis. To be specified in GO0 or GO1 mode.

Nnf - - - ; :
BAis parallel

to the Z-axis.
—$ +Z

Fig. 4.21 Restrictions on Start and End Blocks




(b) Forthe workpiece with recesses in the finishing shape

If the finishing shape has recesses in it, the following commands are used.

ns: Sequence number of cycle start

l- nf: Sequence number of cycle end

G71 Pns Qnf U+ -+ I -« D---FE)---8--- R1;
A
NOS -« v v ee : A L (Note 1) (Note 2)
‘ F , ~— Depth of cut in the X-axis direction
S 4 in each in-feed (unsigned)

Nnfe-evorees Rough finishing allowance in the X-axis
’ direction {radius designation)

———— Finishing allowance in the X-axis direction
(diameter designation)

— Finishing shape program
(Max. 45 blocks)
Program that defines the shape of A - A' - B

Note 1: Specify the feed command (F (E)) and spindle command (S) that are used for the execution of the OD stock
removal cycle.

2: If“R1” is designated in the program, tool paths are calculated for the finishing shape program which has re-
cesses,

s The operation starts from point A; after executing the stock removal cycle
(—) and rough finishing cycle (- - -), the cutting tool returns to point A and
the operation ends. If address I is not designated, the rough finishing cycle is
skipped.

Position shifted by Yoy

. 2
Return movement from point A

V4
7 1°
7
o A
/ ’ \ n-feed movement
/ Rough X
‘ ﬁnisging : %

allowance A
Finishing allowance

Finishing shape
+2 ~——— Stock removal cycle
- - - - Rough finishing cycle

Finishing shape program

Fig. 4.22 Cycle Execution
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Each block specified in the finishing shape program must define monotonous increas-
ing or monotonous decreasing shape. An arc that extends over muliiple quadrants
must be programmed in two or more blocks.

* The “return movement” is executed in the GOO (rapid traverse) mode. Con-
cerning the “in-feed movement”, it is executed at the feedrate (G0O or GO1)
specified in the program for AA’. For feedrate for in-feeding by depth of cut
D in the X-axis direction, override setting is possible in 21 steps in units of
10% in the range from O to 200% by the setting for a parameter.

* In the stock removal cycle, cutting starts from the recess closest to the start

point.
B @ 8

Finishing shape program \ @
Point specified in the lastQ \& @ Gy

block 5 @
®&y
o -
/
ré

A': Finishing shape program
Point specifiedt in the first block

Fig. 4.23 Stock Removal Cycle

Since the defined shape is cut from the recess located closest to the start point, if
the cutting path being generated crosses the projection lying next to the recess as
shown in Fig. 4.24, the cutting path is interrupted. Then, the new cutting paths are
generated until the deepest pointin the recess is finished. Afterthat the cutting path
generation returns to the interrupted point and cutting paths are generated continu-
ously from the interruption point.

Interruption

Cutting beyond -
the interruption “\ g:ttrt]mg’

point Projection
Interruption

point Recess

w

A Depth of cut D

Fig. 4.24 Example of Cutting — Cutting Path Crosses the Projection beyond
the Recess




* If arecess has projection and recess in it as shown in Fig. 4.25, interruption
will occur again during the cutting of a recess appearing in the recess being
defined.

Interruption 1

Cutting path

Projection

Frojection | interruption 2

Cutting path

Recess

Recess

Fig. 4.25 Cutting a Complicated Recess

If interruption points appear repeatedly during the cutting of a recess, appearance
of up to three interruption points is allowed before the cutting path returns to the
first interruption point. If such interruption points appear at more than three posi-
tions, alarm “0469” occurs. There are no special restrictions on the number of re-
cesses as long as this requirement is satisfied.

* Tkhe shape that has overhang cannot be cut. Therefore, the Z-axis commands
in the finishing shape program must change monotonously.

Interruption 1

Cutting path

Interruption 2

Cutting path

Interruption 3

Cutting path

Cutting
path

A
Fig. 4.26 An Example of Shape that Cannot be Cut

Interruption 4
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e For the end block of the finishing shape program, the restrictions shown in
Fig. 4.27 apply. Therefore, the G command to be specified in the end block
(Nnf- - - ;) must be either GO0 or GO1.

BA is parallel to the Z-axis. A: Start point

an...»;

A AR may not be parallel to the X-axis.

Fig. 4.27 Restrictions on the End Block of Finishing Shape Program

o The retraction amount in each in-feed cycle can be set for a setting parameter.

Setting parameter to set retraction amount pmO860 (X-axis)
pm0861 (Z-axis)

Cutting path

Fig. 4.28 Setting the Retraction Amount

« The finishing allowance (W, K) in the Z-axis direction must not be specified.
If such finishing allowance is specified, overcuts into the wall at one side oc-
curs.

» Approach is executed in the cutting feed mode and not influenced by the G
code specified in the finishing shape program. Therefore, with some finishing
shape programs, positioning could be executed at a rapid traverse rate after an
approach in a cutting feedrate.

Approach

Fig. 4.29 Approach

* When parameter setting is “pm4026 D1 = 17, the cutting tbol could interfere
with the workpiece if the end point of finishing shape program for the monoto-
nous decreasing shape or the shape with recess lies lower taan the start point.




(c) Supplements to OD stock removal cycle

» U, W,],and K are signed commands. If a wrong signis used in the designation

of these commands, overcuts will occur. The depth of cut D to be specified
for each in-feed operation should be specified without a sign.

BO A
[
\ - V Error due to the designation of U, W, |, K< 0

- Y
—eenfl)—|
N

A
gy—]

Fig. 4.30 In-feed Caused by Wrong Sign Used for U, W, |, and K

* Write the finishing shape program immediately after the G71 or G72 block.

Blocks written between the G71/G72 block and the finishing shape program
are disregarded.

IfF, S, and/or T code is not specified in the G71/G72 block, these codes speci-
fied in the preceding blocks are applied for the execution of the OD stock re-
moval cycle. The F, S, and T codes specified in the finishing shape program
are valid only for the execution of the finishing cycle (G70), and they are disre-
garded during OD stock removal cycle.

The G codes that can be specified in blocks in the finishing shape program,
excluding Nns and Nnf, are indicated in Table 4.5.

Table 4.5 Usable G Codes

Usable G Codes Remark

GO0, G01, G02, GO3, G22, G23, G41, G42 -

G11, G12 To be counted as equivalent to two blocks

G111

To be counted as equivalent to four blocks

G112

To be counted as equivalent to five blocks

For in-feed movement by D, override setting is possible in units of 10% in 21
steps in the range from 0to 200%. Seting parameter pm0023 DO to D4 is used
(setting is made in a 5-bit code).

If both I and K are omitted, it is possible to execute the cycle by using the fin-
ishing allowance U and W for the rough finishing allowance. (Valid by the
seiting of parameter pm4026 D0 = 1)
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o If the nose R offset mode has been set before the execution of G71 or G72, the
nose R offset is valid for the G71/G72 cycle.

Therefore, in the program where rough finishing cycle is omitted I=0, K =
0), the nose R offset function is invalid. For the G70to G73 cycles, it is pos-
sible to execute the nose R offset function in the finishing shape programs.
Accordingly, G41 and G42 can also be specified in blocks in the finishing
shape program with an exception-of Nsf and Nnf blocks. In addition, in the
rough finishing cycle and finishing cycle, the nose R offset function becomes
valid from the block where G41 or G42 command is spec fied.

If G41 or G42 is specified in the first block of the finishing shape program,
GO0 or GO1 must also be specified in the same block along with an axis move-
ment command. Designation of G41 or G42 in a block without other com-
mands is not allowed.




When the nose R offset function is called up for the finishing shape that has
no recess in it

Example of Programming

N1 G50 X260. 7220.;

N2 GO0 S1000 M03 TO0101 ;

N3 G42;

N4 X145. Z180.; 0D stock removal cycle
{

N5 G71 P6 Q13 Ul. W0.5 12. K2. D4. F0.3 S800;

N6 GO0 X40. S800; < In-feed at rapid traverse -

N7 G01 W—40. F0.15;

N8 X60. W-30. S600;

N9 GI12 W-20. I5.; < Equivalent to 2 blocks

N10 GO1 X100. W-10. S300; Finishing shape
= 9 blocks

N11 W-=20.;

N12 X140. W-20. S200 ;

N13 X145.;

N14 G40 ;

N15 G00 X260. Z220. T0100 ;

+X
) ﬁ
- ToA— (260,220)
3 fk‘ ““““““ — . i
( \\ B A1 4 mm (D)
\_\__;\ - Y '
$145. $140. f N - }[ L
Db N |
$100 T T emm(n),
p, A
460 } = Y l 0.5 mm (2)
40. ™ -
s ¢ LA -z
40, | 20.]20.{10.f 20| 30. | 80. |10f 2 mm (K)
0.5 mm (W)

Fig. 4.31  When Nose R Offset is Called Up for the Finishing Shape that Has
No recess in it
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When the nose R offset function is not called for the finishing shape that
has recess in it

Example of Programming

NO1 G50 X260. Z70.;
NO2 GO0 S500 MO03 T0101;
NO3 X124. Z-10.;

NO04 G71 P5S Q14 U2. D6. F0.2 S250 R1; < OD stock removal cycle
NO5 G01 X120.;

N06 X80. Z-50. F0.1 $500;

NO7 W-10.;

N0O8 X110. W-10.;

NQO9 W-10.;

N10 G022 X90. W-20. I15. K-20.;
N11 X110. W=20. I25.;

N12 GO01 W-5.;

N13 X120. W-5.;

N14 X124.;

Finishing shape

N15 GO0 X260. Z270. T0100 ;
N16 T0202;
N17 G50 X255. Z70.;

N18 X124. 7-10.; « Execution of the finishing cycle for (71

N19 G70 P5 Q14;
+X

2

< (260., 70.)
Center 20. e

/
’

L,

$120.

{*),._... +Z

Fig. 4.32 When Nose R Offset is not Called for the Finishing Shape that Has
Recess in It




(2) Face Rough Turning Cycle (G72)

With the G72 command, stock removal cycle and rough finishing cycle in which finish-
ing allowance is left on face can be specified. In comparison to the cycle called by G71,
which carries out cutting by the movement in parallel to the Z-axis, the G72 cycle car-
ries out cutting by the movements parallel to the X-axis. Therefore, the cycle called by
G72 executes the same operation as with the cycle called by G71 in a different direction.
Read the supplements described for the G71 cycle before attempting programming for
the G72 cycle.

(a) Forthe workpiece with monotonous increase/monotonous decrease finish-
ing shape

If the finishing shape is monotonous increase/monotonous decrease, the following
commands are used.

ns: Sequence number of cycle start

l—- nf: Sequence number of cycle end

G72PnSQﬂfU:t""w:t vee [+ e KEr e D...F(E)...S...;

A A A A A
Nng:crvoeres ; (Note)
....... ’ —— Depth of cut in the X-axis
"Feeey direction in each in-feed
* Sy (unsigned)
Nnf---vove- > —— Rough finishing allowance
in the Z-axis direction

Rough finishing allowance in the X-axis
direction (radius designation)

Finishing allowance in the Z-axis direction

—— Finishing allowance in the X-axis direction
(diameter designation)

-— Finishing shape program
(Max. 45 blocks)
This program defines the shape to be finished (A — A’ — B) and it
should start with sequence number “ns” and end with “nf’. Among
the commands specified in this program, the F and S commands
are valid only when the G72 finishing cycle is executed.

Note: Specify thefeed command (F (E)) and spindle command (S) that are used for the execution of the OD stock remov-
al cycle.
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* The operation starts from point A; after executing the stock removal cycle
(—) and rough finishing cycle (- - -), the cutting tool returns to point A and
the operation ends.

+X

i

— Finishing shape program
— Stock removal cycle
- - - - Rouyh finishing cycle

Finishing
allowance /

Rough finishing

allowance
—& -

Fig. 4.33 Execution of the Cycle

* If“I=0, K =0 (or no designation)”, the cycle finishes by skipping the rough
finishing cycle as shown in Fig. 4.34.

+X
4 Y In-feed movement

—\/ /
\N | . Return movement

N )

n|C

Finishing shape program
Stock removal cycle

Fig. 4.34 Skipping the Rough Finishing Cycle




* The “return movement” is executed in the GOO (rapid traverse) mode. Con-
cerning the “in-feed movement”, it is executed at the feedrate (G0O or G01)
specified in the program for AA’. For feedrate for in-feeding by depth of cut
D in the Z-axis direction, override setting is possible in 21 steps in units of 10%
in the range from 0 to 200% by the setting for a parameter.

e The following restrictions apply to the start (Nns- * +) and end (Nnf- - -)
blocks of the finishing shape program.

+X
i
R A

i

| Nns -« - ;

' | AR is parallel o

! to the Z-axis. To be specified in GOO or GO1 mode.
Nnf ...

i ;

-(? - 7

Fig. 4.35 Restrictions on Start and End Blocks

(b) For the workpiece with recesses in the finishing shape

If the finishing shape has recesses in it, the following commands are used.

—

G72PnsanW:t"'K:t"'D""F(E)"'S"' E’
1 ) T (Note 1) (Note 2)

......... Depth of cut in the Z-axis direction
? in each in-feed (unsigned)

ns: Sequence number of cycle start

rnif. Sequence number of cycle end

Rough finishing allowance in the Z-axis
direction (radius designation)

—— Finishing allowance in the Z-axis direction
(diameter designation)

— Finishing shape program
(Max. 45 blocks)
Program that defines the shape of A - A'— B

Note 1: Specify the feed command (F (E)) and spindle command (S) that are used for the execution of the OD stock
removal cycle.

I

If “R1” is designated in the program, tool paths are calculated for the finishing shape program which has re-
cesses.
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» The operation starts from point A; after executing the stock removal cycle
(—) and rough finishing cycle (- - -) , the cutting tool returns to point A and
the operation ends. If address I is not designated, the rough finishing cycle is

skipped.
A _a—Position shifted by “W+ K” from point
XA
Finishing shape program oy \\
A7 T ™ In-feed movement
—— Stock removal cycle rr. :
- - - - Rough finishing cycle ? }
N\
\‘ :
j { Return movement
Finishing aliowance ol ‘ B
Rough finishing allowance #‘q 1 \
+X L ~ ‘

' NS

WK
Fig. 4.36 Cycle Execution
N L/ %
Each block specified in the finishing shape program must define monotonous increas-
ing or monotonous decreasing shape. An arc that extends over multiple quadrants
o .
3 must be programmed in two or more blocks.

e The “return movement” is executed in the GOO (rapid traverse) mode. Con-
cerning the “in-feed movement”, it is executed at the feedrate (GOO or GO1)
specified in the program for AA’. For feedrate for in-feeding by depth of cut
D in the X-axis direction, override setting is possible in 21 steps in units of
10% in the range from 0 to 200% by the setting for a parameter.

@; The retraction amount in G72 can be set for pm0862 (X-axis) and pm0863 (Z-axis).
¥




* When the nose R offset function is not called up by “I =0, K = 0 (or no designa-

tion)”
+X 4 mm (D)
! ™
A - [
r 1A

“’"‘3,;]60.1 N
$120, ’ \

80| T-Y9B
$40 0.5 mm W) vz

10j104 20.} 20. |5.

i 03mm (g)

Example of Programming

N1 G50 X260. Z60. ;

N2 GO0 S1000 M03 T0202; Face stock removal cycle
N3 X170. Z5.; !

N4 G72 P5 Q11 U0.6 WO0.5 10 KO D4.0 F0.3 S200;
N3 GO01 Z-60. FO.15; <« In-feed at cutting feedrate -
N6 X120. S250;

N7 Z-50.

N8 X80. Z—-40. S400; Finishing shape
N9 Z-20.; program

N10 X40. Z0 S800;

Nl11 Zs.;

N12 GO0 X260. Z60. ;

N13 T0303; ~
N14 X170. Z5.;

N15 G70 P5 Q1i1: <« Executes the finishing cycle

Fig. 4.37 When Nose R Offset is not Called Up
by “I = 0, K = 0 (or No Designation)”
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* An example of finishing shape for G71 and G72 is shown below.

U l1>0 U l>0
W, K<0 W, K>0

+X \
- /

Finishing shape
+Z for G71 and G72  Finjshing allowance

N

o]

4

R

iy

U 1<0 ! U t<0

W, K<0 W, K>0

Fig. 4.38 Relationships between Addresses U, W, |, and K.
and Finishing Shape Programs for G71 and G72




(3) Pattern Repeat Cycle (G73)

The G73 pattern repeat cycle is effective when machining a workpiece that has similar
shape to the finishing shape like cast and forged workpieces. The following commands
are used to execute the pattern repeat cycle.

ns: Sequence number of cycle start

l———- nf: Sequence number of cycle end

GR2Pns Qnf U+ W+ -1+ K+ F(E) Tt
Y ‘T _T Y
NRS:vvrv+«- ; (Note)
...... ; Number of rough cutting cycles
cFoeeey {1 £ D = 127; unsigned)
Nnf «ceeeees > Total Z-axis stock for rough cutting
(signed)
Total X-axis stock for rough cutting
(signed) (radius designation)
Finishing allowance in the Z-axis direction

T (signed)

— Finishing allowance in the X-axis direction
(signed) (diameter designation)

+— Finishing shape programs

(Max. 39 blocks)
This is the finishing shape program for A — A" — B and the program
should start with the sequence number of “ns” and ends with “nf".
The F and S commands specified in these blocks are valid for the
execution of the finishing cycle called by G70.

Note: Specify the feedrate (F (E)) and spindle speed (S) to be used for the execution of the pattern repeat cycle.

K

C
II
Total stock for rough cutting

The cutting pattern is repeated D times
by dividing “I” and “K" by “D - 1".

R

1

~ Approach

u

Finishing

allowance ‘ -
e R

———— Finishing shape program
——— Pattern repeating stock removai cycle - - - The operation ends by executing this cycle.
The operation starts and ends at point A.

Fig. 4.39 Pattern Repeating Cycle
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e The “return movement” is executed in the GOO (rapid traverse) mode. Con-
cerning the “approach”, it is executed at the feedrate (GOU or GO1) specified
in the program for AA’.

Example of Programming

N10 G50 X260. Z220.;

N11 GO0 S300 MO03. T0303;

N12 X220. Z160.;

N13 G73 P14 Q19 U2. W1. I8. K8. D3 F0.3 S200; «- Fattern repeat cycle
N14 GO0 X80. W—40. S400; N
N15 G01 W-20. F0.15;

N16 X120. W-10. S300;

N17 W-20.;

N18 G02 X160. W=20. K20. S200;
N19 GO01 X180. W-10.;

N20 GO0 X260. Z220.;

+X c J:

) T AT (260, 220)

Finishing shape program

$160.

s f .

120

—-Q» -+

40. 10.} 20.; 20. 110,

=1

[T M)
o

Fig. 4.40 Pattern Repeat Cycle

4-37




¢ The number of rough cutting pattern to be repeated (D) should be specified by
an unsigned value. The following restriction applies to the designation of ad-
dress D.

1=D =127

Alarm “0467” occurs if a value outside the range indicated above is speci-
fied. With the designation of “D = 17, rough cutting is executed one time
at depth of cut of I and K to leave the finishing allowance.

It is necessary to specify the finishing shape immediately after the G73
block.

The start (Nns- - - ) and end (Nnf - - -) blocks of the finishing shape pro-
gram must be designated in either the GOO or GO1 mode. Note that tool
paths may not be parallel to the X- or Z-axis.

The shape defined by the finishing shape program may not be monotonous
increasing or monotonous decreasing shape.

¢ IfF S, and/or T code is not specified in the G73 block, these codes specified
in the preceding blocks are applied for the execution of the OD stock removal
cycle. The F, S, and T codes specified in the finishing shape program are valid
only for the execution of the finishing cycle (G70), and they are disregarded
during OD stock removal cycle.

* The G codes that can be specified in blocks in the finishing shape program,
excluding Nns and Nnf, are indicated in Table 4.6.

Table 4.6 Usable G Codes

Usable G Codes Remark

G01, G06, G02, G03, G22, G23, G41, G42 -

G11, G12 To be counted as equivalent to two blocks
G111 To be counted as equivalent to four blocks
G112 To be counted as equivalent to five blocks
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o If designation of I and K (total stock for rough cutting) is both “0” or neither
of these addresses are specified, alarm “0467” occurs.
Aland AK, which indicate stock removal per one cycle of rough cutting, are
calculated by the following:

=1 - K < -
Al = D1 AK D1 (where, D = 2)

In this calculation, a value smaller than 0.001 mm is rounded off. Do not write
aprogramin which a value of Aland/or AKbecomes smaller than 0.001 mm.

(Example 1) With the program in which I = 0.005 mm, K = 0.005 mm, and
D=7,

Al = o.%()f:_ =0, AK = -% = 0 is obtained.

Thus, alarm “0467” occurs.

(Example 2) With the program in which I =0.01 mm, K := 0.01 mm, and D

=7,
Al = ngl = 0.001 mm i AK = 9—69—1- = (.001 mm

isobtained. Thus, each cycle is executed with the stock amount
indicated below.

1st to 6th cycle : Al = AK =0.001 mm

7th cycle : Al'= AK =0.004 mm

If the nose R offset mode has been set prior to the designation of the G73 cycle,
the nose R offset function is valid for all G73 cycles.




(4) Finishing Cycle (G70)

After carrying out rough cutting cycle by using the G71, G72, and G73 cycles, finish
cutting can be carried out by specifying the G70 cycle.

G70 Pns Qnf;

—l_—_._ nf: Finishing cycle end sequence number

ns: Finishing cycle start sequence number

Only the finishing shape program, specified before the G71, G72, or G73 cycle, is
executed by the commands indicated above. During the execution of the finishing cycle
G70, the F(E), S, and T codes specified in the finishing shape program are valid. Those
specified in the G71, G72, or G73 block for rough turning are invalid for a finishing
cycle.

(@) Prohibited commands and operation

It is not necessary to specify the G70 block immediately after the designation of
the G71, G72, or G73 cycle. For example, it is allowed to enter commands to
change the cutting tool from a roughing tool to arough finishing tool between them.
However, the commands or the operationindicated in Table 4.7 must not be entered
between them.

Table 4.7 Prohibited Commands and Operation

Prohibited Commands and Operation Results

M02 and M30 which are associated with
the internal reset processing The finishing shape program is deleted
from the memory.

Resetting operation

{b) Save and search function for the finishing shape program

The processing for the finishing shape program differs depending on the operation
mode -- TAPE mode or MEM mode.

# Finishing Shape Program Memory

The “finishing shape program memory” is the special memory provided in the NC to store binary converted

program so that the processing time for the stock removal cycle is shortened.




4.1 PROGRAM SUPPORT FUNCTIONS (1)

¢ In the TAPE mode

— G71 Pns Qnf - - - ; < OD stock removal cycle commands
Nns - - - ;

< Finishing shape program (A)

L an SR
G70 Pns Qnf - - - ; « Execution of finishing by program (A)
— G72 Pns’ Onf” - -+ « Face rough turning cycle commantis
Nns’ + -+ ;
<« Finishing shape program (B)
“— Nnf’ - ;

After the execution of the commands indicated above, the finishing shape pro-
gram (A) is cleared and finishing shape program (B) remains in the internal
memory. Therefore, the finishing cycle specified by the G70 can be used for
the finishing shape program (B). If the sequence number specified in the G70
block does not agree with the sequence number in the finishing shape program
memory, alarm “0462” occurs.

e In the MEM (memory) mode

If the sequence number specified in the (G70 block and the one in the finishing
shape program memory agree with each other, the finishing cycle is executed.
If they do not agree with each other, the finishing shape program is searched
in the part program; the found program is once saved to the internal memory
and then executed. This functionis called the “finishing shape program search
function”. This search function is executed only in the part program of the pro-
gram number in which the G70 command has been specificd. If this function
is used, cycle time will be longer than the time required in executing the pro-
gram without using this function.

Only in the MEM mode operation, this function allows more than two stock
removal cycles (pattern repeating cycles) to be executed v/hich are followed
by the respective finishing cycles as indicated below:

Stock removal cycle (A)

|

Stock removal cycle (B)

|

Finishing cycle (A)
|

Finishing cycle (B)




(c) Supplements to the finishing cycle

¢ If the sequence numbers “ns” and “nf” of the start and end of the finishing
cycle are as indicated below, an alarm occurs.

If sequence numbers “ns” and “nf” specified with G70 do not agree with
the sequence numbers stored in the finishing shape program memory
(TAPE mode operation).

Inthe finishing shape program, if the sequence number “ns” appears before
“nf”, both specified in the G70 block. If “ns = nf”, it also causes an alarm.

* Ifthe nose R offset mode has been set before the designation of G70, the nose
R offset function is executed for the finishing cycle of G70.
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(5) Face Cut-off Cycle (G74)

Inthe cycle called by G74, peck feed operation parallel to the Z-axis is repeated to carry
out face cut-off cycle. For the execution of the face cut-off cycle, the following com-
mands are used.

G74 X(Wx:-Z(W)x ---1---K---D--- F(E)--- (R1) ;
3 [ .

