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INTRODUCTION

Thank you for your selection and introduction of our .Machining

Center.

This manual describes the programming of Machining Center with
SEIKI-SEICOS MII. In order to use fhis machining center effectively,
it is necessary to understand and program the features and functions
of machine.

Explanation is made for necessary items on programming, such as the
programming words and methods.

Accordingly, make programming upon full understanding of the contents.

As to the details of parameters etc., refer to the Instruction Manual

for "SEIKI-SEICOS MIL".






1-1 FLOW CHART FOR MACHINING WORK BY MACHINING CENTER

) Function of using machine:
. - stroke, machining faculty, accuracy,
1€Q® ATC faculty, work-limit

Selection of machining position

V

l [ |

=1

Machining diagram

Mounting method Tool, cutting tooi Program
|
Mounting device Selection of tool, Decision of machinig
Tool, cutting tool order
Standard face ’ Decision of cutting
Stopper [ Preparation of tooling list | |condition
7 isi _
Tooling 11t - Decision of pro +Y
Condio y gram zero point.
tion Als [E Coordinate

system
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3 Boring|}4—a{T03
/

path
calculation
and drawin

| Preparation of .tool, cutting ‘tool
Measurement of tool length,diameter Programming |

01234
G40G80G98
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TO1MO6
G54G90G0O0X0

rfllll 1k

Centering for
Work-coordinate
setting

TOOL OFFSET
01'.0‘.!.0
02¢evencns
03ceeannsns
Obieivnnas

Input of tool
compensation

80
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Input of work
coordinate
system

Mounting on
tool magazine
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1 - 2 Programming type

"Programming'" means the preparation of process sheet while looking

at the diagram.

Programming examples are as follows.

In programming,

the sequence to write, various symbols and numerals are decided.

(@]}

Program No. 00001~09999 (2-1)

L

1l

G-function (10-1)

G28
G30

Auto-zero point return (4-12)
Second reference point (4-14)
) return

Sequence No. N0O001~N9999
(2-10)

Tool No. ATC (3-3)

LA R

M

M-code

(10-2) ti>>

Cutting feed (3-4)

)

M98

Sub-probram call

(10-2) ;>

Selection of spindle gpeed
(3-2)

G43

Tool length compensation

(5-9)

(9]
w

[
\O

Canned cycle (7-2)

N = )] |00~

(2-13)

Coordinate word

IS Av

G24
G59

Work-coordinate system (6-3)

GOO
GOl

Positioning
Linear interpolation

(4-8)

GO2
GO3

Circular interpolation (4-2)

G41
G42

Tool diameter compensation
(5-1)

U RAS

M30

Program end (10-2)

0 1986 (TEST CUT PROGRAM)
G17G40G80G98

G91G2820

G28X0YO

o<

G91G30X0YOZOM19

o
w

NOOl (100 MM FACE)

T [] Mo6

654690600x [ ] Y[ s []T[]
ca3z [ Ju[]

MO3

colz []F []

xJr ]

M98 P98

O
w

N0O2 (10.2 MM DRILL)

G54690c00x [ Yy []s [ ]t []
cs3 z [ Ju[]

MO3

c98 81 R [ jz [ ] F[]
x[1y[]

.
.

MO8P98

NOO5 (20MM END MILL)

T [ ] MO6

654690600 X [ JY[ Js [t []
cu3z [ | H

MO3
G00Z
GOl Z

G02 X
GOl X

G%l x[Jy[o[]

M98 P 98
M30

R[]

<o

11U




2.. Programming language

et

2-1 Program No.

Be sure to attach max. 4-digit
numeral in following '"O" of
alphabet on the head of the

program.

*) The program without Program
No. cannot be registered in

NC-system (memory).

OQaananananx

Program NO.

0L LA DX

00048 4%
X X
X X
%X X
X X
X X
X
X M99 X
X
M30_X — _ __Mark for program

end

2-2 Program

One program is certainly starts

with Program No., and it ends

with either one of MO0O2, M30, M99.

MO2, M30 mean the end of main

programe.

M99 is the end of program.
There 2 types of programs,
the one is (:) main program
and the other is (:) sub-

program.

(Note) 1.

Be sure to attach Program No. at the head of one program.

2. Program No. is also certainly necessary for the head of

sub-program.

Use No. 0001 ~ 9999,

No.

8000 ~ 9999 may be used for special program.




2. Programming language

2-3  Main program

Main program

Main program

Main program means that there is OAAANA X
Program No. on the head and M30 <
or MO2 Program at the end.
%
X
_M30 %
2-4  Subprogram Subprogram

Subprogram means that there is
Program No. at the heac, and
that there is M99 Program

certainly at the end.

0aALAXK
/Mse*

2-5 Composition of progrém

Program is subdivided into

C) Main program

C) Sub-program.

The NC generally moves in accordance
with the indication of the main programs.
When a command, '"Obey the indication of
the subprogram" is contained in the

main program, the NC moves in accordance

with the indication of the subprogram

therafter. This is named SUB-PROGRAM CALL.

When a command, '""Return to the indication
of the main program' is contained in

the subprogram, the NC moves in accordance
with the indication of the main program.

This is named RETURN FROM SUB-PROGRAM.

Main program

Sub-program

0AAADL X

f




2. Programming language

It is possible to call other sub-program further among the sub-programs.

Sub-program

al N
01000 ; 02000 ; ‘ 03000 ; 04000 ;
M98 M98 ' M98
P2000 ; P3000 ; P4000 ;
M30 ; ' M99 ; M99 ; M99
Onefold Twofold Threef old

When counting a sub-program called from the main program as onefold of
sub-program call, sub-program can be called up to max. eightfold.

When some program calls other program, that program to be called is
"named kid program.

When some program is called from other program, that calling program is

named parent program.

10 WAVAY A VAR OX XXX ;

M98

PXX XX

M99 ; M99 ;
- Parent Kid > —

2 - 2(b)




2. Programming language

2-5-1

Sub-program call
The method calling a sub-program is as follows.

...... Loceeres
Number of repeated call

M98 P

Sub-program No.

The sub-program call of the program No. designated by P is executed

by L times.

When M98 P_ L_ is commanded in the same block as the travel command,
the sub-program is called after the travel is finished.

2-5-2 Return from the sub-program
The return from the sub-program is performed as follows

M99

When M99 is commanded, it returns to the block next to the command

of the parent program call.
Procedures executing the sub-program
Once Kid program

N
02000 ;

(Example)

N ,”’//’/’/’/’//y. 4,///////27
L2 ; ," N101 ;
' /
N3 ; ;,' N103 ;
M98 P2000 ; . ," N104 ;
N4 ; T | wes;

2 - 2(c)



2. Programming language

2-5-3

Special using method

a) M99 Pa ;

b)

When returning from the sub-program to the parent program, it

returns to the sequence No. designated by P.

Parent program

02000 ;
_——// Niot :

Kid program

?

N1io02 ;
N103 ;
N1i04 ;

M99 PS5 ;

N1 ;

M98 P2000 ;
N2 ;

N3 ;

N4 ;

N5 ; =
M99 LB ;
The L'value

forcedly to

of number of the sub-program call is shifted

the B time.

Parent program

N1 ;

Kid program

/// 02000 ;

M98 P2000 L99 ;

N2 ;
N3 ;
N4 ;

N5 ;

N1 ;
N2 ;
N3 ;
N4 ;

M99 LO ;

2 - 2(d)




2. Programming language

c) M99 of the main program
When M99 in the main program is executed, it returns to the top

of the main program and the program is executed repeatedly from

the top.

In this case, it doesn't return to the top when it becomes M99Pa,

but returns to the position of the sequence No. designated by P.

Main program
01000 ; _—
N1 ;
N2 ;
N3 ;

N4 ;

N99 ;

2 - 2(e)




2. Programming language

2-6

Address

"Alphabet'" is particularly

called '"address'".

G90 GOO X-100.0 *

Address

Data

Numerals (including decimals,
symbols) following the address
(alphabet) are called data.

G90 GO0 X-100.0 *

Data

2-8

Word

Address + data is called "word".

Symbol of EOB(CR)

G90 . GOQ , X-100.0

Word

2-9

Block

Block means one line on the
program, and the interval

between EOB (CR) and EOB on

o

G90G00X—1000 GO01Y10.0F50 MO8

o]

o

(o]

tape.
Block
EOB : It means end-of block (END OF BLOCK).
CR : It means (CARRIAGE RETURN) or return of carriage in puncher

word (starting of new line).

In connection with this

operation, punch is made at the deletion on tape.

EOB and CR are synonym.




2. Programming language

2-10  Sequence No.

Initial part of block can be NOOOl ~ N9999
attached with number by Example NI G_X Y § %
numerals within 4 digits N2 z M %
following the address No.

G Z R F ;
It is called "Sequence No." _—
Sequence No. is not related N3 X *
with machining. E

N1O *
G M *
M .

2-11 How to prepare sequence No.

For setting the actual Sequence No., it is convenient to put it
at a well punctuating position for the program, for instance,

tool is changed to be a new tool

Also, the following way is convenient for taking the number.

In case of VM and VK

N | |
A

—Operations for every tool

When machined by 1st tool : N1
When machined by 2nd tool : N2
When machined by 3rd tool ; N3

In case of HG

No___ |1 |
T__— t_.Operations for every tool
Identification of pallets
When machined by 1st tool of 1st pallet, N10l is attached.

When machined by 2nd tool of 1st pallet, N102
When machined by 3rd tool of 1st pallet, N103

When machined by 1lst tool of 2nd pallet, N201
When machined by 2nd tool of 2nd pallet, N202
When machined by 3rd tool of 2nd pallet, N203




2. Programming language

2-12 Tape dimension specification

Dimension specification is based on

Unit: mm

Cord .
hole %1.83%+005

Tee tioa\\\TH direction

. ceC
Qgﬁg”’ Tape horizontal

direction
Feed 254%0.08
hote 1174433
Tape-— ¢
' 2 pcs.
. Ivertical \ | , p
Y‘* !direction ' l \ Feed direction
r 71 pc. 7 -
0.108+0.005 Less than 0.270

2-13 Tape .code

Character (word) is a minimum information -of command given on tape,
it can be variously combined to make into readable word by the

system.

Character as minimum information can be expressed by the existence

of 8 holes on tape.

Character using NC-machine:

a) Numeral: o, 1, 2, 3, 4, 5, 6, 7, 8, 9

b) English : A, B, C, Dy, vieeeeene X, Y, Z
character

c) Special : +, -, / (slash) CR(EOB), ER, SP (space)
symbol Del (delete), etc.




2. Programming language

2-14  Tape format
Format of command tape is as follows:
N4G3X(Y,Z2)*+43I(J,K)143B3 ~
ZF4H2 T4 S5M4 *
(D2)

N4 Sequence No. in 4 digits

G3 Preparatory function of 3 digits

X (Y,z)* 4.3 4 digits over decimal point, 3 digits less than
decimal point in the positive/negative values of
axial commands X, Y, Z.

I (J,K)*4.3 4 digits over decimal point, 3 digits less than

| decimal point in the positive/negative values of

axial commands I, J, K.

B3 B means 3 digits of positive value alone.

F4 4 digits feed function.

H2 or D2 2 digits Offset No.

T4 4 digits' tool function code-

S5 5 digits' spindle function code.

M4 4 digits' miscellaneous function code.

* It shows end of block.

2-15 Address and meaning

Address usable with NC and its meaning are as follows:

Same address may be used for different meanings by the indication
of preparatory function (G-function).

Pay attention to the fact that the indicated value range is

different by the specifications of machine.




Range of

canned cycle
Shift amount

Function Address Meaning L . Remarks
indication value
Program No. [:(ISO)/O(EIA)|Program No. 1~9999
Sequence No. N Sequence No. 1~99999
Preparatory Indication of See the
. G . 0~999
function operation mode attached
list
X.Y.Z Moving command of | 14999 999 py
coordinate axis
Coordinate A.B.C Mov%ng commanq of +9999.999°
additional axis
language Circular radius
R . - 19999.999 mm
R-point of canned
cycle
I.J.K Circular Center $¥9999.999 mm
coordinate
Feed rate F Indlgatlon of 1 ~ 5000mm/min
feed rate
Spindle g ;ihdication of Based on machine S5 digits
function spindle speed specification
Tool Indication of ..
function T Tool No. 0~9999 T4 digits
Miscellaneous Indication of M4 digits
. M 0~9999 See the
function ON/OFF on
. . attached
machine side .
list
Second Table indexing 0~359° O-point
miscellaneous B return of
function B-axis
B=20
Offset No. H.D Indication of 0~32 max option
Offset No. 208 sets
Dwell P.X Indlcat}on of 9999.999 sec.
dwell time
List of Indication of 1~9999
P
Program No. sub-program No.
Repeating Repeating Octuple
L 1~9999 .
frequency frequency of calling
sub-program NO. frequency
is possible]
Shift amount Q Cut—in amount of | 4404 647

Note)

Decimal-point input possible addresses X.Y.Z.I.J.K.R



2. Programming language

2-16

Program zero point and coordinate system

In case of program, be sure to
decide the program-zero point
(0-point) firstly.

Program zero point is decided by
programmer by looking at the

machining diagram.

Coordinate: Numeral to decide the
position of diagram
with the standard of
3 straight lines cros-
sing mutually perpendi-
cularly for firm decid-
ing the position of

optional point in the

space.




2. Programming language

2-17 Absolute command (absolute coordinate value)

This is dome by G90.

In program, there are 2 commands for axial (X,Y,Z) movement,
and one of them is absolute (absolute coordinate value) command.
Command is made at the position (absolute coordinate value) from

program zero point . There is one zero point.

;zl«so——-
IS
-I
I
|
|

/
8
C X
f <—5o-»|~—|5o-———
200
N1 G90 X50.0 Y30.0 G90 hereafter-moving command is absolute
command. Moving to Pl.

N2 X200.0 Y30.0 Moving from Pl to P2.

N3 X200.0 Y90.0 Moving from P2 to P3.

N& X50.0 Y90.0 Moving from P3 to P4.

N5 X0 YO Movement from P4 to program zero point.




2. Programming language

Incremental command (incremental wvalue)

It is done by G91.

In program, there are 2 commands of axial (X, Y, Z) movement.

One of them is the incremental (value) command.

Now, the place where there is the spindle is program-zero point.

Accordingly, zero point moves with the axial movement.

Initial program
zero point

(zero point)

So

Y

______ Pa _ P3
T /T 1
38| / ;
4
N P iy
50 150

N1 G91 X50.0 Y30.0

N2 X150.0 YO
N3 X0 Y60.0
N4 X-150.0 YO
N5 X-50.0 Y-90.0

G91 hereafter-moving command is
incremental (value) command.

Moving to Pl.

With Pl as zero point moving to P2.
With P2 as zero point moving to P3.
With P3 as zero point, moving to P4.
With P4 as zero point moving to the

start point.

2 - 10




2.

' Programming language

2-19

crossing coordinate system.

Standard axis X,
Swivel axis A,
Auxiliary axis u,

Right hand perpendicularly

Y, Z

B, C

vV, W
+C
+2Z

Py
4

2-20 Z—-axis

Vertical movement of

unit is expressed as

DIRECTION

Z-minus:

to the article. .

movement approximating

spindle

Z-axis.

Z-plus : movement getting away
from the article.
2-21 X-axis

Lateral movement of table

is expressed as X-axis.

Axial movement is mainly

considered with the center

of spindle (tool).

IDIRECTION]

X-plus : Right-ward
(table: leftward)
X-minus: Leftward

(table: rightward)

with spindle mainly, and should

Movement should be considered

not be sticked to the movement of

table.

2 - 11




2. Programming language

2-22 Y-axis

Longitudinal movement of spindle
(tool), namely, column-longitudinal
movement is expressed by Y-axis.
With VM, movement is made on
cross rail in the longitudinal

direction of spindle unit.

DIRECTION

Y-plus direction getting away
from operator side.
Y-minus direction towards the
operator (in front).
2-23 Z-axis zero point

Program is generally made by
deciding the standard face at
the machining diagram as zero,

namely,

(:) machining surface with face-

milling,

(:) surface regarded as standard
by the description of dimension

even without machining.

With (:), (:) decided as ZO (zero),

program is performed.

Z-value on the program is always
tool-nose position.
Tool-length compensation will be

mentioned later.

st—q}————

)

(First
reference Tool length
point) |
‘y Z 30.0
30 face
) Zo ta
50
Y 7-50.0
Work ‘JIIj
] 777777777777
Table

*) Instruction of ZO (zero) to
machine side is made with
one touch by the use of W-

setter.

2 - 12




2. Programming language

2-24 X, Y, Z standard coordinate and actual work

Vertical-type
machining center

<

pOY
w

- // -
7
7
. . // S
- 4 -
~, Ld

Display is made by the
movement of spindle

Horizontal type machining center

by considering it on the diagram.

In programming on the desk, do not mind the movement of table

2 - 13







3. M, S, T, F,

B functions

3-1 Miscellaneous (M%ﬁﬁﬁgafégjifk

At the time of operation of this
machine, command is made with
spindle-rotation start, stop,
coolant ON, OFF, mirror image,
table rotation, ON-OFF control
on the side of tool-change, etc.
within 4 digits (machine for use
with 2 digits usually) following
the address-M.

MALALA %
MOO

MO1

MO2

M99

Note)-1 It is impossible to make
command for M-function
over 2 pieces on the same

block.

s
w

Actual program

Spindle rotation ON : MO3
Coolant ON : MOS8
Spindle rotation stop : MO5
Coolant stop : M09

G90G54G00X100.0Y150.051000%

G43Z50.0HO1*

MO3*

MO8*

720
GOl X300.0 F250%
MO5*

MO9*

5

For the list of M-functions, refer to P.10-7.




3. M, S, T, E, B functions

1) Home position at the pallet change

X-axis 3rd reference point position. (G91G30P3XO0)

A pallet is mounted on the table and clamped.

The slider forwards.

The pallet has been completed to turn either clockwise or
counter-clockwise.

The APC door is closed. (The notch for manual open/closed is
inserted.)’

The position of the Z-axis G28.

®@ © OO

2) Program example

G91G282Z0 —————— Z-axis machine reference point
G28Y0 ———— Yy-axis machine reference point
G30P3X0 ———— X-axis 3rd reference point

M60 ——  Pallet change




3. M, S, T, F, B functions

Command method of pallet change (M-function)

(Case of HG type)

1. There are three kinds of APC programs as follows:

1) M60 cycle....... Changing operation is performed without disting-

wishing between the left pallets and the right.

2) M61 cycle....... A pallet on machine is carried out left side and

A right side pallet is carried in.

3) M62 cycle....... A pallet on machine is carried out right side and

A left side pallet is carried in.

2. Program example
1) M60 cycle

The contents of M60 canned cycle

In case a pallet is In case a pallet is

—&

left side right side
G91 G28 ZO BO G91 G28 Z0O BO
G30 P3 X0 YO M60 G30 P4 XO M60 ~ _ _
G30 P4 X0 YO M60 G30 P3 X0 YO M60._

)

2) M61 and M62 cycle

The contents of M61 canned cycle

-

~N

In dase a pallet is
right side

In case a pallet is
left side

In case pallets are
both sides

G91 G28 Z0 BO
G30 P4 X0 YO M60
|

I
G30 P3 XP YO M60

T 1234
G91 G28 Z0
628 X0 YO
M60
TO1 MO6

§

~-A pallet on machine is
carried out left side.

NA right side pallet is
carried in.

0 0001
G91 G28 20
G28 X0 YO

M61...A right side
pallet is carried
in.

M98 P1234....Program
for A work machi-
ning.




3. M, S, T, F, B functions

Command method of pallet change (M-function)

(Case of HG type)

The contents of M62 canned cycle

(62) e M62....A left side

pallet is carried

In case a pallet 1is In case a pallet is .
. . . in.
left side right side M98 P2345..... Program
for B Work machi-
In case pallets are ning.
both sides M30

G91 G28 Z0 BO
G30 P3 X0 YO M60
I

[
G30 P4 X0 YO M60O
L




3. M, S, T, F, B functions

3-3 Command method of spindle speed (S-function)

(:) Make direct command for spindle
speed by 5 digits following the s coass
address S.
Command value S45 (45 rpm)
$4500 (4500 rpm)
Note) Option S120 ~ S12000
(:) Programming example
Change to lower feed,500 rpm S500;
Spindle rotation MO3;
Change spindle speed to 5000 rpm 55000
for rotation. .
Reverse rotation .
Spindle stop MO4;
MO5;
Change the speed for rotation. $500 MO3;

Note)-1

Note)-2

Note)-3

Note)-4

Note)-5

Note)-6

S—command makes speed change alone, and spindle does not
rotate.
Whereas, in case of S-command during rotation, change the

speed for rotation.

With S-command except for max/min spindle speed, upper/

lower max/min speed can be set.

By spindle rotation with auto-mode (MDI, Memory, tape),
spindle is stopped by manual mode, thereafter, the auto-
mode will induce "alarm'.

Set to auto-mode by rotating the spindle by manual mode

again.

Simultaneous command for axial movement with MO3 or MO4 will
induce rotation with axial movement. Simultaneous command
of axial movement with MO5 will cause spindle stop after

the end of axial movement.

With movement in high/low speed area, gear-shift operation
is made automatically.
Changing speed with gear shift in feeding operation

is not allowed for fear of tool damage.

3-5



3. M, S, T, F, B functions

3-4 Tool No. call (T-function)

(:) Command is made within 4 digits

(2 digits generally) of numerals

T Aasan

in following the address-T.
After execution, tool is called
to the stand-by position, and
arm is hold.

This code is effective until

the next T is commanded.

Program example

A Case in calling the Tool No. 15

T15 *

(:) Case in calling the Tool No.-20

during the positioning operation

G90 GOO X200.0 Y150.0 T20%*

While making rapid feed to
absolute coordinate values
X200.0 Y150.0, select Tool
No.20, and then, it is~h®1d’

in arm.

<:> Relation with tool change:

At N1, call TOl.

At N2 with TOl spindle, make
automatic change operation

for tool.

After the end of operation,

TOl is kept at the spindle.

N1 TOl *

N2 MO6 *




3. M, S, T, F, B functions

Tool No. call (T-function)

‘C:)'Tool-No. is same as with
Magazine No. Then, T.No. is

TOl ~ T30 by Magazine No.

(*Magazine No. is the same as

with Tool No.)

Tool mounted on Magazine No.

is TAAD,

At time of tool change,
there is stand-by position
for simultaneous change of

the current and next tools.

Case calling Tool No.l5 to

the stand-by position.

Simultaneously with X, Y-
axial movement and spindle
change, Tool No. 15 is called

to the stand-by position.

T1l5 *

(Actual programming example)

G54 G90 GOO X100.0 YO S100 T15 *

<:> X, Y, Z-axial positions at
time of tool change

(Second zero point)

(Case of VK)

{G91 G30 Z0
(Case of HG)

G30 X0 YO

G91 G30 X0 z0
G30 YO (Swing to the
arm-spindle sidd
then, arm is set to it
horizontal position.