Feed command

- Retraction amount at cutting bottom
(unsigned)

— Depth of cut in the Z-axis direction
(unsigned)

L.— Move distance in the X-axis direction
(unsigned)

— Z-coordinate of point C

L— X-coordinate of point B

B s |
D%g 1 | M| | A
C R [
F F R |y R: Rapid traverse
! d | 2 F : Feed designated by F code
1 o s B it B v d : Retraction amount
K g (setting parameter pm(864)
Z 1 W X Dwell at the cutting bottom

(setting parameter pm(:402)

—$ - +Z

Note: The illustration above indicates the operation when “R1” is not specified. If “R1” is specified, the cutting tool
returns to the in-feed start point, point A level, for each in-feed operation disregarding of the retraction amount
(d). The cycle starts and ends at point A,

Fig. 4.41 Face Cut-off Cycle

# Peck Feed Operation

Peck feed operation indicates the operation in which the cutting axis repeats advance and retraction movements

to carry out the specified cutting.




(a) Grooving canned cycle

By specifying addresses A and B with the G74 command, grooving canned cycle

is executed with the number of in-feed steps and the width of cutting tool taken into

consideration.

G74 X(U)...Z(W)...I...K...D... A.
3 )

..B...F(E)...(Rl);
[ [

Feed command
Width of cutting tool
(unsigned)
Number of in-feed steps
(unsigned)
— Retraction amount at cutting bottom
(unsigned)

-— Depth of cut in the Z-axis direction (unsigned)

— Move distance in the X-axis direction (unsigned)
—— Z-coordinate of point C (signed)
— X-coordinate of point B (signed)

+X
Number of steps Start point
kK KK K, k KKK K
A Width of cutting tool
cSe ey |
e C
EEEERICEEE R
F F F F (3
g 2
R =R i
1
C L
525 j B
Z w %
- +Z
R: Rapid traverse
F : Feed designated by F code
d : Retraction amount

(setting parameter pm0864)
Dwell at cutting bottom
(setting parameter pm0402)

Fig. 4.42 Grooving Canned Cycle

» If none of A and B is specified, the same cycle as the normal G74 cycle is
executed.
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If only address B is specified, shift operation by the width of cutting tool is
executed at the start and end of the G74 cycle.

The shift movement at the start of the G74 cycle is made from the point where
positioning has been made in the block immediately befors the G74 block by
the width of the cutting tool in the specified X-axis direction.

At the end of the G74 cycle, the cutting tool is first positioned to the point
where the shift has been made at the start of the G74 cycle and then returns to
the position where positioning was made by the commands in the block im-
mediately preceding the G74 block.

If only address A is specified, shift operation is not executed but only grooving
operation is executed.

If address A is specified, the retraction amount is as set for parameter pm0867.
If “0” is set for this parameter, peck feed operation is not executed.

Alarm “0472” occurs if groove width < B (width of cutting tool).

Example of Programming +X 9,

Fg.
G74 X40. Z50. 14. K15. D1. F0.25; %EZE i’ % l
e

8b.

_@ $40. +Z

Fig. 4.43

(b) Supplements to face cut-off cycle

If the given commands are “I > | U/2 |, peck feed operat.on starts from and
ends at point A.

If “K > | W |” or the parameter setting is “pm0864 = 0”, cutting is executed
to the bottom in one time without including peck feed operation.

If “D = 0” or address D is not specified, retraction movement is not executed
at the bottom.

The final depth of cut K’ in the Z-axis direction and the final movement
amount I’ in the X-axis direction are automatically calculated.

If X (U), 1, and D are not specified, such designation calls out 1 cycle operation
with only Z-axis. This cycle can be used for deep-hole d-illing cycle.

The nose R offset function is invalid for the G74 cycle.




(6) OD Cut-off Cycle (G75) Commands

The G75 cycle executes an OD cut-off cycle while carrying out peck feed operation par-
allel to the X-axis. In comparison to the G74 cycle in which the OD cut-off cycle is
executed in parallel to the X-axis, the G75 cycle executes virtually the same operation
excluding that the cycle is executed in parallel to the X-axis. Read the supplements to
the G74 commands given before.

The OD cut-off cycle is executed by using the following commands.
G75 X(W)x -+ ZW)£- - I+ K- D:-+ FE)--- (R1);
[ )

A 3 L

Retraction amount at cutting bottom
(unsigned)

Feed command

L—— Move distance in the Z-axis direction
(unsigned)

Depth of cut in the X-axis direction
(unsigned)

— Z-coordinate of point B

— X-coordinate of point C

B, R
RIF :%_[I
-..._...F d
R $ R
F 1 . Rapid traverse
-t

+X

m|C

: Feed designated by F code
. Retraction amount
(setting parameter pm0865})

- +Z Dwell at cutting bottom
(setting parameter pm0402)

Note: The illustration above indicates the operation when “R1” is not specified. If “R1” is specified, the cutting tool
returns to the in-feed start point, point A level, for each in-feed operation disregarding of the retraction amount
(d). The cycle starts and ends at point A.

[oNe 1 lin s ]

y4

Fig. 4.44 OD Cut-off Cycle
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(@) Grooving canned cycle

By specifying addresses A and B with the G75 command, grooving canned cycle
is executed with the number of in-feed steps and the width of cutting tool taken into
consideration.

G714 X(U) -+ Z(W)+++-1++- K-+ D+ A--- B+« FE)-- (R ;
y A A

Feed command
Widih of cutting tool
(unsigned)
- Number of in-feed steps
(unsigned)
-— Retraction amount at cutting bottom
(unsigned)
Depth of cut in the Z-axis clirection {unsigned)

——— Move distance in the X-axis direction (unsigned)

—— X-cocrdinate of point B (signed)

— Z-coordinate of point C (signed)

+X Liting.
B\ R A {lod | Start point
.
chntt,
d
B:] I
by
- I 12
n |
E_] l
i R: Rapid traverse
T F : Feed designated by F code
ky( l KK D d : Retraction amount
z w (setting parameter pm0865)
X Dwell at cutting bottom
+Z (setting parameter pm0402)

Fig. 4.45 Grooving Canned Cycle




e If none of A and B is specified, the same cycle as the normal G75 cycle is
executed.

e If only address B is specified, shift operation by the width of cutting tool is
executed at the start and end of the G75 cycle.

The shift movement at the start of the G75 cycle is made from the point where
positioning has been made in the block immediately before the G75 block by
the width of the cutting tool in the specified Z-axis direction.

At the end of the G75 cycle, the cutting tool is first positioned to the point
where the shift has been made at the start of the G75 cycle and then returns to
the position where positioning was made by the commands in the block im-
mediately preceding the G75 block.

» Ifonlyaddress A isspecified, shift operation is not executed but only grooving
operation is executed.

o Ifaddress Aisspecified, the retraction amount is as set for parameter pm0868.
If “0” is set for this parameter, peck feed operation is not executed.

* Alarm “0472” occurs if groove width < B (width of cutting tool).
Example of Programming

N1 GO0 X86. Z70.
N2 G75 X50. 740. 16. K4.(D0)F0.2;

+X
[
40
|
ol
0
,e.‘
| S
! 8
-t
75.
b

Fig. 4.46




4.1 PROGRAM SUPPORT FUNCTIONS (1)

(7) Automatic Thread Cutting Cycle (G76) Commands

G76 calls an automatic thread cutting cycle for cutting straight or taper thread in which
in-feed is made along thread angle. The following commands are used for the execution
of the automatic thread cutting cycle.

G76 X(U)i... Z(W)i... I:t... | D.-.- F(E)... A... ;

- Angle of thread
(deg)

Thread ‘ead

— 1st pass in-feed (unsigned)

L— Height of thread (unsigned}

L X-axis distance at taper (radius designation)

— Z-coordinate of point C

— X-coordinate of point C

» The sign of address I is determined by the direction viewing point B’ from
point C. The automatic thread cutting cycle starts and ends at point A.

+X A
[
A
Y B
2 %‘Tn((a‘a 10 .

a : Fixed amount

5 (setting paramater pm0866)
_$ -+

Fig. 4.47 Execution of Automatic Thread Cutting Cycle

rof><
-2
07}
—
\
N[>
s




e How the cutting is tool is moved near point B is shown in Fig. 4.48 (taper
thread).

1st pass
2nd pass
3rd pass 2D

P /3D
nth pass Dn
Last pass K

~ !
Aa
2 a : Fixed amount

(setting parameter pm0866)

Fig. 4.48 In-feed Near Point B

» Depth of cut Dn for the nth in-feed movement isDn = /nD

For angle of thread, designation is possible from the following six angles: 0°,
29°,30°,55°,60°, 80°. In the last pass of thread cutting cycle, the depth of
cut is fixed to the predetermined value “a” (in the X-axis direction) which is
set for setting parameter pm0866.

(a) Straight thread cutting

If address I is “0” or address I not specified, straight thread cutting cycle as shown
in Fig. 4.49 is executed.

+X
4
1 -
R R
u
7 F () b,
1. K
4 _é w a : Fixed amount
K . (setting parameter pm0866)
-

Fig. 4.49 Straight Thread Cutting
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Example of Programming

GO0 X66. Z115.;
G76 X56.2 Z30. K3.9 D2. F6. A60;

Goo - - -
' +X 60
4 ¥ a : Fixed arnount
. _% * D=20mm (setting oarameter pm0866)
g {command)
-t o
&3 -
s}
ey
‘ A a4
——(—é-b-\
30. 80. . \\
115, M64 P6&

Fig. 4.50 Example of Programming

If fixed depth of cut “a” is set to 0.2 mm, the depth of cut in the individual thread
cutting passes is as indicated below.

Istpass .......... 1.700 mm
2nd pass ...l 2.528 mm
3rdpass .......... 3.164 mm
4thpass .......... 3.700 mm
Sthpass .......... 3.500 mm

Although 2.00 mm is specified in the program for the depth of cut in the first pass,
actual depth of cut is determined to 1.7 mm as the result of calculation of

vnend D which calculates the difference.
o If the “thread chamfering input (CDZ)” is ON when G76 is specified, thread
chamfering is executed. Thread chamfering size ¥ can be set for parameter

pm0100 in increments of 0.1L in the range from 0 to 25.5L. Here, “L” repre-
sents the specified thread lead.




* Byaddingan L command to the G76 mode commands, it is possible to execute
the cycle by n times counted from the final pass.

G76X(U):t.. Z(W):t..l:t.K..DF(E)...A.L.’

L0 =The commands of the final pass are executed.
L1=The cycle one before the final pass and the final pass are executed.

Ln= The cycle is executed from the “n” times before the final pass to the final
pass.
(If value “n” is greater than the normal number of cycle execution times
(N), normal thread cutting cycle is executed.)

* It is possible to execute zig-zag in-feed mode thread cutting cycle with
constant metal removal amount by adding a P command.

G76X(U)i... Z(W)Zt"'l:t"’K"'D”'F(E)”'A"'P"’;

The P command determines how the in-feed is made for thread cutting opera-
tion as indicated below.

No P command : Constant metal removal amount, in-feed on one side

P1 : Constant metal removal amount, in-feed on one side

P2 : Constant metal removal amount, zig-zag in-feed mode

P3 or greater  : Constant metal removal amount, in-feed on one side
Tool nose

. BO
\\ RN EEEN
a
\] T o
] 1 |2
1st pass a =3 ™~
! & l\+‘ al ol
Sl S & A
E‘*’, by ﬁl @}
B2 2nd pass ¥ 2 ‘i‘:
y - S Tla|bjx
1 \/B3// 3rd pass |
- 4th pass ]
2 —_ SEh pass ]
. 6th pass !
i B7 - - ] Yy
B8 - - .
« (finishing allowance) 1
B9 } )
Fig. 4.51 Constant Metal Removal Amount, Zig-zag In-feed Mode Thread

Cutting
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(b) Taper thread cutting

If a tapered thread is designated with “A # (”, the X-coordinate value of the thread
cutting start point is not always Dn, which expresses the depth of cut.

Dn

Thread cutting start position

Fig. 4.52 Thread Cutting Start Position for Tapered Thread Designated
with “A = 0”

(c) Supplements to automatic thread cutting cycle

o If an angle other than six allowable angle values for the angle of thread (0°,
29°,30°, 55°, 60°, 80°) is specified, the larger closest angle is selected.

Example If “A15” is specified, actual thread cutting cycle is executed
p p & Cy
with “A29”. However, if the specified value A is “A > 80°7,
it is replaced with “A80” to execute thread cutting cycle.

o Ifdepthof cut along the angle of thread in the last thread cuiting pass, JnendD |
does not agree with the value of “K —a”, the difference between these two val-
ues is deducted from the depth of cut applied to the first pass. The depth of
cut in the first pass is not greater than the specified value D in any case.

B

ynendD

.~ A1

RS
g/

Difference in the last thread cutting pass

Fig. 4.53 Depth of Cut in the 1st Thread Cutting Pass
when “/nendD = (K-a)”




(Example) D =5.0mm, K=9.8 mm
If fixed amount is “a = 0.2 mm”:
JnendD = /4 x 5.000 = 10.000 mm
Difference = ynendD — (K — a) = 10.000 — (9.800 — 0.200) = 0.400 > 0

As the result of calculation indicated above, the depth of cut in each passis
determined as indicated below.

Istpass ......... 5.000 - 0.400 = 4.600 mm
2nd pass ........ V2 X 5.000 - 0.400 = 6.671 mm
3rdpass ........ /3 X 5.000 - 0.400 = 8.261 mm
4thpass......... J4 X 5.000 - 0.400 = 9.600 mm
Sthpass......... 9.600 + 0.200 = 9.800 mm

* Ifthethread cutting feed hold option is selected, thread chamfering is executed
immediately when the FEED HOLD button is pressed during the execution of
thread cutting cycle. After the completion of chamfering, the cutting tool re-
turns to the start point A. If the setting for parameter pm4011 D2 is “1”
(prnd4011 D2 = 1), the cutting tool stops at the point B where chamfering is
completed. The cutting tool returns to point A when the CYCLE START but-
ton is pressed after that.

If the thread cutting feed hold option is not selected, the thread cutting cycle
is continued even if the FEED HOLD button is pressed during the execution
of thread cutting cycle. In this case, the operation is suspended upon comple-
tion of retraction operation after finishing the thread cutting cycle.

Thread cutting cycle path
when feed hold is not executed

A
__________ Start

point

_ Thread cutting
cycle path
when feed
hold is
executed

Fig. 4.54 Feed Hold during Thread Cutting Cycle

* Nose R offset is invalid for the G76 cycle.

* Inthe block immediately after the G76 block, it is necessary to newly specify
a G code of 01 group.

(Examp]e) G766+ :
GO0 M30;
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(8) Supplements to Multiple Repetitive Cycles

¢ In the multiple repetitive cycle mode (G70 to G76), MDI inode operation is
not allowed.

« It is not possible to execute G70 to G76 cycles by the MD[ mode operation.

» If G70 to G76 cycle is executed with the SINGLE BLOCK switch ON, the
cycle is executed n the manner as indicated in Table 4.8.

Table 4.8 Single Block Operation

G Code Operation

Block stop occurs in minimum units of blocks into

G70, G71, G72, G73, G74, G75 which the cycle is broken down.

Block stop occurs at point A for the execution of each

G76
cycle.

 If'the block specified immediately after the designation of 570 to G76 cycle,
it is necessary to specify a G code of 01 group again. This is because the G
code in this group could have been changed from the one set before the entry
to the G70 to G76 cycle due to the execution of the cycle.

» For the commands specified in the G71 to G76 cycle, it is possible to specify
the symmetric patterns as shown in Fig. 4.55. With G71 to G73, this is speci-
fied by the direction the finishing shape program in reference to point A. With
G74 to G76, four patterns can be specified by the commands position of point
(X, Z) or (U, W) for point A.

Fig. 4.55 Four Patterns




4.1.3 Multiple Chamfering/Rounding on Both Ends of Taper (G111) *

The following four movements can be specified by the commands in a single block if G111
functionisused: taper — chamfering/rounding — taper — chamfering/rounding. Represen-
tative shapes for which the multiple chamfering/rounding are used are shown in Fig, 4.56.

End point

End point o
P Start point

- Start point

Fig. 4.56 Examples of Multiple Chamfering

G111 is a non-modal G code and valid only in the specified block.
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(1) Programming Format

(a) Rounding
Example of Programming
G111 X(U)"‘I"‘A"']B"'P""Q“

G111 X(U)"'K"'A"'B"‘P"'Q"
G111 X(U)IKBPQ

2nd rounding f
Q
X
2nd line B
y
. . 2
Imaginary point
of intersection 1t rounding
A
" [1stiine
K | Start point

Fig. 4.57 Rounding on Both Ends of Taper and Programming Format
(X-axis Commands)

Example of Programming

GI11 Z(W)++-I-++A---B:--P-+-Q---
G111 Z(W)+--K-++A--“B:<-P---Q---
Gl11 Z(W)+++I+++K--<Bee-Peee(Q---
Q

Imaginary point of
¥ intersection

N istline

2nd line

1st rounding

K Start point

bt Z

Fig. 4.58 Rounding on Both Ends of Taper and Programming Format
(Z-axis Commands)



(b) Chamtering

Example of Programming

Gl Xy --+1---A---B---C---D--+;
GlllX(U)"'K"A"'B"'C"~D- ;
G111 X(U)“'I"‘K"'B"'C"'D" ;
-
}
2nd chamferin
o 2nd line X
B
U
1st chamfering
Imaginary point of A
intersection \ h¢ 1stline
- K " | Start point

Fig. 4.59 Chamfering on Both
(X-axis Comrands)

Example of Programming

Ends of Tapers and Programming Format

Gli1 zwy---1---A-+-B:--C---D"---;
Gll1 ZW):---K---A--+B+---C---D~ :
GlllZ(“O"'I"'K“‘B"'C"'D" ;
\éd chamfering B
Cy Imaginary point of
'BJ ’\\\-C%i intersection
andline g chamfering istline
A
K _gt_a;'tpoint

ot Z

Fig. 4.60 Chamfering on Both
(Z-axis Commands)

Ends of Tapers and Programming Format
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(c) Addresses

The addresses indicated in Table 4.9 are used when designating multiple chamfer-
ing/rounding on both ends of taper function. The required movements can be
executed by specifying only addresses that define the required shape.

Table 4.9 Addresses and Meaning

Address Description Input Increment Unit
X (U) X-coordinate of end point
(U: Incremental amount from the start point) 1=0.001 mm
or
7 (W) Z-coordinate of end point . 1 == 0.0001 inch
(W: Incremental amount from start point)
A Move angle of the 1st line
1=0.001 deg
B Move angle of the 2nd line
Imaginary point of intersection between the 1st and
I 2nd lines, X-axis distance from the start point (radius
value)
Imaginary point of intersection between the 1st and
K 2nd lines, Z-axis distance from the start point (radius
1 =0.001 mm
value)
or
P 1st rounding radius (unsigned) 1= 0.0001 inch
Q 2nd rounding radius (unsigned)
C 1st chamfering size (unsigned)
D 2nd chamfering size (unsigned)




(2) Defining the Shape

To define the shapes of tapers and chamfering/rounding shapes, follow the instructions
given in Table 4.10.

Table 4.10 Defining the Shapes

Shape Definition

A: Move angle of the 1st line
I : X-axis distance from the start point
1st line to the imaginary point of intersection Specify two of these addresses.
K: Z-axis distance from the start point
to the imaginary point of intersection

st chamfering/ | C: 1st chamfer size } Specify either of these addresses.

rounding P : 1st rounding radius
B : Move angle of the 2nd line Specify either of these.
X U): X-coorglinate of thfa end point Note that the following
(U : End point of X-axis designation is not allowed:

2nd line Incremental amount from the start point) e Combination of X and U
Z (W): Z-coordinate of end point commands
(W : End point of Z-axis i » Combination of Z and W

Incremental amount from the start point) commands
2nd .
chamfering or D: 2nd chamfer size } Specify either of these addresses.

Q: 2nd rounding radius

rounding

(@) 1strounding

The 1st rounding indicates rounding at the corner made by the 1st and 2nd lines.
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(b) 2nd chamfering/rounding

The 2nd chamfering/rounding is made according to the commands defining the 2nd
line as shown in Fig. 4.61.

07\ X (U) m X (U)
Rounding to the line
parallel to the Z-axis B B

(@) If the 2nd line is defined by B and X (U

\<
B
v
Rounding to the line D_l
parallel to the X-axis

ZW) Z W)
(b) If the 2nd line is defined by B and Z (W)

~

Fig. 4.61 2nd Chamfering/Rounding

(c) Direction of the 2nd chamfering/rounding

The direction of the 2nd chamfering/rounding is the same direcrion as the 2nd line
advancing direction. For details, see Tables 4.11 and 4.12.

Table 4.11 Direction of 2nd Chamfering

Move Angle of the 2nd Line . Lo X "~
B Command Value Chamfering Direction 4_’ oy Other Concitions

Chamfering in the X+, Z+ direction - . .. .
The 1st line moves in the positive (+) direction

— of the X-axis.

B =0, -360.000, 360.000
Chamfering in the X—, Z+ direction o . . .
The 1st line moves in the negative (-) direction

) N\ of the X-axis.

~.

Chamfering in the X+, Z+ direction
0 < B <90.000

~360.000 < B < ~270.000 —~ [ B




Move Angle of the 2nd Line
B Command Value

+X
Chamfering Direction #

+Z

Other Conditions

B =90.000, -270.000

Chamfering in the X+, Z+ direction

it

-

The 1st line moves in the positive (+) direction
of the Z-axis.

Chamfering in the X+, Z~ direction

A

—

The 1st line moves in the negative (~) direction
of the Z-axis.

90.000 < B < 180.000
—270.000 < B < -180.000

Chamfering in the X+, Z~ direction

N

B =180.000, -180.000

Chamfering in the X+, Z~ direction
| —

~

The 1st line moves in the positive (+) direction
of the X-axis.

180.000 < B < 270.000
-180.000 < B < -90.000

Chamfering in X—, Z— direction

-

S

The 1st line moves in the negative (-) direction
of the Z-axis.

Chamfering in the X+, Z+ direction

)

Chamfering in the X—, Z— direction

;

The 1st line moves in the negative (—) direction
of the Z-axis.

B = 270.000, -90.000

Chamfering in the X~, Z+ direction

~

The 1st line moves in the positive (+) direction
of the Z-axis.

270.000 < B < 360.000
-90.000<B <0

Chamfering in the X—, Z+ direction

\ﬁ




4.1 PROGRAM SUPPORT FUNCTIONS (1)

Table 4.12 Direction of 2nd Rounding

Move Angle of the 2nd Line
B Command Value

+X
Chamfering Direction ¢ ,
+

Other Conditions

B =0, -360.000, 360.000

Rounding in the X~, Z+ direction

T~

The 1st line moves in
the negative (-) direc-

| tion of the X-axis.

Rounding in the X+, Z+ direction
e

The 1st line moves in
the positive (+) direction
of the X-axis.

X (U) command
cannot be used.

0 < B < 90.000
-360.000 < B <-270.000

Rounding in the X+, Z+ direction

Rounding to the line parallel to the X-axis

The 2nd line is defined by B and Z (W).

—r

Rounding to the line parallel to the Z-axis

The 2nd line is defined by B and X (U).

B =90.000, -270.000

Rounding in the X+, Z+ direction

(

-~

The 1st line moves in
the positive (+) direction
of the Z-axis.

Rounding in the X+, Z~ direction

The 1st line moves in
the negative (—) direc-

Z (W) command
cannot be used.

90.000 < B < 180.000
—270.000 < B < -180.000

L. tion of the Z-axis.
Rounding in the X+, Z— direction
AN The 2nd line is defined by B, X (U).

Rounding to the line parallel to the Z-axis

\

Rounding to the line parallel to the X-axis.

The 2nd line is defined by B, Z (W).

B = 180.000, -180.000

Rounding in the X+, Z— direction
[

The 1st line moves in
the positive (+) direction
of the X-axis.

Rounding to the X—, Z~ direction
PR

The 1st line moves in
the negative (-) direc-
tion of the X-axis.

X (U) command
cannot be used.

180.000 < B < 270.000
—180.000 < B < -90.000

Rounding to the X—, Z— direction

Rounding to the line parallel to the X-axis

The 2nd line is defined by B, Z (W).

=/

Rounding to the line parallel to the Z-axis

The 2nd line is defined by B, X (U).

B =270.000, -90.000

Rounding in the X—, Z— direction

J

The 1st line moves in
the negative (—) direc-
tion of the Z-axis.

Rounding to the X—, Z+ direction

N

The 1st line moves in
the positive (+) direction
of the Z-axis.

Z (W) command
cannot be used.




Move Angle of the 2nd Line
B Command Value

+X
Chamfering Direction ¢
+z

Other Conditions

270.000 < B < 360.000
-90.000 < B<0

Rounding in the X—, Z+ direction
\-..

Rounding to the line parallel to the Z-axis

The 2nd line is defined by B, X (U).

\“\

Rounding to the line parallel to the X-axis

The end line is defined by B, Z (W).
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(d) Supplements to shape definition

e Ifall of B, X (U), and Z (W) are specified to define the 2rd line, the 1st line
can be defined by specifying only one of A, I, and K.

* For the multiple chamfering/rounding on both ends of taper function, the 1st
and 2nd lines are defined by selecting appropriate addresses from X, Z, I, K,
A, and B. Note that omission of an address and designation of “0” for it have
different meaning. Therefore, differing from other G codes, designation of
“0” for an address cannot be omitted.

Table 4.13 Omission of Address with Value: “0”

Address Omission of Address with Value “0”
X
zZ
II< Omission is not allowed.
A
B
P
Q Omission is allowed.
C (chamfer size and rounding radius are “0”.)
D

e If X (U) and Z (W) are used to define the 2nd line, 2nd chamfering/rounding
is not allowed. If 2nd chamfering/rounding is specified although X (U) and
Z (W) are used to define the 2nd line, an error occurs.

» Chamfering and rounding can be combined as needed such as 1st chamfering
and 2nd rounding, and 1st rounding and 2nd chamfering.

o Ifallof A,1, and K are used to define the 1st line, address A is disregarded and
the 1st line is defined by I and K.

e Ifall of B, X (U) and Z (W) are used to define the 2nd line and two of A, I, and
K are used for the definition of the 1st line, B is disregarded for the definition
of the 2nd line, and the 2nd line is defined by X (U) and Z (W).

» The direction of rotation is defined in reference to the positive (+) direction
of the Z-axis; positive value for the counterclockwise direction and negative
value for clockwise rotation. (Programmable range: -350.000 = A, B =
360.000)

135?

+X
t \' A 135, 0" A — 225,
+Z
225>Z

Fig. 4.62 Designation of Move Angle A and B of Line

4-65




(3) Examples of Programming

Example 1
(GO1 W -+ ) — Commands for ¢$50 portion (broken lines) in the illustration below
G111 W-100. I15. A90. B165. C3. D5.; Commands for the portion indicated
or G111 W-100. I15. KO. B165. C3. D5.; by solid lines in the illustration below
‘"r“: oC 100.
¢200. |
{

\Wgac
] 1

- +Z ~ng_9
A
$50.
Fig. 4.63 Multiple Chamfering on Both Ends of Taper

Example 2

(GO1 W -+

G111 W-100. 115. A90. B165. P3. Q5.; Commands for the portion indicated
or G111 W--100. I15. KO. B165. P3. Q5. ; by solid lines in the illustration below

(G12 X200. K-2.;) < Commands for broken line portion after solid line portion: 2R

— op = .
o}
f‘-R b 100.
i
i

15° T
l $80.
—— 47 "“"

$50.
Fig. 4.64 Continuous Rounding on Both Ends of Taper

4-66
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(4) Supplements to Multiple Chamfering/Rounding on Both Ends of Taper

» Itisnotallowedtospecify addresses M, S, and T in the block containing G111.

» If the 1st chamfering specified by address C in the G111 block has the shape
as shown in Figs. 4.65 and 4.66, such designation is not possible.

The end point is that of the 2nd line assuming that chamferiag/rounding is not
made.

End «C-ven k-~
point!

fo-—-=-

————————— Start
point

Fig. 4.65 Outside the Rectangle Defined by the Start and =nd Points

Start
point

Fig. 4.66 Inside the Range between 45° Line from Start Point to End Point
and 45° Line from End Point to Start Point

* The NCprocesses all operations to define the 1st and 2nd lines and the 1st and
2nd chamfering/rounding when it reads the G111 block into buffer. It could
take more than 500 msec depending on the shape to be defined. If the time
required for the axes to execute the commands in the preceding block is shorter
than the time required for the necessary operation, axis movement will be sus-
pended to impair the surface being machined. To prevent such suspension of
axis movement due to long operation time, place the NCin the buffering mode
(M93 mode) several blocks before the G111 block.

o If the G111 block is executed with the single block function ON, the move-
ments to the end point of the G111 block are divided intc a maximum of 4
blocks.




* If the 1stline is defined as the “45° line from the start point to the end point”
or the 2nd line is defined as the “45° line from the end point to the start point”,
such designation could or could not cause an error depending on the shape be-
ing defined. '

Example 1 Program that does not Cause an Error

G111 Z-100. I-25. A225.
B180. C5. D5, ;

Z-100.

—-—t%«— C5.

NI 1
ol
+X ps  Ble0 Start| 125
oint
+2 AZ25.

Fig. 4.67 Example of Program that does not Cause an Error

Example 2 Program that Causes an Error

G111 Z-100. 1-25. A225.
B270. C5. DS,

les—  Z7-100.
Ds.

ol

C5. » 1-25.
End

: point

A225.

Fig. 4.68 Example of Program that Causes an Error



4.1 PROGRAM SUPFORT FUNCTIONS (1)

» Alarms Caused by Incorrect G111 Command Designation

Table 4.14 Table of Alarms Caused by Incorrect G111 Command Designation

Alarm Code Description

« For the definition of the 2nd line, only one address is specified among address-
es B, X (U), and Z {W).

« For the definition of the 2nd line, two addresses are specified among addresses
B, X (U), and Z (W) while only one or none of addresses A, I, and K is speci-

0281 fied to define the 1st line.

« Both address C (1st chamfering) and address P (1st rounding) are specified.

*» Both address D (2nd chamfering) and address Q (2nd rounding) are specified.

* The 2nd line is defined using addresses X and Z with the 2nd chamfering /
rounding defined using addresses Q and D.

The value specified for addresses A and B (line move angle) is outside the range

0282 of -360.000 < A, B £ 360.000.
* The 1st chamfering portion is outside the rectangle defined by the start and end
0283 points.

« The 1st chamfering portion is inside the area between the <45° line from the
start to the end points and the 45° line from the end to the start points.

= There is no point of intersection between the 1st and 2nd lines.

TT%——¢ End point
Start
point

¢ The 1st and 2nd lines are on the same line.
= Since addresses A, 1, and K are specified in the following manner to define the
1st line, the shape cannot be defined
When value A is =360.000, —180.000, 0, 180.000, or 360.000:
Address I is specified for the definition of the 1st line.
When value A is -270.000, -90.000, 0, 90.000, or 270.000:
Address K is specified for the definition of the 1st line.
* Since addresses B, X (U), and Z (W) are specified in the following manner to
define the 1st and the 2nd line, the shape cannot be defined.
When value B is ~360.000, —180.000, 0, 180.000, or 360.000:
Address X (U) is specified for the definition of the 2nd line.
0284 When value B is —270.000, —90.000, 0, 90.000, or 270.000:
Address Z (W) is specified for the definition of the 2nd line.

« The value specified for addresses C and D (chamfer size) is too large in com-
parison to the specified shape, and the chamfering movement is not possible.

End point s—

« Start peint

 The value specified for addresses P and Q (rounding radius) is too large in
comparison to the specified shape, and the rounding movement is not possible.

0285




4.1.4 Multiple Chamfering/Rounding on Arc Ends (G112) *

The following four movements can be specified by the commands in a single block if G112
function is used: line — chamfering/rounding —> arc — chamfering/rounding. Depending
on the direction of arc, two kinds of chamfering/rounding on arc ends are possible — on the
periphery and on the face.

G112 is a non-modal G code and valid only in the specified block.

(1) Programming Format

(@) Continuous rounding on arc ends (on periphery)

Example of Programming

G112 X(U)++-1--+K--+P-+-Q-+«R-+-;

Center of arc

2nd 1st rounding [
rounding R

P Line POINt X

Arc

Fig. 4.69 Continuous Rounding on Arc Ends (on Periphery)

(b) Multiple chamfering on arc ends (on periphery)

Example of Programming

Gllz X(U)...I...K...C...D...R...;

K
Center of arc
ist
2nd chamfering | f
chamfering U/ ?
R \ Start
c pointX
™" Line

Arc

Fig. 4.70 Multiple Chamfering on Arc Ends (on Periphery)
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(c) Continuous rounding on arc ends (on face)

Example of Programming

Gl12 Z(W)--<I1--+K--*P--+Q-++R-"*;

Start point

. L ol
Line K
~t

1st
rounding

1

Arc R ——

- 7

2nd rounding

Q
Fig. 4.71 Continuous Rounding on Arc Ends (on Face)

(d) Multiple chamfering on arc ends (on face)

Example of Programming

GII2 Z(W)y-++1++K+++C+++D-+ R+~

Start point
Li Kei |
ine
C T~ W

1st
chamfering

Arc

[ 7.

- 2nd chamfering

Fig. 4.72 Multiple Chamfering on Arc Ends (on Face)




(e) Addresses

The addressesindicated in Table 4.15 are used when designating multiple chamfer-
ing/rounding on arc ends.

Table 4.15 Addresses and Meaning

Address Meaning Input Increment Unit

X-coordinate of end point in multiple chamfer-
p p

X U) ing/rounding on arc ends (on periphery)

(U: Incremental amount from the start point)

Z-coordinate of end point in multiple chamfering/
Z (W) rounding on arc ends (on face)
(W: Incremental amount from the start point)

Distance along the X-axis from the center of arc

1 . 1 =0.001 mm
or start point or

K Distance along the Z-axis from the center of arc 1 =0.0001 inch
or start point (decimal point input

allowed)

R Radius of arc

P 1st rounding radius (unsigned)

Q 2nd rounding radius (unsigned)

C 1st chamfer size (unsigned)

D 2nd chamfer size (unsigned)
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(2) Defining the Shape

(a) Shapes in multiple chamfering/rounding on arc ends

How the shapes appearing in the multiple chamfering/rounding on arc ends func-

tion is defined is indicated in Table 4.16.

Table 4.16 Description of Shapes

Shape Description
. The line extending from the start point, and parallel to the Z-axis (arc on periph-
Line .
ery) or the X-axis (arc on face)
Arc The arc which has the center defined by I and K in reference to the start point.

1st chamfering

Chamfering executed at the corner made between the line ar:d the arc; the size of
chamfer is specified by C.

1st rounding

Rounding executed at the corner made between the line and the arc; the radius of
rounding is specified by P.

2nd chamfering

Chamfering executed at the corner made between the line defined by X (U),
which is parallel to the Z-axis (arc on periphery), or the one defined by Z (W),
which is paralle] to the X-axis (arc on face), and the arc; the size of chamfering
is specified by D.

2nd rounding

Rounding executed at the corner made between the line defined by X (U), which
is parallel to the Z-axis (arc on periphery), or the one defined by Z (W), which is
parallel to the X-axis (arc on face), and the arc in the manner that the rounding
arc is tangent to both elements; the radius of rounding is specified by Q.




(b) Arc cutting direction

The rotating direction for arc cutting is determined so that the arclies at the opposite
side to the center of arc in reference to the line drawn from the start point as shown

in Fig. 4.73.
Center of arc K
] |
\ Start
point
Start
point
R
l
+X  Center K
of arc \
et . +Z%
| ‘_J
Start
K point

K Center of arc
| R
Start
point

Start

point
R
|
K

Center of arc

é
|
K

Start
point K

i

Fig. 4.73  Arc Cutting Direction
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How the direction of rotation in arc cutting is determined in the NC s indicated in
Table 4.17.

Table 4.17 Commands and Arc Cutting Directions

Arc Cutting Direction
| and K Command Values
Arc on periphery Arc on face
120K20 Counterclockwise: CCW Clockwise: CW
(same as G03) (same as GO2)
120,K<0 Clockwise: CW Counterclockwise: CCW

I1<0.K =0 (same as G02) (same as G03)
1<0.K <0 Counterclockwise: CCW Clockwise: CW

’ {same as G03) {same as GO2)

The arc cutting direction indicated above can be reversed by specifying a negative
value for arc radius R as shown in Fig. 4.74.

Direction of arc cutting

when a positive value is
set for R
R i CCW: R>0,1<0,K<0

K

K | CWIR<0,|<O,K<O
R ;
+Z

Fig. 4.74 Arc Cutting Direction with a Negative R Value

+X




(c) Omission of addresses

Addresses X (U) and Z (W) are used to determine the arc location (on periph-
ery or on face). Therefore, they cannot be omitted even if the start and end
points are on the same position; specify “U0” or “W0”. Concerning other
addresses, how their omission is treated is indicated in Table 4.18.

Table 4.18 Omission of Addresses

Address Processing at Omission
I Equivalent of “I0”
K Equivalent to “K0”
R Equivalent to “R0” and causes an alarm.
p
Q Equivalent to “0” designation and chamfering/rounding is
C not executed.
D

(3) Examples of Programming
Example 1

(GO1 X100. Z-50. ;) « Line in broken line (preceding the arc)
G112 U0 110. K-50. P5. Q5. R30.;

(GOl Z-150.;) < Line in broken line (succeeding the arc)

-———— —150.

Fig. 4.75 Continuous Rounding on Arc Ends
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Example 2

(G01 X100. Z-50.5) < Line in broken line (preceding the arc)
G112 UO I10. K-50. C5. D5. R30.;

(GO1 Z-150. ;) < Line in broken line (succeeding the arc)

—-150. 50.

os o5 e—— -50.

- R30.
+X

+Z

Fig. 4.76 Multiple Chamfering on Arc Ends

(4) Supplements to Multiple Chamfering/Rounding on Arc Ends Function

¢ Itisnotallowed tospecify addresses M, S, and Tin the block containing G112.

* No other G codes may be specified in the G112 block. An error occursifa G
code is specified with G112 in the same block.

¢ The NC processes all operations to define the 1st and 2nd lines and the 1stand
2nd chamfering/rounding when it reads the G112 block into buffer. It could
take more than 500 msec depending on the shape to be defined. If the time
required for the axes to execute the commands in the preceding block is shorter
than the time required for the necessary operation, axis movement will be sus-
pended to impair the surface being machined. To prevent such suspension of
axis movement due to long operation time, place the NC in the buffering mode
(M93 mode) several blocks before the G112 block.

e If the G112 block is executed with the single block function ON, the move-
ments to the end point of the G112 block are divided into a maximum of 4
biocks.

» If G112 is specified in the finishing shape defining block for the multiple re-
petitive cycles G71 (OD stock removal cycle), G72 (face rough turning cycle),
and G73 (pattern repeating cycle), the G112 block is equivalent to five blocks.




¢ Alarms Caused by Incorrect G112 Command Designation

Table 4.19 Table of Alarms Caused by Incorrect G112 Command Designation

Alarm Code

Description

0285

M, S, and/or T code is specified in the G112 block.

0286

¢ X (U) or Z (W) is not specified.

¢ Both of X (U) and Z (W) are specified.

« R is not specified, or RO is specified.

I and K are not specified, or “0” is specified for both of I and K.
« Both P and C are specified.

* Both Q and D are specified.

0287

« Movement in the direction opposite to the direction from the start point to thg

center of arc
Center of arc K K
i
-~
St

point

» There is no point of intersection between arc and line.
Center
of arc K

———————— et —Q Start
point

« There is no point of intersection between arc and end point.
K ]

R ! K

u
2
-% R jl

¢ Chamfering specified by C is not possible.

Start
X point
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4.1.5 Hole-machining Canned Cycles (G80 to G89, (3831, G841, (3861) *

Hole-machining canned cycles (G80 to G89, G831, G841, G861) can define specific move-
ments for machining holes that usually require several blocks of commands by single-block
commands. Fourteen kinds of canned cycles are provided and G80 cancels the called out
canned cycle program.

(1) G Codes Calling Canned Cycles and Axis Movement Pattarns of Canned
Cycles

G codes that call out a canned cycle and the axis movement pattern of the called canned
cycle are indicated in Table 4.20.

Table 4.20 Hole-machining Canned Cycles

. Processing . I
G Code Axis Feed at Hole Bottom Retraction Applications
G80 - - - Cancel
G81 Cutting feed - Rapid traverse Drilling
G82 Cutting feed Dwell Rapid traverse Spot facing
G83 Intermittent feed - Rapid traverse Deep hole drilling
G831 Intermittent feed - Rapid traverse ngh_s}.je?d deep
hole drilling
Spindle reverse Cutting feed
G84 Cutting feed rotation after —+» Dwell — Spindle Tapping
dwell forward rotation
Spindle forward Cutting feed
G841 Cutting feed rotation after —» Dwell — Spindle Reverse tapping
dwell reverse rotation
G85 Cutting feed - Cutting feed Boring
Rapid traverse
G86 Cutting feed Spindle stop — Spindle forward Boring
rotation
. . . Rapid traverse
G861 Cutting feed Spindle indexing | _ 'spifr — Spindle Boring
—> Shift :
forward rotation
Spindle indexing
— Shift — Rapid P . Rapid traverse .
G87 traverse — Shift i)lélg:;tmdexmg —» Shift — Spindle Back boring
— Spindle forward forward rotation
rotation — Cutting feed




. Processing . I
G Code Axis Feed at Hole Bottom Retraction Applications
Spindle forward Manual return
G88 Cutting feed rotation after dwell | — Spindle forward Boring
rotation
G89 Cutting feed Dwell Cutting feed Boring

(2) Programming Format

— Designation of a plane (determination hole machining axis)

r—-—* G code calling up a canned cycle

G17G...X(Z)...C...Z(X)...Ri...P...
(G19) VW) H W O

| L
Length of dwell at hole bottom

Designation of R-point level coordinate value

Designation of hole-machining axis coordinate value

— Designation of hole machining point coordinate values

Q...L... F...;

T' Feedrate

- Number of repetitions

G83, G831: Cut-in depth
G861: Shift distance
G84, G841: Dwell time at R-point levei

The following four steps are executed as one cycle with the commands indicated above.
* Positioning at the hole machining position
* Rapid traverse to R-point level
* Hole machining up to the bottorn

* Return to R-point or initial point level

TERM? # Initial Point Level

The initial point level is the absolute position of the point where the hole machining axis is located when the
NCmode enters the canned cycle mode from the canned cycle cancel state. The initial point level is not changed
if a canned cycle is executed in the G199 (R-point level return) mode.
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(a) Addresses

* Positioning axes ¢ The hole machining position is specified by either
incremental or absolute values. The positioning
axes are those included in the selected plane.

* Hole machining axis : The position of the hole bottom is specified by
either an.absolute value or an incremental value
referenced to the R-point level. Axis move from
the R-point level to the hole bottom is controlled
in the GO1 mode using the feedrate specified by
an F code. With some types of canned cycles,
GO0 operation is included (interraittent feed, for
example). Return motion from the bottom of the
hole to the R-point level is controlled in the GOO
or GO1 mode according to the type of the canned
cycle. The hole machining axis is an axis not
included in the selected plane as shown in

"able 4.21.

Table 4.21 Plane Selection G Codes and Hole Machining Axes

G Code Selected Plane (Positioning Plane) Hole Machining Axis
G17 XY £z
G18 ZX A4
G19 YZ X

Note 1: Generally, the G18 plane is selected for normal machining carried out in a two-axis NC lathe. Before starting
a hole machining canned cycle, G17 or G19 must always be specified, and when canceling the hole machining
cycle the plane must be returned to the XZ plane by specifying G18.

2: The C-axis can be used as the positioning axis disregarding of the plane designaticn (G17 to G19).

3: Ina hole-machining canned cycle, if the selection of the plane and the designation of the hole machining axis
do not agree with each other while parameter setting is “pm4017 D6 = 17, an alarm occurs.




* R (hole machining feed start level) : The position of the R-point level is
specified by either an absolute or incre-
mental value. The feed axis is the hole
machining axis. Return operation from
the R-point level to the initial point
level is controlled in the GOO mode.
With the standard G code, the R-point
level is always specified by an absolute
value. If the X-axis is taken as the hole
machining axis, the unit system of the
hole machining axis is the same as se-
lected for the X-axis (diametric value
when pm1000 D1 = 0, and radial value
when pm1000 D1 = 1).

* L (number of repetitions) : The number of repetitions is specified
by address L. If designation of address
L is omitted, “L.1” is assumed. If “L =
07 is specified, only positioning at (X,
Z) is executed.

* P (dwell time) . The length of dwell at the bottom of
the hole is specified in units of 1 msec.
Designation of “P1.0” executes dwell
for 1 second. If address P is not desig-
nated, dwell is not executed.

* Q (depth of cut, shift amount) : Address Q is used to specify depth of
cut for G83 and G831 cycles and shift
amount for G861 and G87 cycles. An
unsigned incremental value is used; to
specify X-axis component, a radial val-
ue is used.

(3) Designation of Return Mode

Inthe execution of a hole-machining canned cycle, the return mode after the completion
of a cycle differs depending on which of the following G codes is specified.

G198 Returns to the initial point level.

G199 Returns to the R-point level.

These G codes are modal.
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(4) Table of Operation

Table 4.22 Table of Normal Hole-machining Canned Cycles

® Dwell
O Single-block stop

(G198 (Initial Point Level Return) Mode

G199 (R-point Level Return) Mode

@ ......... »O—————— |nitial point level

G81 : :
Drilling """ Rapid feed _i—‘ R-point level 5__ ————— R-point level
~— Cutting feed i '
: Hole bottom L Hole bottom
G82 @ -------- —0——— Initial point level @ --------- =0 —— Initial point level
Drllllng g——:*———— R-point level g——i—-—~ R-point level
Spot facing : { .
Dwell : Hole bottom Dwell &———————— Hole bottom
@-- ------ -0 ?—vlnitial point level @ """ >0 —— Initial paint level
a l‘ Y E i ; § R-paint level . 1S .‘ T ,A i ,‘ i ]I R-point level
B ERRRE l::;:;i 5
G83 e HIEEE te —i SRR i
Q A Q A EE
Deep hole drilling LB i . P i
Remaining } by Remaining Q b
distance tothe H }:5 distance tothe__ ¥ oo Ia
hole bottom ¥~ ; hole bottom ] !
‘ Hole bottom . ' Hole bottom
& Setting  G17: pm 0870 b Setting  G17: pm 0870
G18: pm 0871 G18: pm 0871
G19: pm 0872 G19: pm 0872

G831

High-speed deep
hole drilling

?.._ Initial point level

R-point level

| !
oy T
Q i
) oo de
Remaining s |
distance to the~Q__V ) E 1 )
hole bottom !
' Hole bottom
5. Setting G17: pm 0870
G18: pm 0871
G19: pm 0872

e,

e |nitial point levei

R-paint level
a i
. K
4 :
% 1
Remaining 4 E
distance to the @ § A;l P de
hole bottom ™7 i
; Hole bottom
6: Setting G17: pm 0870
G18: pm 0871
G19: pm 0872




Table 4.22 Table of Normal Hole-machining Canned Cycles (cont’d)

® Dwell
O Single-block stop

G198 (Initial Point Level Return) Mode

G199 (R-point Level Return) Mode

Initial point level
Spindle forward

3@

:

|
N

@ -------- O~ [njtjal point levei

Spindle forward

: . : _ Spin
; rotation after dwell rotation after dwell
G84 ; | S R-point level L --—--1‘&— R-point level
; /
Tapping i _ 1
Spindle reverse e Hole bottom Spindle revers Hole bottom
rotation after dwell rotation after dwelf
P : Dwell time at hole bottom P : Dwell time at hole bottom
Q: Dwell time at R-point level Q: Dwell time at R-point level
@ ........ .Qw__?m“_._ Initial point level @ -------- L e Initial point level
3 ' Spindle forward E Spindle forward
G841 &M-“.*.: rotatiorﬁ after dwell !u——— .~ rotation after dwell
) R-point level R-point level
Reverse tapping |
Spindle reverse Hole bottom Spindle reverse~—>1[—~#~~ -~ Hole bottom

rotation after dwell

P : Dwell time at hole bottom
Q: Dwell time at R-point level

rotation after dwell
P : Dwell time at hole bottom
Q: Dwell time at R-point level

D

Initial point level

@ """"" w-O—-——————— |njtial point level

G85 : 1
Boring i'""r‘*ﬁ‘ R-point level 5,*,, ——— R-point level
e ~————— Hole bottom -~ Hole bottom
Spindle forward
@ rotation [j
--------- QoG niitial point level TrTTTe O -—— |nitial point level
G86 ' . ' _ Spindle forward
g ' g rotation
Boring ! ‘:” - R-point ievel J*‘*‘— ~——— R-point level
Spindle stop "l weetere . Hole bottom Spindle stop » : Hole bottom

Note: For the spindle control, refer to (5) “Spindle Control in Hole-machining Canned Cycles”.
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Table 4.22 Table of Normal Hole-machining Canned Cycles (cont’d)

® Dwell
O Single-block stop

G198 (Initial Point Level Return) Mode

G199 (R-point Level Return) Mode

Spindle forward rotation

: """"" ’é‘“ ----- — |nitial point level

@ ....... +»0-———————-— |pitial point level

E Spindle forward rotation

<!~ e R-point level A~ R-point level
G861 ' ;
(constant shift) Spi . ; 1 : . . . '
pindie orientation R Spindle orientation ¢———' . Hole bottom
after dwell = Hole bottom after dwell
Borin
Q Q
Q: Shift distance (unsigned incrementai value) Q: Shift distance (unsigned incremental value)
Shifting feedrate: pm2864 Shifting feedrate: pm2864
Shifting direction: pm4028 Shifting direction: pm4028
Dwell time: P command Dwell time: P command
] l Spindle forward rotation I
--------- "’?C—_—:"' Initial point level ---e----O—————— |nitial point level
!' : ) 8 Spindle torward rotation
:~-—-R-pomt fevel ¢—=> ——— R-point level
Spindle orientation i : Hole bottom Spindle orientation i E
G861 after dwell c==== ——— Hole bottom
. . after dwell
(variable shift)
e g
Boring
Q : Shift distance (specified by i, j, and k) Q : Shift distance (specified by i, j, and k)
G17:Byiandj G17:Byiandj
Gi18:Bykandi Gi8:Bykandi
G19: By jand k G19: By jand k

i : X-axis incremental value (signed) (radial value)
j © Y-axis incremental value (signed)

k : Z-axis incremental value (signed)

Shifting feedrate: pm2864

Dwell time: P command

. X-axis incremental value (signed) (radial value)
i : Y-axis incremental value (signed)

k : Z-axis incremental value (signed)

Shifting feedrate: pm2864

Dwell time: P command




Table 4.22 Table of Normal Hole-machining Canned Cycles (cont’d)

@® Dwell
O Single-block stop

G198 (Initial Point Level Return) Mode

G199 (R-point Level Return) Mode

G87

Spindle index and stop

@ ........ »oé ——— Initial point level

),.‘—_—3

Spindle forward rotation

i X-axis incremental value (signed) (radial value)
i : Y-axis incremental value (signed)

k . Z-axis incremental value (signed)

Shifting feedrate: pm2864

Spindle index —— Hole bottom
i d st
(constant shift) and stop Not used
Back boring :! """"""" R-point level
Spindle forward
rotation |
Q
Q: Shifting distance (unsigned incremental value)
Shifting feedrate: pm2864
Shifting direction: pm4028
Sp/indle index and stop
@ -------- (:::()‘ , ————Initial pcint level
=
A
Spindie forward rotation :
Spindle index . ===} | ——-Hole bottom
and stop i
G87 :
i i -——-R-point level
(variable shift) =20 point leve Not used
) Spindle forward
Back boring rotation ]4-(;»1
Q : Shift distance (specified by i, j, and k)
G17:Byiandj
G18:Bykandi
G19: By jand k
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Table 4.22 Table of Normal Hole-machining Canned Cycles (cont’d)

® Duwell
O Single-block stop

G198 (Initial Point Level Return) Mode

G199 (R-point Level Return) Mode

Spindle forward

@ rotation
......... -o0——o~ Initial point level
L

G88 : . Spindle forward
' -~ rotation
Boring S R-point level g———?é* R-point level
l «— Manual feed . 1 é"_—‘" Manual feed
Spindle stop __ .. Hole bottom Spindle stop g Hole bottom
after dwell after dwell
@ ------- _,?m? Initial point level @ -------- 0 Initial point level
G89 : . E
Boring S-M'r——-— R-point level g—w ————- R-point level
Dwell i_ Hole bottom Dwell lﬂ_ - Hole bottom

(5) Spindle Control in Hole-machining Canned Cycles

(a) Tapping cycle (G84) and Reverse tapping cycle (G841)

Table 4.23 Spindle Control in Tapping and Reverse Tapping Cycles

G84

G841

(Spindle stop)
Bottom of hole

Spindle reverse rotation

(Spindle stop)

Spindle forward rctation

(Spindle stop)
Retraction

Spindle forward rotation

(Spindle stop)

Spindle reverse rotation




For the control of the spindle, a value is set for the parameters indicated in
Table 4.24 and the set value is output as an M code.