(Case ofVMHI){

(:) .Precaution for tool change

Note 1)
limited.
Note 2)
nothing, and advance is made to the next.
Note 3)
-of spindle) before commanding Y-axis zero point.
Note 4)

2nd reference point by the command of M06 (ATC canned cycle).

There is a limit on tool shape, do not use other tool than

In case commanding TXxM06 of spindle-tool again, there is

In case of VM-type of HF300 Type, complete M19 (positioning

In case of VM, VK and HG, the axes move automatically to the




3. M, S, T, F, B functions

3-5 Programming example of tool change (Case of VM, VK)

M31(Chip conveyor start)......

Keeping tool-change operation,
TO] spindle.....vvvvreeennnnn.

TO02 stand-by...coveevenennnn.

MO6(ATC canned cycle)
Case of VK

M15 *

G91 G30 Z0 *

G30 X0 YO M19 =*
(Txx) MO6 *

Case of VMIIL
M15 *

G30 G91 Zo
G28 X0 M19
(Txx)y -

G30 X0
MO6

G28 X0

$G28 Z0

#When 1 bit of the parameter
No.6203 is 1, it becomes
effective.

The above operations are
performed by MO06 command.

G43
MO3

N8

TO8
TO1
G54
G43

G91
G28
M30

01234 *
...... G17 G40 G80 M31 *
Nl *
...... TO1 MO6 =*
...... T02 *
G54 G90 GOO X0 YO S300 *
G43 230.0 HOl1 *
M03 *
S Machining program
N2 %
TO2 MO6 =*
TO3 =*
G54 G90 GO0 X100.0 Y-50.0 S1000

Z30.0 HO2 *
%

Machining program

*

MO06 *

*

G90 GOO XO YO S800 *
230.0 HO8 *

Machining program

G28 z0 *

X0 YO =
*




3.M, S, T, F, B functions

3-6 Programming example of ‘tool ‘thange (Case of HG)

1. There are three kinds of ATC program of HG as follows:
1) ATC position return is performed by main or sub-program.

2) A method of using ATC canned cycle (available by changing the
parameter)

3) A method of performing ATC position return and arm swing opration.
(effective to save the ATIC time)
2. Program example
1) Performing ATC position return by sub-program.

Registered as sub-program of ATC position return.

0 1234
G91 G28 20
0 0098 “\\\\\\\\\\\\\ G28 X0 YO
G40 G80 MI9 M98 P98
G91 G30 z0 M09 TO1 MO6
G30 X0 YO //////////////”GSA G90 GOO X0 YO S300 TO2

G90 M99 \\\\\\ 5 ..... Machining program
\ M98 P98
T02 MO6

2) A method of using ATC canned cycle.
Registered as ATC canned cycle in SEICOS.

0 1234
G91 G28 Z0
G28 X0 YO

- ——T01 MO6

MI5
G54 G390 GOO X0 YO S300 TO2
G91 G30 z0 MI19 $ -

..... Machining program
G30 X0 Y0 N 8
TO2 MO6

Txx MO6 -
-




3. M, S, T, F, B function

Programing example of tool change (Case of HG)

3) Performing ATC position return and arm swing operation at a time.

The contests of the operation.
C) Axes of X,Y,Z are returned to ATC position.
(:) M09, MO5, M19 are performed.

(:) Arm swing operation will be 0 1234
start when Z Axis comes to 40mm G91 G28 Z0
before the ATC position. G28 X0 YO

G91 G30 X0 YO Z0O TOl MO6
G54 G90 GOO X0 YO S300 TO2

Note) -1 Operation of 3) will be
done when rapid feed override

is 100 Z. S """
G80

G91 G30 XOY0 Z0 T02 MO6

Machining program

-2 Take care that tool noses

do not interfere with fixture

and so on. S

3 - 10




3. M, S, T, F, B functions

3-7 Command method of feed speed (F-function)

(:) Command the distance between

2 commanded points by lineatr - Command Actual speed
or circular interpolation, FO001 lmm/min
also, command the moving speed (minimum)
by the numerals 1 ~ 5000 follow- Fl lmm/min
ing 1 ~ 5000. FOO10 10mm/min
FO100 100mm/min
F5000 5000mm/min
(Maximum)
Actual program GOl X150.0 F80 *
Note)-1 Be sure to put F AAAA G02 X200.0 Y300.0 R50.0 F400 *

on GOl, GO2, GO3.
GO3 X250.0 Y50.0 R100.0 F300 *

(:) With GOO (rapid feed), F ananaa
is unnecessary with GOO (rapid

feed).

Note)-1  F-unit is the moving amount (mm) per minute, namely,

mm, min.

Note)-2 It is possible to omit "0" of the upper digit by numeral.

It is called "reading zero'".

3 - 11




3. M, S, T, F, B functions

3-8

Table-indexing command method (B-function) HG series

Command the table rotation by address-B and 3-digit numeral.

By machine specification, minimum indexing angle is 1°.
With absolute command, B0OO~B359 (1°) is the standard.
Rotation is made short-circuit direction (the left diagram

shows the case of 1800).

. B180

o ranl
"

B180

BOO

o,
=N
B9 0O !

S

fanYanaakian

Y

5s

B270

(R

B9O

—\

A

. ‘Eg— Waiting pallet
E} position

-—[z -{EEEEB__ BOO position
Spindle
' |
o

Spindle

BOO

CSNER
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4. G-function (preparatory function)

4-1 G A A A

It shows the meaning of program- GO0 Positioning (rapid feed)
command by the numeral of 3 digits GOl Linear interpolation
(usuallyVZ digits) following Address (cutting feed)

G. GO02 Circular interpolation
That is, it is a preparatory function Cw

concerning the movement of spindle GO3 Circular interpolation
(tool). CCW

(

Refer to the list of G-functions. GO0 ~ G99
(p. 10 - 1) G501
G511
Note)-1 G-code with the mark '' ~=g " shows G-code state after resetting

NMote)-2

Note)-3

Note)-4

or power-input. As for GOl, Gl7, G22, G54, G64, G90, G98, it is
set after power input, and it shows the state before reset even
after being reset.

As for G40, G49, G80, it is set after reset or at time inputting
the power supply. For G20 and G21, it shows the previous state

before pressing the reset button or before power-set off.

G-code in 00-group shows G-code without modal, and only

designated block alone is effective.

Command of G-code without being listed on G-code list will
show the alarm display.

(041 Program error)

Also, command of G-code without corresponding option will

show the alarm display (PS010).

G-code in different group can be commanded to the same block
in any quantity.
In commanding over 2G-codes belonging to the same group in

the later commanded G-code is effective.




4, G-function

(preparatory -function)

4-2  GOO (Positioning)

It is called rapid feed or rapid

Y
traverse, and rapid feed is made
from the present position to the L
Destination
next destination (X, Y, Z). 40
X
50 80
position
How to write the program GO0 X80.0 Y40.0 *
Note)-1 The route at moving time
is not necessarily limited Y
to the straight line.
40
Note)-2 -Rapid traverse rate is
different by the type about
o
of machine. 45 ! X
40 80

It is 13m/min ~ 15m/min.

Note 3) Movement may be different

by the following.

Absolute command G90
Incremental command G91

Note)-4 After commanding once,
it is possible to omit

by efficacy (called modal).

Absolute command
G90 GO0 X40.0 Y4&40.0 *
X80.0 Y40.0 *

Incremental command
G91 GO0 X40.0 Y40.0 =*
X40.0 YO ®




4.

G-function (preparatory function)

4-3 GOl (Linear interpolation)

It called linear cutting or cutting
feed, and linear movement is madé
from the current position to the
next destination.

Feed rata (feed function) F is

necessary.

How to write program

Current
position

O S —

. Destinat lon

400

N

E—

-+ X

G91 GOl X400.0 F200 *

A F is a moving amount (mm/min)

per minute

Example

300
~ 7
4010 309 104
—7'\ /'
1 I | 2
\ 50 4 \
4\
100
250 s .-
4\\4_// 2
b N 3
0o !
Starpfﬂ_l 150
point
250

Put clear arrow
mark.

Start point

|

|

4 Movement by

1 Rapid traverse
rate positioning

2  Movement by
cutting speed

Rapid traverse

cutting speed
Starting point

Return to the start

point by rapid

traverse rate.

G91 GOO X100.0 Y250.0 *

GOl X300.0 F300 *

GO0Y-100.0 *
GO01X-300.0 F300 *

G00X-100.0Y-150.0 *




4. G-function (preparatory function)

4-4  GO2, GO3 (circular interpolation)

Rotary direction

It is called circular cutting, and
it moves to the direction in the
feed rate FAAAA along the circle
(arc) towards the commanded point.

Circular radius is commanded with "R'".

+X__.
axi’s axis

How to write program

x_ Coordinate value of end
v point (destination)

R Circular radius

F Feed rate per minute

G2 X Y R_F_ %

Actual program

Case of arc 1

GO2 X70.0 YO R70.0 F150 *

Case of arc 2

GO3X-40.0 YO R40.0 F150 =

. . . . , o : . .
o With R-indication, when the arc is over 180, command it with

R-

Whereas, full circle (circle of 3600) cannot be commanded with

R-indication.

‘For full circle, command is made by the use of I, J, K. Without

using R even by the ordinary circular command, it is possible to

command by using I, J, K.

In the use of I, J, K, command is made with the direction and

distance in view of the circular center from start point.

(I corresponds to X-direction, J to Y-direction, K to Z-direction)




4,

G~-function

(preparatory function)

4-5 G02, GO3 (program example)

Y g(70. 80)
Program example 80 t -r- - Feed F 300
50R \
40,
40
20 St?rt A 60R End .
oin poin
20 b 3 ) °
30 60 1 30. 20
= . . . X
(00) ze%ggEngt 50 70 130
How to write absolute command
program by radius R indication
A — B G90 GO3 X70.0 Y80.0 R50.0 F300 *
B—C G90 GO2 X130.0 Y20.0 R60.0 F300 *
How to write incremental command
program by radius R indication
A —> B G91 GO3 X20.0 Y40.0 R50.0 F300 *
B—C G91 GO2 X60.0 Y - 60.0 R60.0 F300 *
How to write absolute command
program by the use of I, J, K
A — B G90 GO3 X70.0 Y80.0 I-30.0 J40.0 F300 *
B—=>C G90 GO2 X130.0 Y20.C IO J-60.0 F300 *
How to write incremental command
program by the use of I, J, K
A — B G91 GO3 X20.0 Y40.0 I-30.0 J40.0 F300 *
B—C G91 GO2 X60.0 Y-60.0 I0 J-60.0 F300 *
G90, G91, F__ are modals, then, those after the second digit can be
omitted.




4.  G-function (preparatory function)

4-6 GO2, GO3 (program example)

Example of circular Y i
program exceeding 750
180°
C
Start poil
(Progra X
_so,ovom\tu\ -
How to write absolute command
program by radius R indication
A— 2B G90 GOO Y75.0 *
B—>C G02 X-50.0 Y25.0 R-50.0 F 300 *
How to write absolute command
program by the use of I, J, K
A— B G90 GO0 Y75.0 *
B—=C G02X-50.0 Y25.0 I0J-50.0 F300 *




4, G-function (preparatory function)

4-7  GO2, GO3 (program example)

Full circular program example

o
w

In case of full circle, R is Y X700 Y500
\ 1200 ,/
’ 4 AY
not used. :

50.0 ////

Start ‘point
Program zerjo point

> X
' 500
With absolute command
A — B G90 GO0 X70.0 Y50.0 =*
B () B G30 (X70.0)(Y50.0) I-20.0 F100 *
B — A GO0 X50.0 (Y50.0) *
With incremental command
A — B G91 GOO X20.0 *
BB G03 (X0)(Y0) I-20.0 F100 *
B— A GO0 X-20.0 *

Note)-1 ( ) word can be omitted.

Note)-2 As explained on the above X-Y plane, the same can be
said on Y-Z plane. Whereas, command Gl18 in case of X-Z
plane, and command G19 in case of Y-Z plane.

Refer to G17, G18, GI19




4., G-function

(preparatory function)

4-8 Summary on GOO, GOl, GO2, GO3

Q| A |coox Y (z y

@ AN GOl X Y (z ) F %

® q G02 X Y z___ ) R P
@ f) GO3 X Y (z ) R F *

©

Case positioning with rapid

traverse toward destination

GO0 X100.0 Y200.0 *
GO0 Z50.0 *

Moving case with linear
interpolation toward

destination

GOl X100.0 Y200.0 F250.0 *
GOl z-20.0 F100 *

Moving case with radius R,
with circular interpolation
toward dostination

(clockwise turn CW)

G02 X100.0 Y200.0 R75.0 F250 *

Same as the above ()

(Counter clockwise C.C.W)

GO3 X100.0 Y200.0 R75.0 F250.0 *

(Note)

GO0, GOl, GO2, GO3 are G-codes of the same group.

Once they are commanded, it is effective until the other

G-code of the same group is commanded.




4. G-function

(preparatory function)

4-9 GO04 (dwell)

It is used for command of stop-

ping time during auto-operation.

GO4 P &AL ALALN

It stops for only the indicated or

time. GO4 X AL, LA

In addition to address-P, X can

be indicated.

Program example GO4 P2500 *2.5 sec. dwell
GO4 P500 *0.5 sec. dwell
GO4 X2.5-%2.5 sec. dwell
-G04 P2.5 *2,5‘§g97 dwell

At time of address-P and
- X, decimal point-can be input.

Max. command time

-99999,999 sec.

Example of actual program

A Case of rotation of finishing
spindle at spot-facing final

end with speed 60rpm:

*) In 2 rotations of tool,
cutting-in of Z-axis is not
made, thus plane-degree of

surface can be obtained.

How to obtain the dwell
Calculating formula

- 60
P= K.—N-

P: Dwell(Second)
K: Rotating speed for dwell

N: Rotating speed per minute

G91 GOl Z-3.0 F6 *
GO4 P2000 *
GO0 23.0 *

2 sec. dwell




4, G-function (preparatory function)

4-10 Exact stop (G09)

When GO9 command is commanded in the same block as travel command,
the feed is decelerated to stop when one block is finished, and after
checking that the machine position is located within the range

designated by a command position, the program moves to the next block.

(1) Command from

GO09 cee sesseseseneen}

(2) Program example
N1 GO9 G91 GOl X100. F500;

N2 GOl Y-50.;

__4~_ When GO9 is commanded, an edge occurs on the corner.

-~
A Y

When GO9 is not commanded, a round occurs on the
- coener.

(3) Related parameter

No.1827 In-positopn width of each axis

4 — 9(b)




4. G-function (preparatory function)

4-11. Gl7, G18, G19 (plane indication)

Plane indication

In performing the next () or
(@, it is necessary to make

plane indication previously.

(D Circular interpolation
G02, GO3

(@ Tool diameter compensation

G4l, G42
/ '
X‘t\\\
Gl7 (X-Y plane) ‘//
| Y

Gl18 (Z-X plane)

Gl19 (Y-Z plane)

Note)-1 G17 is selected at the
time of power-input.

Note)-2 Usually, it is used with

X-Y plane.

4 - 10




4,

G-function

(preparatory indication)

4-12 G27 (zero-point return check)

It is also called '"reference-
point return check'".

When the end point (positioning
position) is matched to the

machine-zero point (first

G27 X Y Z *

(Case of simultaneous 3 axes)
Program zero point

Current
reference point), zero-point Y osition
turn lamp ligh ' '_—4’ /_—p(x 300)
return lamp lights. 1 350 P1 Y—500
When different, no lighting is 250
made, then, alarm (122 G27 ZRN { 200
FAULT) occurs. Po ‘
X
300 .
Machine-zero point —X
(first reference point)
X—GOQO)
Y—250.0
* Case of incremental command
Distance from current position G27 X - 350.0 Y - 200.0 *

to machine-zero point

* Case of absolute command

Coordinate value of machine-

zero point

G27 X - 300.0 Y - 250.0 *

Note) G27 is hardly used.

4 - 11




4. G-function

(preparatory function)

4-13 G28 (auto-zero return)

It is also called first-reference
point. Zero-point return lamp
lights by positioning (return) to

zero point of machine-body proper.

Program command

Note)-1 Here X Y YA is called
mid-point.
Actual movement
C) Current position
Yy
. , Moved with
C) Middle point rapid traverse

(X50.0 Y150.0)

o Move with
rapid feed

0 Zero-point
return lamp
lights.

First reference
point

Note)-1 Pay full attention to the
movement with G90 and GO9l.
Note)-2 Mid-point can be taken at
any point.

Note)-3 Execution with single block
stops once at mid-point.

By pressing the re-start
button, zero-point return
is made.

Note)-4 Right diagram shows the
movement of actual machine
in case taking the current
position and mid-point as

the same position.

G28 X Y *

Z

(Case of simultaneous 3 axes)

Y

1504 iddle point

0]

Current
position

' X
200
First
reference point
G90 G28 X50.0 Y150.0 *
Y
Current
100 position
(middle
point)
'\: } x
200
First

reference point

o G91 G28 X0 YO *
A G90 G28 X200.0 Y100.0 *

Same meaning

4 —

12




4, G-function

4o14

G29 (auto-return from zero point)

It is called auto-return from
reference point. Positioning

can be made for the command-

position (namely, X Y Z

in the same block of G29)
through the mid point (mid-
point already command by G28).

Command is made just after

G28 in general.

Case of absolute command

Y

200 ;

Current
positiﬂﬁ//
(

G28 X_Y_Z_ *

Auto-return
posjition

100

I

Program
zero point

First

100 200

reference point

G90 G28 X0 Y100.0 *

G29 X100.0 Y¥50.0 *

Case of incremental command

Note)~1 G29 is hardly used.

G91 G28 X150.0 Y100.0 *

G29 X200.0 Y150.0 =*

4 - 13



4. G-function

(preparatory function)

4-15

G30 (2nd, 3rd, 4th reference point return)

It is also called second zero
point return (3rd, 4th).
Commanded axis by G30-command
is positioned through the
commanded point to the 2nd

(3rd, 4th) reference point.

It is positioned by reference

G30 P2 X Y

G30 P3 X Y
G30 P4 X Y Z *

point.
Note)-1l In omitting ' P", 2nd G30 X Y 2z %
zero point can be
selected.
Program example
Z-axial 2nd zero point return G91 G30 z0 =+

2nd-zero point return of X, Y
2 axes

l

G91 G30 X0 YO *

Tool No. No.5 is kept at the TO5 MO6 *
spindle
MO1 *
Note)-2 For G91, 2nd block is
omitted.
Example using X-axial 3rd, 4th G30 P3 XO *
zero point for pallet-change G30 P4 XO *
position.
Note)-3 Previously set 2nd, 3rd and 4th reference point positions as

parameters.

Note)-4

different from reference point.

Note)-5

This command is used when auto-tool change (ATC) position is

Before commanding G30, reference-point return should be made

by G28 or manual reference point return once at least after power

Note)-6

Similar to G28 command, when executing this command as a rule,

cancel the tool-diameter compensation, tool-position offset and

tool-length compensation.

input

4 - 14




4, G-function

(preparatory function)

4-16.  G31 (skip function)
By the input of skip signal from
the outside into command of X, Y,
Z following G31l, this command- . . \\ +
Skip signal
remaining is intercepted, and input 100 '
next block is executed. j\\\N // l Y
Similar to GOl, up to the o > - _J
destination, linear inter- P‘—————' 200.0 ‘-—-————’4
polation is made. e
Actual movement N1 G31 G91 X200.0 F150 *
@ovement wthout N2 Y100.0 -
input of skip - - - - - -
signal
Y 100.0
Movement of absolute command T
Skip signal input l
Actual movement \\\N |
Movement without - - —-’J
input of skip - —————— (X200.0)
signal :
N1 G31 G90 X200.0 F150 *
N2 Y100.0 *
Note)-1 Generally, it is used for auto-centering and tool-length

measurement.

Note)-2 Under G40 state, command G31.

4 - 15




5. G-function

(diameter compensation,
length compensation,
position compensation)

5-1

Tool :diameter compensation G&41, G42, G40

Generally, in machining the
surrounding
possible to obtain the
intended shape by offset of
tool-radius (R) alone to

the outside (inside).

Purpose

inside), it is

Tool (radius R)

Program
Tool-center route

rocus

®

Note)-1

Program pattern

Be sure to indicate the
plane (Gl7, G18, G19)

and make DAA compensation
by GO1l,G00 modes.

When it is the same offset No.

be omitted.

as

Gl7 G41 GOO ‘X 'Y (DAA)

Gl7 G42 GOl X_ Y F100 (DA A )

the spindle tool No., DA A can

<§> Offset (to progressive direction)
Progressive Progressive
direction direction
Left side [ G4l 2
. . Machining Machining
right side Eﬁ> G42 workpiece workpiece
7
With negative (-) compensation G4l left side G42 right side
amount, movement is made for Down—cut Up-cut
changing G4l and G42.
(:) Offset amount (D-code)
The tool offset can be given by mnot
the same offset No. as the spindle
tool No., but by the offset amount
designated by D code through D
command.
2 digits following the address-D DO1 ~ D32

(standard 32 pieces)

Offset cancel G40
DOO
Offset input amount

D00
0 ~

is plural offset cancel by D code.
19999.999mm




(diameter compensation,

5. G-function

length compensation,

position compensation)

5-2

Tool diameter compensation G&4l, G&42, G40

Offset vector

This size equals to offset
amount indicated by D-code
at right angle against the
progressive direction of

tool, and it faces the tool

center from the workpiece.

Note)-1

GOl.

No execution is made with

G02, GO3.

Make execution with GOO,

dle -
Act“a\ ot,;‘“gg
ce“.t'fe't’
o=

point

(tool-progressiye

direction)

oo
W

o

o

Offset vector

(size of tool radius)

Case of tool diameter ¢$30
DOl 15.000 Offset amount

Good example

G41GO1 X_Y (D )F %
G42G01 X_Y (D )F  *

* No good example

0 G41GO2 X_ Y I_J (@ F *
0 G42G03 X_Y R @ )F *
Case of G40 offset cancel
*) Offset vector at the start
Too] center o
point becomes zero at end Offset A~ ____..“s
vector
point. End point
(x_r.)
Note)-2 Make execution with GOO, GOl. | Start point ’

No execution is made w

G02, GO3.

ith

GO0 G40 X Y

%




5. G-function

(diameter compensation,
length compensation,

position compensation)

,<:> Case of circular compensation

* In case of GO2, GO3, (I, J)

commands the circular center.

.New vector

(X. Y)
Case of \ '
G02,G03 \
\
\
0ld vecfaf‘-\\ \
start point "‘\X
(1.J)

5-3  Summary of tool diameter
compensation

Start-up block G4l

offset mode

Cancel block

G41X_Y D

Program locus

Actual tool
locus at
time of !

)7
command % —

&

‘G42 offset mode

Start point

G42X_ Y D__

Actual tool locus at

time of command

Offset direction to the outside

sation amount) takes a right

angle against the start-point

by tool-radius (diameter compen-

of the next block to the start
block.

With offset to the outside in
the amount of tool-radius
(diameter-compensation amount),
machining is made, and it stops
to the perpendicular direction
to the end point of the

block in front of cancel bloék.