Table 4.24 Spindle Control Parameters for Tapping and Reverse Tapping

Cycles
Parameter Default M Code (No Parameter Setting)
Spindle start (forward) pm 4430 MO03
Spindle start (reverse) pm 4431 MO04
Spindle stop pm 4432 MO5

When changing the spindle rotating direction from forward to reverse or from re-
verse to forward, whether the spindle is stopped once or the direction of rotation
is changed directly without stopping the spindle is selected by the setting for the
following parameter.

pm4016 D3 =0 Spindle stop M code is not output.

pm4016 D3 =1 Spindle stop M code is output.

(b) Boring cycle (G86)

Table 4.25 Spindle Control in Boring Cycle

G86
Bottom of hole Spindle stop
Retraction Spindle forward rotation

Note: The parameters used to output the spindle control M codes are the same as indicated in Table 4.24.

(c) Boring cycle (G861) and back boring cycle (G87)

Table 4.26 Spindle Control in Boring and Back Boring Cycles

G861 G87
Initial point level - Spindle index and stop
R-point level - Spindle forward rotation
Bottom of hole Spindle index and stop Spindle index and stop
Retraction Spindle forward rotation Spindle forward rotation

Note: The M code for spindle forward rotation is the same as indicated in Table 4.24.
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For the parameter used to set the spindle index and stop M code, the following pa-
rameter is used.

Table 4.27 Spindle index and Stop Parameter

Parameter Default M Code (No Farameter Setting)

Spindle index and stop pm 4445 M19

(6) C-axis Clamp/Unclamp

It is possible to clamp the C-axis during hole machining. By setting “1” for parameter
pm4017 D4 (parameter pm4017 D4 = 1), the C-axis clamp/unclamp M codes which are
set for the parameters indicated below are output at the positions shown in Fig. 4.77.
Itis also possible to execute dwell after clamping the C-axis by the seting for the setting
parameter indicated below.
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Fig. 4.77 C-axis Clamp/Unclamp

Table 4.28 Parameters Used for C-axis Clamp/Clamp Setting

Parameter Default (No Parameter Setting)
Clamp M code pm 4439 No default value is set.
Unclamp M code pm 4440 Always set these parameters.
Dwell time after clamp pm 0400
pm 4017 D4
C-axis is clamped/not clamped 0: C-axis is not clamped

1: C-axis is clamped




(7) Shift in Boring (G861) and Back Boring (G87) Cycles

(a) Direction of shift in G861/G87 (when Q command is used)

Specity the shift amount with a Q command and set the direction of shift for

parameter pm4028.
Table 4.29 Direction of Shift and Parameters
) - . Shift Direction .
Plane Selection | Hole Machining Axis Setting Parameter Description
D1 DO
0 0 +X
G17 Z-axis pm4028 D1, DO 0 1 -X
1 0 +Y
1 1 -Y
D3 D2
a 0 +Z
G18 Y-axis pm4028 D3, D2 0 1 -7
1 0 +X
1 1 -X
D5 D4
0 0 +Y
G19 X-axis pmd028 D5, D4 0 1 ~-Y
1 0 +Z
1 1 -7

(b) Direction of shift for Ci861/G87 cycle (designation by |, J, and K)

It is possible to specify the shift in linear interpolation by using I, J, and K.
The shift amount is specified in the following manner according to the plane
selected for the operation.

G17 (XY plane) Specify with I and J.

G18 (ZX plane) Specify with K and 1.

G19 (YZ plane) Specity with J and K.

I : X-axis incremental value (signed) (radius value)
J 1 Y-axis incremental value (signed)

K : Z-axis incremental value (signed)

The shift speed is set for parameter pm2864 in either case (a) or (b).

(G17) X -~

o Lo R JTovs

Shift amount




4.1 PROGRAM SUPPORT FUNCTIONS (1)

(8) Supplements to Hole-machining Canned Cycles

¢ G codesthat call up a hole-machining canned cycle (G81 to (G89, G831, G841,
and G861) are modal and once specified, the specified G code remains valid
until another G code in the same G code group, a G code in 01 group, or G80
is specified.

¢ The hole machining data are modal while a hole-machining canned cycle
mode remains valid. It is possible to call up a new hole-rachining canned
cycle while in the hole-machining canned cycle mode previously set up. If ad-
dress data to be used for the execution of a newly called hole-machining
canned cycle are omitted, the modal data specified in the previous blocks are
used.

* When the program is written using incremental commands, the bottom of the
hole tobe machined is defined by the distance referenced from the R-pointlev-
el. If the R-point level is changed during the execution of a hole-machining
canned cycle, the bottom of the hole is defined in reference to the new R-point
level. Therefore, to prevent an error, always specify both the R-point level and
the bottom of the hole.

* The L command that specifies how many times the hole-raachining canned
cycle should be repeated is non-modal. However, there is a case that the speci-
fied L commandis saved temporarily as indicated below. Note that the L.com-
mand remains valid until it is actually executed.

Example of Programming
G81 U10. R-20. Z-30. F100;

L3; The hole-machining canned cycle is not executed since none of
X (U), Z (W), C(H), Y (V), and R are specified.
X20.; The G81 cycle is executed three times as specified by “L.3”

which has been saved. After the completion of the cycle, “L3”
is cleared.

» Before starting a hole-machining canned cycle, the spindlz must have been
started in the automatic operation by executing M0O3 or M04. Never start a
hole-machining canned cycle after starting the spindle manually.

» Before entering the hole-machining canned cycle mode, define the R-point
level (hole bottom) newly by specifying the bottom of the hole. Note that the
R-point level data are cleared when the hole-machining canned cycle mode is
canceled.




To execute a hole-machining canned cycle after changing the address data, the
block in which the new address data are specified must include any of the fol-
lowing addresses: X (U), Z (W), C (H), Y (V), and R. The hole-machining
canned cycle is not executed unless any of these addresses is specified.

It M, S, and/or T code is specified in the block where a hole-machining canned
cycle commands are specified, the specified codes are output at the first posi-
tioning operation. They are also output in the first positioning operation if “L”
is specified. Therefore, these codes must be specified independently.

If following G codes are specified in the hole-machining canned cycle mode,
alarm “0170” occurs. The hole machining canned cycle mode must be can-
celed before specifying these G codes.

G codes in * group, excluding G04
- G codes (G41, G42) that call up the nose R offset mode.

In the hole-machining canned cycle mode, it is possible to call a subprogram
by specifying the subprogram call command (M98). The hole-machining
canned cycle can be continuously executed in the called subprogram. In this
case, although the P command (dwell time) for the hole-machining canned
cycle is temporarily destroyed by the P command (jump destination program
number) specified with M98, the previous P command value is automatically
recovered after the jump to the specified subprogram.

The restrictions on M98, such as the maximum four nesting levels and the
command input function from punched tape, are the same as applied to M98
in other than the hole-machining canned cycle mode.

An alarm occurs if the hole-machining canned cycle G code and M98 are spe-
cified in the same block.

The hole-machining canned cycle mode is canceled when G80 or a G code in
01 group is specified.

IfaGcodein 01 groupis specified with a G code that callsup ahole-machining
canned cycle in the same block, alarm “0170” occurs. Note that if G80 is spe-
cified with a G code in 01 group in the same block, an alarm does not occur
but the specified commands are executed normally.
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¢ If a hole-machining canned cycle is executed with the SINGLE BLOCK
switch set ON, the operation is suspended at the timing indicated below and
the FEED HOLD lamp on the machine operation panel lights. The single
block stop at the completion of a hole-machining canned cycle is the same as
the single block stop in other than a hole-machining canned cycle; the FEED
HOLD lamp does not go on.

- After the completion of positioning at the specified point
- After the completion of positioning at the R-point level
- After the completion of one cycle if an L command is specified

* In the hole-machining canned cycle mode, it is possible to insert the dwell
(G04) command block, that contains only dwell command. In this case, the
specified dwell is executed normally.

e The F command specified as a hole-machining canned cycle command re-
mains valid even after the cancellation of the hole-machining canned cycle.

* Ifaddresssearchoperationisattempted by suspending (block stop) a hole-ma-
chining canned cycle, it causes an alarm. Address search during block stop,
which is specified in a program, is allowed. If the called hole-machining
canned cycle is executed more than one time for one block of commands in
aprogram (L. command designation), address search at the completion of each
cycle causes an alarm.




4.2 PROGRAM SUPPORT FUNCTIONS (2)

4.2.1 Solid Tap Function (G84, G841) *

The solid tapping function executes tapping by synchronizing the feed of the hole machining
axis with the rotation of the rotary tool spindle. If tapping is executed by using this function,
a floating chuck is not necessary any more and, at the same time, accurate tapping is made
possible at a high speed.

(1) Commands Used for Solid Tap Cycle
To execute solid tapping, change the mode to the solid tap mode and then specify the
solid tap cycle.
(@) Solid tap mode commands

The following G codes are provided to determine which of the tapping mode is
called up, solid tap or conventional tapping cycle. These G codes are modal.
When the power is turned ON or the NC is reset, G94 mode is set.

* Solid tap mode command (G93)

Once G93 is executed, the tapping cycle commands (G84/G74) are executed
in the solid tap mode. In this mode, Z-axis feed is controlled in the “feed per
revolution” mode. In the solid tap mode, no machining other than solid tap-
ping is allowed.

¢ Solid tap mode cancel command (G98, G99)

The solid tap mode is canceled and the conventional tapping mode is called
up. Once G94 is executed, tapping cycles are executed in the conventional
mode, in which the Z-axis feed is controlled in the “feed per minute” mode.
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(b) Programming for the solid tap cycle

After executing G93, solid tapping is enabled by specifying the commands indi-
cated below.
* Programming for tapping cycle
r G code calling up a tapping cycle

G84 XUyt - C(H)t - Z(W)x-+ Rt-- P )F(E) - (S )L ");
— 1 T i i e S

Number of
repetitions

Spindle
speed
— Tap pitch (mm/rev)

— Dwell tirme at the hole bottom

--— R-point level coordinate value
(absolute command)

—— Designation of hole position and hole bottom lavel
(U, H, and W: incremental command)

* Programming for reverse tapping cycle
r G code calling up reverse tapping cycle

G841 X(U)t -+ C(H)£-- Z(W)x-- Rt (P--)F(E)* (S *)(L-")
(2) Part Program Using Solid Tap Commands

(a) M** command

This command selects the gear range used for solid tap cycle. 1f no such M code
is specified, A gear is selected.

(b) G93 command

When the G93 command is executed, the spindle stops and the solid tap mode is
established with the position loop set for the control of the spindle.

Itis also possible to execute spindle indexing to position the spindle at a fixed posi-
tion before establishing the solid tap mode after the spindle has been stopped. To
execute spindle indexing, change the setting for parameter (pm1053 D2 =1). Note
that spindle indexing to the fixed position is possible only when the spindle and the
spindle PG rotate at a 1 : 1 ratio.

The solid tap mode is canceled by G84 (or G841).




(c) G84 (G841) command

How the tapping cycle is executed in the solid tap mode is described below.

@
: ....... mmwamman -—(1) tnitial point level

@, ‘
I R-point level
o ™ o
® ®
Z-point level

®

Fig. 4.78 Tapping Cycle Executed in the G84 (G841) Mode

(1 Positioning at the position specified by X and Z
(@ Positioning at the R-point level

(® Spindie rotating in the forward direction, and cutting to the hole bottom (Z-point
level) at the specified feedrate (spindle rotating in the reverse direction if G841 is
specified).

(At the start of this block, the number of servo lag pulses is checked for the spindle
and the Z-axis whether it is within the allowable number: error detect ON)

Spindle stop (the number of servo lag pulses is checked for the spindle.)

Dwell (if P command is specified.)

Spindle rotating in the reverse direction, and cutting to the R-point level at the spe-
cified feedrate

Spindle stop

®Q @06

Positioning at the initial point level (in the G198 mode)
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(3) Example of Programming and Description of Operation

Example of Programming

Nl G17; «ovvn... @

N2 G93; ........ )

N3 G84 (or G841) X100. C10. Z-20. R-10. F1 S3000; ... ... ©)
N4 G20.5 ........ @

Operation

Hole machining axis

Solid tap mode ON (spindle positioning mode ON)

Tapping in the solid tap mode at (100., 10.) in 1 mm pitches.
Tapping in the solid tap mode at (100., 20.) in 1 mm pitches.
Tapping in the solid tap mode at (150., 20.) in 1 mm pitches.

Canceling the canned cycle

ONONONONONONC

Solid tap mode OFF, mm/rev mode designation




(4) Relationship between the Solid Tap and Other Operation

(@)

Dry run

Whether the solid tap cycle or the conventional tapping should be executed when
(93 is executed with the DRY RUN switch ON can be selected by the setting for
a parameter.

pm4016 D6 =0 Conventional tapping cycle

pm4016 D6 =1 Solid tap cycle

If a tapping cycle is called up with the setting of “pm4016 D6 = 07, the cycle is
executed in the following manner.

If G93 is executed with the DRY RUN switch set ON, G93 is invalid and the
(G84/G841 command called up in the solid tap mode is processed as the G84/G841
command called up in the conventional tapping mode. The feedrate for this opera-
tion is determined by the setting of the JOG switch. Once the solid tap mode is en-
tered with the DRY RUN switch ON, the G84/G841 command is processed as if
the command were called up in the conventional tapping mode even if the DRY
RUN switch setting is changed from ON to OFF during the execution of the cycle.
Therefore, the spindle does not start even when G93 is executed.

For the execution of the G93 block, whether the DRY RUN switch is ON or not is
judged when the G93 code is read. Usually, this state is determined while the com-
mands in the preceding block are executed. Therefore, when G93 is operated with
DRY RUN ON for program check, etc., be sure that the DRY RUN switch is ON
from the beginning and do not change it before completion.

MST function lock

I£ G93 is executed with the MST FUNCTION LOCK switch set ON, G93 is invalid
and the G84/G841 cycle is executed as the conventional tapping cycle. Note that
teedrate command is executed in the feed per revolution mode and thus the spindle
position is not controlled.

Whether the solid tap cycle is executed with the MST function lock state or not is
judged when the G93 code is read. Therefore, if the G93 program should be
checked in the MST function lock state, the MST LOCK switch must be set ON
from the beginning of operation so that it will not be turned ON during the opera-
tion.
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(©

(d)

(9)

Machine lock

If tapping cycle is executed in the solid tap mode with the MACHINE LOCK
switch set ON, although the spindle rotates, Z-axis does not move but only the posi-
tion data are updated.

Feedrate override and spindle override

During tapping cycle in the solid tap mode (G84 or G74), feed override is fixed at
100%. Note that override for rapid traverse is valid. Concerning the spindle over-
ride, the value set for parameter pm4017 D2 is used; the parameter setting is read
when the solid tap commands are read and the spindle override is clamped at this
value during solid tapping.

Feed hold
During tapping cycle in the solid tap mode, feed hold is invalid. Ifthe FEED HOLD

button on the machine operation panel is pressed during tapping in the solid tap
mode, tapping is executed up to the point-R level and stops there.

Mode change

During tapping cycle in the solid tap mode, mode change is invalid.

Program re-start

If the program is restarted from a block in the solid tap mode, G93 is not executed.
Therefore, to restart a program from a block in the solid tap mcde, it is necessary
to enter and execute G93 in the MDI mode.




(5) Supplements to the Solid Tap Function

In the G93 block, only S, F, and N codes can be specified. If other commands
are specified in the G93 block, alarm “0250” occurs.

In the G93 mode, an S code is processed as the S command for solid tap opera-
tion.

In the G93 mode, only G codes indicated below can be specified. If a G code
not indicated below is specified, alarm “0250” occurs. Concerning GO01, al-
though it can be specified in the G93 mode, axis move commands cannot be
specified.

G codes that can be specified in the G93 mode
G90, GO1, GO4, G70, G71, G72, G74, G8O, G84, G90, G91, GI8, G99

Spindle indexing called in the G93 mode is the indexing to the fixed position
in reference to the zero point pulse (C-axis) that is output from the spindle PG.

To specify G98/G99 after the completion of solid tap, make sure to cancel the
canned cycle by specifying G80.

When G98/G99 is specified after the completion of solid tap, an F command
value is reset to “0”. Make sure to specify an F command when a program in-
cluding cutting feed is specified after the designation of G98/G99.

Solid tapping is executed by the combination of the control of the spindle and
the hole machining axis. Two combinations of the spindle and the hole ma-
chining axis can be set using parameters (pm1240 to pm1243). If the solid tap
command is specified for the axis not set for the parameters, alarm “0161 oc-
curs.

F values are displayed in the order they are specified in a program. To change
the display, it is necessary to specify the F value again.

For the parameter where the spindle speed that corresponds to the 10 V com-
mand is set in the gear range used for solid tap, make sure to set a value larger
than the value set for the parameter where the allowable maximum spindle
speed for solid tap is set.

Example: pm1415 = 3200, pm1416 = 3000
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(6) Functions Related to Solid Tap
If the options related to the solid tap function are selected, the following functions are
added or modified.
(a) Display of synchronization error in solid tapping

¢ While in the solid tap mode, the servo lag error display screen displays the fol-
lowing data.

X-axis ... Spindle servo lag error

Z-axis . . .. Synchronization error between the spindle and the hole machin-
ing axis

C-axis . ... Hole machining servo lag error

Note that the names of axes displayed on the screen vary depending on the ma-
chine configuration.

 If“pm4015 D6 = 17, it is possible to display the peak value of the number of
synchronization error pulses for the spindle and the hole machining axis. (X-
axis: Positive peak value; C-axis: Negative peak value)

Note that the names of axes displayed on the screen vary depending on the ma-
chine configuration.

(b) Error detect in the solid tap mode

By setting “1” for parameter pm4015 DS, it is possible to set the error detect OFF
mode for rapid traverse (X- , Z-axis positioning) during solid tap.

By this setting, cycle time can be reduced. In this case, the program must be made
carefully since the program advances to the Z-axis block immediately after the
completion of pulse distribution for the positioning of the X-axis.

(c) High-speed return speed in solid tap

* Bysettinganumeral “n” for parameter pm1252, the cutting speed is controlled
during solid tap so that the feedrate in the return motion will be “n” times (0.1
= n = 25.5) the feedrate applied in the cutting motion.

pm1252 Programmable range: 0 to 255
Setting: 1=0.1times (If “pm1252 = 0”, setting of
“1” is equivalent to 1 time.)

* For spindle speed, the value of “S command value X multiplication ratio” is
clamped at the maximum speed for solid tap.
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(d) Alarm code

Table 4.30 List of Alarm

Alarm Code Description Causes
0250 A command not * In the G93 block, a command other than G93, S, F, and N is
allowed in the specified.
solid tap mode * G93 is specified in other than the GOO or GO1 mode estab-
lished by the 01-group G code.
» A G code not allowed in the G93 mode is specified.
2191 Solid tap input/ * When solid tap operation is executed, the position control loop

output error

is not established for the spindle.
* When spindle indexing is executed, SLPC is turned OFF be-
fore the completion of indexing.

(7) Parameters Related to Solid Tap Function

Table 4.31 List of Parameters
ltem Parameter Setting and Setting Range
Spindle PG mounting position pmi039 :+ 1stspindle D1,D2 =1, 0: Spindle side
pm1040 : 2nd spindle =0, 1 : Motor side
Spindle feedback multiplication | pm1053 : 1lstspindle D1,D0 =0,0: x1
ratio setting pm1054 : 2nd spindle =0,1: %2
=1,0: x4
=1,0: X8
Spindle encoder type pm1091 : lstspindle Setting 21
pm1092 : 2nd spindle 1024 pulses INC
(for spindle)
Spindle index check timer pm1220 : 1st spindle Setting 1=4ms
pm1221 : 2nd spindle Range 1-255
Spindle speed for checking pm1225 : 1st spindle Setting 1 r/min
spindle stop after indexing pm1226 : 2nd spindle Range 1-255
Solid tap execution axis pm1240 : Spindle number for solid tap (1) Spindle 1,2
pm1241 : Servo axis number for solid tap (1) Servoaxis 1-5
pm1242 : Spindle number for solid tap (2)
pm1243 : Servo axis number for solid tap (2)
Solid tap return speed multiplica- | pm1252 : Solid tap (1) Setting 1=0.1 time
tion ratio setting pm1253 : Solid tap (2) (0 =1 time)
Range 0-255
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Table 4.13 List of Parameters (cont'd)

Setting and Setting

Item Parameter Range
Spindle speed for command volt- | pm1415 : 1st spindle Setting 1 = 1r/min
age of 10 V with the gear used pm1435 : 2nd spindle Range 1-32767
for solid tap
Maximum spindle speed for sol- | pm1416 : 1st spindle Setting 1 =1r/min
id tap pm1436 : 2nd spindle Range 1-32767
Spindle position loop gain for pm1417 : 1st spindle Setting 1=0.01(1/5s)
solid tap pm1437 : 2nd spindle Range 1-32767
In-position width for solid tap pm1500 : Solid tap (1) Setting 1 =1 pulse
servo axis to be accelerated to pm1501 - Solid tap (2) Range 1-32767
the target point
Solid tap synchronization com- pm1502 : Solid tap (1) Range 32767 - 32727
pensation parameter (k1) pm1504 : Solid tap (2)
Solid tap synchronization com- pm1503 : Solid tap (1) Range 32767 - 32727
pensation parameter (k2) pm1505 : Solid tap (2)
Spindle gear ratio for solid tap- pm1510 ¢ 1st spindle gear A: Number of teeth at the spindle Setting 1 =1 tooth
ping side Range 0-32768
pm1511 : 1st spindle gear A: Number of teeth of intermediate
gear (spindle)
pm1512 : 1stspindle gear A: Number of teeth of intermediate
gear (motor)
pm1513 : 1st spindle gear A: Number of teeth at the motor
side
pml514 : 1st spindle gear B: Number of teeth at the spindle
side
pml515 : 1st spindle gear B: Number of teeth of intermediate
gear (spindle)
pm1516 : 1st spindle gear B: Number of teeth of intermediate
gear (motor)
pm1517 : 1st spindle gear B: Number of teeth at the motor
side
pml1518to : For 2nd spindle
pm1525
Linear pattern spindle accelera- pm2471 : 1st spindle Setting  1=1ms
tion/deceleration time constant pm2472 : 2nd spindle Range 0-32767
for solid tapping
ON/OFF of GOO error detect dur- | pm4015 D5 : 0 = Error detect ON Setting 0,1
ing solid tapping : 1 = Error detect OFF
Display of synchronization error | pm4015 D6 : 0 = Peak value is not displayed. Setting 0,1
peak value between spindle and : 1 =Peak value is displayed.
hole machining axis during sold
tapping
Spindle override clamp in tap- pm4017 D2 : 0 =Fixed at 100% Setting 0,1

ping cycle

: 1 =Fixed at the value read first
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4.2.2 Programmable Data Input (G10) *

By using the commands of “G10 P- - - X(U)- - + Z(W)- -+ R- -+ C ;”, itis possible to
write and update the tool offset amount using a part program. If an address is omitted in the
designation of data input block, the offset amounts for the omitted addresses remain un-

changed.
Table 4.32 Description of Addresses
Address Description
P Specifies the tool offset number.
>Z( Updates the present offset amount to the specified value.
\I:, Adds the specified value to the present offset amount.
R Updates the nose R offset amount to the specified value.
C Tool nose control point data

Example of Programming

G10 P16 X32.5 W0.05;
_I——_ Adds 0.05 mm to the offset amount of Z-axis.

Updates the present offset amount of X-axis to 32.5 mm.

Declares that the following data are reflected to tool offset
number “16”.

(1) Tape Format

Punch the tape in the format indicated above. Offset data of different offset numbers
can be stored to the offset memory at a time.

Label
% ;
Gop---X--+-Z---R ;
Glop---X---17 R«
Gljop---X--+Z- R+
%
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(2) Setting the Workpiece Coordinate System Shift Data

With the commands of “G10 P00 X(U) --- Z(W)--- C(H) --- 7, itis possible to
write and update the workpiece coordinate system shift data using a part program. If
an address is omitted in the designation of data input block, the offset amounts for the
omitted addresses remain unchanged.

X, ZC :  Absolute setting data of the workpiece coordinate system shift amount

U, W, H . Incremental setting data of the workpiece coordinate system shift amount
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4.2.3 Subprogram Call Up Function (M98, M99)

This function can be used when subprograms are stored in the part program memory. Sub-
programs registered to the memory with program numbers assigned can be called up and
executed as many times as required.

The created subprograms should be stored in the part program memory before they are called
up.

O e > ~——— Program number

M99 ; ~———— End of subprogram

(1) Commands
The M codes indicated in Table 4.33 are used.

Table 4.33 Subprogram Call M Code

M Code Function
M98 Subprogram call up
M99 End of subprogram

(a) Subprogram call (M98)

* By specitying “M938P - - L - - - ; 7, the subprogram of the program number
that is specified by P is called up and executed by the number specified by L.
If L is omitted, the subprogram is executed once. If the specified program
number is not found, alarm “0390” occurs.

* Nesting of subprograms is possible - the allowable nesting level is four. If the
nesting level exceeds this limit, an alarm occurs.

* By specifying “M98P - - -L +--Q - -+ ; ” the subprogram specified by the
P command is executed from the block specified by the Q command. A se-
quence number must be specified by a numeral of up to five digits.
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(b) End of Subprogram Code (M99)

At the end of a subprogram, M99 must be specified in a block without other com-
mands.. Upon execution of M99, the program automatically returns to the block
in the main program next to the one where the subprogram has been called up.
Fig. 4.79 shows how a subprogram called up from the main program is executed.

Example of Programming

Main Program Subprogram
0100 ;
N1GOO «-- ; /-F']':“'l 0200;
N2 M98 P200 Q3 L2; drT 0 Ny
N3 --- S tON2 .-
-, t ’
N4 M98 P200; , ; N3 -+
NS -+ —-y \ .
. ’ -~ \ t
——— \\ ‘\
\ Y A .
\
\"“‘T:.._: N20 M99 ;
15t 2nd
timetime

Fig. 4.79 Execution of A Subprogram

* By specifying “M99P - - - - - ; 7, the program returns to the block specified
by the P command in the main program instead of the block next to the one
where the subprogram has been called up.

o If M99 is specified in a main program, the program returns to the beginning
of that main program and the program is repeatedly executed.
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4.2.4 Stored Stroke Limit B (G36 to G39)

The stored stroke limit function checks whether the present position of axes operated manu-
ally or automatically enters the stored stroke limit (entry prohibited area) which is set by G36
to G39. The No. 2 to No. 5 entry prohibited area is called the stored stroke limit B. If an axis
has entered the stroke end limit, operation is stopped and alarm occurs.

(1) Programming Format
* G36 U --Wr++ 1= K-+- (P--*) ;

By setting 3, 4, and 5, No. 3to No. 5
entry prohibited areas can also be set.

Coordinate value of point D

Coordinate value of point C

With the commands indicated above, the function checks the entry of axes into
the entry prohibited area No. 2.

* The commands of “G37 (P - +);” cancel the function to check entry into the
prohibited area No. 2.
No. 2 entry prohibited area

v s oo EOW cuUw

/ . V77
] . )

7 S

D (I, Ky ’ 7 DK
The entry prohibited area is The entry prohibited area is
defined outside the boundary defined inside the boundary

Fig. 4.80 Stored Stroke Limit B
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Coordinate value of point F

Coordinate value of point E

With the commands indicated above, the function checks the entry of axes into
the entry prohibited area No. 3.

* The command of “G39;” cancels the function to check entry into the prohib-
ited area No. 3.

No.3 entry prohibited area
EUW E U W)
7 (L L L L L //

2
F(,K F LK)

The entry prohibited area is The entry prohibited area is
defined outside the boundary defined inside the boundary

SNNNNNNN

Fig. 4.81 Stored Stroke Limit B
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(@) Setting the boundary and area

The parameter numbers used for area designation of stored stroke limit B are indi-
cated in Table 4.34.

Table 4.34 Parameter Numbers Used for Area Designation

Check Axis No.
Boundary
No. 1 No. 2 No. 3
No. 2 prohibited area (+): C point pmO0831 pm0832 pm0833
No. 2 prohibited area (~): D point pm0834 pm0835 pm0836
No. 3 prohibited area (+): E point pm0837 pmO838 pm0839
No. 3 prohibited area (-): F point pm0840 pm0841 pm0842
No. 4 prohibited area (+) pm0843 pm0844 pm0845
No. 4 prohibited area (=) pm0846 pm0847 pm0848
No. 5 prohibited area (+) pm0849 pm0850 pm0851
No. 5 prohibited area (-) pm0852 pm0853 pm0854

Itis possible to define the entry prohibited areas so that they overlap partially with
each other by setting the corresponding parameter.

£/
\\/// 7

e

Note: Points Dand Eset the positive (+)side boundary and those D and F the negative (-} side boundary in the machine
coordinate system.

Cc

F

Fig. 4.82 Overlapping of Entry Prohibited Areas
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(b) Designation of check axes

The axes for which stored stroke limit B (No. 2 to No. 5 entry prohibited areas) is
checked is designated by using parameters (maximum of three axes).

Table 4.35 Stored Stroke Limit Check Axis Numbers for No. 2 to No. 5 Entry

Prohibit Areas
Stroke Limit Check Axis No. (Note)

Check Area

No. 1 No. 2 No. 3

No. 2 entry prohibited area pm6111 pm6112 pm6113
No. 3 entry prohibited area pmoll4 pm6115 pm6116
No. 4 entry prohibited area pm6117 pmé6118 pm6119
No. 5 entry prohibited area pm6120 pm6121 pm6122

Note: Setting: 1 = X-axis, 2 = Z-axis

(c) Parameters used for setting the entry prohibited area outside/inside of the
boundary

Table 4.36 indicates the parameter numbers used for setting the entry prohibited
area outside or inside the boundary.

Table 4.36 Outside/Inside Designation of Entry Prohibited Area
(No. 2to No. 5)

Check Area Parameter No. Description
No. 2 entry prohibited area pm0008 D4
No. 3 entry prohibited area pm0008 DS 0: Inside the specified area
No. 4 entry prohibited area pm0008 D6 L Outside the specified area
No. 5 entry prohibited area pm0008 D7
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(d) Turning ON/OFF the Stored Stroke Limit Check

Whether or not the entry to No. 2 to No. 5 entry prohibited area should be checked
(stored stroke limit B) can be designated by the setting of setting parameters.

Table 4.37 Turning ON/OFF the Stored Stroke Limit B

Check Area Parameter No. Description
No. 2 entry prohibited area prn0008 DO
No. 3 entry prohibited area pm0008 D1 0: Invalid (OFF)
No. 4 entry prohibited area pm0008 D2 1. Valid (ON)
No. § entry prohibited area pm0008 D3

When a G code (G36 to G39) is specified, the setting for these setting parameters
is automatically changed. Therefore, the ON or OFF state that is specified last by
either the G code or the setting for the setting parameters becomes valid. Concern-
ing the No. 1 entry prohibited area, the check is always ON.

¢ For the coordinate values of the points that define the boundaries, always use
the absolute value in the machine coordinate system. That is the distance [1
= least output (movement) increment] from the first reference point should be
written. Therefore, the stored stoke limit check function is not made valid un-
less the manual or automatic reference point return is executed after turning
the power ON.

» Upon completion of the first manual or automatic reference point return after
power ON, the stored stroke limit check function becomes valid to check the
entry of axes into the entry prohibited areas. Therefore, if the reference point
is located in the entry prohibited area, it causes stored stroke limit error im-
mediately. If this occurs, turn the stored stroke limit check function OFF and
correct the set data.
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(2) Supplements to the Stored Stroke Limit B Function

« Ifacutting tool enters the entry prohibited area, it stops at the position slightly
inside the entry prohibited area beyond the boundary and the stored stroke lim-
iterror occurs. In this state, the cutting tool is allowed to be moved only in the

opposite direction manually.
o Ifthe MACHINE LOCK switchis ON, the check is made based on the coordi-
nate values in the machine coordinate system.

Example of Setting

No. 1 entry prohibited area +X A (2000, 1000)
LLLELL IJ LLLULLLLAELLL, LLLLL L 1‘/'
4 No. 2 entry prohibited area (inside) 7
. o +Z
Y C (-5000, —8000)
7 ¥~ Reference point
4 E (-6000, -6500) |
v ?
2 No. 3 entry prohibited
y area (inside) 7
7N S\ F (7000, —9000) 7 )
NS - - -— (Workpiece center)
TIrTTIPPITIT I 77T I IxITITTT7I777777 7’

B = D (~11000, -9000)

Fig. 4.83 Area Setting

Parameter Coordinate Values
pm0008 D4 0 (No. 2)
Inside/outside
pm0008 D5 0 (No. 3)
pm0831 5000
pm0832 -8000
No. 2 area
pm0834 11000 ]
. D
pn10835 -10000
pm0837 -6000 :]
- E
pm0838 —6500
No. 3 area
pra0840 ~7000 :]
F
pm0841 -9000
prn6901 2000 ]
A
pm6902 1000
No. 1 area
pm6911 ~11000
prm6912 -10000
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4.3 AUTOMATING SUPPORT FUNCTIONS

4.3.1 Skip Function (G31) *

By specifying “G31 X(U) -+ Z(W)--- F(E)- - -;”, special linear interpolation is executed.
If a skip signal is input during the execution of linear interpolation, linear interpolation is in-
terrupted and the program advances to the next block without executing the remaining linear
interpolation.

Delay from the input of the skip signal to the start of processing corresponding to the input
signal is shorter than 0.5 msec; this is processed at extremely high speed.

(1) Programming Format

(@)

(©

Feedrate

For the execution of the G31 block, feedrate can be selected from the following two
methods according to the setting for parameter pm2001 DO.

pm2001 DO=0 To specify the feedrate with F as another ordinary program

pm2001 DO =1 To use the feedrate preset for parameter pm2440

If skip signal is turned ON

When the skip signal is input, the coordinate values of the point where the skip sig-
nal is input are automatically saved to the parameters. Therefore, the coordinate
values of the skip point can be used as the coordinate data in macro programs.

pm0&11 Saving the X-axis coordinate value

pm0812 Saving the Z-axis coordinate value

If skip signal is not turned ON

If the skip signal is not turned ON during the execution of the commands specified
in the G31 block, the operation stops upon completion of these commands and
alarm “0491” occurs. Note that G31 is a non-modal G code.

Note that G31 is a non-modal code.

m0007 D2 =0 An alarm occurs if the skip signal is not input until the completion
P of the G31 block.
An alarm does not occur if the skip signal is not input until the
pm0007 D2 =1 completion of the G31 block. The program advances to the next
block.
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4.3 AUTOMATING SUPPORT FUNCTIONS

(2) Operation after Skip Signal ON
How the axes move after the turning ON of the skip signal varies depending on the com-
mands specified in the block to be executed next.
(a) When axis move commands in the next block are incrermental commands

The position where the skip signal is turned ON is taken as the reference point to
execute the incremental commands in the next block.

Example of Programming
T T
G31 W120,; Actual movement —y, | Movement-an, 50.
GO01 UlOO.; specified by |
the program | \l

Skip signal ON

Fig. 4.84

(b) When axis move command in the next block is absolute command (one
axis)
The axis specified in the next block moves to the specified position and the other
axis remains at the position where the skip signal has turned ON.

Examiple of Programming

Movement _
specifisd by
G31 7400, Actual movement the progirl:i
GO01 X100.; X | $100.
l .z / 400.
Skip signal ON
Fig. 4.85
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(c) When axis move commands in the next block are absolute command (two
axes)

The axes move to the specified position when the skip signal is turned ON.

Example of Programming

G31 W100.;
GO1 X300. Z200.;

Skip signal ON

Fig. 4.86

Before specifying G31, cancel the nose R offset mode by specifying G40. If G31 is
specified without canceling the nose R offset mode, alarm “0182” occurs.
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4.3 AUTOMATING SUPPORT FUNCTIONS

4.3.2 Tool Life Control Function (G122, G123) *

When the tool life control function is used, the tools are controlled in groups and the service
life of the tool is set for individual tools. Tools are selected by tool group and if a selected
tool is used to the preset life, it is replaced with another tool in the same tool group according

to the preset tool selection order.

(1) Tool Life Control Specifications

(@) Number of tool life controlled tools

With the tool life control function, tool life can be controlled for up to 256 tools.
The tools are grouped for this function. Parameter pm0009 is used to set the num-
ber of tool groups and the number of tools in each group.

Table 4.38 Number of Tool Life Controlled Tools

pmO0009
Number of Groups | Number of Tools in Group
D7 D6
0 0 64
0 1 32 8
L 0 16 16
! ! 8 32
N L s
Do not change the number of tool groups during the execution of the tcol life manage-
ment function.
A
-
e’
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(b) Tool life control data

The data used by the tool life control function is stored as the tool group file. The
data in this file is retained even after the power is turned OFF.

Table 4.39 Tool Life Control Data

Title Description

T NO (tool number) The number assigned to the tool for which tool life is con-
trolled.

LIFE (tool life) The service life of the tool set for the tool number

USED (tool used data) Counted used data of the tool set for the tool number

STS (status) Status of the life of the tool set for the tool number
OVER/SKIP/USE/NOT

LIFETYPE Tool life control data for each tool group
TIME: 1 to 9999
COUNT: 1109999

vy
~ s
The data in the tool file and other files become valid at the timing when the tool selec-
tion command is executed after modifying the data. Evenif the NCis reset after modi-
— fying the data, the new data are not reflected to the tool life management information

presently executed.
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4.3 AUTOMATING SUPPORT FUNCTIONS

(c) Counting the tool life

Tool life is counted for the life-controlled tools while they are actually called up
and used in the tool life control mode. Itis possible to set the tool life counting type
for each of tool groups.

» Control by time

Total cutting time of the specified tool is counted. Although counting is made
in units of seconds, the counted value is stored in units of minutes. The fraction
of data (data in seconds) are retained until the power is turned OFF and the tool
life time data are counted continuously when the same tool is selected next be-
fore turning the power OFF. The counted data are cleared when the power is
turned OFF.

Cutting time means the following:
Cutting in the G01, G02/G03 mode
Time until the skip signal is input by the G31 command
Thread cutting in the G32, G34 mode

The time in which axis movements are controlled at a cutting feedrate in
a canned cycle, etc.

The time in which axis movements are controlled in the thread cut mode
in a canned cycle, etc.

¢ Control by the number of use

‘The number of tool use is counted by specifying a predetermined code in a pro-
gram. The code to be used for this function is specified by the setting for the

parameter.
pm0009 D1 =0 By M code
pm0009 D1 =1 By T9999

Since tool life is counted in the buffering processing, if life exceeded status occurs
during the execution of the next one block, the life exceeded status is triggered be-
fore the execution of that block.

During the operation, registration or deletion of a tool file is not allowed.
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& 1. Itis possible to select the tool life counting (number of uses) objective groups by
MENT T/ using the parameter indicated below.

pm4029 D3 =0 | Counting only for the specified tool groups

pmd029 D3 =1 | Counting for all registered tool groups

2. If“pm4029 D3 =17, tool life is counted for the tools for which “TIME” is set for
“LIFE TYPE” and the STS of them is “NOT”, “USED” or “OVER”.

3. Ifthelast tool in a group is skipped, the one previously used is called. If the pre-
vious tool has been skipped, the one used before the previous tool is called.

(d) Life count conditions

Although tool life count processing is executed automatically, life count proces-
sing is not executed in the following cases.

When the life count ignore | Life count data (time and use count) are not counted while this
request input signal is ON signal is ON.

Life count data (time and use count) are not counted while this

. signal is ON and also during the period until 2 T command is
When the MST lock input input after this signal is turned OFF. This is because the actual
tool number and the tool number specified in the program
could differ from each other.

signal is ON

When the machine lock sig- | Life count data (time and use count) are not counted while this

nal is ON signal is ON.

When the dry run input sig- | Life count data (time and use count) are not counted while this
nal is ON signal is ON.

When the feed hold input Life count data (time) are not counted while this signal is ON

and also during the period until the cycle start signal is input

signal is ON after this signal is turned OFF.

Life count data (time) are not counted while in the manual op-
eration mode and during the period until the cycle start signal is
input after the recovery to the automatic operation mode.

The use count data are counted upon the input of the operation
completion signal if MST is saved or at the input of the cycle
start signal after recovery to the automatic operation mode if
operation has been finished forcibly.

When the operation mode is
changed over

When the internal toggle
switches of MST function
lock, machine lock, and dry :
run are turned ON b

Especially when the MST function lock switch is ON, the lite
count data are not counted until a T command is input correct-
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4.3 AUTOMATING SUPPORT FUNCTIONS

(2) Setting of Tool Life Control Data

The tool life control data are set by manually inputting them on the Tool life screen.
In addition to this method, the data can also be set by using the following methods.

(@) Using the tool data registration commands (G122, G123)

G122 Start of tool data registration

G123 End of 100l data registration

In each tool group, the tool data are stored in the order they are specified. Disre-
garding of whether or not the tool data exist in the tool data registration area, the
specified tool data are stored from the beginning of the area to cverwrite the exist-
ing data. Concerning the data that are not overwritten, the previous data remain
asthey are. After storing the necessary tool data, specify “T0” or clear the tool data
of the tool group for which the tool data are going to be registered in advance. If
the tool data exceeding the allowable number of tools are specified, the data of the
tools exceeding the limit are discarded. If no setting data are specified following
tool number, “0” is set for both SET and USED. Note that STS data cannot be set
using a program.

Example of Programming

00001 ;

G122 P1 11 - Start of tool data registration for 01 group tools
T0101 L0100 U0100;

T0202 L0200 U0200;

T0303 L0300 U0300;

T0404 L0400 U0123;

TO;

P2 10; - Start of tool data registration for 02 group tools
G123 - End of tool data registration

M30;

P : Tool group number (1 to 64: Max. group number)

I : Lifekind (0: Count, 1: Time)
A space is entered if a number other than “0” or “1” is set.

T : Tool number (0to 9999)
Life setting (0 to 9999)
U : Tool use data (0 to 9999)

=
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SUPPLE- é Alarms related to the tool life control function
MENT '

« If T9999 is registered using the tool data registration program, alarm “0300”
occurs.

* IfanaddressotherthanP,I, T, L, and Uisspecified in tool data registration com-
mands, or if no tool is registered to the group that is selected by the tool group
selection command, alarm “0301” occurs.

(b) Using the user macroprogram command

For the data in the tool life control function tool group file, system variable num-
bers of the user macroprogram are assigned. By setting a system variable with the
user macroprogram command, tool change commands, etc. can be changed. The

4 macro system numbers of the data used by the tool life control function are indi-
cated below.

Tool No. #60001 to #60256
SET data #60301 to #60556
USED data #60601 to #60856
STS data #60901 to #61156
TYPE data #61201 to #61456
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4.3 AUTOMATING SUFPORT FUNCTIONS

(¢) Using tape format

If tool group data are output to tape using the external communication function,
there is.no distinction of tool groups and the data are output from the tools in 01
group successively by the number of tools that can be registered. [fthere are vacant
areas where tool data are not registered, the information of such areas is output as
tool number “0000”. If the tool data are input using tape, the tool data area stored
in the same format.

Example of Qutput to Tape

% ;

$1;

T0101 L0100 U0100 S3 I1;
T0202 L0200 U0200 S3 I1;
T0303 L0300 U0300 S3 I1;
T0404 1.0400 U0123 S4 11
T0OS05 L0500 U0045 S2 1t
T0606 L0600 U0O000 SO It ;
T0707 L9999 U0000 SO I1;
T0O000 L0000 U0000 SO I1;
T1121 L0123 U0000 SO I0;
T1222 11234 U0000 SO 10;

%
(3) Tool Selection Command

To execute a tool selection command using the tool life control function, specify a T
code in the following format.

T99 (I(7;

_[_—— Tool group number

Tools in the group specified by “[_1[_]” are selected in order among available ones.
Alarm “0302” occurs if the status of all tools in the selected tool group is “skip”.
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(4) Relation with Coordinate System Setting Command

(@)

Workpiece coordinate system setting function

The format for the workpiece coordinate system setting function is changed when
the tool life control function is added.

G50 T99 OJ;

— Group number

When the tool life control function is executed, the workpiece coordinate system
number is determined as follows: value “50” is added to the higher two digits of
the registered tool number of the tool selected in the tool group which is specified
by “T99(J[J”. In this case, however, lower two digits (workpiece coordinate sys-
tem offset number) of the registered command value are assumed to be “0”. For
example, if the following program is executed when the tool number of the tool se-
lected in 01 group is “T0203”,

G50 T9901 ;
T9901 ;
this is equivalent to the following program.

G50 T5200;
T0203 ;

Tool coordinate system setting function*

If the optional function to set a coordinate system automatically when a T code is
executed, the coordinate system is set according to the registered command value
after the execution of the tool life control group selection command. In this case,
the registered value is directly used as the coordinate system setting value.
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4.3 AUTOMATING SUPPORT FUNCTIONS

SUPPLE. & 1. Whenthetoollife control functionis used,a T code in a program does not indicate
MENT ™/ a specific tool, but it indicates a tool group, and a tool is selected from the speci-

fied tool group to execute the program. If a tool command does not satisfy the
requirements for a tool group command, the T command in a program is directly
executed.

2.  While the 1-line MDI function is executed, do not specify the spare tool selection
command or the life counting command of the tool life control function.
T99(1], T9999, and MA A are processed as normal commands; execution of
such commands finishes immediately by outputting an external signal. Accord-
ingly, the next tool search and life counting are not executed.

3. Ifthe turretis rotated manually, actual tool number of the tool at the cutting posi-
tion differs from the tool number specified in a program. Even in this state, the
function counts tool life data for the tool number specified in the program. Since
this state continues until a T command is executed in automatic operation mode,
do not execute the tool life control function until the tool number of the tool actu-
ally indexed to the cutting position agrees with the tool number specified in the

program.
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4.4

4.41

MACROPROGRAMS

The NC has a set of instructions that can be used by the machine tool builders and the users
to implement the original functions. The program created by using these instructions is
called a macroprogram, which can be called and executed by the commands specified in a
block with G65 or G66.

A macroprogram provides the following.

Variables can be used.

Arithmetic and logical operations using variables and constants are possible.
Control commands for branch and repeat can be used.

Commands to output messages and data can be used.

Arguments can be specified.

This makes it possible to create a program in which complicated operations and operations
requiring conditional judgment are included.

Differences from Subprograms

Differences between macroprograms and subprograms are indicated below.