5. G-function

(diameter compensation,
length compensation,
position compensation)

5-4 G&41, G42 (start-up)

@

Start-up

This is a movement to change

from cancel mode (G40) to offset

mode (G4l, G42).

Case turning around the inside

(180° < & ) a _
Programmed path
Linear — Linear
IR
G42 ./ Tool center path
/’I
’I
r : Offset amount
. . a
() Linear —_— Circular :

Tool center path

Case turning around the

outside obtusely
(90° < a< 180°)
Linear

Linear —

0y —

Programmga path

.
\
.
AT
.
.
cecscscs amoes s sue

Tool certer path

Linear —» Circular

Tool centler
path

Programmed path
'

Programmed path




(diameter compensation,
length compensation,
position compensation)

5. G-function

Start-up

(:) Case turning around the
outside acutely (a@<C 90%)

Linear —> Linear

Tool center path

(:) Linear — Circular

\
Tool N
center path\




5. G-function

(diameter compensation,
length compensation,
position compensation)

5-5

G41, G42 (offset mode)

Offset mode

During offset mode, offset can
be made not only for linear
compensation and circular
compensation, but also for

positional command.

Case turning the inside

(180° <a )

Linear Linear

a Programmed path

SEPEEE S,

Tool center
path

[
,Cross
/ point

Linear Circular

’ \ Programmed path
Tool center path

Case turning around the

outside obtusely

(90° <a< 180°)

—

Linear Linear

Linear —» Circular

\
\\Peogrammed path

\
Tool center path




(diameter compensation,

5. G-function

length compensation,
position compensation)

/
Offset mode //
’
e
(:) Case turning around the outside
o r/<>~r
acutely ( a<< 90)
fj Programmed path
Linear — Linear \
4
r Tool center path
I
(:) Linear - Circular
/

- 7

Programmed path

\
\
Tool center path




5. G-function

(diameter compensation,
length compensation,
position compensation)

5-6 G40 (cancel)

@

This is a movement to change

Offset cancel

from offset mode (G&41, G&42)

to cancel mode (G40).

Case turning the inside

Programmed path

Tool center path

Tool center pat

\\
(180°<a )
Linear > Linear
rammed path a
Circular — Linear Programmed pa

©

Case turning around the

outside obtusely

7

. Programmed

Tool center path

G40 /v
4
(90° < a< 180°%) Programmed path ¢ ,l
/
Linear — Linear 4
T
Tool center pathA,
(:> Circular — Linear




(diameter compensation,
5. G-function length compensation,
position compensation)

Offset cancel

C) Case turning around the

outside acutely (a< 90°) \

Linear —> Linear R

IC:) Circular — Linear

Tool center path

Precautions

(a) When the offset plain is changed over during tool diameter

compensation mode, an alarm occurs.

(b) When no axial command is given for 3 blocks from the block next
to G41 and G42 commands, the start-up will be stopped and the

start-up will be done from the after axial travel command block.

(c) When a traval command is commanded to the G39 command block, an

alarm occurs.

(d) When more than 3 blocks without axial travel block are commanded,
during offset mode, the workpiece is left unmachined or machined

excessively.




(diameter compensation,
5. G-function length compensattion,
position compensation)

(e) When the following commands are given during offset mode, an
alarm occurs.
G31,
G37,
G53,
G73, G74, G76, G81~G89
G45~G48
G302~G305
G322~G333

(f) When the following commands are given during offset mode, an
interference check (excessive machining) alarm occurs.
(i) When inner circumferance of a circular arc smaller than the
tool radius is machined.
(ii) A groove smaller than the tool radius is machined.

(iii) A step smaller than the tool raduis is machined.

(g) 1In case of start-up and its cancellation, an alarm occurs when G

code in the same group other than GOO or GOl is commanded.

(h) When tool offset is given to a circular arc, a full circle may
become a short circular arc or a short circular arc may moves in
a full circle in a special case.

In such a case, make a program by dividing the circular arc.

5-10




(diameter compensation,
5. G-function length compensation,
posotion compensation)

5-7 Example of tool :diameter compensation program

(Left side offset) When D10 = 20.
G90 GOO X0 YO.;
N1 G17 GOl G90 G41 X50. ¥Y50. D10 F200; Start-up
N2 X100.;

N3 GO02 X150. Y100. I50.;

} Offset mode

N4 GOl G40 X200.; Cancel
(Right side offset) When D10 = 20.

G90 GOO X0 YO.; .

N1 G17 GOl G90 G&42 X50. Y50. D10 F200; Start-up

N2 X100.;

N3 GO2 X150. Y100. I50.; Offset mode

N4 GO1 G40 X200.; Cancel

Y

\'5194~——‘T001 center path at left side offset

~ Programmed path

~ Tool center path at rigth side
17 offset

G41”/

// N,W————N\\Offset vector

/-t
z rx
Start-
up Offset mode | Cancel

Start-up

Offset mode:

Cancel

When either G&41 or G42 is commanded in the state of
cancellation, a tool will move to the position offset by the
radius value. The offset direction is on the normal line of

the start point of the next bolck.

When the tool radius compensation mode is applied by either D&,
or G42, the tool pass the path offset since then until either

G40 or DOO is commanded.

. When either G40 or DOO is commanded during the offset mode,

the tool redius compensation is cancelled and the tool moves
to the terminal point of the program. The offset direction
of the previous block becomes the terminal point of the

normal line.

5 -11




(diameter compensation,
5. G-function length compensation,
position compensation)

5-8 Example of the tool.diametér”compénéafibﬁhprogram

®

Tool No.TO1l when D21 = 15.000

The radius of end mill becomes the same dimension as that

of the offset vector (arrow mark).

_~7 End mill diameter: $30 ,@/ \\@\
/! Y 720 .
-_———-T- ¢ \
' T - 40R \
100 : 40 | \
125 7j | i I Y
Z0 ! 40 )i
N DX/ /A 20 o - 20 /
t i 1 ,/
‘ ' )
Start E 20 L7 ©
point ! ""'”""'ié'"“"
<o )
Program reference poinE/”— ® —> X
G54 40 Y0 oo .

®

Yr Absolute program (absolute value formula)

TO1 MO6

G90 G54 GOO XO YO S300

(G43) 23.0 (HOL)

MO3

G90 G17 GOO G41 X100.0 (DO1) —
GOl Z-25.0 F2000

Y60.0 F120

X140.0 Y80.0

G0O2 X180.0 Y40.0 R40.0
X160.0 Y20.0 R20.0

GOl X99.0

GO0 Z30.0

G40 X0 YO —=

MO5

M91 G28 ZO

Start-up left side offset

The radius value of end
mill has been set to DOL.

This block is either GOO or GOl.

The rest is during offset mode.

Cancel mode

5 - 12




5. G-functions

(diameter compensation,
length compensation,
position compensation)

5-9

Example of tool diameter

compensation program

@

Oblique-line-part surrounding

cutting

]

Crossing point

[ -<—

Under machining state, downward

cutting is done.

30 ®

\

4 L:—J
10

{ « B
® -
M ®
2 e 50 ———>

A

5

(=]
§ = 3e

/7 [ 7

[ 777

®w

@

®

Start-up

Vector generation from zero
to DO2 for its setting value
amount

Cutting to Z-direction

,©3@’@

Corner is linear with cross-

point calculation system
Z-axis escape

To the start point by offset

- Incremental

Y30.0F200 *
X50.0 *
Y-30.0 *

PO ©

X-50.0 *

©

G00Z45.0 *

G40X20.0Y-20.0

G91G17G00G41(D02)X20.0¥Y20.0 *
GO1Z-45.0F100 *

oo
w

cancel M30
<:) Coordinate system setting Absolute
G90G54G0O0X0YO
Positional relation is set (G43)Z10.0(HO2) *

for current spindle (blade,

tool) or cutter and program

zero point.

Others are same as those of

the above @O ~ ® .

GO1Z-35.0F100 *
Y50.0F200 *
X70.0 *

Y20.0 *

X20.0 *
G00Z10.0 *

©@ O00LE

G40X0YO *
M30

@ G90G17G00G41D02X20.0Y20.0%

5 =13




(diameter compensation,

5. G-function length compensation,

‘position compensation)

5-10 Example of tool diameter compensation program

S

compensation (G4l, G&42)

<:) Example of circle-cutting in

the use of tool-diameter

Endmill-movement
rough machining
time

shown in right diagram is
attempted.

o Using cutter:  $30.0

method Finishing
one endmill.

o Movement of endmill

Rough machining

OniOnC,

Machining (480 x depth as 10)

2-blade endmill

o Machining : Rough machining

can be done by

Program zero

point
X=0, Y=0

$ 80
| 2=0

/ : ’
7 ' BC |10
Y #
Do7777 o777

Y Shootgng Z

4 hgle Y

S 7

$ 40

Program at rough
machining time

. T2 MO6
G54 G90 GOO XO YO S$250
Z50.0
MO3
Z-9.8
GO1 G&41 Y40.0 F60
GO3 (X0 Y40.0) J-40.0
GOl G40 YO F1000
GO0 z-10.0

Refer to (7-14) G302, G303.

Note)-1 If 15.2 is set to the dia

G54X0YO0

Programming route at
finishing time

diameter compensation of rG54G90*
T21 and 15.000 is set to S300* l
D31, the finishing allowanc% G41G01X20.0Y20.0D31F100%* (P
is 0.2mm on one side. GO3X0Y40.0R20.0F80% qp
Note)-2 Using G302, G303, similar (GO3X0Y40.0) J-40.0% ©)
program can be executed by 1(G03) X-20.0Y20.0R20.0% g;
one block. GOl G40OX0YO*
—4

Finishing maching sequence




(diameter compensation,
5. G-function length compensation,

position compensation)

5-11 Example of tool diamegg;;éompénsggién,program

Tool No.TO1 Tool diameter $20 Offset No. DO1 (Offset amount 10.0)

Y
R .
130 : A 30R _/
40! S 30 L
: a 7
) , . Rz
90 : ! 20 L ///
: r_—’-; \ I = /
404 b SR AT {30 /
P / nz
50 b - /
//,— -------- = e B /
80 -~ 50 40 30 ' 30 0 NN ™ £
sl L | | ! ! 30.0
(0.0) | 80 130 170 200 230 X

C) Absolute program
TO1 MO6
G90 G54 GOO XO YO S400
(G43) 230.0 (HO1)
MO3
z3.0
G42 G17 GOO X80.0 Y50.0 (DO1)
GOl Z-15.0 F100
X130.0
Y90.0
X170.0
Y50.0
X200.0
GO3 X230.0 Y80.0 R30.0
GO1 Y100.0
G02 X200.0 Y130.0 R30.0
GOl X80.0
¥50.0
GO0 Z30.0
G40 XO YO
MO5

G91 G28 Z0
M30

5 - 15
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5. G-function length compensation,

position compensation)

5-12° Example of tool:diameter compensation program

digggéer
Offset amount D12 =5
Tool 1ocus\ j
X(+) Program locus
/' X0YO
‘Pro
{,;EIO Pgln Start-up
blpck

moving amounﬁ2

T12 MO06
G90 G54 GOO ZO YO S$500
(G43) X50.0 (H12)

MO3
Z3.0
GOl Z-5.0 F50
Start-up block P1 GOl G42 Y-50.0 F100 D12
P2 G02 X-12.585 Y-45.544 R20.0
P3 GOl X-54.439 Y-11.659
P4 GO02 ¥X-45.0 Y15.0 R15.0
P5 GOl X-41.306
P6 GO3 X-21.867 ¥39.708 R20.0
P7 G02 X21.867 R-22.5
P8 GO3 X41.306 Y15.0 R20.0
P9 GOl X45.0

P10 G02 X54.439 Y-11.659 R15.0
P11 GOl X12.585 Y-45.544
P12 G02 X0 Y-50.0 R20.0
Cancel block P13 GOl G40 YO F500
GO0 Z50.0
MO5
G91 G28 z0

5 - 16
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5. G-function length compensation,
position compensation)

5-13 Tool diameter.compensation vector keep (G38)

Offset vector change and tool diameter compensation corner
circuler arc

(1) Tool diameter compensation vector keep (G38)
The offset vector of the previous block can be kept or its direction

can be changed by G38 during the offset mode.

(a) Offset vector keep

GOO
co1 G38a B ;

Travel axis of offset plain
The offset vector ins't made by this command, but the offset

vector of the terminal position of the previous block is kept.

(Program example) However, radius offset amount: 20.0
G54 G90 XO YO,
N1 G17 GOl G42 X50. Y50. F200;

N2 X100.;
N3 G38 X150.; Offset vector keep
N4 G38 X200. Y100.; Offset vector keep
N5 X250.;

Y N5.

4

Offset vector keep
(Same as rl)

— X

(b) Offset vector change

{GOO }
G38 1 J K ;
Go1 L

Terminal point vector change
The offset vector of the previous block terminal point can be
changed through designating the terminal point vector I, J and

K of the offset plane by this command.

5 - 17
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(2)

(Program example) However, radius offset amount: 20.0

G42 GO1 D12 F200;

N1 GO1 Gél X100.;

N2 G38 150. J50.; Offset vector change
N3 X-50. Y50.;

N4 X-50.;

>

Tool radius compensation corner circular arc (G39)
During offset mode, the corner can be moved in circular arc by G39

command.

G39;

When I, J and K are omitted in the block of G39 command, the terminal
point vector of the cornmer circular arc moves in the corner circular
arc that may become perpendicular to the start point of the next block.

G39 I J K ;
_J_K_

Terminal vector change
When I, J and K are commanded in the block of G39 command, the terminal
point vector of the corner circular arc moves in the corner circular
arc that may become perpendicular to the vector designated by I , J and

K.

5 - 18
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(Program example) However, radius offset amount: 20.0

G42 GO1 F200;

N1 GO1 G91 X100.;

N2 G39; Corner circular arc
N3 Y50.;

N4 X-50.;

N5 G39 1-50. J-35.; Corner circular arc

N6 X-50. Y-50.;

Corner circular arc

S

[}
—--—-——--———-\L'\Corner circular arc

—> X

5-19
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(diametrt compensation,

G-function length compensation,

position compensation)

5-14 Conception of tool length compensation

The tool length compensation is engaged

by the lower 4 digits tool offset No.

of the spindle tool No..

Tool

U_.

length

Work coordinate
ram .
rence point 50.0
ZO

/)52

Example) TO02 MO06
A tool of which tool No.
is mounted on the spindle.
The offset amount (length
system Z compensation = shape + wear)

designated by the tool 02

becomes effective.

Program example
G91 G30 ZO
G91 G30 X0 YO

Program reference point ZO

Work coordinate system Z

o ——

N -

Tool length

50.0 |

Tool offset memory

TO2 MO6
G90 G54 GOO X100.0 YO S1000

Z50.0

MO3

GO0 Z3.0

Tool | Tool name Length compensation Radius compensation
Shape Wear Shape Wear
001 0.000 0.000 0.000 0.000
002 200.000 -0.010 30.000 -0.010
003 0.000 0.000 0.000 0.000
004 0.000 0.000 0.000 0.000
005 0.000 0.000 0.000 0.000
006 0.000 0.000 0.000 0.000
A A
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* When making up a program, make up the program of the Z-axis based on

the spindle nose without considering the tool length.

* The tool length compensation amount designated by the tool 02 is shape
(200.0) + wear (-0.01) = 199.99.

* Measure the tool length before machining and set the tool length on

the! TOOLI screen.

* The terminal position of the travel command for the Z-axis can be

shifted to the (¥ side by the value set in the offset memory.

Tool length compensation (G&43, G44 and G49)

Commands by G&43, G&44 and G49 are enabled in order to give interchangability

with the conventional NC machines.

(&)  G43 cus

The terminal position of the travel command for the Z-axis can be
shifted to the + side or the — side by the value set in the offset
memory.
An offset No. selection is performed by the H code.

G43 Z50.0 HO1

G44 7Z50.0 HO1

G43 ' Gb44

+ side offset — side offset

=
U U g

}50.0 50.0
777777777777 s

When the travel command of Z-axis is omitted.

@ Moves to the @ side by the offset amount  G91 G43 Z0 H10
@ Moves to the (© side by the offset amount  G91 G44 ZO HI1O

C) Designation of the offset amount
@D Designate an offset No. by the H code. HO1 ~ H32
@ The tool length and the tool diameter can be the W-settexr or

the security card. (As to the detials, refer to the instruction

manual.)
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C) Tool length offset cancel G49
When the block of G49 is executed, no axial travel is performed for
the cancelled amount equivalent to the tool length compensation amount.
When the axial travel is performed by the absolute command after the

next block, the axial travel is performed for the offset amount cancel.

Note)-1 Cancellation is strictly prohibited on the way. Be sure to
cancel after the tool returns to the machine reference point.

Note)-2 G&4 is usually not used.

Note)-3 When the following commands are given to the commands block such

as G43, G44 and H_ etc. an alarm occurs.

G03, G53, G92, G52, G28, G30
Note)-4 When the offset amount is changed, it becomes effective from the
block commanding G43, G44 and H etc..

C) When plural H codes are used

H  ciieeeeeen. Plural offset by H code is turned ON.
HOO ..eeeeennns Plural offset by H code is cancelled.

~G90 G54 GOO X0 YO S300
G43 Z50.0 HO

GO0 230.0
GOl z-5.0 F30
(GO0 250.0

X-100.0

HOO —e«——————  HOO is not for tool length compensation, it means
that the tool length compensation returns to the
offset amount of the spindle tool No..

GO0 23.0 __l i l} l"lo
mpre

GOl Z-21.0 F30 t ®50
® 2.0 l

GO0 250.0 ' _.10540‘!101
» N

e ¢ 50 —

le—— @50 ——

@ ®

L 5)

O

NN

¢ 40
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5-15

Tool position offset (G45, G46, G47, G48)

®

G45 ~ G48

G45 ~ G48 are one shot commands).

The offset vector of the tool
position offset is kept for
the travel command after this
block.

For axial moving direction

G Meaning

G45 | Elongation

G46 | Shrinkage

G47 | 2-fold elongation
G48 | 2-fold shrinkage

When the sign of the offset
amount is shifted to minus,
elongation and reduction are
reversed.

G45
G46
cay [ XY D
Gu8

V\By D-code,

A Offset amount +

A Offset amount -

——— -

———— —— >

;

 S————

l__.—.)-—...’.— e

When DOO is. commanded, the tool position
offset is not available.

offset No. is indicated.

Indicating method

G45X DA AN ¥
G45X Y DA A *
G452 D AN A *

©

Incremental command

@
@

G45 Z-200.0 DO1 *
G45 Z200.0 DOl *

Absolute command

@
@

G45 Z-200.0 DO1 *
G45 Z0 DOl *

Z—200.0 ®
-
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5-16 Tool:.position offset (G45, G&46, G&47, G48)

C) Example of X Y axial program

Upper stage means incremental —— - —» Program movement

command .
— — — — (Compensation amount
Lower stage means absolute

command at time of X100.0Y-100.0. Actual movement

G45%-20 Y150 Dosk G 45 Y200 D06 G45 X200 Y200 D06
(AG45 X800 Y-8.0 D06% @G45 Y-800 D06k (A)G4S X1200 Y-800 D06%

|
-

G45 X-200 D06k a G45 X20.0 D06
@G45 X800 DO6¥ m=——=t-——. 0L=T==r===% (BG45 X1200 D06*
) Current X 1000

l \ value Y- 1000

[]

|

|

H

G45 X10.0 Y-20.0 D06%

' L~ @G4s X1100 Y- 1200 D6k

G45 X-20 Y-100 D06k _ G45 Y-200 D06k
(AG45 X800 Y-1100 D06k (@A)G45 Y-1200 DO6%

Note)-1 At simultaneous 2-axial time, offset amount is effective on
each axis.

Note)-2 G&45 ~ G48 are disregarded during the canned cycle mode.

Note)-3 G45 ~ G48 cannot be commanded during the tool radius

compensation mode.

] Actual movement

C) Circular arc interpolation G0O2, GO3 %‘"‘J
' Program command
The circular arc is a figure - e Do1+20.0
that is rlghF éngle to the axis, Compensat {on Center of grogram
the tool position offset can be amount comman
commanded to only a quarter cycle 20 30—
~and a one-third cycle. Actual

center

G91 G45 GO3 X-30.0 Y30.0 I-30.0 DO1%*
lEqual
G90 GO3 X-50.0 Y50.0 I-50.0%*
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5-17 Example using the positional offset for tool?radihgi'fA‘w'

Y
' /\ Tool
@ diameter
r T I
120} i X $20
0
T } \ 3QZlOffset
40 I \“':1 l No.
v | 2 DOl
Q)— T I . | '
40 | t .—I ; gOAOEfset
l | ! / amount
50 I l | L // ! +10.0
N I o — T .
— e c— —— — — — e e e—g =
// g <
80— 20 € 40 30 10 50
//
/ l
-z ] ! ! ! !
00) & 10 170 200 0
Incremental command
N1 G91 G46 TOO X80.0 Y50.0 DOt -* Offset 10.0 is set before auto-

N2 G&7 GOl X50.0 F200 “* : operation. Without offset No.,

DOl setting is effective.
N3 Y40.0 *

N4 G48 X40.0 *
N5 Y-40.0 *
N6 G&45 X30.0 *

N7 G45 GO3 X30.0 Y30.0 J30.0 * * With G02, GO3 command, G45, G46

N8 G45 GOl Y20.0 * can be used only in case of

N9 G46 X0 * }4 and 94 circles.
*% With absolute command,
N10 G46 G022 X-30.0 Y30.0 J30.0 *

. offset-amount alone cannot be

N1l G45 G014Y0 * moved.
N12 G47 X-120.0 *
N13 G47 Y-80.0 *

N14 G46 GOO X-80.0 Y-50.0 *
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5-18 Example using the tool-position offset for milling machining

Tool diameter ¢75

g Offset No. D11
Moving amount _(_

on program !'{ , Actual moved amount Offset amount +37.5
~ */// Offset amount Cb
D4 [
l——

®
(% ——————— N

A
2
= SAN I

L
D
\LI<

o O
ot
‘C)

e

-

N

@

(=
]

Absolute command
N1 G54 G90 GOO X=160.0 S230 *
N2 G&43 Z50.0 HO1 *
N3 MO3 *

N4 G46 Y70.0 D11 >
1-fold shrinkage
N5 GO1 ZO F2000 *

N6 X160.0 F460 *

N7 GOO G47 Y-55.0 D11 *

2-fold elongation
N8 GOl X-160.0 *

N9 GOO G45 YO D11 *

N10 MO5 = Cancel of offset amount

.
.
.
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Program example
G17 G54 G90 GOO XO YOj;
GO1 G91 F200;
N1 G46 X20. Y20. DOL; Reduces X and Y axes by the offset amount
N2 G&45 X40; Elongates X-axis by the offset amount
N3 G45 GO3 X20. Y20. J20.; Elongates X and Y axes by the offset amount

N4 G45 GOl Y20.; Elongates Y-axis by the offset amount

N5 G47 X60.; Elongates X-axis by twice as much as the
offset amount

N6 G&47 Y-40.; Elongates Y-axis by twice as much as the
offset amount

N7 G46 X-20. Y-20.; Reduces X and Y axes by the offset amount

Y
[4.-

\\*

e e ey

™

» X

Precautions

(a) H code in place of D code can be used through parameter setting.