With macroprogram call up commands (G65, G66), arguments can be speci-
fied. However, with subprogram call up command (M98), it is not possible
to use arguments.

If commands other than P, Q, and L are specified in the M98 block, the pro-
gram jumps to the specified subprogram after executing these commands.
With G65 and G66, commands other than P and L are regarded as argument
specification and the program jumps to the specified macroprogram immedi-
ately. Inthis case, however, the commands specified preceding G65 and G66
are executed normally.

With a macroprogram, local programs at the same level as the level of the ma-
croprogram are used. However, with subprograms, levels of local variables
are not changed.

In other words, local variables in a macroprogram are different before and af-
ter the call up of the macroprogram and those in a subprogram remain the same
before and after the call up of the subprogram.
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4.4 MACROPROGRAMS

Local variable levels are _
l different. —l

Argument passed __———»
Variables

G65 P** <argument-specification>; Operation commands
: Control commands

) \ Output commands
— .
M9,

Macroprogram
(a) Macroprogram

Local variable level remains ——
l at the same level —l
———————

: _’_// Variables

e Operation commands
M98 P: ; (Control commands

: \ Qutput commands

T Mg,

(b) Subprograms

Fig. 4.87 Differences between Macroprograms and Subprograms
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4.4.2 Macroprogram Call (G65, G66, G67) *

Macroprograms are usually executed after being called up.

The procedure used for calling up a macroprogram is indicated in Table 4.40.

Table 4.40 Macroprogram Calling Format

Calling Up Method Command Code Remarks

Simple call up G65

Modal call up (a) G66 Canceled by G67

G code call up G*** G command: 3 digits

M code call up ME=E# M command: 2 or 3 digits
TrA** T command: 4 digits or 6 digits

T code call up

By specifying these codes in the order of G, M, and T, the M and T codes are disre-
garded while only G code is valid. This specification does not cause an alarm.

If macroprogram call commands of G, M, and T are specified in one block, the priority

of the commandsis “G - - - M - - - T - - -;” disregarding of the order they are speci-

fied in the same block.
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4.4 MACROPROGRAMS

(1)

Simple Call Up (G65)

By specifying “G65P --- L - - <argument specification>; ”, the macroprogram which
is assigned the program number specified with P is called up and ¢xecuted L times.

If it is necessary to pass arguments to the called up macroprogram, these arguments can
be specified in this block.

Table 4.41 P and L Commands

Address Description Number of Digits
P Program number 5 digits
L Number of repetitions 9 digits

Modal Call Up (G66, G67)

The modal call up commands set the mode for calling up a macroprogram. The speci-
fied macroprogram is called up and executed when the specified conditions are satis-
fied.

e By specifying “G66 P - -+ L - -+ <argument-specification>; ”, the mode for
calling up the macroprogram s set. Once thisblock is executed, the macropro-
gram which is assigned the program nurnber specified with P is called up and
executed L times after the completion of move commands.

If an argument is specified, the argument is passed to the macroprogram each
time it is called up as with the simple call up of a macroprogram. The corre-
spondence between the address of argument and local variables is the same as
in the case of simple call up (G65).

¢ (67 cancels the G66 mode. When arguinents are specified, G66 must be spe-
cified before all arguments. If G66 is specified, G67 must be specified in the
same program corresponding to it.

Table 4.42 Modal Call Up Conditions

Call Up Conditions Mode Setting Code Mode Cancel Code

After the execution of move command G66 G67

% Argument Specification

A real number is assigned to the local variable that corresponds to the level of the called up macroprogram.
When specifying arguments, G65 must be placed before all arguments.

Commands specified before G65 are processed as normal commands and the program jumps to the called up
macroprogram after the completion of these commands.

For details, refer to item (6) “Specifying Argument”.
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(3) Macroprogram Call Up by G code

By specifying “G*** <argument-specification>;”, the macroprogram/subprogram of
the program number that corresponds to the number specified by G code is called up
and executed.

For the G code used to call up a macroprogram/subprogram, a maximum of 24 pairs of
G codes can be set; each G code has a maximum of 3 numerical digits that are not used
by the NC. The program numbers of programs to be called up can be set corresponding
to the set G codes.

Table 4.43 Parameters for Setting the Correspondence

Number of Pairs Macroprogram Call Up G Code | Program No. to be Called Up
1 pm4480 pm4840
2 (max. 3 digits) {max. 5 digits)
24 pm4503 pm4863
t
Max. 24 pairs

(4) Macroprogram Call Up by M Codes

(a) Macroprogram call up format

By specifying “M*** < argument >;”, the macroprogram of the program number
that corresponds to the specified M code is called up and executed.

In this case, if a move command is specified in the same block, the macroprogram
is executed after the completion of the axis move command.

For the M code used to call up a macroprogram/subprogram, a maximum of 24
pairs of M codes can be set excluding such M codes as M00, M01, M02, M30, and
those used for internal processing. The program numbers of programs to be called
up can be set corresponding to the set M codes.
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4.4 MACROPROGRAMS

Table 4.44 Parameters for Setting the Correspondence

Number of Pairs Macroprogram Cali Up M Code | Program No. to be Called Up
1 pm4504 pm4864
2 (max. 3 digits) (max. 5 digits)
23 . .
24 pm4527 pm4887
1
Max. 24 pairs

(b) Specifying arguments

1t is possible to specify arguments in the M code macroprogram call up block. In
this case, it is not allowed to specify axis move commands in the same block.

pm4020 D5 =0 Call up without argument specification

pm4020 D5 =1 Call up with argument specification

If more than one M code is specified in a single block, the first M code is checked
whether it is for macroprogram call up. Concerning the second and later M codes,
if the setting for parameter pm4020 D5 is “call up with argument specification”,
the use of them is determined by the setting for a parameter whether they are treated
as a normal M code or as M code used for specifying an argumient.

pm4020 D6 =0 Normal M code

pm4020 D6 =1 M code for specifying argument

When an M code used for macroprogram call up is executed, M code or MF which
is output for normal M code is not output.
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(5)

Macroprogram Call Up by T Code

By specifying “T***** > it is possible to determine whether the specified T command
should be treated as a normal T command or a macroprogram call up T command by
the setting for parameter pm4889. If “pm4889 = 07, the T command is treated as a nor-
mal T command.

When using a T command for calling up a macroprogram, one required program num-
ber can be set. In this case, the T command value is used as the argument of common
variable #149. Designation of other arguments is not allowed.

Table 4.45 Parameter Used for Macroprogram Call Up by T Code

Command Selection Call Up Program Number
Normal T command pm4889 =0
Macroprogram call up T command pm4889 max. 5 digits

When a macroprogram call up T command is executed, T code and TF are not output
as a normal T code. The T command is a 4-digit or 6-digit command.

Nesting of Macroprogram Call Up

As with subprograms, it is possible to call up a macroprogram from another macropro-
gram. In this type of call up, nesting level increases one each time a macroprogram call
up is executed by G65, G66, G, M, or T code. The allowable maximum nesting level
of macroprogram call up is four.

(a) Nesting level of macroprogram call up

With a macroprogram called up by G, M, and T codes, the allowable nesting level
is one. In other words, from a macroprogram called up by G, M, or T code, call
up of another macroprogram using G, M, or T code again is not allowed. If G, M,
or T code is specified in a macroprogram which has been called up by the execution
of macroprogram call up G, M, or T code, an alarm occurs in the case of a G code
and with other codes (M and T), they are executed as normal M and T codes.
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(b) Modal call up (G66)

In the modal call up mode, the specified macroprogram is called up and executed
at each execution of a move command. If more than one G66 is specified in the
same program, the prior G66 command specified is valid during the execution of
a macroprogram called up by the G66 command given later. Therefore, after the
execution of a move command given in the macroprogram called up by G66 speci-
fied later, the macroprogram specified with the previous G66 is also executed. In
other words, the macroprograms are executed sequentially starting with the one
specified last.

Example of Programming
G66 P9400; 09400, 09500:
G00 X10.; (G00 X40.; G00 X50.;
G66 P9500; G00 Z50.; GO0 Z70,;
GO0 Z20.; M99; M99;
Go67;
G67;

G00 Z30.;

Execution order of programs

After the execution of
G66 P9400; axis move commands

G00 X10.; — - 09400;
G66 P9500; GO0 X40.;
GO0 Z20.; \ G00 Z50.;
— G67; \ M99, After the execution of
— G67; - 09500; axis movecommands
G00 Z30.; GO0 X60.; — 09400;
: G00 X70.; GO0 X40.;
" M99; \ G00 750.;
M99;
09400;
L > Cancel of G67 P3400 GO0 X40,;
GO0 750.;
o Cancel of G66 P9500 M99;

Note: If macroprogram call up is nested by specifying more than one G66, cancel code G67, cancels G66 sequentially
beginning with the one specified last. It is not allowed to specify G66 in the macroprogram which is called up
by G66.

Fig. 4.88 Nesting of Macroprogram Call
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(7) Specifying Argument

The term “to specify argument” means “assigning a real number” for local variables
used in a macroprogram. There are two types of argument specifications: type I and
type II. These types can be used as required, including a combination of the two types.

(@) Correspondence between addresses and local variables (Type I)

Table 4.46 Address - Variable Correspondence and Usable Addresses
for Call Up Commands (Type I)

Address - Variable Correspondence Address - Variable Correspondence
Address in Type I Local Variable Address in Type I Local Variable
A #1 Q #17
B #2 R #18
C #3 S #19
D #7 T #20
E #8 U #21
F #9 A% #22
H #11 W #23
I #4 X #24
J #5 Y #25
K #6 Z #26
M #13
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4.4 MACROPROGRAMS

(b) Correspondence between addresses and local variables (Type II)

To use I, J, and K, they must be specified in the order of I, J, and K. Suffixes 1 to
10 specified in the table below indicate the order they are used in a set, and the suf-
fix is not written in actual commands.

For addresses for which argument specification is not required, the commands can
be omitted. In this case, local variables corresponding the addresses without com-
mands are <empty>.

Table 4.47 Address - Variable Correspondence and Usable Addresses
for Call Up Commands (Type II)

Address - Variable Correspondence Address - Variable Correspondence
Address in Type II Local Variable Address in Type II Local Variable
A #1 Ks #18
B #2 Is #19
C #3 Js #20
I #4 Ks #21
I #5 I #22
K; #6 J7 #23
15} #7 Ky #24
ip) #8 Ig #25
K> #9 Ig #26
I3 #10 Kg #27
I3 #11 Iy #28
K3 #12 Jg #29
I4 #13 Ky #30
J4 #14 Iio #31
K4 #15 Ji0 #32
Is #16 Kio #33
Is #17

Note 1: If more than one address is specified for one variable number, the one specified later is valid.

2: 1f more than one set of 1, J, or K is specified, the order of sets is determined for each 1/J/K set, so that variable
numbers are determined corresponding to that order.
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(c) Example of argument specification

When arguments are specified, the macroprogram call up code must always be spe-
citied before the specification of arguments. If argument specification is given be-
fore the macroprogram call up code, an alarm occurs. The value of argument speci-
fication can include a sign and decimal point independent of the address.

If no decimal point is used, the value is saved to the variable as the value with a
decimal point according to the normal number of digits of that address.

1 set 2 sets 3 sets
GO65 px** A10 C20 X3O Z40 150. K6O J70. 180

l—» #10: 80.
#8: 70.
#6: 60.
#4: 50.

#26: 40.
L= #24: 30.

— #3: 20.

L—» #1: 10.

1 set 2 sets
G65 P*** [10. D20. 130. J40. ES0.;

T 7 1T
J40. is disregarded and E50. is made valid.
#8: 50.

D20 is disregarded and 130. is made valid.
#7 30.

> #4: 10.

Fig. 4.89 Example of Argument Specification
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(d) Decimal point position in argument

Anargument is usually specified with a sign and a decimal point. If a decimal point
is not specified, the decimal point position is assumed at the position indicated in
Table 4.48.

Table 4.48 Decimal Point Position in Argument

Address for Argument Specification input in mm Input in inches
AB 3 3
D,H 0 0
E 4 6
F (in the G99 mode) 3 4
F (in the G98 mode) 3 4
L1LKC 3(2) 403
M,S, T 0 0
Q 0 0
R 32 4(3)
U, V,W 3(2) 4(3)
XY, Z 3(2) 403

Note 1: The number indicates the position of the decimal point counted from the lowest position.

2: Numbers in () indicate the number of digits right to the decimal point when the setting of parameter “pm1000
DO = 1”.
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4.4.3 Variables

Three types of variables are provided: local variables, common variables and system vari-
ables.

(1) Local Variables (#1 to #33)

Local variables are used locally for each macroprogram. Each time a macroprogram
is called up, new local variables (#1 to #33) are secured independently for that macro-
program. For the local variables, values specified using arguments are saved or the re-
sults of operation executed in the macroprogram are saved.

For those for which an argument is passed, the value is saved and those for which argu-
ment is not passed, the contents are <empty>. When execution of a program returns
from the called up macroprogram by the execution of M99, the local variables secured
for that macroprogram become <empty>. They are also <empty> when the power is
turned ON or the NC is reset.

Main program Macroprogram Macroprogram Macroprogram Macroprogram
(Level 1) (Level 2) (Level 3) (Level 4)
Ges P | __wlGesPee | s GESPTT ), GESPT
M30 ~—__| M99 ~_| M8 | M99 ~—_ | M99
Return |
Read/write
possible
#1 #1 #1 #1 #1
#33 #33 #33 #33 #33
Local vari- Local vari- Local vari- Local vari- Local vari-

able (Level 0)

able (Level 1)

able (Level 2)

Fig. 4.90 Local Variables
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4.4 MACROPROGRAMS

®

©)

Local variables of level O are secured for the main program. For macropro-
grams, local variables are secured corresponding to the level (level 1 to level
4) of the called up macroprogram.

If a macroprogram is called up by G65, for example, the local variables used
for the program where macroprogram call up is executed are saved and the lo-
cal variables are secured for the called up macroprogram corresponding to its
level. In this case, the arguments are passed to the called up macroprogram.
Consequently, even with the same macroprogram, the local variables of the
level of that macroprogram have different values if the macroprogram is called
up in different timing.

When the execution of a macroprogram returns to the macroprogram one level
above by the execution of M99, the local variables of the previous macropro-
gram level are reset to <empty> and the local variables having been saved are
recovered.

You should not change the contents of local variables while a macroprogram
is being executed. If they are changed after interrupting the operation by
single block stop, make sure that the new contents do not cause problems be-
fore restarting the operation.

Local variables can be used in a subprogram. In this case, the local variables
of the present macroprogram level are used. Argument specification is not al-
lowed when calling up a subprogram. The contents of the local variables are
not reset to <empty> when the execution of a program returr:s from the subpro-
gram by the execution of M99.
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(2) Common Variables (#100 to #299, #500 to #999)

Common variables means the variables that can be used in common in main programs,
subprograms, macroprograms, and those called up in nesting. Therefore, the common
variable where the result of an operation executed in a macroprogram is saved can be
used in another macroprogram. For common variables, argument specification is not
allowed.

Main program Macroprogram Macroprogram Macroprogram Macroprogram
{Level 1) (Level 2) {Level 3) (Level 4)

GBS Psix | GE5 Pe*x* L% GB5 Psxx | GB5 Px#x L —™

M99
M30 ] M9Q I— ] M99 —_| M99

Return

| | | | |
l

Read/write permitted

#100 to #299

#500 to #999

Common variables

Fig. 491 Common Variables

» Common variables are classified into two types according to the state they are
in when the NC is reset.

Table 4.49 Common Variables

The content is <empty> when the power is turned ON or the NC is reset.

o
#100 to #299 By setting parameter “pm4009 D1 = 17, the content is not cleared to <empty>.

The content is saved and not cleared to <empty> when the power is turned ON

#5000 #999 | ' Ui reset.

* The number of sets of the common variables can be optionally expanded.
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Table 4.50 Option Type and Expanded Common Variables

Option Type Number of Sets

#100 to #149 (50 sets)
#500 to #559 (60 sets)

#100 to #199 (100 sets)
#500 to #599 (100 sets)

#100 to #199 (100 sets)
#500 to #699 (200 sets)

#100 to #299 (200 sets)
#500 to #999 (500 sets)

(8) System Variables

With the system variables, their use is predetermined as indicated in Table 4.51.

Table 4.51 System Variables

Type of System Variable

System Variable No.

Interface input signals

#1000 to #1031, #1032

Interface output signals

#1100 to #1131, #1132

Tool offset amount, workpiece coordinate system shift
distance

#2001 to #2499, #14101 to #14112
#12001 to #13499

Alarm message display

#3000

Clock #3001, #3002 to #3010
Control for single-block stop, and miscellaneous function
. #3003
complete wait
Control for feed hold, feedrate override, and exact stop #3004
RS-232C data output #3100
Modal information #4000 to #4999
Position information #5000 to #5999
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(@) Interface input signals

By entering system variables #1000 to #1031 in the right side of an operation
expression, it is possible to read the ON/OFF state of each of 32-point input
signal exclusively used for a macroprogram.

The relationship between the input signals and system variables is indicated
in Table 4.52.

Table 4.52 Interface Input Signals and System Variables

System #1007 #1006 #1005 #1004 #1003 #1002 #1001 #1000
Variables
Input U7 Ul 6 uls Ul 4 Ul 3 Ul2 Uil U1 0
Signals 27 26 25 24 23 22 2! 20
System #1015 #1014 #1013 #1012 #1011 #1010 #1009 #1008
Variables
Input Ul 15 Ul 14 UI13 U112 Ul 11 U110 U109 UI 08
Signals 215 214 213 212 211 210 29 28
System #1023 #1022 #1021 #1020 #1019 #1018 #1017 #1016
Variables
Input UI 23 U122 U121 U120 Ul 19 UI18 U117 Ul 16
Signal 223 222 221 220 219 218 217 216
System #1031 #1030 #1029 #1028 #1027 #1026 #1025 #1024
Variables
Input Ul 31 UI 30 U129 Ul 28 U127 Ul 26 UI 25 UI 24
Signals 231 230 229 228 227 226 225 224
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The value read to the system variables indicated above is either “1.0” or “0.0” ac-
cording to the ON/OFF state of the corresponding input signals.

Table 4.53 Value of Variables

In'put Signal State Variable Value

ON 1.0

OFF 0.0

* Byentering system variable #1032 in the right side of an operation expression,
it is possible to read the ON/OFF state of all of 32 points of input signals (U10
to U131) collectively as a positive decimal value.

31
#1032 = > #[1000 + i] X 2!

i=0

» Notethatitis not possible to enter a value by entering a system variable (#1000 4
to #1032) in the right side of an operation expression.
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(b) Interface output signals

* By entering system variables #1100 to #1131 in the right side of an operation
expression, it is possible to output the ON/OFF state to each of 32-point output
signal exclusively used for a macroprogram. The relationship between the
output signals and system variables is indicated in Table 4.54.

Table 4.54 Interface Output Signals and System Variables

System #1107 #1106 #1105 #1104 #1103 #1102 #1101 #1100
Variables

Output Uo7 U0 6 Uo's Uo 4 vo 3 Uo 2 vo1 U0 0
Signals 27 26 25 24 23 22 21 20
System #1115 #1114 #1113 #1112 #1111 #1110 #1109 #1108
Variables

Output vo 15 Uo 14 U0 13 U0 12 Uo 11 UO 10 U0 09 U0 08
Signals 215 214 213 212 21 210 29 28
System #1123 #1122 #1121 #1120 #1119 #1118 #1117 #1116
Variables

Output U0 23 U0 22 Uo 21 U0 20 Uo 19 U0 18 Uo 17 vo 16
Signals 223 222 22] 220 2]9 218 217 216
System #1131 #1130 #1129 #1128 #1127 #1126 #1125 #1124
Variables

Output U0 31 U0 30 U0 29 U0 28 U0 27 U0 26 U0 25 U0 24
Signals 231 230 229 228 227 226 225 224

4-144



4.4 MACROPROGRAMS

By entering “1.0” or “0.0” to the system variables indicated in Table 4.54, the cor-
responding signals are output in the ON or OFF state.

Table 4.55 Value of Variables

Output Signal Variable Value
ON 1.0
OFF 0.0

o If a value other than “1.0” or “0.0” is set for variables #1100 to #1131, it is
treated as indicated below.

<empty> or less than 0.5: 0.0
Other than above: 1.0

* By entering system variable #1132 in the left side of an operation expression,
it is possible to output the ON/OFF state to the 32 point cutput signals (U0O
to U031) collectively. In this case, a positive decimal value set for #1132 is
output after converted into a binary 32-bit value.

31
#1132 = > #1100 + i] x 2

i=0

+ By entering system variables #1100 to #1132 in the right side of an operation
expression, it is possible to read the ON/OFF state (1.0, 0.0, positive decimal
value) output last can be read.

(c) Offset amount and workpiece coordinate system distance

Too! offset amount can be read by entering system variables #12001 to #13499 in
the right side an operation expression.

Workpiece coordinate system shift distance can be read by entering system vari-
ables #14101 to #14112 in the right side an operation expression.

By entering the system variables indicated above in the left side of an operation ex-
pression, it is possible to update the offset values.

Example of Programming

#116 = #12016 : Enters the content of tool offset number 16 to common variable
#116.
#14101 = #4 . Clears the workpiece coordinate system shift distance of X-axis

and sets the content of local variable #4.
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(d) Correspondence between system variables and tool offset numbers

The correspondence between the tool offset numbers and the system variables is
indicated in Table 4.56.

Table 4.56 Tool Offset Numbers and System Variables (16 sets)

Offset Data Name Offset No. System Variable

01 #12001

02 #12002
X-axis ) ’

16 #12016

01 #12301

02 #12302
Z-axis ) ’

16 #12316

01 #12901

02 #12902
Nose R offset ’ ’

16 #12916

01 #13201

02 #13202
Control point ’ ’

16 #13216
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Table 4.57 Tool Offset Numbers and Systemn Variables (99 sets)

Offset Data Name Offset No. System Variable
01 #12001
02 #12002
X-axis ' )
99 #12099
01 #12301
02 #12302
Z-axis ) )
99 #12399
01 #12901
02 #12902
Nose R offset ) '
99 #12999
01 #13201
02 #13202
Control point ) )
99 #13299
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Table 4.58 Tool Offset Numbers and System Variables (299 sets)

Offset Data Name Offset No. System Variable

01 #12001
02 #12002
X-axis 99 #12099
299 #12299
01 #12301
02 #12302
Z-axis 99 #12399
299 #12599
01 #12901
02 #12902
Nose R offset 99 #12999
299 #13999
01 #13201

02 #13202 (#2302)
Control point 99 #13299
299 #13499

Table 4.59 Workpiece Coordinate System Shift Distance Setting System Vari-
ables

System Variable

X #14101
Z #14102
C #14103
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(e) Alarm message display

By specifying “#3000 = <Alarm-number> (<Alarm-message:-); ”, the NC can be
placed in the alarm state. The timing the NCis placed in the alarm state is after the
completion of the commands in the block immediately preceding the block includ-
ing the commands indicated above.

<Alarm-number>  : A 4-digit alarm number not used by NC.
Use of a variable is allowed.
(Alarm number range: 5000 to 5999)

<Alarm-message> : ASCII character string with 32 or less characters
(alphanumerics and special characters)

(f) Clock

It is possible to read time by entering the system variable used for the clock in the
right side of an operation expression. If such a system variable is entered in the left
side of an operation expression, it is possible to preset the time.

Table 4.60 System Variables Used for Clock Function

Type |System Variable | Unit At Power ON Count Conditions

Clock 1 #3001 1 msec | Preset to “0” Always

The state immediately
Clock 2 #3002 1sec | before the power was
turned OFF is retained

When the STL signal
goes ON

(@) Control for single-block stop and waiting for completion of miscellaneous
function

By setting an appropriate number for system variable #3003, the following control
is possible:

¢ Tomake valid/invalid the SINGLE-BLOCK switch setting for the succeeding
blocks.

» To advance the program to the next block without waiting for the input of the
miscellaneous function (M, T) completion signal (FIN).
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Ifa miscellaneous function is specified with the setting that the input of the comple-
tion signal (FIN) is not checked, the distribution complete signal (DEN) is not out-
put and the program advances to the next block without waiting for the input of the
FIN signal although the output of the M or T code and M or T read output is
executed as normal. When the block in which the setting is made for system vari-
able #3003 so that the state for checking the input of the miscellaneous function
complete signal is executed after that, the NC outputs DEN signal and waits for the
input of the FIN signal.

When M or T is specified in the state that the miscellaneous function complete is
not checked, the first appearance of individual codes is recognized and executed.
Then, the second and later appearance are disregarded until the setting is changed
to the state in which the complete signal is checked. In the state that the miscella-
neous function complete signal is not checked, the program advances to the next
block without waiting for the input of the complete signal even when the buffering
stop M code (M00, M01, M02, M30) is specified.

When the NC is reset, the setting for #3003 is “0”.

Table 4.61 Control for Single-Block Stop and Miscellaneous Function

Single-
block
stop FIN
check not
made

Completion Waiting

#3003 SINGLE-BLOCK Switch | Miscellaneous Function Complete Signal (FIN)
0 - Valid Checked
1 Invalid Checked
2 Valid Not checked
3 Invalid Not checked

Exampie of Programming

M10; < M10 code: MF output, DEN output, FIN checked
. #3:003 =3
M:20; < M20 code: MF not output, FIN not checked —
M:25; < Disregarded “M” on display

#3003 =0 < DEN output, FIN checked

M40; <- M40 code: MF output, DEN output, FIN checked
\

Fig. 492 Example of Single-block Stop and Miscellaneous Function

Completion Waiting Control
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(h) Setting for feed hold, feedrate override, and positioning completion control

For the control of feed hold, feedrate override, and positioning completion, system
variable #3004 is provided and by setting an appropriate value for this system vari-
able, it is possible to make these functions valid or invalid.

When the NC is reset, the setting is reset to “ #3004 = 0”.

Table 4.62 Control for Feed Hold, Feedrate Override, and Positioning
Completion Functions

#3004 Feed Hold Feedrate Override Positioning Completion
0 Valid Valid Valid
1 Invalid Valid Valid
2 Valid Invalid Valid
3 Invalid Invalid Valid
4 Valid Valid Invalid
5 Invalid Valid Invalid
6 Valid Invalid Invalid
7 Invalid Invalid Invalid

¢ For the feed hold function
The feed hold function is invalid in the following blocks.
From the block where 1, 3, 5, or 7 is set for #3004
To the block where 0, 2, 4, or 6 is set for #3004

The blocks for which the feed hold is made invalid are not accepted and the
feed hold signal is not output.

» For feedrate override
The setting of feedrate override is disregarded in the following blocks.
From the block where 2, 3, 6, or 7 is set for #3004
To the block where 0, 1, 4, or 5 is set for #3004
» For the positioning completion function
The check is not made for the completion of positioning.
From the block where 4, 5, 6, or 7 is set for #3004
To the block where 0, 1, 2, or 3 is set for #3004
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Example of Programming for Special Thread Cutting Cycle (incremental mode)

Macroprogram call command

G65 P9093 U---+ W---+ K-+ F---;
—— #9 Thread lead
#6 Radial value, unsigned
#23 Negative value
#21 Negative value,
diametral value
Macroprogram
09093 ;
M93; 7-block buffering

#10 = ROUND [#6] *2;

#11 = ROUND [#21] +#10;

#12 = ROUND [#23] +#10;

#3003 =1; SINGLE-BLOCK switch made invalid I
GO0 U#1l; Feed hold

#3004 =7 ; Feedrate override } Made invalid
G32 U-#10 W-#6 F#9 ; Positioning compietion

G32 W#12;

G32 U#10 W-#6;

#3004 =0;
G00 U-#11,;
GO0 W-#23;
#3003 =0;
M92,

M99 ;

+x r__”@r&?‘_

[ X
| u
4 AL
L Py i
T T
/ - +Z
e W

Fig. 4.93
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(i) RS-232C data output 1 (#3100)

By using system variable #3100, it is possible to output a message and variable data
to an external device via the RS-232C data input/output interface.

¢ By specifying “#3100 = (<message>);”, the message enclosed by the control
outand controlin codesis output toan externaldevice. The CR and LF (carrier
return, line feed) codes are automatically output at the end of the message.

If no message isinput, only the CR and LF codes are output. The term message
indicates the ASCII character string (alphanumerics and special characters)
consisting of less than 128 characters.

e By specifying “#3100 = [<variable>];”, the value of <variable>is output as
9-digit signed decimal data (decimal fraction: 4 digits, infeger part: 5 digits).
The term variable includes local variables, common variables, and system
variables. If five or more digits are specified to the right of a decimal point,
the number at the fifth place to the right of the decimal point is rounded off.
And if six or more digits are specified in the integer part, an asterisk (*) is out-
put for such digits.

Example of Programming

#3100 = ( ) =——— Line feed, carriage return

#3100 = (TOOL OFFSET 01) ;

#3100=(__ -~-X__-+-Z__ -+ R);

#3100 = [#2001]; - -+ = 10.000 mm

#3100 = [#2101]; -+ = -10.000 mm ,
#3100 = [#2201]; - -+ =0.800 mm J In this case
#3100 = ( )

Printout data

TOOL OFFSET 01
X Z R
100000 _ ___ -100000 0.80000
. VAN J
Y D'

\//
Including a sign, data with up to 6-digit number
in the left of a decimal point can be output.
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() Special codes that can be used in a macroprogram

The allowable special codes are indicated in Table 4.63. For the characters indi-
cated by note) in the table, the tape punch pattern in the EIA code is as indicated
in Table 4.63.

Table 4.63 Special Codes

Meaning of Application ElA Code 150 Code
Code 8|7|6|5|4|3|2|1|8|7|6|5]4|3]|2]1
Sp Comments O O O
note)  ( Alarm message OO O O O
note) ) co:"lrllr(ljent O O O O O O O
+ Addition Q10|10 O O OO
Subtraction O O Q0 O
Comment O o0 01010 O
/ Division o0 o0 O o000
note) # Variable Parameter setting O O oo
note) * Multiplication |O O20)] O O O O
note) = Equal sign O 010 O O1o10|0 O
note) [ Brackets O Q|0 OO OO Q|0
note) ] O O @) Q|0 0100 O
$ O O O O O
@ Comment O O|O|00|0 |0
? O 010|010 o000 |0
Decimal point OO O O @) O o100
note) Comma O{0|0|0]0 O O O

By using the following parameters, a hole punch pattern different from the pattern
indicated above can be set. If the setting for these parameters is “0”, the patterns
indicated in Table 4.63 are used.
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Table 4.64 Hole Punch Pattern Setting Parameters

pm4100 # pm4104 =
pm4101 [ pm4105 (
pm4102 ] pm4106 )
pm4103 * pm4107 ,

Note: Forthese parameters, read the required punch hole patternin abinary numberand convert it into a decimal number
to set.
(Example) To set “152” for punch hole pattern.

8 (716 |54 (321
O o010
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(k) Modal information

By entering the system variables indicated below in the right side of an operation
expression, it is possibie to read the modal value given in blocks up to the immedi-
ately preceding block. Note that these system variables cannot be entered to the
left side of an operation expression.

Table 4.65 Modal Values and Macro System Variables

Modal Command Macro System Variable
G code (01-group) to (31-group) #4001 to #4024

E code #4108
F code #4109
Sequence number #4114
Program number #4115
S code (1) #4119
T code #4120

Note 1: Since an M code is non- modal information, it is not possible to read M codes using system variables.

2: Concerning E(#4108)and F (#4109), either the E or F command specified immediately before the specification
of the system variable is saved. Therefore, system variables #4108 and #4109 hold the same value.

Example of Programming

Main program

G65 P9602 <Designation of arguments>;
Macroprogram

09602 ;

#1 = #4001 ; —ro
GOO X +++Z -
GOl Z - F---;
G03 X--Z--R:'+;
GO0 Z --;

G#l ; = Recovers G codes of 01 group
M99 ;

Saves G codes (GO0 to GO3) of 01 group
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() Position information

By specifying the system variables indicated below, it is possible to read the posi-
tion information.

Note that these system variables cannot be specified in the left side of an operation
eXpression.

Table 4.66 Position Information

Position Information Macro System Variable | Reading during Operation
X-axis block end point position (ABSIO) #5001
Z-axis block end point position (ABSIO) #5002 Possible
C-axis block end point position (ABSIO) #5003
X-axis position in the machine coordinate #5021
system (ABSMT)
Z-axis position in the machine coordinate #5022 .
system (ABSMT) Possible (Note 1)
C-axis position in the machine coordinate #5023
system (ABSMT)
X-axis POS.ABS position (ABSOT) #5041
Z-axis POS.ABS position (ABSOT) #5042 Possible (Note 1)
C-axis POS.ABS position (ABSOT) #5043
X-axis skip signal input position (ABSKP) #5061
Z-axis skip signal input position (ABSKP) #5062 Possible
C-axis skip signal input position (ABSKP) #5063
X-axis offset #5081
Z-axis offset #5082 Possible
C-axis offset #5085
X-axis servo position error #5101
Z-axis servo position error #5102 Possible (Note 1)
C-axis servo position error #5105

Note 1: Whenthe system variable indicated by (note1) isspecified, the position information is read after the completion
of the commands specified in the immediately preceding block.

2: Ifanadditional axis is selected, the correspondence between the axis and the system variable could differ from
the correspondence indicated above. For details, refer to the manuals published by the machine tool builder.

4-157




Table 4.67

Abbreviation

ABSIO

ABSMT

ABSOT

ABSKP

Description

End point position
of the immediately
preceding block

Present position of
the command (the
same value as the
coordinate value in
the machine coordi-
nate system)

Present position of
the command (the
same value as the
present position
data)

The position where
the skip signal is
turned ON (G31
block)

Coordinate | Workpiece coordi- | Machine coordinate | Workpiece coordi- Workpiece coordi-
system nate system system nate system nate system

Tool offset Not included - Included Included
amount

Note: The unit of the position information is the specified mm or inch input unit.

Table 4.68
Unit
Microns Sub Microns
Input in mm 0.001 mm 0.0001 mm
Input in inches 0.0001 inch 0.00001 inch
Input in degrees 0.001 deg 0.0001 deg

Note: If the skip signal is turned ON during the execution of the G31 block, the end point position of this block is the
skip signal input position,
If the skip signal is not turned ON, the skip signal input position is the end point of the G31 block.

(4) Expression of Variables

Variables are expressed by variable numbers or alphanumerics specified following #.

* Specitying a variable number directly
#i (i: variable number)

(Example) #1, #101, #501, #2001

* Specifying an expression as a variable number
# [<expression>]

(Example) # [#101], # [#501+1], # [#1/2]
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4.4 MACROPROGRAMS

(5) Assigning Variables
A numeric value specified following an address can be replaced with a variable.

By specifying “<address> #i or <address> - #i”, the value of the specified variable or
its negative value (complement) can be taken as the command value of that address.

(Example)
G#30, #30=1.0 Equivalent to GO1
X#101, #101=100. Equivalent to X100.
Z#103, #103=300. Equivalent to Z300.
F#140, #140=0.3 Equivalent to F0.3

» For the following addresses, it is not allowed to assign a variable.

(Example)
1#5 It is not allowed to use a variable for “n” of “/n” (n=1 to 9).
O #100 It is not allowed to use a variable for O number (program number).
N #200 If it not allowed to use a variable for N number (sequence number).

» It is not allowed to use a variable to express a variable number.

When replacing “10” in #10 with #20, for example, expression of ##20 is not
allowed. This must be written by # [#20].

¢ Ifavariable is used as the address data, values below the minimum input unit
are rounded off.

(Example)
X#1, #1 =45.2346 X45.235 mm (0.001 mm input unit)
F#2, #2 =0.2555 F0.256 m/rev (F33 format)
G04 P#3, #3 = 5.37672 G04 P5.377 sec
M#4, #4 = 27236 MO3
G#4, #4 = 2.7236 GO03

 Itis possible to use <expression> instead of a numeric value to be assigned to
an address.

By specifying “<address> [<expression:>], or <address> - [<expression>]”,
the value or negative value (complement) of the <expression> can be used as
the comnmand value for that address.

» The constant used in [ ] without a decimal point is assumed to have a decimal
point at the end.
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(6) Undefined Variables

Variables which have not been defined yet are called undefined variables, and their val-
ues are <empty>. The following variables are treated as undefined variables.

» Local variables and common variables (#100 to #299) when the power is
turned ON or the NC is reset.

» Local variables for which arguments are not specified when a macroprogram
is called up.

+ Local variables which belongto the level of the macroprogram from which the
execution of program returns by the execution of M99.

¢ [.ocal variables and common variables where no values have been set in a ma-
croprogram.

» Common variables where no values have been set at the NC operation panel.

o Variable “#0”. (This is always treated as < empty > and must not be entered
in the left side of an operation expression.)

(@) Meaning of <empty>

o If an undefined variable is assigned, the address itself for which it is assigned
is disregarded.

#2 = <empty> GO0X#2; is equivalent to G0O;.

#2=0 GOOX#2; is equivalent to GO0XO;.

» If anundefined variable is used in an operation expression, it is treated to have
the variable value of “0” with the exception that it is replaced with <empty>.

#2 = <empty> #3 = #2; indicates #3 = <empty>.

#2 = <empty> #3 = # [#2+#2]; indicates #3 = #0 = <empty>.
#2 = <empty> #3 = #1*#2; indicates #3 = <empty>.

#2 = <empty> #3 = #2+#2; indicates #3 = <empty>.

#2 = <empty> #3 = #2/#2; indicates #3 = <empty>.

#2 = <empty> #3 = 5*#2; indicates #3 = <empty>.

#2 = <empty> #3 =2-#2; indicates #3 = 2.

#2 = <empty> #3 = 5/#2; causes division error.
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4.4 MACROPROGRAMS

¢ Ifanundefined variable is used in a conditional expression, it is treated to have
the variable value of “0” with an exception of EQ and NE.

#3 =0, #2 = <empty>

#3EQ #2: Not satisfied

#3 =0, #2 = <empty>

#3NE #2: Satisfied

#3 =0, #2 = <empty>

#3GE #2: Satisfied

#3 =0, #2 = <empty>

#3L’f #2: Not satisfied
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4.4.4 CQOperation Instructions

By performing general arithmetic operations in which local variables, common variables,
system variables, and constants are connected with operators and functions, it is possible to
set the result of operation to the given variable.

The variables used in the arithmetic operation read the required data from the internal vari-
able data area. The result of the operationis set to a variable to write the result of the operation
to the internal variable data area. The write cycle is completed when the execution of one
block is completed.

The basic formula of arithmetic operation is “ #i = <expression>". The following operations
and functions can be used.

(1) Definition and Setting of Variables

# o= # Definition or setting

3
3

#[# = #k) Indirect designation

(2) Addition Type Operations

#i o= #+#k Sum

# = # - #k Difference

# = #j OR#k Logical sum (for each bit in 32-bit binary)

# = #j XOR #k Exclusive logical sum (for each bit in 32-bit binary)

(3) Multiplication Type Operation

# o= # *#k Product

#i = #j/#k Quotient

#1 = #j AND #k Logical product (for each bit in 32-bit binary)
Remainder

#1 = #) MOD #k (With #j and #k, remainder is obtained after rounding the values
to an integer. If #j is negative, #i is also negative.)
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4.4 MACROPROGRAMS

(4) Functions

#i = SIN [#)] Sine (in units of degrees)

# = COS [#] Cosine (in units of degrees)

#i = TAN [#]] Tangent (in units of degrees)

Z; ; ﬁﬁ {:}}#E]r Arctangent

# = SQRT [#] Square root

#i = ABS [#j] Absolute value

#i = BIN [#] Conversion from BCD to binary

# = BCD [#] Conversion from binary to BCD

#i = ROUND [#] Conversion into integer by rounding off
#i = FIX [#] Cutting off decimal fractions

# = FUP [#] Rounding off decimal fractions

# = ASIN [#] Arcsine

# = ACOS [#] Arccosine

# = LN [#] Natural logarithm

#i = EXP [#]] Exponent with e (= 2.718: - - ) as a base

(5) Combination of Operations

It is possible to combine the operations and functions explained in items (1) to (4)
above.

In this case, the priority of operation is in the order of functions, multiplication type op-
eration and addition type operation.

(Example) #i = #j + #k *SIN [#1]
® @ O
(6) Changing the Order of Operations by [ ]

By enclosing a part of an expression by brackets ([ ]), that part is given priority for cal-
culation.

The brackets can be nested in up to five levels including the brackets ased in functions.
(Example) # = SIN [[ [#j+#k]* # + #m]* #n]
® O @ ®
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(7) Supplements to the Operation Instructions

* A constant used in <expression> without a decimal point is assumed to have
a decimal point at the end. The allowable range of the constant is
3: 99999999.99999999.

* Function ROUND converts a value into integer by rounding off processing.
This processing is executed at the digit indicated below.

If used in an operation instruction, conditional expression IF or WHILE,
decimal fractions are rounded off.

If used in address data, the value is rounded off at the digit one place below
the minimum input unit of the address.

(Example 1) When #10 = 12.3758,
#1 = ROUND [#10] — #1 = 12.0
ROUND [#10] in IF [#10 GT ROUND [#10]] — 12.0
(Example 2) When #10 = 12.3758,
GO0 X [ROUND [#10]] is equivalent to GO0 X12.376
(minimum input unit: 0.001 mm).

* Numerical values treated in macroprograms are floating point type values.

M*2E M : One sign bit + 52-bit binary data
E : Onesign bit + 10-bit binary data

» With an operation instruction, whether the NC operation stops in the single-
block mode or not when the single block input (SKB) is ON is determined by
the setting for parameter pm0007 D1.

pm0007 D1

0 Does not stop in the single block mode.

pm0007 D1

1

Stops in the single block mode.

Control Instructions

To control the program flow of macroprograms, the following two instructions are provided:
branch instruction and repetition instruction.

¢ Branch instruction

¢ Repetition instruction
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4.4 MACROPROGRAMS

(1) Branch Instruction

By specifying “IF [< conditional expression >] GOTO <sequence number>; ”, the pro-
gram jumps to the block of the specified sequence number in the same program if
<conditional expression> is satisfied.

If <conditional expression> is not satisfied, the program advances to the next block.

<sequence number> should be placed at the beginning of ablock. Evenifitis not placed
at the beginning of ablock, the commands in the block are executed from the beginning.
When branch occurs, branch in the reverse direction takes a longer time than branch in
the forward direction.

IF [<conditional expression>] GOTO <sequence number>;
Not E
satisfied

Satisfied

N <sequence number> - - - - ;

<sequence number> : 5-digit positive integer, variable, [<expression>]

Fig. 4.94 Branch Instruction (Conditional Expression Satisfied, Not
Satisfied)

It is possible to omit ”IF [< conditional expression >]. In this case, the block indicates
a simple jump instruction.

Simple
jump

GOTO <sequence number>;

———— N <sequence number>- - - - - ;

Fig. 4.95 Branch Instruction (Simple Jump Instruction)
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Instead of “GOTO <sequence number>", an NC statement or macroprogram statement
can be specified in one block. However, the following macroprogram statements can-
not be used due to restrictions.

¢ Control instructions
¢ RS-232C data output 2
e Status monitoring instruction
: Satisfied
I ¥

IF [<conditional expression>] NC statement or macroprogram statement;

Not
satisfied

Fig. 4.96 Branch Instruction (1-Block Instruction)

The <conditional expression> includes those indicated in Table 4.69.

Table 4.69 Types of Conditional Expressions

Conditional Expression Description
# EQ#j # o= #
#1 NE #j #Ho=H#
# GT #j #1>#]
#1 LT #j #<#
#i GE #] # 2 #
HLE# H=EH
AORB Logical sum of A and B
A AND B Logical product of A and B
AXORB Exclusive logical sum of A and B

Note: Constants and <expression> can be used instead of #i and #j.
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4.4 MACROPROGRAMS

(2) Repeat Instructions

WHILE [<conditional expression>] DO<number>;

END <'number>;

<number> =1, 2, 3

With the commands indicated above, blocks between the block next to the DO block
and the END block are repeatedly executed while the <conditional expression> is satis-

fied.

If the <conditional expression> is not satisfied, the program jumps to the block next to
the END block. Itis possible to omit “WHILE [<conditional expression>]. In this case,

the block between the DO and END blocks is continually repeated.

Not
satisfied

Fig. 4.97

* DO must be specified befcre END.

Satisfied ,:

END <number>;

—_—

DO <number>;

END '<number>;

Repeat Instruction

WHILE [<conditional expression>] DO<number>; ~

DO1 END1
END1 DO1
O X

Note: O: Correct, X : Incorrect
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¢ The <number> in “DO <number>" and “END <number>"’ must be the same
number, and DO and END must be specified as a pair.

DO1 DO1 DO1 DO1
EN_Dl EN—DZ Dbl EN.Dl
DOZ EN-Dl EN_DI
EN-DZ
O X X X

Note: (): Correct, X: Incorract

* The same <number> can be used as many times as required. However, the
range of repetition must not overlap.

DO1 DO1 = DO1 DO1

EN-DI D(-)l D(-)l D&)Z

DOl EN—DI ] EN-Dl EN-Dl

EN-Dl EN~D1 - EN-Dl - EN-DZ -
O X X X

Note: O: Correct, X: Incorrect

* Nestingof DOto ENDloopis allowed for up to three levels in a macroprogram
or subprogram.
From the DO to END loop, it is possible to call up a macroprogram or subpro-
gram. Inthe call up program, nesting of the DO to END loop is also allowed
for up to three levels.

DOl <—— DO1 +—f
- DO1 -
DO2 <— ] DO2 =+—,
- G65P*** -
DO3 = ) DO3
- ] M98P*** - ]
END3 = ) END3
- END1 -
END2 <— END2=—
END] =—— END Ja——o
O O

Note: Q: Correct
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4.4 MACROPROGRAMS

¢ By specifying “GOTO <sequence number>”, it is possible to jump from the
DO to END loop to a block outside the loop. However, jump into the DO to
END loop by using “GOTO <sequence number>” is not possible.

DO1 —— GOTO <sequence number>
to
GOTO <sequence number>
to
END1 DO1
to
N <sequence rnumber:
fo
—* N <sequence number>- - - ; END1
O X
DO1
to
IF [<conditional expression>] GOTO <sequence number>
to
END1
—- N <sequence number>: * * ;
O
Note: O: Correct, X : Incorrect
SUPPLE. a For the execution of an operation instruction, operation stops or does not stop in the
MENT [/ single block stop mode if the single block input (SBK) is ON according to the setting
for parameter pm(0007 D1.
pm0007 D1 = 0 Does not stop in the single-block mode.
pm0007 D1 =1 Stops in the single-block mode.
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4.4.6 Registering the Macroprogram

Macroprograms can be registered and edited in entirely the same manner as registering and
editing normal NC programs and subprograms.

For this registration, there are no limits in the size of macroprograms; NC programs, subpro-
grams and macroprograms can be stored to the limit of the memory capacity.

The program numbers to be used when registering macroprograms are classified as indicated
in Table 4.70 according to their applications.

In addition to the classification indicated below, the program numbers to be used specially
for macroprograms can be set to clearly identify them from NC programs and subprograms.
Whether the program number range should be secured for macroprograms or not can be set
by using a parameter.

Table 4.70 Classification of Macroprograms

Program No. Classification by Applications Protect

There are no restrictions on registration, deletion or

01 to 07999 o
editing.

Macroprograms can be protected from edit and dis-
08000 to 08999 play; edit protect and display protect can be set in- Protect 1
dependently by using a parameter.

Macroprograms can be protected from edit and dis-
09000 to 09999 play; edit protect and display protect can be set col- Protect 2
lectively by using a parameter.

There are no restrictions on registration, deletion or

010000 to 099999 s
editing.

» To disable all of edit, input/output, and display of O8000 to O8999:
pm0020 D0 =1

* To disable edit and output/input and enable display of O8000 to O8999:
pm0020 DO = 0 and pm0021 DO = 1

¢ To disable all of edit, input/output, and display of 09000 to 09999:
pm3004 DO = 1 and pm0022 DO = 0

¢ To disable edit and output/input and enable display of 09000 to 09999:
pm3004 DO = 0 and pm0022 D0 =1

For 09000 to 09999, an option is provided to disable all of edit, input/output, and display
always disregarding of the setting for pm3004 and pm0022.
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4.4 MACROPROGRAMS

4.4.7 RS-232C Data Output 2 (BPRNT, DPRNT)

The macroprogram commands indicated below are possible in addition to the RS-232C data
output 1 (see 4.4.3 (3), (k)). These commands are used to output variables and characters
through the external device that has the RS-232C interface.

* Open command (POPEN)
* Data output command (BFRNT or DPRNT)
* Close command (PCLOS)

(1) Open Command (POEN)
POPEN [a];

RS-232C channel number

With the command indicated above, the DC2 control code is output from the NC.
This command should be specified prior to the series of data output commands.
For the RS-232C channel number, either “1” or “2” (option) can be specified; if no
number is specified, No. 1 RS-232C channel is specified.

(Example)
POPEN; Opens the No. 1 RS-232C channel.
POPEN [2]; Opens the No. 2 RS-232C channel.
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(2) Data Output Command (BPRNT or DPRNT)

(a) BPRNT
BPRNT [a#b[c] --- ];
A

= L~ Number of digits right to the decimal point

{—~ Variable

Character

With the commands indicated above, the character and the variable are output from
the NC.

* Concerning characters, the specified characters are output in the ISO code.
The following characters can be specified: alphabets (A to Z), numbers, and
special characters (*, /, +, -). Note that “*” is output in a space code.

* Variable value is treated as the 2-word (32 bits) data with the number of digits
right to the decimal point taken into consideration, and the value is output in
the binary data from the higher byte. Since the values of all variables are saved
with the decimal point, it is necessary to specify the number of effective digits
right to the decimal point following the variable command in brackets. After
the output of the command data, the EOB code is output in the ISO code.