(a') G45 ~ G48 are defferent from G41, G42 and G43, and be sure to command
D .

(b) When DOO is commanded, the tool position offset is not available.

When D_ is omitted, the tool position offset is not available either.

(c) When the sign of the offset amount designated by D code is shifted

to minus, elonation and reduction are reversed.
(d) The tool position offset is treated after the tool raduis compensation.

(e) When G45 ~ G48 are commanded to simultaneous 2 axes travel command,

excessive cutting or no cutting portions may occur.

(£) When the tool position offset is engaged during the coordinate
rotation mode, correct shape is not obtained.

(g) G&45 ~ G48 cannot be commanded during the tool diameter offset mode.
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Example) Wrong example

G41 GOO X_ Y_

G45 X_D_
G4b Y _
G40 X_ Y

When the tool position offset and the tool redius compensation

are combined to use.

TO1 MO6
G90 G54 GOO X_ Y  §500

250.0 —= The length compensation of tool No.0Ol engaged.
MO3

G45 X D10 -«——— When D_ is commanded by G45 ~ G48, it is not
( regarded as D_ of the plural offset.

G46 X_

G41 X Y -«———— The tool radius compensation is engaged not
by D_, but the radius compensation of the
5 spindle tool No.Ol.
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6-1

Setting of coordinate system (G92)

G92

Coordinate system that the
current position of tool
would be

Xaonan

Yanaaa b can be set.

Zoanan

When program zero point is
set as (), tool was located
at the current position (D .
Coordinate system is this
case is as in (@ .

Case of (B tool is at (2

position.

C) G92X0Y70.0Z150.0 *

G92X200.0Y70.0Z150.0 *

o
w

That is, command is made for the coordinate value in view of tool-

position (spindle position).

G92 can be indicated with no-relation to the absolute/

In case of absolute, after commanding G92, movement is made

in accordance with the coordinate system.

At power-input time, coordinate value of X, Y, Z axes is

It is necessary to set the coordinate system after manual

zero-point return with power input.

Note)-1

incremental.
Note)-2

0.0.0.
Note)-3

At present G92 is hardly used, the work édof&iﬁéte system

is mainly used. (Refer to 6-3.)
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6-2 Caution for the use of (G54 ~ G59) and G92 work-coordinate

Note) In the use of G54 ~ G59, there is no need of setting the
coordinate system with G92.
Upon setting the coordinate system with G92, the coordinate
system of G54 ~ G59 would move. Especially, do not mix

G54 ~ G59 except the case intending to shift G54 ~ G59.

Y Y’
160+ 1004
100+ © Tool position
s X’
A 100
+ : X
100 200

At the state of G54, when tool is at the position (200.160),
when commanding G92X100Y100, work-coordinate system with

deviation of vector-A amount alone can be formed.
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6-3 Work-coordinate system (G54 ~ G59)

G54 ~ G59

It is possible to set the machine-

proper 6 coordinate system.

G54 X0Y0
Program

zero point

Selection is made with G54 ~ G59.°
Setting of coordinate system is |Y;
made by the distance from the R
first reference point up to the/\7\
program zero point.
Setting value Y
erenc
G54 G58
Setting X1 X5 Y G58
value l I [ l L workg§gg£%inate
Yl Y5 . 8
| | | |
zZ1 Z5
e :
G59 Work-

6

G59
|

ecoordinate system

v

e
~

X

Work-coordinate system 1~6 (G54~G59) can be exactly established

after zero-point return of machine after power input.

When the power is turned ON, G54 has been selected.

/76

Z-axis first
reference point
Z-direction

For instance,
Z1 becomes
Z-500.000.




6. G-function (Coordinate system)

6-4

Work-coordinate system G54, G55 and coordinate system setting G92

G54, G55 and G92

As shown in right diagram,
previously set on the screen

of offset before auto-operation.

A By commanding G54G90G0O0X0Y30.0%
Movement is made to work-coor-
dinate system of G54, X0,Y30.0
namely, (& point.

A By commanding G55G90G00X0Y15.0%
Movement is made to work-coor-

dinate system of G55 X0Y15.0
namely, () point.

A Comparison in using G92 and
G54, G55 is as follows:
Start point in using G92 can
be any place for starting G54,
G55 on machine-zero point for
both and X and Y.

(program of X or Y alone)

G54 X-150.0 G55 X  50.0
Y-100.0 Y -50.0
Z-500.0 Z -500.0

First reference
ooint G55X0Y0

G54 Progra
zero poin
2 X~150.0 [—>
(X0, YO)
' —axis first
/ \ reference point

N
Program
zero point m Z
N Z0
L il

J 1 | |
/S

Case using G92.

Case using G54, G55.

N10 G92X150.0Y100.0 *

N1l G90G00X0Y30.0 * | (@) point |N51 G54G90G0O0X0Y30.0  *

N12 X30.0Y0 * | (B point [N52 X30.0 YO *

N13 X0 Y-30.0 *| (© point |N53 XO Y-30.0 *

N14 X-30.0Y0 * | (D point |N54 X-30.0Y0 %*

N15 X200.0Y65.0 * | (B point |N55 G55(G90)(G00)X0Y15.0%
N16 X200.0Y35.0 * | () point |[N56 XO Y-15.0 *
N17 G91G28X0YO 5 | First refer— g0 491628x0v0 *

ence point

Code within ( ) can be omitted.
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6-5 Example using work-coordinate system

G54 X 0 656 x 100
Y . .
z o 2 4000 tool moves to X0. Y30.0 (A-point) of
G55X —500 G57 X 900 work-coordinate system of G54.
Y 3000 Y 1500
Z 4000 Z 3000
By commanding G55 G90 GOO X0 Y30.0 *,
tool moves to X0. Y30.0 (E-point) of
G540 500, 700 G55 DX0. YO work-coordinate system of G55.
X0. YO \
A
oo £ ,
D B
0.0 F 100.0
Pec H ©
7=2 ®G 2000
Magvides ‘% 50.0
Table \X,Y axial machine
zero point '
In case of the above diagram G92 is compared with G54 ~ G59
in each using time.
Start point at time using G92 shall be machine-zero point
for both X and Y, while any start point can be taken in case
of G54 ~ G59.
It shall be the program of X/Y movement alone.
Case using G92 (program-zero point: Case using G54, G55

P-point)

G92 X50.0 Y-300.0 =
G90 GOO X0 Y30.0 =

X30.0 YO *
X0 Y-30.0 *
X-30.0 YO *

X120.0 Y-70.0 *
X150.0 Y-100.0%*
X120.0 Y-130.0%
X90.0 Y-100.0%

A-po
B-po
C-po
D-po
E-po
F-po
G-po
H-po

By commanding G54 G90 GOO X0 Y30.0 *,

Code in ( ) can be omitted.

int —— G54 G90 GOO XO Y30.0 *
int —— X30.0 YO *
int —— X0 Y-30.0 *
int — X-30.0Y0 *
int —— G55(G90)(G00)X0Y30.0 *
int —— X30.0Y0 *
int — = X0 Y-30.0 *
int — X-30.0Y0 *
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6-6 Addition of work coordinate system pair number (G540 ~ G599) Option
60 pcs. of proper coordinate system can be set by commanding G540 ~
G599.

Before commanding G540 ~ G599, set the offset amount (the position of
the machine coordinate system at the time when a tool nose is located
on the reference point of the work coordinate system.) form the
machine reference to the reference point 6f each work coordinate
system.

(1) Command from

G540; G540 Work coordinate system selection
G541; G541 Work coordinate system selection
G542; G542 Work coordinate system selection
G5é9; G599 Work coordinate system selection
G540 G541 G542 G599
Work coordinate { Work coordinate | Work coordinate ™ "="""7""7" Work coordinate
system system system system
G540 G599
Offset amount

Machine coordinate system

(2) Program example Y
N1 G540 G90 GOO XO YO;
Machine coordinate -210.
However, G540 offset amount system I S X
X-210. Start point :
|
Y-260. AN 1
NIN :
When this command is executed, R\ 960
the tool is positioned to the G540 work coordinate
system
work coordinate system (0.0),
and the position of the
coordinate system becomes (-210., -260.).
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(3) Precautions
(a) G540 ~ G599 and G54 ~ G59 are the same group of G code.

(b) When G540 ~ G590 are commanded after the coordinate system is
newly set by G92, the offset amount of the reference point of
the machine coordinate system and the offset amount of the work
coordinate system of G540 ~ G599 are relatively changed by the

new setting amount.

(c) When the work coordinate systems of G540 ~ G599 are established
after G92 commanded, it is necessary to either perform the
manual reference point return or give G921 (work coordinate

system preset) command.

(d) Set the offset amount of G540 ~ G599 on the screen of the work

coordinate.
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Work coordinate system preset (G921)

When the first manual reference oint return is performed after the power

supply for the NC unit is turned ON, the machine coordinate system is set

and next the work coordinate system is set.

When the manual reference point return is performed in the state of the

reset, the work ‘coordinate system is set.

The work coordinate system is shifted from the machine coordinate system

by the following commands or operatiomns.

In this case, to reset the work coordinate system by making the machine

coordinate system a reference is named work coordinate system preset.

(1)

(a)

(b)
(c)

(d)
(e)

When manual intervention is made at the manual absolute signal

OFF.
When an axial travel command is given at the machine lock.

When a tool moves by the handle interruption, and simultaneous

manual and automatic operations.
When the work coordinate system is shifted by G92 command.

When the work coordinate system moves to the origin by the MDI

operation.

G54 ~ Work coordinate system and
G54 ~ work coordinate system after the work

coordinate system preset.

G54 ~ work coordinate system

shifted by G92

AN

Machine coordinate system \\

Shift by G92°

Shift by work coordinate
system preset

Command form/operation

(a)

The case by G code

G921 }0 YO ZO ceeees s

Preset axis of the work coordinate system
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(b) Case by operation

The manual reference point return is performed at the state of

reset (OP signal OFF).

(2) Precautions

(a) In the case when it is made by G921, tool radius compensation,

tool length compensation and tool position offset are cancelled.

(b) The work coordinate system can be preset immediately before
executing the first block changed over from the state of reset

to the state of automatic operation by parameter setting.
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6-7"

Selection of machine-coordinate system (G53)

G53

Upon making the first reference
point return, the display at
(MACHINE) coordinate system

shall all be zero as follows:

X0

YO

Z0

G90G53X0Y0Z0O *

Program example

G90G531IP *

G90G53G00X100.0Y-100.0 *

CRT-screen after execution,

namely, with (MACHINE) coordinate MACHINE
system, tool moves to the command. X 100.000
position. Y-100.000
Z
Note)-1 G53 is one-shot G-code,
and it is effective for
the commanded block alone.
Note)-2 G90 is effective in the absblute
mode, and G91 becomes the allarm
No.146(G53 ERR.) in the
incremental mode.
Note)-3 IP means coordinate value.

X Y Z would be
added with 3-axes, and
A-axis or B-axis would be

added with 4 axes.
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6-8 Local coordinate system {(G52)

G52 Local

coordinate

In programming with work— zero point
coordinate system, another

coordinate system may be
prepared in the work-coordinate

system for easier programming.

It is called "local coordinate

Y]
system'.
How to prepare 1local
coordinate system

—{_x1]

With the right command, another
. . Work-coordinate system

(child) localA(G54~G59) coordi (G54-G59)
nate system can be set to (G54~ G52 X1 v1 R
639). (Example 52X ] Y[ ] * )

Zero-point of each local coor-

dinate system becomes X[:::] s
Y[ ] of X1 Yl-position with

each work-coordinate system.

Note)-1 By manual reference point return, zero-point is matched in

between work-coordinate system and local coordinate system

of returned axis to reference point.
That is, it is the same as that commanding G52a0; ( a :

returned axis to reference point).

Note)-2 Even by setting the local coordinate system, there is no

change in work coordinate system and machine-coordinate system.

Note)-3 By reset, local coordinate system is cancelled.

Note)-4 1In case without commanding the total-axial coordinate value

for setting the work-coordinate system by G92 command, cancel

is made for the local coordinate system of the axis without

command of the coordinate value.

Note)-5 At tool-diameter compensation, temporary offset cancel is

made with G52.
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6-9 G52 program example

N10
Local N 9
100 + 504 coordinate Py
system // \
N's _ \

~ \ '
ﬁ - AN
Work-
s0 b // \N" N \\ coordinate

Y / N
N6 50 system
Nsy\ / GSS
AN &
First referg¢nce /£ oordln,ateN7
point system G54
(Machine N3 _» \____/Lﬁ
zero point) - 50 100
N —
_—
X
01986 *
Screen MACHINE display Screen ABS display
N1 G91G28Z0 *
NIx Yy | X Y
N2 G28X0Y0 1
N3 G54G90G00X0YO *
. 0.0 —300. .
N4  G52X50.0 Y50.0 * Local 2 0.0 00 1780
setting | 3 300.0| —175.0 0.0 0.0
N5 G54X0 Y30.0 *
N6 X30.0 YO * 4 300.0 —175.0 —50.0 —50.0
N7 X0 Y-30.0% 5 350.0 —95.0 0.0 30.0
Ng X=30.0v0 ¥ 6|  380.0| -—125.0 30.0 0.0
N9 G54X100.0Y100.0%*
7 350.0 —155.0 0.0 —30.0
N10 G52X0 YO * Cancel
N1l G90G55X0Y0 o 8 320.0 —125.0 —30.0 0.0
N12 MOl L * 9 450.0 —25.0 100.0 100.0
g 10 450.0 —25.0 150.0 150.0
11 500.0 —150.0 0.0 0.0
M30 *

Refer to the position display of
CRT-screen.
Machine-display Y-coordinate shows

minus-display.
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6-10 Programmable data input (G10)

(1) Setting of tool offset amount

Tool offset amounts can be set by program commands.

(a) Command form

G10 L10 P R ; Setting of tool length form offset

G10 L11 P R ;- Setting of tool length wear offset amount
G10 L12 P R ; Setting of tool radius form offset amount
G10 L13 P R ; Setting of tool radius wear offset amount

However, P: Offset No.

R: Offset amount

(b) Precautions
(i) The classification of absolute/incremental for the offset

amount commanded is in conformity with G90/G91.

(ii) When G10 L1 P R ; is commanded, a tool length form offset

amount is set.
(iii) Do not put a decomal point down.
(2) Setting of an offset amount for the work coordinate system

(a) Command form
GI0 L2 P X Y Z ...R_; Setting of G54 ~ G59
However, PO : Designation of external work reference
point offset
P1 ~ P6 : Designatdon corresponding to the work
 coordinate system, G54 ~ G59
X,Y,Z,... : Work reference point offset amount for
each axis
R : Rotating angle
G10 L20 P X Y Z ...R_; Settong of G540 ~ G599
However, PO : Designation of external work reference
point offset
P10 ~ P60 : Designation corresponding to the work
coordinate system, G540 ~ G599
X,Y,Z,... : Work reference point offset amount for
each axis |

R : Rotating angle
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G-function (coordinate system)

(b)
(1)

(ii)

G10 L21 P X Y Z ...R_;

However, PO ~ P5

X,

Precautions

Y,X,...

Setting of common reference point shift
amount
No. of common reference point shift amount
Common reference point shift amount for
each axis

Length of attachment (effective only for P5)

The commands such as the below mentioned can be given.

G0 L2 P XY Z ...R ; Setting of G54 ~ G539

However,

P54 ~ P56

Designation corresponding to the work

coordinate system, G54 ~ G59

G10 L20 P X Y Z ...R ; Setting of G540 ~ G599

However,

P540 ~ P599

Designation corresponding to the work

coordinate system, G540 ~ G599

Do not put a decimal point down.
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6. G-function (coordinate system)

6-11. GlO programmable data input

C) Change of work-coordinate system

By the following commands, each
coordinate system can be rewrit

ten into each work-coordinate

system.

GIOL2P1X Y 2 P = 1~6: Indication correspond-
Example) ing to the work-coor-

690 dinate system 1~6.

G10L2P1X100.0Y100.02-300.0 Pl = GfQ
(G10L2P2X50.0Y—IO0.0Z—QO0.0 P% = G59

N1

G54G90GO0X0 YO S500 G54 X100.0 G55 X50.0

G43 7Z50.0 HOL Y-100.0 Y-100.0

M13 Z-300.0 Z-400.0

5; By GlO-reading with the left

G55G90G00X0 YO S1000 program, the above change is

obtained.
30 Note) Change with G90 (absolute),

Adding calculation with G91

(incremental)
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6. G-function (coordinate system)

6-12 One directional positioning (G60) Option
The final positioning shall be always made from one direction
commanded.

By using this function, high accuracy positioning can be obtained.
(1) Command form

(a) 1Incase of one shot G code

G60 X_Y_Za...; Effective only for G60 command block.
(b) In case of modal G code

G60 X Y Z ...3

XY Z oo One directional positioning

GOO; When a command other than G60 is given by

G code in the 01 group, G60 is cancelled.
(2) Program example

(a) When moved to the + direction (b) When moved to the - direction.

G60 G91 X100.; G60 G91 X-100
End point Start point
oO— ::j O<—-O0O——0
Start point
End point
Approach amount Approach amount

(3) Final positioning direction

Approach amount > O : Positioning direction is plus direction.
Approach amount < O : Positioning direction is minus direction.
Approach amount = 0 : One directional positioning is not made.

(4) Precautions
(a) Classification of one shot/modal of G60 is set a parameter.

(b) During canned cycle, hole positioning is made by G60. However,
one directional positioning is not effective for the shift

amounts for G76 and G87.

(¢) During mirror image, the mirror image is not effective for the

approach amount of one directional positioning.
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7. G-function (canned cycle)

7-1  Canned cycle (G73 ~ G89)

(:) Special operations are requested G73, G74, G76
for machinings such as drilling, G80
boring, spot facing, tapping. G81, G82, G83, G84, G85
It extends to the several blocks. G86, G87, G88, G89

Special movement was enabled by

command of 1 block.

Command method

¢c__Goso X Y VA R P Q L F *

Cutting
feed rate
Repeating
frequency
Cutting-in amount
or shift amount
Dwell time at
hole bottom

Cutting
start point
Hole-bottom

position
[Hole—machining Hole-position
mode coordinate

(:) Movement

With canned cycle, movement of
'*C) can be executed as one cycle

® Initial point
-————b?
l Positioning to the hole |
position ® |
Rapid traverse to R-point !

Hole-machining to Z-point
Operation at hole bottom

Return up to R-point

@@ ——C

Rapid traverse up to the

Z-point
initial point
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G-function (canned cycle)

7-2

Canned cycle

(@ [List of camnedeyele] ~ -

Hole~ Boring ope- |Operation at Escape
2:?“"- ration hole-botton operation Application
mode (-2 direction) position (+Z direction)
G73 Intermittient . Rapid feed ngg—speed deep hold
feed boring cycle
G74 |Cutting feed Sp1ndiirzorma1 Cutting feed |Reverse tapping
G76 |[Cutting feed Or}ented Rapid feed Fine boring
spindle stop
G80 — — — Cancel
G81 Cutting feed — Rapid feed Drill, spot-drilling
G82 |Cutting feed Dwell Rapid feed Drill, counter boring
G83 Inteiziiflent — Rapid feed Deep hole boring cycle
. Reverse turn of , .
G84 Cutting feed spindle Cutting feed Tapping
G85 Cutting feed — Cutting feed Boring
G86 Cutting feed| Spindle stop |Rapid feed Boring
. . Manual/ . ,
G87 Cutting feed| Spindle stop Rapid feed Boring, Back boring
, _,Spindle Manual/ .
G838 Cutting feed| Dwell stop Rapid feed Boring
G89 |[Cutting feed Dwell Cutting feed |Boring

Canned cycle mode

Canned cycle operation can

be specified by 3 modes.

Return
level

Hold-
machining
mode

Data type {%90

{G98
G99

{

Absolute command

G91 1Incremental

ommand

Initial level
return
R-point return

G73 See the list.
G74}

G76
G80
G81




7. G-function (canned cycle)

7-3  Canned cycle (data type, return level)
@ Data type
G9o G911
sz ————— E;J— ‘‘‘‘‘ han's
i T
! Z0 |
- o
R—point__i__" i 7 R-point i %
| |
| |
! ! Z
i I 1
Z-point 1 Z-point L
~Absolute Incremental

Return level

(initial level and R-point level)

G98

G99

Initial
level

0,

- o= o v -— -

Initial level return

Initial
level

O e
------ ‘?
: |
I

I’/R—point

- - ——

R-point level return

Initial point means Z-axial position at time of canned cycle

start.

R-point means cutting-feed starting point (Z-direction) at

canned cycle.




7. G-function (canned cycle)
7-4 Canned cycle (G73, G74)
| Detail of movement |
Case of G99 (R-point return) Case of G98 (initial point
return)
G73 G73 Xu.... O S - SUR o I S Fuvuws ;
(Canned
pitch) - xw [:j (X. V) Initial
i T i oint
I | 'r POt
speed [ } point - i
deep Q Q 1
hold ! 4 : [ ¢ I
drill Q ’ | Q :
¢ : 17 s
Q | Q |
Lo b
| |
§: Setting ! Soint Setting ! Z-point
data data .
G73 G73 X..... Yoooo.o Zeouoos R..... I..booJde.... K..... L..... Fo.... H
variable I:Initial .
pitch) value
X.Y) J:Detecting X7 .
High- ———— Initial-
speed TR value *? A point
deep ! K:Final " '
t
hold & value R point — ) R point
drill } A 1 l :
I ' '
Y 1] i Y ' 1] s E
\ ) : A ]
1
I-J 4 H [-J 1
{ 4 i vy v !
-~ ' \
1-2J 1 i 2] ) E
LY f H i i
T | : :
! K H .
K 17 point i Z point
q : Parameter No.6221




7. G-function (canned cycle)

In the option G73, it is possible to command a cut-in for variable

pitch by using the addresses I, J and K instead of the address Q.

I ¢ Initial value of cut-in amount
J : Detecting value after 2nd cut Command without sign.

K : Final value for cut-in amount

(Example)
G99 G91 G73 X_Y_ R-10. Z-40. I10. J2. K5. F H

Cut-in amount
1st cutting 10. mm -—=——0 T110.

2nd cutting 8. -  (I10. -J2.)
3rd cutting —~~——  (I10. -2 X J2.)
4th cutting - K5. ‘
S5th cutting

6th cutting

= O

7th cutting —«—— Final cut-in to the Z point

i
]
\ Y Ty R point
v i
i
Ist cutting I H
!
a0) | A :
— i !
\ :
:
2nd cutting I-J H
I
8) oy f !
: A i
;3rd cutting I-2J H
(6) y f P
) i
J4th cutting K A ]
(5.) ( i
A i
5th cutting K X
(5) ? E
A !
6th cutting K A i
(5.) _y ll i
7th cutting Q o Z point
Final cut-in to the Z point

(1)




7. G-function (canned cycle)

Precautions of the variable pitch commands

Note-1) Q, I, J and K are modal during canned cycle.
Note-2) 1t is possible to command a variable pitch by using Q
instead of the address I.
Note-3) Since Q is modal, before commanding variable pitches by
I, J and K, command Q0 when Q command was given previously.
Note-4) 1If Q, I, J and K are simultaneously commanded, the variable
pitch cut-in regarding Q as the initial value of cut-in
amount is proceeded.
G74 G74 Xevooo¥eieiiZoooRevsPuaf e Laeaa Fo.o... H
Reverse [j___(:}fw @__ (X. v) _Initial
ta . n i point
P .| Spindle reverse . | % &29%8
turn » ://turn
R-point 1~ __R-point
Z-point L — Z-point
Dyell diametez Dwell diameter
spindle forward turn spindle forward turn
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7-5  Canned cycle (G76, G80, G81)
Detail of movement
Case of G99 (R-point Case of G98 (initial point
return) return)
G76 G76 Xevewee Youuuun Zeweeso Rodeeeo Puvvver Quewes L., Fouuus
[::j (x. Y} (x.y)///Spindle ét?rt
_.._.? A = Initial
| Spindle start 7 point
|
Boring l/// | |
<3=:Tp——-R_p°1nt %_“.. ! R-point
|
! I
I shi d | .
Shiftlsflft spee hifel Shift speed
Dwell L,=:> 'proint Dwell 0 =¥ Z-point
spinard’ [-a | Spindly”| o |
index stop index stop
Note) The direction releasing the tool after the spindle
positioning has been set by the parameter 6212.
G81 | 681 XuuuuiYueueenZewseuResuwoLpuooiFuuuns ;
Drill @ (x. v @ (X. ¥ Initial
- - point
| |
| |
|
R-point I R-point
|
} |
| |
| . |
Z-point Z-point
G80 G80 G80
Cancel
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7-6

Canned cycle (G82, G83)

Detail of movement

Case of G99 (R-point return)

Case of G98 (initial point

return)
G82 G82 XuvvveYeuuviZuvwwRevu s lPushelLee s o lFuvnns 5
[j (x. v @.- Y Initial
- |i } point
| I
Spot ! | .
facin { R-point
g R-point |
1
| |
1
| | ,
! Z-point — Z-point
Dwell (P) Dwell (P)
G83 G83 Xieee¥uieeiZiveoRivevoQueefheeLeeeseFuvene
(Canned
itch
pitch) @__ (X. ¥) @ % ¥ Initial
|i - | ' point
! ! |
Deep 1 R, 1 I .
hole "’ 1o polnc T -, R-point
. Q ! | ‘ 'l* Il
drill e | i ‘ Q 11 !
Ottt : i S : ! : ¢
Q : ! Q 1y l|
1 M P I ¢
| | |
Q : q : !
¢ i : .
8: Parameter : 7 8: Parameter |
No.6222 “—point No.6222 | _Zz-point
G83 G83 XevveaYeueeoZiweeoReveooIoahooJeee e Keutn L..... Feoouo
variable I:Initial
pitch) [::j 1 value [::j - nitial
____'? J:Detecting —--—'<;: nitia
i value ! f point
i K:Final value i |
1 .
Deep 17 T oint T i R-point
hold , “hf ibF : I! HIRE
. =t —+ ' T !
drill - ! Tt : | N q ' TVT ; T 1 !
[=3 1 11 -1 1yt !
! 1y R
1 : i | i
=21 i : 1-21 ! :
i vl P~ N
X ; K !
q : Parameter =point o4—— Z-point
No.6222
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7. G-function (canned cycle)

In the option G83, it is possible to command a cut—in for variable

pitch by using the addresses I, J and K instead of the address Q.

I : Initial value of cut-in amount
J : Substract value after 2nd cut Command without sign.
K

Final value for cut-in amount
(Example)
G99 G91 G83 X_ Y_R-10. z-40. 110. J2. K5. F

.
’

Cut-in amount

1st cutting 10. mm -=—— 1I10.
2nd cutting 8. ~—— (I10. -J2.)
3rd cutting 6. - (I10. -2 x J2.)
4th cutting 5. ~— K5.
S5th cutting 5.
6th cutting 5.
7th cutting 1. —~—— Final cut-in to the Z point
i
1
\ ! \ R point
3
'
'
1st cutting I !
(10.) |
d v !
A H
|
2nd cutting I-J !
8) | A ;
A S !
l
3rd cutting I-2J :
’ 6.) y t P
q
A '
4th cutting K I\ '
(6. ] i
A !
S5th cutting K X
. | A |
A 1
6th cutting K A i
(6) _y A
7th cutting AO H Z point

Final cut-in to the Z point

1)




7. G-function (canned cycle)

Precautions of the variable pitch commands

Note-1)

Note-2)

Note-3)

Note-4)

Q, I, J and K are modal during canned cycle.

It is possible to command a variable pitch by using Q

instead of the address I.

Since Q is modal, command QO when the Q command is given

previously.

If Q, I, J and K are simultaneously commanded, the variable
pitch cut-in regarding Q as the initial value of cut-in

amount is proceeded.
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G-functions (canned cycle)

7-7

Canned cycle (G84, G85, G86)

{ Detail of movement | -

Case of G99 (R-point return)

Case of G98 (initial point

return)
G84 G84 X..... Y..... Zeeooo R..... P.....Le.... Feeuoo H
[::j (X. Y} (::1__ X. ¥ Initial
- point
| Spindle forward : Fpi dle forward
. turn turn
Tappin
pping ) R-point —— R-point
/))——-————Z—point L Z-point
Dwell diameter Dwell diameter
spindle reverse turn spindle reverse turn
G85 {G85 X..... YeiouZeoouReweiLiunn. Heveur
[::j (X. v Initial
i I point
P |
Boring | :
R-point ——R-point
e ____Z-point
———Z-point
G86  [{G86 X..... YeeeeiZoveeuReweeiLoe o foFuunns
[::j Spindle start
__-'.i'?‘” @ x. i Tnitial
point
{ Spindle forward o
/ turn | I
Boring R-point ‘R-point
i |
] |
| |
I |
Z-point Z-point

Spindle stop

Spindle stop
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7. G-functions (ca

nned cycle)

7-8

Canned cycle (G87, G88, G89)

|[Detail of movement]

Case of G99 (R-point return)

Case of G98 (initial point return)

G87 G87 Xeeve¥eiioiZuun. R..... QeeveeLiennn. Fo.... 5
q
.}———{
It is not used. @____:>11nitial
. ] oint
Boring Splndle// ‘: P
: forward '
1
Note) The direction releasing turn :Z—point
the tool after the spindlé¢ :
positioning has been set 1
by the parameter 6212. <:='R—p01nt
The tool is shifted to ipindlz
the X + direction for Orwarc Lurn
VMII, VK and HG.
G88 G88 Xiv.v¥uiiviZio oo bReee s PuetiLieeens Foooo H
[:ij ' Spindle forward
(X. Y1 turn
S O
: Spindle forward ; point
turn
Boring |
//pR—point | " -
-poin
I
Manual Manual
—~~ feed — feed
Z-point Z-point
After dwell (P),
spindle stop Aftér dwell (P),
' spindle stop
G89 G89 X.....¥eeiZoooRau P.....L..... F..... ;
[::j N YD [::j (X. Y1 o
-——9 G ,"? __Initial
| | point
| [
) |
—— R-point o—t—R-point
Boring

___Z-point

Dwe'll (P)

|___Z-point

1
Dwef{/(P)
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7. G-function (canned cycle)

7-9

Progr
zero
X0 YO

Example of canned cycle program

Canned cycle block --

®O

During the canned cycle, if r-’
there is hole-machining, :
indicate the hole position :
alone. However, make command :
in combination with the data ™

>

intended to change by the
data of canned cycle (R, Z, F,
G99/G98).

®

Calculation method of feed at time

Canned cycle cancel - ---—----!

of tapping cycle
FAA =3 rotation x pitch

(Example) M12 x P1.75 tapping
280 rotations

.F 280 x 1.75 = 490 mm/min

* That is, it is .

NOO3 (GCENTER TO3 HO3)
TO3M06
G54G90G00X-45.0Y85.0S800T04
G43Z50.0HO03

MO3

G99G81R2.0Z-3.9F100
X0

G98X45.0

G99Y-75.0

X0

G98X-45.0
G99X-30.0Y0
X0Y-30.0
G98X30.0Y0

G80OMOS

NO04(10.2 DRILL TO4 HO4)
TO4MO6
G54G90G00X-45.0Y85.05820T05
G43Z250.0H04 :

MO3

G99G81R2.0Z2-20.0F164

X0
G98X45.0
G99Y-75.0
X0

.

G80OMO5

.

NOO5 (M12 TAP
TO5M06
G54G90G00X-45.0Y85.05280T06
G43250.0HO5

MO3

TO5 HO5)

G99G84R5.0Z2-10.0F490
X0
G98X45.0
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7. G-function (canned cycle)

7-10 True circle cutting (G302 ~ G305)

(1)

(2)

A series of operation cutting the inner side or outer side of the

true circle can be commanded by one block.

G code
G302
G303

G304

G305

Command form

(a) True circle
G302
G303

True circle
True circle
True circle

True circle

cutting inner

cutting inner

cutting outer

cutting outer

However,

(D)

side
side
side

side

cutting ID (G302, G303)

I

CW (clockwise)
CCW (counterclockwise)
CW (clockwise)

CCW (counterclockwise)

: Radius of finishing circle

I + is of approach for the
plus direction

I - is of approach for the
minus direction

: R command for the high speed

feed range

: J command for the high speed

feed range

: Radius of the final finish-

ing circle for spiral true
circle cutting

: Circular arc increment for

spiral true circle cutting

: Repeated number of times at

the true circle section

: Tool radius compensation No.

: Cutting feed rate

Tool center path : 0 =1 -2 =3 —4 —

5 =6 =7 =8 — 9 =
10 —0
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7. G-function (canned cycle)

(b) True circle cutting OD (G304, G305)
G304 R
cso5 [ 171 g [ RUQLDF
Y

G304

Tool center path : 0 -1 =2 =3 =4 —

1- (D)

5-=6 =7 =8 -9 >0

1+K

However, 1 : Diameter of approaching circle

I + is of
I - is of

R : R command

approach for the plus direction
approach for the minus direction

for the high speed feed range

: J commend for the high speed feed range

(e

: Radius of the final finishing circle for spiral true
circle cutting

: Circular arc increment for spiral true circle cutting
: Repeated number of times at the true circle section

: Tool radius compensation No.

Mmoo & O

: Cutting feed rate
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7. G-function (canned cycle)

(3) Program example
(a) Basic form

G302 150. D10 F500; G302 I-50. D10 F500;

150.

(D10) : Offset (D10) : Offset
amount amount

7 - 16




7. G-function (canned cycle)

G303 150. D10 F500;

4
(D10) : Offset

amount
G304 140. K30. D10 F500;
Y
3
“n’/
o [
12A UV, 7 7 X
(D10) : Offset
amount
G305 140. K30.D10 F500:
Y
A
= X
3 (D10) : Offset
amount
140.

G303 I-50.

A

an

D10 F500;

5
N

// (D10) : Offset

‘ amount
G304 1-40. K30. D10 F500;
Y
4
ﬂ% 7 1
{7
P } vZ 55 > X
3
(D10) : Offset 1-40.
amount b
G305 1-40. K30. D10 F500:
Y
3
/ K30, £33 .
/ / 2 1
4
(D10) : Offset
amount 1-40.
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7. G-function (canned cycle)

(b) R command for the high speed feed range
G302 150. R30. D10 F500; G304 140. R30. K30. D10 F500:
Y
,I
/] X X
/
D10} : Of
'—"T (D10) : Offset amount ) amgiﬁg
.—-//
// // ! S—_l ___ High speed feed range:
R High speed feed range: 140, R30. - (D10)
" R30. - (D10)
(¢) J command for the high speed feed range
G302 I50. J5. D10 F500; G304 140. J5. K30. D10 F500;
J : Clearance amount at h Clearance amount at the

: Offset amount

(d)

High speed feed range

/

the high speed feed

«. (By automatic calculation)

J:

high speed feed

(D10) : Offset
amount

(By automatic calculation)

4

High speed feed range

Repeating designation at the true circle section (L)

G302 150. L2 D10 F500;

Repeat the finishing circle twice.

(Note)

In case of spiral true circle

cutting,

the final finishing

circle shall be repeated.

» X
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7. G-function (canned cycle)

(e) Spiral true circle cutting designation
G302 140. U70. Ql0. D10 F200;
Y

Q : Circular arc
increment
> X

: Offset amount

: Circular arc increment

(D10) : Offset amount

K50.+(D10)

150. - (D10)
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7. G-function (canned cycle)

(4)

Precaution

(a)

(b)

(e)

(d)
(e)

(£)

(g)

(h)

(1)

(i)

(ii)

(iii

(iv)

(v)

(vi)

(3)

(k)

Give the G302 ~ G305 commands in the state of tool radius
compensation cancel.

The G302 ~ G305 commands are of non-modal G dodes.

Address numerical values other than D and F commanded in the same

block are effective only for commanded blocks.

The numerical values of R, J, K, U and Q shall be always commanded

by position values.
When R and J are omitted, high speed feed ranges become ineffective.

When U and Q are omitted, spiral true circle cuttings become

ineffective.

When D and F are omitted, the D and F already commanded becomes

effective.

When L is omitted, the repeated number of a true circle section

becomes always 1.
When R and J are commanded in the same block, J has priority.

When the following commands are given, an alarm occurs.
When (radius of finished circle (I) - offset amount) is either
0 or a negative value at G302 and G303.
‘When high speed feed ranges are not obtained at the R designation
in the high speed feed range.

) When high speed feed ranges are not obtained by automatic
calculation at the J designation in the high speed feed range.
When (radius (U) of final finished circle - offset amount) is
either O or a negative value in the spiral cutting of G302 and
G303 commands.

When (diameter (I) of approach - offset amount) is either O or
negative value at G302 and G303 commands.
When the approaching circle doesn't exist through changing an

offset amount.

The XY plane can be selected regardless of G17 ~ G19 commands

by parameter setting.

When a negative value is set to an offset amount, it has been

altered to a positive value.
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7. G-function (canned cycle)

7-11 Square side frame outer cutting

A series of operapign;gﬁ»éﬁﬁé{ﬁWsiaé’ﬁiame:§gfg;gcdffiﬁgwcah be command

in one block

(1) G code
G322 : Square side frame outer cutting CW (clockwise)
G323 : Square side frame outer cutting CCW (counterclockwise)
(2) Command form
G322
G323 [ X Y_ZRQIJKPACDEF;
Initial
i f point
l é : R point
P . 7__ Q i |
[ I M T :
| || « |
i At L
—’L%——%—C A/A l : |
—l ek | 5 / Yo
P {—++prl I / b |
L l APaLY = /77' &1 Z point
l | l : pr2
| R | | '
(Gszs)@—»t—-—r —————— -

(G322)

(X, Y) : Datum point of X and Y axes

Z : Z point

R R point

Q Cutting depth per one cutting for Z-axis

I X-axis length of the quadrangle to be finished
J Y-axis length of the quadrangle to be finished
K Cutting width per one cutting for X and Y axes
P Approaching amount

A Radius of the cormer R

C Cutting allowance

D Tool offset No.

F Cutting feed rate

prl: Finishing allowance (parameter setting)

pr2 Clearance amount (parameter setting)

7 - 21




7. G-function (canned cycle)

(Note 1) When cutting the cutting allowance, an override can be
applied to the cutting feed rate by the ratio set by a

patameter.

(3) 1Initial point
This is machining start point for G322 and G323 commands.
When a series of operation is finished, all the X, Y and Z axes

return to their atart point.

(4) R point and Z point
The R point and the Z poiht become as follows by G90 and G91 commands.

[G90] [G91]
Z0 position

?’4 R Initial point ?-T———— In?tial
; } 7 E R point
(')-:——-R ﬂ:voint 5|_|_..>_....R point

' Z (|

| B

v oy v

o Z point ol —~ 7 point

(5) Program example
G17;
G90 G322 X50. Y-100. Z-50. R-10. Q20. 1I80.
J40. K8. P30. A2. C15. D10 F200;

o Initial
] 3 .
‘\ at I point
|
A\ ﬁ&’ Y hl R point
ol I
| || i
| (I
v e [
4 ! { I I
A4 T
U s/ ¥ ! ¢ I
d i
/ L 1 1 Z point
/
—=———-» Rapide traverse
—————— Cutting feed
Tool center path : 0 =1 -=a =b =2 =3 =4 =5 »6 »Cc =d -»
2 =3 >4 »5 »b6b = =7 — — - — _ _ . . _
h .30 .0
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7. G-function (canned cycle)

(6) Precautions

(a)

(b)
(c)

(d)

(e)

(£)

Tool radius compensation is applied regardless of the tool
radius compensation (G41 and G42) by G322 and G323.
Accordingly, command them in the state that the tool radius

compensation is cancelled.
G322 and G323 are the non-modal G codes.

When A is omitted in the G322 and G323 block, the corner R

becomes ineffective.

When the numerical value of K is a negative in the G322 and G323
blocks, finishining becomes ineffective, and when the numerical

value of Q is negative, the clearance value becomes ineffective.

All the numerical values such as the address I, J, P, A and C
shall be commanded by positive values.

When negative values are commanded, an alarm occurs.

€

When D and F are omitted, the D and F already commanded become

effective.
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7. G-function (canned cycle)

7-12 Coordinate rotation (G68,:G69)
By this command the shape commanded with a machining program can be
rotated at the angle designated.
There are 2 sorts of coordinate rotation as follows:
(a) When the rotation center is regarded

as the reference point of the work ceesessss Type A
coordinate system.

(b) When the rotation center is commanded
by a program.

The coordinate rotation is engaged by the type A after engaged by

the type B. Besides, it can be engaged by the type A and the type B

independently.
Y Y
Type A Type B
///N\\
///\\ // )
Pie \ /
. > < 7
< il \\ /
\ 7’ v
\ Pl
vl
otation o
L \\Rotation angle
c,\ X < X
, Rotation center Rotation center
(Reference point of work (Command by program)

coordinate system)

(1) G code
G68 : Coordinate rotation ON

G69 : Coordinate rotation cancel

(2) Command form
G68 a B R ; Coordinate rotation type B ON
G68; Coordinate rotation type A ON
(A1l @ B R_are omitted)
G69; Coordinate rotation cancel
However, ¢, B: Coordinate value of the rotation center
Command 2 axes of the plane designated with G17,

G18 and G19 by an absolute value.
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7. G-function (canned cycle)

R : Rotation angle
The counterclockwise direction is plus
The unit is -360.000 ~ +360.000
or -360.00000 ~ +360.00000
Rotation angle of the type A : R value on the screen of
the work coordinate system
offset.

(a) When the type A and the type B of the coordinate rotation are used.

G68 a B R ; Coordinate ratation type B ON
G68; Coordinate rotation type A ON
G69; Coordinate rotation cancel

(b) When the type A of the coordinate rotation are used.

G683 Coordinate rotation type A ON

G693 Coordinate rotation cancel

(c) When the type B of the coordinate rotation are used.

G638 a_fLR_; Coordinate rotation type B ON

G69; Coordinate rotation cancel

(2) Program example ,
G17 G54 G90 GOO XO YO;

G68 X30. Y20. R&45.; Coordinate rotation type B ON
G68; Coordinate rotation type A ON
N1 GO1 G91 X30. Y20. F200;
N2 X60.;
N3 Y30.;
N4 X-60.;
N5 Y-30.;
G69 X-30. Y20.;
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7. G-function (canned cycle)

Y Coordinate rotation cancel

Program shape rotated by the type A after

F“'""——L‘///”//irotated by the type B

1
I ' AN P h d by th A
: : // ~—— rogram shape rotate y the type
s

1 |
| | // n //
1 K g ‘Program shape before coordinate
I AN 7/ rotation

l \ d

{ AN

/ :‘\ N~ _Rotation angle of type B
! ; Rotation center of type B

X

\\\\\;:i::::Rotation angle of type A
‘Rotation center of type A

(4) When the coordinate rotation is used together with tool radius, scaling

and compensation, programmable mirror image etc., command in the order

as below.

G511...; Programmable mirror image ON
G51...; Scaling ON

G68 a BR ; Coordinate rotation type B ON
G68; Coordinate rotation type A ON
Ga%...; Tool radius compensation ON

G403 Tool radius compensation cancel
G69; Coordinate rotation cancel

G50; Scaling cancel

G501...; Programmable mirror image cancel

(5) When commanding repeatedly
Resister a program as a sub-program by setting a parameter and that
program can be called during changing the angle.
G17 G54 G90 GOO XO YO;
G68 X0 YO RO;
M98 P100;
M98 P200 L3;
GO0 G90 X0 YO;
G69;
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7. G-function (canned cycle)

(6)

0100 G90 GO1 G42 X0 Y-10.
X10.;
YO0.;
G403
M99;

0200 G91 G68 XO YO R90.;
G90 M98 P100;

M99

Precautions

Program shape after
coordinate rotation

Tool center
path

D10; .... (1)
eeee (D)
ceer (3)

Y
=" =/
B T
| I Lo
o I
1 A1
1 .
Lo M |
P 3) :
: ___ 3 @ |
N IR

(a) G68 shall be commanded in the independent block.

When it is commanded by other than the independent block, an alarm

occurs.

(b) When the plane is changed by commanding the plane selection (G17,

G18 and G19) during G68 mode, an alarm occurs.

(¢) The first travel command after the block that G68 and G69 were

commanded shall be commanded in absolute.

(d) The commands that the coordinate rotation is not engaged are as

follows.

(1) The shift amount for fine boring (G76) and back boring (G87).

(ii) G28, G29, G30, G53,

(e) When G92 and G52 are commanded,

G31, G27

coordinate rotation type A becomes (0, 0).

the rotation center of the
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7. G-function

7-13  Herical cutting G02, GO3 (option)

A | Purpose Command format
By l-block command, it is cl7 {885} XY {?__J } Z F
effective for spiral oil- _—
groove machining. cl8 {GO%} X 7z R Yy 7%
co3f "—"—{ [ & ——

GO2 R
G19 { co3} Y_Z_{ J:K‘} X_F__

Herical interpolation

The other one axis moving
in synchronism with the ‘\

movement of circular

interpolation can be
moved with linear

interpolation.

C | F-~command

Length of
Feed speed along the arc P linear axis
is commanded, thus the Length of

. .. circular arc
speed of linear axis 1is:

D Program

@ G17G03X100.0Y0I0j100.0Z20.0F100 *
or

® G17G03X100.0YOR100.0Z20.0F100 *

Program in the use of tool-
diameter compensation

G90 *
G17G42G01Y-100.0D32F100 * _jp00

Route of tool at

G4OGOOX0 * Y() offset time of
diameter
Note 1) Tool-diameter compensation is applied for arc alone.

Note 2) With the block to command helical cutting, it is
impossible to command tool-position offset and tool-

length compensation.
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7-14 Programmable mirror image

G511, G501 (option)

A Purpose

Program of quadrant-unit
can be automatically
obtained as mirror-image

by G-code.