(Example)

With the designation of “BPRNT [C**X#100 [3] Z#101 [3] M#10 [0]];”, the fol-
lowing is output if the values of the variables are “#100 = 0.40956”, “#101 =
-1638.4” and “#10 = 12.34”.

C3 A0 A0 D8 0000019A SA FFE70000 4D 0000000C 0A (HEX)

EOB

12

M
-1638400

uzn

410

Space

Space
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4.4 MACROPROGRAMS

SUPPLE- ; 1.  When outputting the data using the BPRNT command, it is not influenced by the
T/ following parameters.

o Parameters other than pm0004, pm0006 D4 and D6, and prm0009

2. Touse the BPRNT command, set the communication control parameters as NO
for control code control and YES for RTS control.

(b) DPRNT
DPRNT [a#bfcd] --- 1
—{——— Nurnber of digits right to the decimal point
Nurnber of digits left to the decimal point

Variable

Character

With the commands indicated above, the character and the variable are output from
the NC.

» Concerning characters, the specified characters are output in the ISO code as
with the BPRNT command.

+ Concerning variable value, it is output in the ISO code digit by digit by the spe-
cified number of digits from the higher digit position. The decimal point is
also output in the ISO code. To output the variable value, specify the variable
number following the symbol of “#” and then specify the numbers of effective
digits left and right to the decimal point individually in brackets. In this desig-
nation, the variable value is assumed to be a maximum of eight digits (c + d
= 8).

If the specified number of digits right to the decimal point is not “0”, the nu-
meric value is always specified by the specified number of digits. Ifitis “07,
the decimal point is not output.

pm4090 D2 =0 Space code is output.

pm4090 D2 =1 Nothing is output.

 After the output of the cornmand data, the EOB code is output in the ISO code.

o The variable of < empty > is regarded as “0”.
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(Example)

With the designation of “DPRNT [X#2 [53] Z#5 [53] T#30 [40}];”, the following
is output if the values of the variables are “#2 = 128.47398”, “#5 = -91.2” and “#30
=1234.56".

If the parameter setting is “to output space code” (pm4009 D2 = 0)
D8 A0 A0 A0 B1 B2 B8 2E B4 37 B4

T L—— ___128.474

5A 2D A0 A0 A0 39 B1 2E B2 30 30

L——— - _ 91200

D4 B1B233B4 OA
I
EOB

1234

T

If the parameter setting is “to output nothing” (pm4009 D2 = 1)
D8 B1 B2 B8 2L B4 37 B4

T t 128.474

X

5A 2D 39B12EB23030

D4 B1IB233B4 OA

(A

EOB

1234
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(8) Close Command (PCLOS)
PCLOS [a];
L RS-232C channel number

With the command indicated above, the DC4 control code is output from the NC. For
the RS-232C channel number, either “1” or “2” can be specified; if no number is speci-
fied, No. 1 RS-232C channel is specified.

(Example)
PCLOS; Closes the No. 1 RS-232C channel.
PCLOS [2]; Closes the No. 2 RS-232C channel.

(4) Supplements to RS-232C Data Output 2

* Tooutput the data using the BPRNT or DPRNT command, set “0” for pm0004
D5. If “1” is set for pm0004 D5, the data cannot be output correctly.

pm0004 D5 =0 Parity bit output in tape punch in the ISO code

pm0004 DS =1 Parity bit not output in tape punch in the IS0 code

* Itis not necessary to specify the open command (POPEN) and the close com-
mand (PCLOS) continuously. Once the open command is executed, the chan-
nel remains open until the close command is specified next.

* If the command being output by the data output command is reset, processing
stops and the succeeding data is lost. Therefore, if the NC is reset by the M30
command at the end of the program in which data is being output, specify the
close command at the end of the program and execute the processing of such
as the M30 command only after all data has been output.

* The open and close commands must always be specified in a pair. It is not al-
lowed to specify the close command although the open command is not speci-
fied.
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4.4.8 Macroprogram Alarm Numbers

Alarm numbers related with macroprograms and the cause of them are indicated in

Table 4.71.

Table 4.71 Macroprogram Alarm Numbers

Alarm No. Description Alarm No. Description
CONSTANT DATA OUT OF RANGE 0 DIVIDE IN MACRO
0210 In a macroprogram, specified constant is out- 0221 In a macroprogram, division by “0” is
side the allowable range. executed.
UNMATCH G67 COMMAND ROOT VALUE NEGATIVE
0211 The number of G67 commands is greater than 0222 A negative value is specified for square root
the number of G65 and G66 commands. operation.
MACRO FORMAT ERROR FLOATING DATA OUT OF RANGE
0212 . . . 0223 Floating point data exceed the allowable
There is an error in macroprogram format.
range.
UNDEF INED # NO. G66-M99 PROG ERROR
0213 A value not defined as a variable number is 0224 An axis move command is specified with
used. M99 in the modal call (G66) mode.
ILL LEFT SIDE # NO. MACRO SYSTEM ERROR
0214 A variable that cannot be used is set in the left 0225 . L
. . . Overflow with operation stack.
side of operation expression.
[ ] LIMIT OVER ASIN, ACOS, LN, SQRT ERROR
0215 0226 The result of function operation (ASIN,
Nesting level of brackets [ ] exceeds the limit. ACOS, LN, SQRT) is outside the allowable
range.
MACRO CALL LIMIT OVER EXCHANG OVERFLOW
0216 4 i 0227
Mdcyoprogram call up nesting level exceeds Overflow during conversion into integer.
the limit.
DO-END FORMAT ERROR BCD INPUT DATA OVERRFLOW
0217 1 i i ified i 0228
pDa(?rjnd END instructions are not specified in Overflow of input data for BCD function.
[ 1 UNMATCH BIN FORMAT ERROR
0218 The numbers of left bracket | and right brack- 0229 There is an error in format with the BIN func-
et ] do not match. tion.
DO-END NO.OUT OF RANGE EXP OUTPUT DATA OVERFLOW
0219 « » PP : 0230
In “DO m” command, “m” is not in the range Overflow with the EXP function.
ofl =m = 3.
GOTO NO.FORMAT ERROR
0220 The value of “n” in the “GOTO n” command

is outside the allowable range, or the specified

[78e )

n” is not found.
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4.49 Examples of Macroprograms

Some examples of macroprograms are explained below.

(1) Macroprogram in Thread Cutting Canned Cycle

(a) G92 straight thread cutting cycle

Example of Programming (P1)

G92 U-50. W-60. F6.0;

The commands indicated above are executed according to the following processing
in the NC. The example is explained assuming that thread chamfering is not
executed.

Example of Programming (P2) (iv) g

(i)

(ii)
(iii)
(iv)

@
®

GO0 U-50. ; i Goo | @)
G32 W-60. F6.0; +X ' Thread cutting !
GO0 U-50.; (ii)

GO0 W-60.;

+Z

All axis move distances and thread lead should be replaced with variables (lo-
cal variables: #1 to #33).

Forlocal variables, type I and type Il variables are provided. When the number
of local variables to be handled is small, it is recommended to use type I local
variables which allow the use of U, W, and F, thus facilitating assigning of ar-
guments.

By using type I local variables, local variable are assigned to address charac-
ters as indicated below.

U-50. W-60. F-6.0
Y Y v

#21 #23  #9
By using these variables, the example program (P2) can be written in the fol-
lowing manner.

Example of Programming (P3)

() GO0 U#21; | #s ~—§
(i) G32 W#23 F#9; ? l
(iii) GO0 U-#21; -#21 1 #21
(iv) GO0 W-#23; é=Thread cutting g
(v) M99; #23
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(b) Calling up a macroprogram by using G65

Example of Macroprogram Call Up Program (P4)

G65 P9093 U-50.
W-60. F6.0;

(D Use the example program (P4) to call a macroprogram. Macroprogram body
is “09093”.

09093 ;

GO0 U#21;

G32 W-#23 F#9;
GO0 U-#21;

GO0 W-#23 ;

M99 ;

(@ With the macroprogram indicated above, it is necessary to specify the W-point
and F-point levels for each execution of the macroprogram. Therefore, anoth-
er macroprogram which specifies the position of the W-point and F-point lev-
els should be written.

09000 ;
#100 = #23 ;
#101=#9;
M99 ;

09093 ;

GO0 U#21 ;

G32 W#100 F#101 ;
G00 U-#21;

GO0 W-#100;
M99 ;

(3 The program used to call two macroprograms indicated in item @ above is in-
dicated below.

G65 P9000 W-60. F6.0;
G65 P9093 U-50. ;
G65 P9093 U-51.4;
G65 P9093 U-52.6;
G65 P9093 U - - - ;
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(c) Example program for thread chamfering

Specify chamfering distance by address K.

n|C

1
i
i
i
* \_\ 1
..___P_(__.l_ U: Diametric value

W K: Unsigned radial value

Example of Thread Chamfering Program (P5)
e Example of Macro Program Call Command???

G65 P9000 W-60. K4.8 F6.0;
G65 P9093 U-50. ;
G65 P9093 U-51.4;
G65 P9093 U - - -

» Example of Macro Program Body

09000 ;

#100 = #23 ;
#101 = #9;

#102 = ABS [#6]
M99 ;

09093 ;

#10 = ROUND [#102] *2;

#11 = ROUND [#21] + #10;

#12 = ROUND [#100] + ROUND [#102];
GO0 U#21;

G32 W#12 F#101;

G32 U#10 W-#102; < Thread chamfering
GO0 U-#11;

GO0 W-#100;

M99 ;
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(D Since this program does not include #3000 (single block invalid control) and
#3004 (feed hold invalid control), the program is not protected satisfactorily
from operation error. In addition, the thread cutting cycle is possible only in
the U- and W- axis directions. Itis necessary to edit the program so that thread
cutting can be executed in four directions.

————— Qom0 Start point

U, W Signed value
K Unsigned value
U = #21 (Diametric value)
W= #23
K = #6 (Radial value)
F =#9

|
N|C

-
)
[}
=

|

(2 An example of macroprogram call up program is indicated below.

Gb5 P9000 W-45. K4.0 F5.0;
G65 P9093 U40.;

G65 P9093 U41.4;

G65 P9093 U - - - ;

(3 An example of macroprogram body is indicated below.

09000 ;

#100=#23; < W

#101 =49 ; ~—F

#102 = ABS [#6]; <« [K|
M99 ;
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09093 ;
#3003 =1; - Single block invalid
M93; - 7-block buffering

#10 = ROUND [#102] *2;
IF [ABS_ [#21] LT#10] GOTO 4;
IF [#21 GT 0] GOTO1;
IF [#21 EQ 0] GOTO 4 ;

#11 = ROUND [#21] +#10; «————— If U value is negative
#12 =#10;

GOTO 2;

N1#11 =ROUND [#21] -#10; <———— IfUvalueis positive
#12 = -#10;

N2 #13 = ROUND [#102] ;

IF [ABS [#100] LT#13] GOTO 4;

IF [#100GTO] GOTO 3 ;

IF [#100EQO] GOTO 4 ;

#14 = ROUND [#100] +#13; <——————— [f W value is negative
#15 = -#13;

GOTO 5

N3 #14 = ROUND [#100] -#13; «—————— |f Wvalue is positive
#15 =#13

GOTO S5

N4 #3000 = 499 (MACRO INPUT ERR.); <«——— Eror display

N5 GO0 U#21; Feed hold

#3004=7; = Feedrate override invalid ———
G32 W#14 F#101 ; Positioning complete

G32 U#12 W#15; -«—— Thread chamfering

#3004 =0; =
GO0 U-#11;
GO0 W-#100;
M92 ;

#3003 =0;
M99 ;
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ABLE

G CODE

Appendix 1 describes the G code and the functions.

11 GCODETABLE ................... Al -2
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APPENDIX 1.1 G CODE TABLE

Appendix Table 1.1 G Code Table
G Code Group Function Refer to
GO0 #1 Positioning (rapid traverse) 2.1.1
GO01  #1 Linear interpolation 2.1.2
G02 o Circular interpolation CW (radius R designation) 2.1.3
GO3 Circular interpolation CCW (radius R designation) 213
G04 Dwell 3.3.1
GO06 * Positioning (error detect OFF) 211
G10 Programmable data input 4.2.1
G11 Chamfering 2.14
01
G12 Rounding 2.1.5
G20 #2 Input unit system designation (inch) 3.2.3
G21 #2 ® Input unit system designation (mm) 3.23
G22 Circular interpolation radius R designation CW 213
G23 ® Circular interpolation radius R designation CCW 2.1.3
G27 Reference point return check 2.3.2
G28 Automatic reference point return 2.3.1
G29 * Return from reference point 23.3
G30 Second, third, and fourth reference point return 2.3.4
G31 Skip function 4.3.1
G2 Thrgad cutting, continuous thread cutting, multiple-thread 221,222
01 cutting
G34 Variable lead thread cutting 223
G36 #2 Stored stroke limit 2nd area ON 4.2.3
G37 #2 7 Stored stroke limit 2nd area OFF 423
G38 #2 Stored stroke limit 3rd area ON 423
G39 #2 o Stored stroke limit 3rd area OFF 423
G40 #1 Nose R offset, cancel 343
Gd1 06 Nose R offset, left 343
G42 Nose R offset, right 3.4.3
Gs0 # L | piece coordmate syeem siing BT s
G51 Actual position display zero return 3.1.5
G65 * Macroprogram simple call 4.4.1
G66 Macroprogram modal call 4.4.1
G67 #1 ¥ Macroprogram modal call, cancel 4.4.1
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G Code Group Function Refer to
G68 Programmable mirror image ON 424
G69 10 Programmable mirror image OFF 424
G70 Multiple canned cycle (finish) 412
G71 Multlple canned cycle (OD, rough) 4.1.2
G72 Multiple canned cycle (Face, rough) 4.1.2
G73 * Multiple canned cycle (closed loop cutting) 412
G74 Multiple canned cycle (face, cut-off) 4.1.2
G75 Multiple canned cycle (OD, cut-off) 4.1.2
G76 Multiple canned cycle (automatic thread cutting) 4.1.2
G80 #1 Canned cycle, cancel 4.1.5
G81 Canned cycle (drilling) 4.1.5
G82 Canned cycle (spot facing) 4.1.5
G83 Canned cycle (high-speed deep hole drilling) 4.1.5
G84 Canned cycle (tapping) 4.1.5
G85 1 Canned cycle (boring) 4.1.5
G86 Canned cycle (boring) 4.1.5
G87 Canned cycle (back boring) 4.1.5
G88 Canned cycle (boring) 4.1.5
G89 Canned cycle (boring) 4.1.5
G90 #2 Cutting cycle A 4.1.1
G92 01 Thread cutting cycle 4.1.1
G94 Cutting cycle B 4.1.1
G96 Constant speed control 3.53
G97 #1 02 Constant speed control, cancel 353
G98 #2 01 Feed per minute (mm/min) 1.2.4
G99 #2 Feed per revolution (mm/rev) 1.2.3
G111 . Multiple chamfering/rounding of taper 4.2.2
G112 Multiple chamfering/rounding of arc 4.1.3
G122 Start of tool registration 4.3.2
G123 #1 u End of tool registration 4.3.2
G124 Cylindrical interpolation 2.1.6
G125 #1 20 Cylindrical interpolation cancel 2.1.6
G126 Polar coordinate mode ON 2.1.7
G127 1 Polar coordinate mode OFF 2.1.7
G132 Rotary tool S command mode 3.5.4
G133 2 Rotary tool S command mode cancel 3.5.4
G198 #2 is Canned cycle (initial point level return) 4.1.5
G199 Canned cycle (R-point level return) 4.1.5

Note 1: The NC establishes the G code modes, identified by #1, when the power is turned ON or when the NC is reset.

2: The NC establishes the G code modes, identified by #2, when the power is turned ON.
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APPENDIX

INDEX

A2

In Appendix 2, technical terms specific to NC and J300L are
arranged in alphabetical order.
Please use this index when looking for descriptions using the
technical term as the key code.




A

Absolute/Incremental Designation ... ........................ 3-16
Address Characters ... ......... ... . i 1-11
Angle-designated Linear Interpolation ........................ 2-8
Argument Specification ........ ... .. .. .. ol 4-129
argument specification ... ...... ... ... . .. L 4-134
Automatic Acceleration and Deceleration ..................... 1-27
Automatic Coordinate System ...................... ... .. ... 3-5
Automatic Return to Reference Point .. ...................... 2-39
Automatic Thread Cutting Cycle ...................... ..... 4-49
AUTOMATING SUPPORT FUNCTIONS .................... 4-114
B
back boringcycle ....... ... 4-88
Base Coordinate System .. ......... .. .. .. 3-3
Boringeycle . ... o e 4 - 88
boundary ........... . e 4-110
BPRNT ... 4-171
Branch Instruction ....... .. .. ... .. ... ... 4-165
Buffer Register .......... ... .. ... .. ... i 1-18
Cc
Canned Cycles ... ... .. i e 4-3
Chamfering .. ....... ... . 2-14
Circular Interpolation .. .......... ... ... . ... ... ... 2-9
circular interpolation with R designation .......... .. .......... 2-12
CloseCommand . ........... ... ... it 4-175
Common Variables ............... . ... ... 4-140
Constant Surface Speed Control ............................ 3-77
Continuous Thread Cutting .......... ... .. .. ... ... ... ... 2-28
control in ... 1-13
Control Instructions ............... . ... ... ... 4-164
CONrol OUt ... o i 1-13
Control Point ....... ... ... ... .. 3-31
COORDINATESYSTEM ... ... . ... ..o 3.3
Cutting Cycle A ... 4-4
Cutting Cycle B ... .. o 4-14
Cutting Feed .. ... ... . 1-20,1-28
Cylindrical Interpolation ....... ... ... ... ... ... .. ... 0.0 2-18
D
DataOutputCommand . ... .......... .. .................. 4-172
Designation of Multiple M Codes in a Single Block ............. 3-85
DETERMINING THE COORDINATE VALUE INPUT MODES ... 3-16
Diametric and Radial Commands for X-axis ................... 3-19
DPRNT . e 4-171
dummyblock ....... ... 3-50
Dwell ... 3-22
E
Examples of Macroprograms .......... ... ... ... 4-177

A2-2

FCommand ....... ... . ... .. . . . 1-20
Face Cut-off Cycle . .. ... ... ... . i 4-43
Face Rough Turning Cycle . ..., 4-30
FeedperMinuteMode ................... .. ... ... 1-23,1-26
Feed per RevolutionMode . ........................... 1-21,1-26
Finishing Cycle ... ... ... .. . . . . . 4-40
Finishing Shape Program Memory ............ ... .......... 4-40
finishing shape program search function ...................... 4-41
Function Characters .................. ... ... ... . ... 1-12
G
GCODETABLE ... .. i Al-2
General Purpose M Codes ......... ... ... ... ... .. .. .... 3-85
H
High-speed return speed insolidtap .. ...................... 4-101
High-speed reference pointreturn ........................... 2-40
Hole Punch Pattern Setting Parameters ...................... 4-155
Hole-machining Canned Cycles ............................ 4-79
|
Imaginary ToolNose . ......... ... ... i, 3-30
Inch/Metric Input Designation .. ........ . ... ... .......... 3-20
Initial Point Level .. ... .. ... .. . .. i 4-80
Input Format .. ....... ... .. . .. .. . i 1-15
Interference Check ........ ... ... ... ... . oL, 3-65
Intermediate Positioning Point . ... ........... ... ... oL 2-46
Internally Processed M Codes ................. ... .......... 3-84
L
label skip function ........ ... ... .. ... .. i i oo, 1-6
LeastInput Increment ....... ... ... . .. ... .. i 1-3
Least Output Increment ........ .. ... .. ... ... . 1-3
Linear Interpolation ........... ... ... ... ..o 2-5
Local Variables . ...... ... .. . .. 4-138
Low-speed reference pointreturn . ..... .. ... ... ..., 2-39
M
M Codes Relating to Stop Operation ......................... 3-83
MFUNCTION ... ..o 3-83
Macro System Variables . ........ ... .. i 4-156
Macroprogram Alarm Numbers . ....... ... .. ... ... ... 4-176
Macroprogram Call ......... ... ... ... ..o o i 4-128
Macroprogram Call Upby Geode . ......................... 4-130
Macroprogram Call Upby M Codes ........................ 4-130
Macroprogram Call Upby TCode . ......... ...t . L. 4-132
MACROPROGRAMS . ........ ... .. ... ..o 4-126
Maximum Programmable Values for Axis Movement ............. 1-5
Maximum Spindle Speed Command ......................... 3-76



MISCELLANEOUS FUNCTION .............. . ............ 3-83
Modal Call Up ... ... ... i 4-129
Modalcall up .. ... e e 4-133
Modal information ....... ... .. 4-156
Multi-active Register .......... .. ... ... ... ... oo 1-18
Multiple Chamfering/Roundingon ArcEnds .................. 4-70
Multiple Chamfering/Rounding on Both Ends of Taper .......... 4-56
Multiple Repetitive Cycles . . ... 4-16
Multiple-thread Cutting . ......... ... ... ... .. .. 2-34
N
Negative Polar Coordinate Specification ...................... 2-25
Nesting of Macroprogram Call Up .. .............. ... ..... 4-132
Nose R Offset Function .................... ... ..o o .. 3-29
Number of Simultaneously Controllable Axes .................. 1-2
Numerically Controlled Axes . ...........oooiiiiiinnnn.. 1-2
o)
OD Cut-off Cycle ... ..o 4-46
OD Stock Removal Cycle ......... .. ..., 4-19
Open Command . ..ottt e 4-171
Operation Instructions . .......... ... .. ... ... 4-162
Optional Block SKip .. ..ot e i 1-17
P
Pattern Repeat Cycle ......... ... ... . ... iiiiiiiit, 4-36
Peck Feed Operation ........... ... ... i i, 4-43
Polar Coordinate Interpolation .. ............................ 2-21
Position information .. .......... ... ... ol 4-157
POSHIONING o\ ottt e e e e 2-3
Positioning in the Error Detect OFFMode ..................... 2-4
Positioning in the Error Detect ONMode ...................... 2-3
ProgramEnd........ ... .. 1-8
Program Format ...... ... ... ... i 1-9
Programnumber ...... ... ... 1-9
Program Start . ....... ... i 1-8
PROGRAM SUPPORT FUNCTIONS .................... 4-3,4-94
Programmable Datalnput ................ ... ... .. 4-104
R
Rapid Traverse ... ...ttt et 1-19,1-27
REFERENCE POINTRETURN ........ ... ... ... ..., 2-39
Reference Point Return Check ................... ... ... ... 2-44
Registering the Macroprogram . ............ ... ...l 4-170
Repeat Instructions ... ... ..o il 4-167
Return from Reference Point Return ... . ... ... .......... 2-45
Returning to the origin for present position .................... 3-10
Reverse tappingcycle ... ... .. . i 4-87
Rotary Tool Spindle Selection Function ...................... 3-81
Rounding . ..o e 2-16
RS-232Cdataoutput 1 ... 4-153
RS-232CDataOutput 2 ... ...t 4-171

SFUNCTION . ... e 3-75
S5-digit Command ........... ... e 3-75
Second to Fourth Reference Point Return .. ................... 2-49
Sequencenumber . ..... ... ..o 1-9
Simple CallUp ... ..o 4-129
SkipFunction ....... . ... e 4-114
Solid Tap Function ............ .. ..o it 4-94
Special codes ....... .. 4-154
Spindle Command ............ ... . ... i 3-75
SPINDLEFUNCTION .. ... 3-75
Stored Stroke Limit B ............ . . ... . o ol 4-108
straight facing cycle ...... ... . .. oo 4-14
Subprogram Call Up Function ............................. 4-106
Subprograms ........... . 4-126
Switching between Feed per Minute Mode and
Feed per RevolutionMode . ........... ... .. . .o i, 1-26
System Variables ............. ... i i i 4-141
T
TFUNCTION ... e 3-82
T4-digit Command . ............. ... . . i 3-82
Té-digit Command ........... ... ... ... ... ....ciiiiii... 3-82
Tape End. ... .o 1-6
Tape Format ... ... ... .. .. 1-6
Tape Start ... 1-6
Tappingcycle ... ... 4-87
Thread Cutting . ... o 2-28
Thread Cutting Cycle ............ ... i i, 4-6
THREAD CUTTINGFUNCTION ... ........... ... ... . 2-28
TIME-CONTROLLING COMMANDS ...................... 3-22
Teol coordinate system setting function ..................... 4-124
TOOLFUNCTION ... ... . e 3-82
Tool Life Control Function ............................... 4-117
Tool Offset DataMemory ........... .. ... ... ....oiien. 3-23
TOOLOFFSETFUNCTIONS ... ... .. ... 3-23
Tool Position Offset ............. ... ... ... ... it 3-24
U
Undefined Variables . ............ ... ... ... ..o oL 4-160
\'4
variable block format ........ ... ... . o Ll 1-1§
Variable Lead Thread Cutting ............. . ................ 2-37
Variables .. ... ... ... 4-138
w
Workpiece Coordinate System ............... ... .. 3-7
Workpiece coordinate system setting function . ................ 4-124
Workpiece Coordinate System Shift Amount .. ................ 3-14
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