Command format

To s
imag

G511 X_Y 7z *

Command value of
mirror to the de

G501 *.GCancel

et program mirror
e

X, Y, Z sets the

sired position.

B { Program examplel

G55G90G00X0YO
*G511X-100.0 *
G00X30.0Y10.0 *
G41G00X16.0D32

I
3%

GOl YO F500 *
G02 I-16.0 *
GOl Y-10.0 *
G40 GOO X30.0 %
*G501 ; %
* G91G28XOY0ZO ki
’ M30' %

In case of 1 axis

clockwise turn.

¢3ﬂ
\4

mirror image
Note 1) Circular command: Clockwise
turn is reversed to counter-—

Mirror image ON

—
A
L/

)

Mirror image OFF

X0
Yo

A
AN
T e

b
¢

Note 2) Tool diameter compensation C:
Right offset is reversed to left offset.

|=—100.0 —=<—100.0 —~

C Lgf;gram example
G55G90G00X0YO

G511X-100.0Y-30.0 *
G00X30.0Y10.0

%

%

G41G00X16.0D32 *
GO1YOF 500 *
G021-16.0 *
GOl1Y-10.0 *
G40G00X30.0 *
* G501 *
G91G28X0Y0Z0
M30 *

Note 1) When designating 2
axes,
as the right figure.

Note 2) When G501 is commanded
the programmable image is

cancelled for all axes.

the movements become

Mirror image OFF

N
w \ ¥

Pan)

l*- 30.

—100. 0 —=

e

Mirror image
ON

=—100.0 —»
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7. G-function (canned cycle)

Program example y

A X-axis mirror image ON Mirror image cancel

G54 G90 GOO X70.0 Y20.0
G511 X70.0 ot -, N4

N1 GO1 X90.0 Y40.0 F200 M \

N3 \NS N3

N2 X120.0 \ \

802 \
N3 GO3 Y80.0 R20.0 , N — — =
TR TN\
N4 GO1 X90.0 AN
\\
N5 X70.0 Y20.0
G501 XO : X
#70.

Precautions Mirror point

(a) When commanding the coordinate rotation and the mirror image, command
as the following order.

G511 XY Z ; Programmable mirror image ON

c68 ; Coordinate rotation ON

G69 ; Coordinate rotation cancel

G501 Programmable mirror image cancel

(b) G511 and G501 shall be commanded in the independent block.

When it is commanded by other than the independent, an alarm occurs.

(c) The position display becomes a coordinate value after the program
mirror image is applied.

(d) When the programmable image and the setting mirror image are engaged,
the setting mirror image is engaged after the programmable mirror
image is engaged.

(e) The commands that the programmable mirror image is not engaged are
as follows:

(i) Commands such as G28, G30, G53, G27 and G29 etc..
(ii) Shift amount of fine boring (G76) and back boring (G87).

(f) G511 and G501 shall be commanded in the G69 and G50 modes.

When they are commanded by G68 and G51, an alarm occurs.

(g) The first travel command after the block that G511 and G501 are
commanded shall be commanded in absolute.

(h) When a circular arc is commanded for the first travel command after

the block that G511 and G501 are commanded, there are instances

where a correct circular arc is not obtained.
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7. G-function (canned cycle)

7-15 Setting mirror image

The mirror image can be engaged for every axis by the ON/OFF operations

on the setting screen or by the external input signal (PC -- NC) ON/OFF.

(Note) The program image is engaged through regarding a coordinate
value at the time when the mirror image is turned on as the
mirror point regardless of the absolute/incremental command

of programs.

When the work coordinate system setting, G54~ is commanded, the

mirror image is engaged by setting the mirror point as O.

(1) ON/OFF operations on the setting screen.
(a) Press the | SETTING |key and next press thel C |key.
(b) By operating the cursor r,$ ]I Y |[;<- ]l -——] , meet it with
effectiveness or ineffectiveness of a designating mirror image axis.
(c) Press the| INPUT | key.
(2) The change-over for the mirror image ON/OFF becomes effective from the
next buffering block.
(3) Program example
G54 G90 GOO X70. Y20. ;
M42 X-axis mirror image ON
N1 GO1 G90 X90. Y40. F200 ;
N2 X120. ;

N3 GO3 Y80. R20. ;

N4 GO1 X90. ;
N5 X70. Y20. ;
M37 Mirror image OFF
Y
| X-axis mirror Mirror image cancel
image ON
A O— e —»0
,/' \ '
/ \
\
\\
\\ \
~ — e \
Ot %\ \
AN
| X

al0.

Mirror point
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7. G-function (canned cycle)

(4)

(5)

When the mirror image is engaged only 1 axis of the designated plane.

(a)
(b)

Circular command (G02, GO3) : CW and CCW are reversed.
Tool radius compensation (G41, G42) : The right side offset and

the left side offset are reversed.

Precaution

(a)

(b)

(¢)

(d)

(e)
(£)

(g)

The position display becomes the coordinate value after the setting
mirror image is engaged. k

When the programmable image and the setting mirror image are engaged,
the setting mirror image is engaged after the programmable image is
engaged.

The commands that the setting mirror image is not engaged are as
follows:

(i) Commands such as G28, G30, G53, G27 and G29 etc..
(ii) Shift amount of fine boring (G76) and back boring (G87).

Arrange so that the setting mirror image ON/OFF position may become
the same position.

In the state of reset, the setting mirror image becomes OFF.

When the setting mirror image ON/OFF is the first axial command shall
be commanded in absolute.

When the setting mirror image is shifted from OFF to ON, there are
instances where a correct circular arc is not obtained when a circular

arc is commanded in the first axial command.
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7. G-function (canned cycle)

7-16 Direct tapping Special G841, G741 .
A Purpose
By this synchronizing method : :
of spindle rotation and Z-axis| X : | Tapping hole positional
feed, high-speed/high accurate| Y coordinate
tapping can be done. Z Hole-bottom position
Conventional tapper is not R : Cutting start point
needed. P Dwell time at R-point
F Feed speed
L Repeating times
B Command format (Same format as that of conventional G84, G74.)
S i e tesessesesssss Rotation command
 Note) The gearrshiftishéllfbe performed
in the previous block.
(MO3 command is NG)
G841 X Y Z R P F L *
— == =
X Y * ' . Spindle-rotary speed
! .
. i x pitch
x__ Y ! (e.g. S2000 x P1.0 =
G80 * ; F2000)
'
e Start and stop of spindle
rotation, R-point
C | Actual program (Al material M6 x P1.0 tapping case)

G80 kS

G54G90G00X50.0Y100.082000T05 *
G43Z30.0HO4 *
G98G841Z-20.0R5.0F2000 *
X75.0Y150.0 %
X100.0Y150.0 *

Cancel(direct and tapping mode)

Note)-1 Both G841 tapping cycle and G741 counter tapping cycle are

the same as the conventional format.

Note)-2 Command within max. rotation speed limit.

Note)-3 When SAMis performed after G841 and G741 are commanded, the

the rotation of SA®Mis executed as the high speed range
selected before remains.
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7. G-function (canned cycle)

7-17 Direct tapping

" Special G841, G741 7

Explanation for

Note 2)

Note 3)

(tapping cycle)

________ Rapld traverse

operation Z-axis (spindle
synchro-
feed)
(® Dwell
G841 (G98) c84a1 (G99)
————0 2 Initial point e
Spindle 1 b Spindle '
stop 2 1 | Spindle stop (:}Spindle
stop Spindle'g stop
Splnile forward R point forward R point
urn turn
Splndle Z point Spindle Z point
stop stop Spindle
<;> Spindle reverse
revers§ turn
turn
Note 1) During synchro-feeding of spindle/Z-axis, feeding

speed and spindle override shall be regarded as 100%.

at end-point of operation 1,

At program |[STOP| in between operations 3~5, | STOP|-

Tapping cycle with single block causes the stopping

2 and 6.

lamp lights, however, it stops after the end of

operation 6.
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7. G-function (canned cycle)

Explanation for
operation

(reverse tapping cycle)

G741(G98) ¢741 (G99)

.

Spindle 1 '
stop 2!

Spindle
reverse
turn

Spindle
stop

®
4

Initial point

R Spindre— _—.>?
l ! 6 stop I .
1 l® Spindle Spindle \'y @ Spindle
stop reverse 9 stop
R point turn R point
s ;
Z ?oint Spindle Z point
Spindle stop (:) Spindle
forward forward
turn turn

Note 1) The caution is the same as that of G841(tapping cycle).
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7. G-function (canned cycle)

_7-18 Boring pattern cycle G70, G71, G72, G77 (option)

2
(:) G70 : Bolt-hole cycle
3
G70X_Y I _J L %
(Example) G70 X90.Y30.140.J20.L6 * _
Y=30 4

, 6 End point
Start point

(:) G71 : Arc cycle

(Example) G71 X Y I J K L *

G71 X30.Y10.I100.J30.K15.2L7 *

Start point

30

(:) G72 : Line at angle cycle
(Example) G72 X Y I J L *

9 End point
G72 X50.Y20.125.J30.L5 *

X=50

ij=20

Start point

(:) G77 : Grid cycle ,13@W . \2 7
(Example) G77 X_Y I C_J K A L * R A o=
L=3 \0 5 o
0
G77 X20.Y10.125.J30.K60.A4L3 * 9 6 o
1 b
% 3 4
2
J=30°
Y=10

O
Start point X=20
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7. G-function (canned cycle)

Note 1) G70, G71, G72, G77 are non-modal G-codes.

Note 2) Be sure to command G70, G71, G72, G77 by canned-cycle mode.

Note 3) After machining of G70, G71, G72, G77, the next block should
be cancelled by G80 exactly.
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7-19-

Bolt-hole cycle G70 (option)

Purpose

3
drilling on the circumference, ® 1Q

In case of equally distributed

this function decides the ' {7 J=20

position by automatic calcu- X=90 (90,30)

1
lation at rectangular co- ¥=30 4 Q)
G54X0Y0 6@

Y
Startifin ] End point
radius and angle. poink Qs

ordinate value with the

B Command format
G100 X Y I J L *
G70: Bolt-hole cycle
X,Y: Make description based on circle-center coordinate, G90, 91.
I : Radius of circle. It should surely be positive number.
It can be indicated by minimum setting.
J : Setting of angle at initially positioned point.
0.001 degree unit CCW turn is positive.
L : Circle-dividing number. Positive is CCW turn.
Negative is CW-turn.
C | Actula program

G54G90G00X0YOS1000T15 * Transfer to the start point
G43Z30.0H14 * Z-axis approach
MO3 * Spindle forward turn
G98G81Z-30.0R3.0F150L0 % Drill-canned cycle command

LO no-move.
G70X90.0Y30.0140.0J20.0L6 * Bolt-hole cycle command, CCW-turn
G80OMO5 * Canned cycle cancel
M98P98 * Transfer to sub-program 098

Note 1) Be sure to set LO for the canned cycle command.

Note 2) When "L" at bolt-hole cycle G70 is minus (-),
machining sequence is<:)~(:)-
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7-20 Arc cycle G71 (option)

A Purpose
It is used for machining of
drilling-line arranged in
equal interval on the arc.
Stajt Point
3
) 30
G55X0Y0
B Command format
G71 X Y 1 J K L *
G71 Arc cycle
X,Y : Make description based on circle-center coordinate, G90,91.
I Arc radius. It should surely be positive number.
It can be indicated by minimum setting.
J Setting of angle at initially positioned point.
0.001 degree unit CCW turn is positive.
K Angle-interval. 0.001 degree unit. Positive (plus)
means CCW-turn.
L Positioning frequency setting. It is surely positive
number.
C | Actual program
G55G90G00X0Y0S1500T20 * Transfer to the start point
G43Z30.0H19 * Z-axis approach
MO3 % Spindle forward turn

G98G81Z-25.0R3.0F200LO * Establishment of canned cycle mode.

G71X30.

G80OMO5
M98P98

LO, no movement.
0Y10.0I1100.0J30.0K15.2L7 * Arc-cycle command, CCW-turn

* Canned cycle cancel

KN
w

Transfer to sub-program 098.

7 - 39



7. G-function (canned cycle)

7-214 - Line at angle cycle G72 (option)

A Purpose

It is used for machining

the arranged holes in

equal interval on the

declined straight line.

——Q’R G54X0Y0
B Command format

G72 X Y I J L *

G72 Line at angle cycle

X,Y : Coordinate of start point (machining start point)

I Make setting with positive number. Interval-setting.
When "I'" is negative, make positioning to the symmetric
direction on the point with the center of start point.
Indication can be made by minimum setting unit.

J Setting of angle. 0.001 degree unit. CCW-turn is
positive (plus).

L Positioning frequency setting. It is surely positive
number.

C | Actual program
G54G90G00X0YOS1000T20 * Positioning to work-coordinate
X0YO.

G43Z30.0H19 * Z-axis approach

MO3 * Spindle forward turn

G98G81Z-25.0R3.0F200L0O * Establishment of canned cycle mode

LO, no movement.

G72X70.0Y30.0125.0J30.0L5 * Line at angle cycle command

No.1l ~ 5 boring.
G80MO5 * Canned cycle cancel
M98P98 * Transfer to sub-program 098.
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7-22 Grid cycle G77 (option)

A Purpose
It is used for machining of
arranged holes in equal
interval on lattice.
P X=20 1) Y=10
\_ G54X0Y0
B | Command format

G77X Y I C J K A L *

G77 : Grid cycle

X,Y : Coordinate of initial hole position

I : Setting of interval in X-direction

C ¢ Setting of interval in Y-direction

J : Angle formed between X-axe and X-side (0.00l degree unit.

CCW-turn is
positive.)

K : Angle formed between X-side and Y-side (0.00l degree unit.
CCW-turn is
positive.)

Quantity of holes on X-side (setting with positive number)

L : Quantity of holes on Y-side (setting with positive number)

Whereas, A x L shall not exceed 32767.
C | Actual program

G54G90G0O0X0YOS1000T10

G43Z30.0HO9
MO3
G98G81Z-25.0R3.0F200L0

G77X20.0Y10.0125.0C25.0J30.

G8OMOS5
M98P98

OK60.0A4L3 * Grid cycle command 1~12

KA
w

w

Positioning to work-coordinate
X0YO.

Z-axis approach
Spindle forward turn

Establishment of canned cycle
mode it should be LO.

boring.
Canned cycle cancel

Transfer to sub-program 098.
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7-23 Surface cutting cycle (G324, G325, G326)

The surface cutting canned cycle consists of 3 kinds of cycles;
Square surface cutting (G324)
Square surface one side sizing (G325)

Square surface both sides sizing (G326)

It is convenient canned cycle to perform the surface cutting and
groove cutting by using a face milling cutter or end milling

cutter.

In these cycles, assume the coordinate value designated by X and
Y as the start point, and assume the range of the length (I) in

X axis direction and the length (J) in Y axis direction as the
work surface, and a cycle cutting is executed up to the coordinate

value of the finishing surface by the cut-in amount (Q) of one

surface.
1.SurfaceG324 2. One G325 3.Both G326
side sizing sides sizing
Z 7 Z

Y

A4 -

~ I

2220 | | 2z
77 77 CzZ7==

C; OCr—==~
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(1) Square surface cutting (G324)

Purpose : This is a function that machines square type plane
surfaces in the lamp by unidirectional or bidirectional
cutting.

(a) Commanded form

G324 X1 Y2 Z3 R.I JKQPCDETUTF;

G324 : Square surface cutting
X1,Y2: Start point coordinate value of the plane, enterd
based on G90 and G91.
R3 : 3rd axis coordinate value of the finishing face,
entered based on G90 and G91.
R : R point coordinate value in the 3rd direction.

Length in the spindle direction  Commanded with
decimal point

J : Length in the sub-spindle direction "

K : Surface cutting width (The cutting method is
designated by the sign ® © .)

Q : Cutting depth per cutting in the 3rd axis direction
(©® : No finishing)

P : Approaching amount (Absolute value)

C : Release amount in the 3rd axis direction (Absolute
value) Commanded with decimal point

D : Tool radius compensation No. (Radius register)

E : Feed rate for finishing (When omitted, the feed rate
is F.) (mm/min)

U : S-axis rotation speed for finishing (When omitted,
the rotation speed is S.) (r.p.m.)

F : Cutting feed rate (When omitted, F commanded

previously) (mm/min)
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B - - _
—— Y "= o J
,
(X1,Y2)
Sub P ¥
3 Main
R
h /]
L Q} JE'L'C
)
/ o N
- ) A
Z3 > A
Finishing allowance
3 (N.6B224)
Sub Main
Movements
X
L = O N —
¢ BRE O ! i
GﬁY2
I=9 =6 I=& I=6
J=8 =0 J=06 J=6

The start point and cutting direction can be changed by altering

the sign of J.

And when the cutting width: K is set in negative,

the cutter center is stepped out to the outside by only the

approaching amount.
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A

‘|(

£

|

P P
Sub  Approach amount Approach amount
3 Main
. - . .— R
1st time'+CQ
2nd time + Q
3rd time (Z3 - Finishing
73 allowance)
3
Sub Main
Solid line: Cuttiﬁéwfeed
Dotted line: Rapid traverse
N - A N -
N 9.\)-15” N .18 — ~ "I‘
- - ] —
— AN -— -
R e '8, 16, 24 RYe T D 112, 24, 36
| 60T 1 ;: | o= 11 R
12 5 L eg=-8 1 "
¥ 3 >4 Y 3 IR VR
Vg 13 % :l822$ -8 23 J
o 2 13 L pae=U_ 19 = ol
\!1 11 ?’/lz -' ¢ 15 ~318 |
23 I o34~ 33 g !
L 22 — 130, ¥ 2
18 & 21 - 1258 = 29 31 A3
3 ¥ 13 o720 \‘f 21 T 7?98
{ jSUb v
Main
Bidirectional Unidirectional-
cutting (laf=cC) cutting (rQi<c)

7 - 45




7. G-function (canned cycle)

Bidirectional

Unidirectional

cutting (l Q ‘ gC)
P — K= ®
O—
=P K= O

cutting

(lQl<cC)
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G-function (canned cycle)

(2)

Square surface one side sizing (G325)

Purpose

Multi-directional cutting is enabled and the last face

can be designated as well.

(b) Commanded form

G325
X1,Y2:

m O o -

Square surface one side sizing

Start point coordinate value of the plane, enterd
based on G90 and G91.

3rd axis coordinate value of the finishing face,
entered based on G90 and G91.

Length in the I-axis direction Commanded with
decimal point

Length in the J-axis direction "

Surface cutting width (The cutting method is
designated by the sign ® © .)

Cutting depth per cutting in the 3rd axis direction
(® : No finishing)

Approaching amount (Absolute value)

Designation of cutting direction (15C 4)

Tool radius compensation No. (Radius register)

Feed rate for finishing (When omitted, the feed rate
is F.) {(mm/min)

S-axis rotation speed for finishing (When omitted,
the rotation speed is S.) (r.p.m.)

Cutting.feed rate (When omitted, F commanded

previously) (mm/min)
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7. G-function (canned cycle)

N\
1C2
N \//
< ) > -
.. . : £ 7L 7=
Finishing allowance | ///////%///’/}%1/, ‘e ‘)
(N.622 ﬁ)i’ Nl
—
C T
- A L J
K 3
y I
v
Sub c1 (X1.Y2)
-~
P k— ’\64/\T
3 Main
R
A 4
y N ¥
3 [ 7
23 > T
Finishing allowance
(N.68224)
Sub Main

(b) Movements

P

Approach amount

7 - 48




7. G-function (canned cycle)

e D N -
~ ~

~N e OVew— U1 ~-——
~—

~

X1, Y2 approaching point, Rapid traverse until R point
Rapid traverse until the cutting high of 3rd axis
Machining in the I command axis direction

Machining in the J command axis direction, K=& : Rapid traverse,
K= O : Machining

I-J plane 3) and 4) shall be repeated until the machining is finished.
Rapid traverse return until R point.

1) ~ 6) shall be repeated until 3rd axis coordinate value, and the
bottom and the plane are finished in the final step.

A IR

-

P\
]

Gp——

Y D The start point and the
W \V cutting direction are
xye xy2 designated by the sign
—1=9 . 1=0 C and I.
r—=-1 xiyz

g
MMM

N

0]
MMM

h
Ll
il
D

y

A
)y

Y2

Y
fat

&

- - -

* e

P 7277

Do

=6

MMM
g

MY

E} Xl.‘{vz L.
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7.

G-function (canned cycle)

Program example)

/70000

100.0

.

G54 X0

200.0

[

G90 G54 GOO X0 YO S300 ;

(G43) 250.0 (HO1) ;
MO3 ;

0

Tool diameter: $30

An end mill is used.

20

G325 X0 YO Z-20.0 R3.0 I1200.0 J100.0 K21.0 C1 Q10.0 DOl F100 ;

MO5 ;
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7. G-function (canned cycle)

(c) Precautions

(c.1) When cutting depth per cutting (Q) is © , no finishing is
performed. (The plane is included as well.).

And when ( |[R - Z| ) < | Q |, one time cutting is performed.
(c.2) Cut in by cutting depth per cutting (Q) from R point.

(c.3) J : The length in the J direction becomes positive in spite
of ® or © .

(c.4) When K is set to (O, the cutter center goes out to the
outside only at approaching.

Cutting in for cutting width is done at cutting feed rate.

e

A

0
\
A
-/

7 - 51




7.

G-function (canned cycle)

(3)

Square surface both sides sizing (G326)

Purpose :

Used for cutting the inside surface when both side

faces exsist.

(a) Command form

G326
X1,Y2:

Mmoo o °

Square surface both sides sizing

Start point coordinate value of the surface, enterd
based on G90 and G91.

3rd axis coordinate value of the finishing face,
enterd based on G90 and G91.

Length in the I-axis direction

Length in the J-axis direction

Surface cutting width (The cutting method is
designated by the sign ® @ .)

Cutting depth per cutting in the 3rd axis direction
(® : No finishing)

Approaching amount (Absolute value)

Designation of cutting direction (1 = or 2)

Tool radius compensation No. (Radius register) '
Feed rate for finishing (When omitted, the feed rate
is F.) (mm/min)

S-axis rotation ;peed for finishing (When omitted,
the rotation speed is S.) (r.p.m.)

Cutting feed rate (When omitted, F commanded

previously) (mm/min)
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G-function (canned cycle)

W/ //
4’5/////// Z %
4 p
C - - i
! 4 1t
: K
[ - r— ] J
I
- !
Rl 1 4
777 Finishing allowance
72 (N .6 22 4)
Sub - P f—
€ [ v
3 Main
R N
Y I\_}
Q
' .
3 3 > 1
Finishing allowance
Sub Main (N.62224)
(b) Movements
@ @
/ Finishing ?
: / " "‘_' allowance ﬁ: /
1 t . .
i [ N e e e T
SN ]
Finishing face
@ / © /
t ' ! ]————
1 [ I R I PR P
| S -t
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7. G-function (canned cycle)

(©)

il
I\
AN

®

@ 0= ®— O0— 00— 06

The start point side shall be cut, leaving finishing allowance
of the side face.

The end point side shall be cut, leaving finishing allowance
of the side face.

The start point side shall be cut in from the position leaving
finishing allowance of the side face.

The end point side shall be cut, leaving finishing allowance
of the side face.

The start point side shall be machined for finishing the side
face end bottom.

The end point side shall be machined for finishing the side
face and bottom.

Precautions

(c.1)

(c.2)

(c.3)

When ( |[R - 2| )< | Q |, no finishing is done.

When the cutting depth per cutting (Q) is set to @ , no

finishing is done (including the surface.).

When the cutting width (K) is (© , the cutter center goes out

to the outside by the approaching amount.
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G-function (canned cycle)

-----

C1 C2
222/ e
L e —] 7 2
Simnial t
A (X1, Y2)

X\ YA ‘ O ]
vz | () e
—~— ) , (XI.VYZQ
| 7
! - % /
i O | 2 .
o | L R
62)7/////////, A [T
! %
: % %
! ' % 7
~(X1,Y2)
| L O
4 S8
i % o
0 Y
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7. G-function (canned cycle)

7-24 Pocket cutting (G327 ~ G333)
It is possible to command a series of movements for cutting the inner

side or outer side of a circle, truck and square in one block.

(1) G code

G327 : 1Inner circle
G328 : 1Inner square
G329 : 1Inner truck

G330 : Outer circle
G331 : Outer square
G332 : Outer truck

G333 : True circle

(2) Command form

GXYZRQIJKPACUVWETDTF ;

O——1Initial point

r—h——_————_—————l ' O—R point
| == i |
I Pl
. ||
bl |

|’l' —K ) (I
1 I | ypr2
l S - o—z point
e N

G Mode

(X,-Y) : Reference point of X and Y axes
Z : Z point
R : R point

} Refer to the description of each function.

» K, P, A and C shall be commanded with decimal point.
D : Tool offset No.
F : Cutting feed rate

prl : Finishing allowance (Parameter setting)

pr2 : Clearance amount (Parameter setting)
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G-function (canned cycle)

(3)

(4)

Initial point

The initial point is the machining start point for G327 ~ G333 commands.

When a series of movements are finished, all the X, Y and Z axes

return to the start point.

R point and Z point

R point and Z point become as follows by G90 and G91 commands.

[G9O0] [G91]
Z0 point
? T R Initial point ol S Initial point
o I R
[
——% R point +——¥— R point
! |
[ z I
| I |Z
| |
! Z point 14— X 7 point
Inner Inner
1. side G327 2.side of G328 3. Inner side G329
of circle square of truck
AR NN
N/ g
Outer Outer Quter side
4. side G330 5. side of G331 .of truck G332

of circle

O

square

7. True
circle

G333
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7.

G-function (canned cycle)

(5)

(6)

(7)

Precautions

(a) Tool radius

compensation is engaged regardless of the tool radius

compensation (G41 and G42) by G327 ~ G333 commands.

Therefore, command them in the state of tool raduis compensation

cancel (G40)

(b) G327 ~ G333

are non modal codes.

(c) When F is omitted, the F already commanded becomes effective.

(Note 1) As to the details of each function, refer to separate

description.

Related parameters

No.6201, #0=0
1
No.6207

No.6208

No.6224
No.6225

Related alarm

No.137

The plane selection of pocket cutting is always in
accordance with G17 ~ G19 commands for the XY plane.
Override amount for the F command (1 ~ 100%)‘ when E
is omitted in the finish machining.

Override amount (1 ~100%) for the feed rate at
rouding the corner R when commanding A (the radius of
the corner R) by G322, G323 G328 and G333.

Finishing allowance

Clearance amount

There is an error in the command of pocket cutting.
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7. G-function (canned cycle)

Circle pocket cutting (G327)

This is used for pocket cutting of inner circle by end mill.

Command form

X1 Y2 Z3RIJKQDEUVEF ;

Circle pocket

Circle center coordinate value, entered based on G90 and G91.
3rd axis coordinate value of pocket finishing, entered based
on G90 and G91.

R point coordinate value in the 3rd axis direction.

Radius of cutting circle (the cutting direction is selected
by the sign ® ©).

Radius of the semi-finished hole (the cutting method is
designated by the sign & O ).

Cutting width ( ® : No finishing in the side face direction).
Cutting depth per cutting in the 3rd axis direction ( (O
No finishing in the 3rd axis direction).

Tool radius compensation No. (radius resister).

Feed rate for finishing (when omitted, the feed rate is
F). (mm/min)

S-axis rotation speed for finishing (when omitted, the
rotation speed is S). (r.p.m)

3rd axis cut-in speed (when omitted, the feed rate is F).
(mm/min)

Cutting feed rate (when omitted, F commanded previously).

(mm/min)

Sub

. ///// \\\\\‘___”//’ 7R\AZZZ
//'/557 Flnlshlng allowance
ke

Main
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7. G-function (canned cycle)

Finishing allowance
(N.6B224) &

— k— ==
=
i

i / e

\

ALY

(2) Movements

Ve
17
/
—E—r—(X1.Y2)
!
2 Cutting depth per cutting: Q
1
¥ Approach point
'
3:23 Q
Feo vl
A
4127 21 1
o(s( 6 — 0 NI
oy
13 20
19(17 mCL‘M‘) 16 )8
3 J
Sub
Solid line : Cutting feed
Main Dotted line: Rapid traverse

1. Moves to X1, Y2 point in rapid traverse.
i. Moves to the 3rd axis approching point in rapid traverse.
(R point + cutting depth per cutting in the 3rd axis direction (Q).)
%. Moves to the R point in rapid traverse.
L. Cuts in by the cutting depth per cutting Q by the cutting speed, V

or F, in the 3rd axis direction.

(U] ~-—
.

Cuts by the cutting width (K) considering the semi-finished hole (J)
by the cutting speed (F), in the spindle direction.




7. G-function (canned cycle)

g. Circular cutting
Circle radius command. : . Ii\C) (cw) -
Circle radius command : I © (ccw)

7 ~ 10. TItem 5 and 6 are repeated.
11. Releases by the cutting depth per cutting Q by the cutting speed,
V or F, in the 3rd axis direction.

2. Returns to the spindle center in rapid traverse.

3 ~21. 1Item 4 ~ 12 are repeated.

Spindle, finish cutting until a designated dimension in the 3rd
axis direction.

22, Returns to the R point in rapid traverse.

23. Returns to the approaching point in rapid traverse to finish in the
3rd axis direction.

(3) Precautions
(a) When the cutting width (K) is @, no finish cutting is done in
the spindle and sub-spindle (side face) directions. (Fig. 7.1)

(b) When the radius of the semi-finished hole (J) is (&, the tool
doesn't return to the X-axis center in the machining cycle.

(Fig. 7.2)

/i‘\ A \ .\
— L VK KKy
SR 4
N )
Nl s

N

| Designated dimension

Fig. 7.1 : K—%%
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7. G-function (canned cycle)

(1)

/

- Y

(4

4
' ,r’ﬁ

Fig. 7.2 : J=%*

(¢) When the cutting depth per cutting (Q) in the 3rd axis direction

is @ , finish machining is not made in the 3rd axis direction.

Square pocket cutting (G328)

Purpose : This is used when machining the inside of square workpieces
by end mill.
The corner R can be designated as well.

Command form

G328 : Square pocket
X1, Y2: Start point coordinate value of the plane, entered based
G90 and GO91.

7Z3 : 3rd axis coordinate value, entered based on G90 and G91.

R R point coordinate value in the 3rd axis direction.

1 Length of one side in the spindle direction.

J Length of one side in the sub-spindle direction.

K Cutting width (@ : No finishing in the side face
direction).

Q : Cutting depth per cutting in the 3rd axis direction.
(® : No finishing in the 3rd axis direction)

C : Cutting allowance of single side in the side face direction.

(Absolute value)

A : Radius when the corner R is designated. (Absolute value)
Tool radius compensation No.. (Radius resister)

E : Feed rate for finishing. (When omitted, the feed rate is F.)
(mm/min)

U : S-axis rotation speed for finishing. (When omitted, the

rotation speed is S.) (r.p.m)

7 - 62




7. G-function (canned cycle)

V : 3rd axis cut-in feed. (When omitted, the feed rate is F.)

(mm/min)

F : Cutting feed rate. (When omitted, F commanded previously.)

(m/min)
i
._____.___._—___J‘* N
{p—————= ===~~~ 3!
1} g m e — e —— g ‘!
v i
1 Semi-finished !
LU RS o
l'Cl Yo
—— | 11
Il Gmp = — - == el
S P 44
Sub D e e e e e e = = 4 ¥
(X1.Y2) _ﬂ{e_Finishing allowance
) . '(N.6224)
3 Main
h - R
’,,I R ////‘//f,",ff"
Q fQ. o

(2) Movements

Cutting pattern

o
5]

o
®0

Cy >
o=
o
(ONS?

I
J

Ct
nn
(ORO)

x(Y2 xy2

The cutting method can be changed by the sign, I and J.
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1 -
F’
21
]
Vo — — 2 ___~;+ Approach point
|
|
4135 Q
| :
Y 18.34 v _ R point
N
S 18,33
< 14
- 8
15 :.Z‘ s /1 1z)/"°
10 ’Al/
/11
29 18 1o
< 23
30 2/ 21 5221 28
J2s
25 /Z;
31 >
1. Moves to the X1, Y2 point in rapid traverse.
2. Moves to the 3rd approaching point in rapid traverse.

(R point

() ~——

Moves to
traverse.

+ cutting depth per cutting in the 3rd axis direction Q).)

the work center in the side face direction in rapid

Cuts in by the cutting depth per cutting Q at the cutting speed, V

cutting speed F, in the spindle

the sub-spindle direction.

the spindle direction.
the sub-spindle direction.

the spindle direction.

Z. Moves to the R point in rapid traverse.
;
or F, in the 3rd axis direction.
é. Cuts by the cutting width, K, at the
direction.
i. Cuts at the cutting speed, nJmax. in
é. Cuts at the cutting speed, nImin. in
g. Cuts at the cutting speed, nJmin. in
1é. Cuts at the cutting speed, nImax. in
11. center

Cuts until the work
direction. ‘

12 ~ 17. TItem 6 ~ 11 are repeat

at cutting speed in the sub-spindle

ed.
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7. G-function (canned cycle)

lg. Releases by the cutting depth per cutting (Q) at the cutting speed,
V or F, in the 3rd axis direction.

19. Moves to the work center in rapid traverse in the side face
direction.

|
Y

20 ~ 32. Item 5 ~ 17 are repeated.

0 When only finishing allowance is left at item 32, the tool returns
to the R point and the work is cut on the finishing condition until
the dimension designated in the 3rd axis direction. It is cut by a
designated dimension in the side face direction too.

33. Returns to the R point at cutting speed in the 3rd direction.

34. Returns to the work center in rapid traverse in the side face direction.

35. Returns to the approaching point in rapid traverse to finish in the

3rd axis direction.

(3) Precautions

(a) When the semi-finished hole is machined, command cutting depth
(C) of one side. When no the command (C) is given, it is
presumed that no semi-finished hole is machined, and cutting is

preformed from the center. (Fig. 7.3)

(b) When the cutting width (K) is ® , no finishing is performed in

the side face direction.

(c) When the cutting depth per cutting (Q) is (© in the 3rd axis

direction, no finishing is performed in the 3rd direction.

(d) 1In case of corner R designation (radius A), an override is engaged
based on the parameter (N6208) on the corner.
And when A is larger than half of one side or J side, no machining

is done.
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7. G-function (canned cycle)

When the semi-finished When the semi-finished hole
hole is machined. ‘ is not machined.

4 T2 22227

N

7,

Z 7 / Z
2 7 7 7
7 é 4 é
% N\ ¢ /
7 7 7 7
? 4 é /
2 AN 2 7
/ K % /
f\ . 7 7
o\ ¢

7 I

R
, AFinal shap -

Fig. 7.3

3. Inner truck (G329)

A series of movements cutting the inner periphery of the truck by using

an end mill can be commanded in one block.

The below explanation is for G17 (XY plane).

(1) Command form -

G329 XYZRIJACKQDVETUTF ;

? Initial
{ point

R point

:Z;rl

/
{Z; Z point
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7. G-function (canned cycle)

(X, Y) : Reference point of the X and Y axes.

Z Z point

R R point

I Circular arc center constituent in the opposite side (X-axis).

J Circular arc center constituent in the opposite side (Y-axis).

A Circular arc radius, commanded with decimal point.

C Cutting depth, commanded with decimal point.

K Cutting width per cutting (XY plane), commanded with decimal
point.

Q Cut-in amount per cutting for the Z-axis.
Tool offset No..

\ : Cut-in speed for the Z-axis (when omitted, the cutting feed
rate is F).

E : TFeed rate for finishing (when omitted, the cutting feed rate
is F).

0) : Spindle speed for finishing (when omitted, S already commanded).

F : Cutting feed rate.

prl : Finishing allowance (set to the parameter No.6224).

pr2 : Clearance amount (set to the parameter No.6225).

(Note 1) When E is omitted, the feed rate for finishing becomes F X

override for finishing (paremeter No.6207).

(Note 2) When the numerical value of A is positive, a circular arc becomes
CW, and when it is negative, the circular arc becomes CCW.

And when A = 0, an alarm occurs.

(Note 3) When the numerical value of K is negative, finishing of the side face

becomes ineffective.

(Note 4) When the numerical value of Q is negative, finishing of the bottom

becomes ineffective.

(2) Program example
G17;
G90 G329 X50. Y-100. Z-50. R-10. Q20. I50.
J20. A50. C15. K8. D10 F200;

7 - 67




7. G-function (canned cycle)

:? 5 In%tlal
al | point
| R point
TTET 1
blel 111 -
/
cl¢||| “ s
it /
) .
/ S et ] 1%
Finishing | itig| /
7 allowance !
7 L1t
/77 77 7 57 777 7
point
However, — — —-» Rapid traverse

——— Cutting rapid
(Start point) traverse
Tool center path : 0 —=1 -=a -=b —2 =3 >4 =5 =6 =7 =c =8 —
d =2 =3 =4 =5 =6 =7 —=—e =8 —>
fomd =3 = =9 =10 =11 -=12 =g =
13 =0

Movements : Start point

Moves to the (X, Y) in rapid traverse
|

Y
Moves to the R point in rapid traverse

S )
Z-axis cut-in
o
1st inner periphery of truck cutting

L Rough

2nd inner periphery of truck cutting cotting

f

Moves to the R point in rapid traverse

Moves to the (X, Y) in rapid traverse

Moves to the Z point in rapid

traverse and cut in
' Finishing

Y
Finish cutting of the bottom face
|

Finish cutting of the side face

Returns to the Z-axis initial point
(Start point)
!

Y
Returns to the X and Y axes intial point
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7. G-function (canned cycle)

(3)

4.

(1)

Precautions

(a) The n merical values of the address V, E and U shall be commanded
without decimal point (in case of Millimetric system).

(b) When tool offset amount (D) > Radius of circular arc (A), an
alarm occurs.

(¢c) When I = 0, J = O are commanded, an alarm occurs.

(d) When the address is omitted, the radius of circular arc shall be
regarded as cutting allowance.

(e) The values that the inner periphery of truck cutting can be

obtained shall be commanded for the numerical values of the

addresses such as A, C, K and Q the tool offset amount (D).

Outer periphery of circle cutting (G330)

Purpose : This is used for cutting the outer periphery of circle by

end mill.

Command form

G330 : Outer periphery of circle

X1, Y2: Coordinate value of the circle center, entered based on G90

and GI91.

Z3 : 3rd axis coordinate value, entered based on G90 and G91.

R : R point coordinate value in the 3rd coordinate direction.
Radius of the cutting circle (Cutting direction is selected
by the sign ® O .)

Cutting depth of the cutting circle (Absolute value).

K : Cutting width ((® : No finishing in the side face
direction).

Q : Cutting depth per cutting in the 3rd axis direction.

(® : No finishing in the 3rd axis direction)

P : Approaching amount (Absolute value) Gommanded with decimal

point.

D : Tool radius compensation No. (Radius register).

E : Feed rate for finishing (When omitted, the feed rate is F.)

(mm/min)
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7. G-function (canned cycle)

U : S-axis rotation speed for finishing (When omitted, the

rotation speed is S%) (r.p.m)

V. : 3rd axis cut-in speed (When omitted, the feed tate is F.)-
(mm/min)

F : Cutting feed rate (When omitted, F commanded previously.)
(mm/min) '

J
Sub
3 Main I =% % : Cutting start point
"—_:;:;::::::::::;::::::::;i-
] \
e t Gy ;e y i o v Sty Sl
"oy :
]
:::l [] Q
L ! v«w'
T 177 = - -
Lo,
toy
Il'
LI - Y -
b f
3— * - - - > - Z3
Sub M [F—Finishing allowance
(N.8B224)
Main
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7. G-function (canned cycle)

(2) Movements

12
Y 3 .
— T — —"——*A Approaching
Cutting--start oint T point
|4 : Q
t 8 133
K(—- —a7 ———— R point
! /|
24,' 119.25 /7 15011
i /
Z point
5. Square outer periphery cutting (G331)
Purpose : This is used for cutting the outer periphery of circle by

using end mill.

The corner R can be designated as well.
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7. G-function (canned cycle)

(1) Command form

“G331
X1, Y2:

Z3
R

Outer periphery of square.

Start point coordinate value of the plane, entered based
G90 and G91.

3rd axis coordinate value, entered based on G90 and G91.
R point coordinate value in the 3rd coordinate direction.
Length of one side in the spindle direction.

Commanded with decimal point.

Length of one side in the sub-spindle direction.
Commanded with decimal point.

Cutting width ( © : No finishing in the side face

direction)

: Cutting depth per cutting in the 3rd axis direction.

(® : No finishing in the 3rd axis direction)

Approaching amount (Absolute value) Commanded with decimal
point,

Cutting allowance of single side in the side face direction.

(Absolute value)

Radius when the corner R is designared (Absolute value),

Commanded with decimal point.

Tool radius compensation No. (Radius resister) -

Feed rate for finishing (When omitted, the feed rate is F.)

(mm/min)

S-axis rotation speed for finishing (When omitted, the

rotation speed is S.) (r.p.m)

Cutting feed rate (When omitted, F commanded previously.)

(mm/min)
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N - =

(O -

O\ --—

~ -

- \O -

U~ [~ -

a3 1
r——— == - =-=--====7
| oo T T T T 1
VoV TR I
|
gt Al
PR —L A v | w
| l || 1l \ |
() | by o !
101 || |l [}
l‘. 1 N
;oL ye) thy
! ) T S T M
! . b e - — -{.l 1 I
I ot e s e o e — = )t
f
Lo e e -
N
! !
Sub. | —>{ le— Finishing allowance
P — , (N.6224)
3 Main

Moves to the X1, Y2 point in rapid traverse.

Moves to the 3rd axis approaching point in rapidvtraverse.
(R point + cutting depth per cutting in the 3rd axis direction (Q).)

Moves to the approaching point considering the cutting width for
cutting allowance in rapid traverse.

Moves to the R point in rapid traverse.

Moves by the cutting depth per cutting (Q) in the 3rd axis direction.
(In this case, the tool moves to this side by the clearance amount
(No.6225) in rapid traverse and moves at cutting feed rate after

Cuts to the Y2 point at cutting feed rate in the sub-spindle
direction.
Circular cutting (Cuter periphery)

Circle rapid command : I ® (CW)

Circle rapid command : I (& (CCW)

Release by the cutting width (K) at cutting feed rate in the
tangential direction of the outer periphery circle.

s

Moves to the cutting start point in the 3rd axis direction in rapid
traverse.
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7. G-function (canned cycle)

10. Moves to the cutting start point in the main sub:/spindle direction
in rapid traverse.

11. ~ 16. TItem 5 ~ 10 are repeated.

17. Returns to the R point in rapid traverse.

18. Returns by the cutting width (K) portion in the spindle direction.
19. ~ 31. TItem 5 ~ 17 are repeated.

32. Retuens to the initial cutting start point in rapid traverse in
the spindle direction.

33. Returns to the approaching pint in rapid traverse in the 3rd axis
direction.

Precautions

(a) When the cutting width (K) is C), no finish'édtting is done in

the spindle and sub-spindle (side face) directions.

«— Finishing allowance
R a1l (N.6224)
T N
1~ rr [T
Ql | Loy e
| L
b i
Py o 1y ! :
: L 1 ! .
—_—t Ja RS _:.._l_-..
[ (B8] I|
3 ! I i |' . 1
'
’ R IR
z3 . ——'——I :
Sub Main
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7. G-function (canned cycle)

(2)

Movements

Cutting pattern

1
®

(X1.Y2)

(X1,Y2) ]

&

(D «

O« @-

(X1iv2)

(X1.Y2)

-
O-

&

® e

@g

(_
3 12
- -- Approachin int
| (X1.Y2) ep & poin
135
"
4|
119,34
g~ 26,33
B T
"
: t 125 < :
Q 51 {10 E 9 1 23
X 22
Ny 21 T
Yy, /v
(" 8 i
I
Fﬁ 7 :32 < 15
] ¢ 1§ «
lZ:E : : 30
i 31 28 2/ A,
23 ¢ 77 —
4 13
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7. G-function (canned cycle)

(1)

Outside truck (G332)

A series of operations cutting the outer periphery of a truck by using

end mill can be commanded in one block.

The below explanation is for G17 (XY plane).

Command form

G332 XYZRIJAGCKQPDEUTF ;

(X, Y)

Mg " o0 "R o P G- oJ

prl:
pr2:

—Initial
point

%———_——~£ point
|
]
1
v

--—0

A>0
Reference point of X-axis and Y-axis. é)
Z point A<O

R point (:V:; ) 4;)

Circular arc center ingredient of the opposite side (X-axis).
Circular arc center ingredient of the opposite side (Y-axis).
Radius of circular arc.

Cutting allowance.

Cutting width per cutting (XY plane).

Cutting depth per cutting for Z-axis.

Approaching amount - Commanded with decimal point.

Tool offset No.

Feed rate for finishing (When omitted, cutting feed rate

is F.)

Spindle speed for finishing (When omitted, S already commanded,)
Cutting feed rate.

Finishing allowance (Set to the parameter No.6224 ,)

Clearance amount (Set to the parameter No.6225.)
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7. G-function (canned cycle)

(3)

1’
f
2

3.

Moves to the X1, Y2 point in rapid traverse.

Moves to the 3rd approching point in rapid traverse.
(R point + Cutting depth per cutting in the 3rd axis direction (Q).)

Moves to the approaching point considering the cutting width for
cutting allowance in rapid traverse.

Moves to the R point in rapid traverse.

Moves by the cutting depth percutting (Q) in the 3rd axis direction.
(In this case, the tool moves to this side by clearance amount (N6225)
in rapid traverse and moves at cutting feed rate after arriving.)

Cuts at the cutting speed, nImax. in the spindle direction.

Cuts at the cutting speed, nJmax. in the sub-spindle direction.

Cuts at the cutting speed, nImin. in the spindle direction.

Cuts by one cutting width (K) at the cutting speed, nJmin. in the
sub-spindle direction.

10. Release to the R point in rapid traverse in the 3rd axis direction.
11. Returns to the cutting start point.
12. ~ 18. 1Item 5 ~ 11 are repeated.
{
Y
19. Moves by the cutting width (K) from the cutting start point in rapid
traverse in the sub-spindle direction.
20. ~ 33. 1Item 5 ~ 18 are repeated.

o) When leaving only finishing allowance at the item 33, cut by
specified dimensions and under the finishing conditions in theside
face direction and in the 3rd axis direction.

34. Returns to the initial cutting start point in the side face direction.
35. Returns to the approaching point in rapid traverse in the 3rd axis
direction.

Precautions

(a) When the cutting width (K) is (), finishing is not proceeded in the
side face direction.

(b) In case of corner R designation (Radius A) an override is engaged

at the corner on the base of the parameter (N6208) = it becomes nJmin.
in the sub spindle direction. The releasing direction for the
remaining K portion is in the spindle direction. When A is large

than half of the I sid or the J side, no machining is proceeded.
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7. G-function (canned cycle)

(Note 1) When E is omitted, the feed rate for finishing becomes F X

override (pagamefér No.6207) for finishing.

(Note 2) When the numerical value of A is positive, a circular arc becomes
CW, and when it is negative, the circular arc becomes CCW.

And when A = 0, an alarm occurs.

(Note 3) When the numerical value of K is negative, finishing of the side

face becomes ineffective.

(2) Program example
G17;
G90 G332 X50. Y-100. Z-50. R-10. Q20. 1I50.
J20. A50. C15. K8. P5. D10 F200;

? I Initial
al 1 point
| .
ém TTTAT] R p01nt
b|=I|II|_|{I
',°a'e'f!gi Ly )
il
; Vi |}t 'lll
’ |1 “[l
d dit byt
Loy
Lo
//, b LYl 7Zpoint
.’j II
However, — - - » Rapid traverse

(Approaching point)

——— Cutting rapid

Tool center path : 0 -1 -2 -3 b -3 -4 -5 =6 =-c =Pl—= d
-3 =4 =5 =6 = P2 ~f
-7 =8 =9 =10 =g —P2 =h
-7 =8 =9 =10 =1 —=P3 = j

11 =12 —13 »=14 -k =0
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7. G-function (canned cycle)

Movement : Start point

Moves to the (X, Y) in rapid traverse

Moves the approaching point in rapid

traverse
—
Moves to the R point in rapid traverse L Rough
* i + + v cutting

Rapid traverse for the Z-axis cut-in

Truck outer periphery cutting

amount

IR ’

Moves to R point in rapid traverse

Moves the approaching point in rapid
traverse

Moves to the Z point in rapid traverse
and cut-in

Truck outer periphery cutting

Moves to the initial point in rapid traverse J

Finishing

J

Rutern to the X, Y axes start point

(3) Precautions

(a)

(b)
(c)
(d)

(e)

The numerical value of the address E and U shall be commanded

without decimal point (in case of Millimetric system).

When I = 0, J = O are commanded, an alarm occurs.
When P = O, an alarm occurs.

When the address is omitted, the radius of circular arc shall

be regarded as cutting allowance.

The values that the inner periphery of truck cutting can be
obtained shall be commanded for the numerical values. of the

addresses such as A, C, K and Q the tool offset amount (D).
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7. G-function (canned cycle)

7. True circle (G333)

A series of operations cutting the inner periphery of a true circle by

using end mill can be commanded in one block.

The below explanation is for G17 (XY plane).

(1) Command form

G333 X YZRIQCKDUVWETF ;

(Note 1)

(Note 2)

<

prl:

I Initial
! | point
T R point
1; .L Q l :
pr >
/it J
: ! xj*r_l : __Il /
Y.y —_—
{;// J7)7{:;>//‘/ Z point
Final shape // // /
Reference point of X-axis and Y-axis. 1>0 1<0
Z point
R point

Circle radius of the final shape.

Cutting depth per cutting of Z-axis.

Cutting allowance.

Cutting width per cutting (XY plane).

Tool offset No.

Spindle speed for finishing (When omitted, S already
commanded.)

Cut-in speed of Z-axis (When omitted, cutting feed rate is F.)
Releasing speed of the approcahing circle (When omitted,
cutting feed rate is F.)

Feed rate for finishing (When omitted, cutting feed rate
is F.)

Cutting feed rate.

Cutting allowance (Set to the parameter No.6224.)

When E is omitted, the feed rate for finishing becomes F X

override (parameter No.6207) for finishing.

When the numerical value of I is positive, a circular arc becomes

CW, and when it is negatuve, the circular arc becomes CCW.

And when 7 = 0, an alarm occurs.
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7. G-function (canned cycle)

(Note 3)

(Note 4)

When the numerical value of K is negative, finishing of the side

face becomes inffective.

When the numerical value of Q is negative, finishing of the bottom

becomes ineffective.

(2) Program example
G17;
G90 G333 X50. Y-100. Z-50. R-10. Q20. I50.
C15 K8. D10 F200;

Ky

Q Initial
al point
R point

Finishiﬁé ///

allowancg/:2/7 d
1

(2]

o

o
Ll e e e ] —
p : : -

\
N
N
N
)
J

However, — - — Rapid traverse

» Cutting feed

Tool center path : O -=a ~b -1 =2 =3 =4 =5 =6 =

1! >=2' =7 =8 =5' =6' —~d

-= Bottom face finishing (It starts by the
circle of which radius is the cutting
width.)

1! =2' =9 =10 =5' =6' =e
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7. G-function (canned cycle)

Movements : Start point

Moves to the R point in rapid traverse.

|
Cutting feed of the Z-axis cut-in amount.
i
X and Y axeg av roach
+ * I;p + g Rough
True cirilé inner periphery cutting cutting
Approaching return of X and Y axes.
Moves to the Z-axis at cutting feed rate.
X and Y axes approach
Cutting of true circle and inner periphery. L
(Starts from the circle of which radius is Finishing
cutting width.)
|
Y
Approaching return of X and Y axes.

Moves to the initial point in rapid traverse.

(3) Precaution

(a) The range moving in rapid traverse for approaching becomes
automatically cutting feed rate, when rapid traverse is
designated in the cutting range by setting cutting depth (K) and

offset amount (D).
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8. Other functions

8-1 - Optional block skip

This function makes the command ineffective for the
OFF i? é} ON block including '"/'" slash on the program.
By ON/OFF switch, intention is expressed.

N101 G54G90X100.0Y150.0S500T03

/N102 G43Z30.0HO2* Approach up to Z-axis
. 30mm ,
/N103 MO8 * Coolant liquid ON
/N104  MO3 * Spindle turn ON
/N105 G98G86R5.0Z-5.0F50 * Cutting up to the inlet -
5mm by boring
Sidip /N106 G80OMO5 * Canned cycle cancel
spindle stop
/N107 G91G28Zz0M0O9 * Return to Z-axis first

reference point,

!
|
i
i
|
|
|
|
|
|
|
|
t
|
|
|
: coolant OFF.
!

!

|

|

/N108 G49 > G43 length compensation
cancel
/ /N109 MOOQ Hold-diameter measure-
ment, tool-nose blade
N110 G90G43Z30.0H02 = adjustment
N111 MO8 *
N112 MO3*
N113 G98G86R2.0Z-30.0F50 *
N1l4 X150.0Y200.0 *
N115 X200.0 *
\— Z 30.0
 { /
L

* 7 220
Ao\ AN AP
RN N




8. Other function

8-2 Arbitrary angle chamfering and corner R (, C, R)

Chamfering or corner R can be inserted by commanding ",C" or ",R'" for
linear interpolation or circular interpolation.

(1) Command form
(a) Arbitrary angle chamfering

I'd
GO1
GO2 \ ..., C ;

. GO3

(b) Arbitrary angle cormer R

GO1
GO2 ...y R j
GO3

(2) The plane of the arbitrary angle chamfering corner R shall be designated
by the plane selections (G17, G18 and G19).

(3) The block next to the block commanding the arbitrary angle chamfering
corner R (, G, R) shall be commanded by either linear interpolation or
circular interpolation.

(4) Program example

(a) Arbitrary angle chamfering
G17 G54 G90 GOO XO YO;
N1 GO3 X50. Y50. R50. ,C10. F200;
N2 GOl X90.;

End point of N1 block

- X




8. Other function

(5)

(b)

Arbitrary angle corner R

G17 G54 G90 GOO XO YO;
N1 GO3 X50. Y50. R50. ,R20. F200;
N2 GO1 X90.;

-

‘///f—-—~"End point of N1 block
N2

Precautions

(a)

(b)

(c)

(d)

(e)

(£)

When the plane is changed by commanding the plane selections (G17

G18 and G19), an alarm occurs.

The single block stop becomes the end point of the chamfering

corner R block newly inserted.

When the following commands are given to the command block of the
",C" or "R'" and the next block, an alarm occurs.

G92, G52, G54 ~ G59,

G28, G29, G30, G53,

G31, G45 ~ G48

When the angle difference between the command block of ",C'" or
"R" and the next block is within +1%, the chamfering corner R
becomes ineffective.

In case of circular arc, however, the angle difference shall be

obtained from the tangent at the intersecting point.

When no axial travel command in the plane is given the command
block of ",C" or "R'" and the next block, an alarm occurs for

the chamfering corner R.

When the original traveling range is exceeded through inserting

either chamfering or corner R, an alarm occurs.

3







9. Practical example of program

9-1 Machining diagram plate FC30

0.025
4__ 4-M10xP1.5 screwing 3—9 30 10
/Lower hole 480 drillir}é
- . b
N j
7D i I _
oo
|
()
1 4 A
S
S -
-4
o
2 'F.'*f:
! n
~
e
Vah i ]
(Y -~ —
‘ o B: }4
30 P170.0 P70.0
50 P 100.0 ,J 50
200 e— 20—
Program-zero point is decided This face is set as program-—
here. zero point in Z-direction.
(G54X0Y0 was set.) (G5420)




9.

Practical example of program

9-2

Selection of machining position

Premise

C) Bottom face and surrounding

4 faces are already machined

by previous process.

(:) 830 boring hole is punched at
bottom hole $425.

Face-cutting

M10 tapping

© OO

$#30 boring

9-3 Setting of selected cutting condition of tool-cutter
Machin- Na S d Compen-—) Compen-—
, di me. pee Feed rate Tool sketch sation [ sation
ing lmension (rpm) No. No.
sequence
$95 S335 V100m/min
1 Face- F335 1.0mm/rev HO1 TO1
cutter
$30 S800 V75m/min —
. -
2 Boring F160 0.2mm/rev | |m - ﬁj HO2 TO2
(rough- =
. 230.0 : l
ing) {
(2-blades
$18 S1200 —_
Center : 90°
3 F120 O.imm/rev HO3 TO3
tool
$8.5 S820 V2.2m/min "m -
4 . al 2. ..
Drill F160 0.2mm/rev .~j1 ==k I HO4 TO4
]
L“—24QO ]
M10 x 5320 V10m/min -
P1.5 r -}
5 F480 1.5mm/rev hl N HO5 TO5
Tapping %—‘ l
|e—2400
$30 S1600 V150m/min -—hﬂ |
6 Boring F96 0.06mm/rev = ﬁ HO6 TO6
(finish- s
ing)

220.0—>




9. Practical example

of program

9-4 Mounting method
Clamp with vice-mouth piece

by taking a step

Mouth
f@tep taking plece

Lateral direction (X-axial

direction) should be decided

by stopper.

=

g

R v .
s e —

Vice-mounting
position on
the table.

=]
—>

Y-di

X—
direct-
ion

rection

9-5 Relation with work-
coordinate system

By the specified procedure and
work-standard face (manual),
make touch sensor contact with
®_'®_’® , thereby,

[ X- |, [ Y- | can be set
automatically to the desired

work coordinate (G54 ~ G59)

In this case, program-zero

point is here.

Make touch sensor contact to 1
point (top face of workpiece),

“thereby,

is set

2G28-
at work-— \ [ /point
1

coordinate

(G54~G59) of z—

CRT-screen. Z0-face
That is, ZO-face
is memorized in Table

machine.

First reference

point

X

Touch
sensor




9.

Practical example of program

9-6 $95 Face cutter

01968 (MODEL VK, VM FC30) =*
G91 G28 Z0 M31 =*

G91 G28 X0 YO *
GO0 G17 G40 G49 G64 G80O G90 G98 *

o
<

MO1
N101 (495 CUTTER TO1l HO1) *
TO1 MO6 *

G54 *
G68 *

G90 GOO X260.0 Y115.0 S320 TO2 *

G43 730.0 HO1

8
w

MO3
GO1

KN
W

Z0 F3000

GO1 X-60.0 Y115.0 F320 *

GO0 z30.0 *

2260.0 Y35.0 *
GO1 z0 F3000 *

GOl X-60.0 Y35.0 F320 *
G69 *
MO1

Program No.

Z-axis machine zero point return,
chip conveyor starts.

Return-lamp lights on X-, Y-axis.

Set the inside of NC-head at
initial state.

Optional stop
Sequence No. ( ): memo-writing

Tool No. 1 to spindle by tool
change

Work coordinate G54

Coordinate rotation easy setter
effective.

Absolute spindle rotation 320,
next tool TO2

Tool length compensation No. HO1
is effective.
Tool nose is positioned to Z30.0.

Start of spindle forward turn.

Tool nose reach to Z0 face
(finishing face).

Cutting, feeding 320mm/min. to
column side of chip

Escape of Z-axis up to the height
of approach once.

X Y positioning with rapid traverse

Reaching Z-axis Z0 face with speed
3000mm/min.

Cutting
Coordinate rotation cancel

Stop with switch ON (optional stop)
while passing with OFF.

10
50 (—

10—]

200 -{Iﬂj\ .

|/ | Y Y150

- - - -= Y115

| L | N/ v7s
| VAR

- T /-— Y 35

! : Y O

\r/ l —x

X-60 X0 X200. X260




9. Practical example of program

9-7 430 Boring

N102 (430 BORING TO2 HO2) * " The inside ( ) of sequence No.
means memo.

TO2 MO6 * Hold at spindle by TO02 tool ATC
operation.

G54 * Work coordinate G54

G68 * Coordinate rotation effective

G90 GOO X30.0 Y75.0 S800 TO3 * Absolute, X Y
Spindle speed selection 800rpm,
TO3 call

G43 Z30.0 HO2 Tool length compensation No.2

plus side offset.
Tool nose position : Z30.0

MO3 * Spindle forward turn ON.

G98 G81 R3.0 Z-22.0 F160 * Boring canned cycle, initial point
return, cutting start position 3mm
frontward, -22.0 depth

0

X100.0 Y75.0 * X Y positioning. Other operations

are the same as those of previous

block.
X170.0 Y75.0 * X Y (Same as the above)
G69 * Coordinate rotation cancel
G80O * Canned cycle cancel
MO1 * Optional stop
Y
B s
T N NN
75 v : !
L
100 =70 > X
— Z30.0 Initial point
z ‘ |4 — 230
! ‘ —g— Z0
N N
MR IR
N QNN

| — 7Z-20.0
t

Z




9. Practical example of program

9-8

$18 Center

N103 (418 CENTER TO3 HO3) *

T03 M06 *
G54 *
G68 *
G90 GOO X50.0 Y125.0 S1200 TO4 *

G43 Z30.0 HO3

MO3 *
G99 G81 R3.0 Z-5.5 F120 LO *

The inside ( ) of sequence No.
means memo.

With ATC, TO3 ,.. to spindle

Coordinate rotation effective

During X_ Y positioning operation,
spindle speed is selected.
1200rpm, TO4 call

Offset of tool length HO3 alone
to Z plus side

Spindle turn ON

return and drill
LO, no operation is
block.

With R-point
canned cycle
made by this

M98 P100 * To subprogram of hole position
coordinate
G80 * Canned cycle cancel
MO1 * Optional stop
A
| Subprogram of hole position
Y
- - - 0100 *
125
G54 G90 X50.0 Y125.0 *
*
.o ! & X50.0 Y25.0
215 ern X150.0 Y25.0 *
|
- 50 - *
| 150 _! > X X150.0 Y125.0
*
7 M99
W — z300
| W —1z30
Y \{ ZO
! ! Z-55




9. Practical example of program

9-9 $8.5 Drill

N104 ($8.5 DRILL TO4 HO4) *

TO4 MO6 *
G54 *
G68 *

G90 GOO X50.0 Y125.0 S820 TO5 =«

G43 Z30.0 HO4

MO3 *
G99 G81 RO Z-24.0 F164 LO *

Sequence No. inside ( ) means this
process memo.

To TO4 tool spindle

Coordinate rotation effective

820rpm selection and TO5 call during
the movement of work coordinate G54.

Offset of HO4 value to Z-axis plus
side
Tool nose to Z30.0 position

Spindle turn ON

With R point return and drill canned
cycle LO, no operation is made by
this block.

M99 P100 * To subprogram of hole position
coordinate
G69 * Coordinate rotation cancel
G80 * Canned cycle cancel
MO1 * Optional stop
Y I
125 ) I )
I |
- &
1 e 50 ot

NN,




9. Practical example of

program

9-10

M10 Tapping

N105 (M10 X P1.5 TAP TO5 HO5) *

Sequence No. in ( ) means TAP-
process memo.

TO5 M0O6 * Tool No. 05 to the spindle

G54 *

G68 * Coordinate rotation effective

G90 GOO X50.0 Y125.0 S320 TO6 * Spindle speed selection 320rpm,
next tool TO06 call

G43 Z30.0 HOS5 Z-axis plus side offset, shift of
tool length amount entering into
HOS.

MO3 * Spindle forwarding turn start

G98 G84 R10.0 Z-25.0 F480 LO * Initial point return, tap canned
cycle hole position to the same
subprogram as in lower hole.

M98 P100 * Initial point return, tap canned
cycle hole position to the same
subprogram as in lower hole.

G69 * Coordinate rotation cancel

G80 * With switch ON, program stops.

MO1 * With switch OFF, passing is made
with no relation to MOL.

Y l
125 ) l )
' L g
s D D-
AP !
I 150 1
y/ I

12

—— 7 30.0 ——>TInitial point
———710.0 (R10.0) =>»R point

DA\

N

—

N\

Z0

Z —-20.0

ﬂ-}B 7 —25.0 =—————3 Z point

ZZZ A




9. Practical example of program

9-11 @430 Boring finishing

N106 (430 BORING F T 06 HO6) *
TO6 MO6 *

G54 *

G68 *

G90 G54 GOO X30.0 Y75.0 S1600 TO1 *

G43 Z30.0 HO6

MO3 *
G99 G76 R2.0 Z-22.0 Q0.5 F96 *

X100.0 Y75.0 *

X170.0 Y75.0 *
G69 *

G80 *
MO1 *
G91 G28 Z0 MO5 *

G28 X0 YO *
M30 *

Sequence No. in ( ) means memo.

TO6 tool is held to the spindle.

Coordinate rotation effective
Initial tool TOl call

Tool length of length compensating
HO6

Spindle forwarding turn

R point return with canned cycle
of finishing boring

The above operation X_Y positioning,
thereafter

Same as the above

Coordinate rotation cancel (easy
setter)

Canned cycle cancel
Optional stop

Z-axis zero point return, spindle
turn stop

X—-, Y-axis zero point return

End of tape automatic head forwarding

=
N
A
fiji
¥

L4

13000 —
170
: L@—zw.o
Q_____ZZ.O
e N
N
N \\ f i N__ Z-20.0
| d— 7 990

MO6 (ATC canned cycle)

VK VMI
M15 * M15
G91 G30 20 * G30 G91 70
G30 X0 YO M19 * 1(28 G91 X0 YO
(TX X) M06 * M19
(Tx %)
G30 G91 X0
M6
G28 X0




9. Practical example of program

9-12  Program of 2 spindles

(:) Program is the same as that of single spindle (standard machine).

(:) Movement of both X-Y and Z-axis (spindle unit) does not change

with that of single spindle (standard machine).

(:) Set the work-coordinate system with the standard of spindle of

one side.

G54X0Y0 a___..

(:) Tool-change program is the same as that of standard machine.
(Whereas, it has a premise that the same tool is set to the

same address of the left and right magazines.)

(:) In case of simultaneous machin.ng of the same 2 workpieces,

be sure to set fa tool length to the same dimensions.
b tool diameter

(:) The difference of Z-direction (gage line) of 2 spindles is
within 0.02, then, its difference can be regarded as '"0" by

ordinary machining.

‘ L__t ——— Y Within

|
J; : 0.02

9 - 10



10. Attached list

10-1 List of G function (preparatory function) (SEICOS - MIII)
Code | Group Function Remarks
GOO Positioning
GO1 Linear interpolation

01
Go2 Circular/helical interpolation CW
GO3 Circular/helical interpolation CCW
GOo4 Dwell
GO5 High speed distribution cutting
GO7 Virtual axis interpolation
00
GO9 Exact stop
G10 Data setting
G11 Data mode setting cancel
|l
G15 Polar coordinate command cancel
20
G16 Polar coordinate command
G17 Xp Yp plane However, Xp: X-axis or its parallel axis
G18 02 Zp Xp plane Yp: Y-axis or its parallel axis
G19 Yp Zp plane Zp; Z-axis or its parallel axis
G20 Inch input
06
G21 Millimetric input
G22 Stored stroke check ON
04
G23 Stored stroke check OFF
G27 Reference point return check
G28 Reference point return
G29 00 Return from reference point
G30 2nd, 3rd and 4th reference point return
G31 Skip function
G33 Thread cutting
01
G34 Variable lead thread cutting
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Code | Group Function Remarks

G37 Tool length automatic measurement

G38 00 Tool radius compensation vector keep

G39 Tool radius compensation corner circular arc
G40 Tool radius compensation cancel/3 dimensional

tool offset cancel

G41 07 Tool ‘radius compensation left/3 dimensional
tool offset

G42 Tool radius compensation right
G43 Tool length compensation "+"
08
G44 Tool length compensation '"-"
G45 Tool offset increase
G46 Tool offset decrease
00
G47 Tool offset double increase
G48 Tool offset double decrease

l G49 08 Tool length compensation cancel

G50 Scaling cancel
11
G51 Scaling
G52 Local coordinate system setting
00
;G53 Machine coordinate system selection
G54 Selection of work coordinate system 1
G55 Selection of work coordinate system 2
G56 Selection of work coordinate system 3
12
G57 Selection of work coordinate system 4
G58 Selection of work coordinate system 5
G59 Selection of work coordinate system 6
G60 00 Unidirectional positioning 1 group by

parameter change

10 - 2



Code | Group Function

G61 Exact stop mode

G62 Automatic corner override mode
13

G63 Tapping mode

G64 Cutting mode

G65 00 Macro call

G66 Macro modal call
| 14
G67 Macro modal call cancel
G68 Coordinate rotation
_,r———— 16
G69 Coordinate rotation cancel
G70 Bolt hole cycle

G71 00 Arc

G72 Arc

G73 Peg drilling cycle

G74 09 Reverse tapping cycle

G76 Fine boring cycle

G77 00 Grid cycle

I G80 Canned cycle cancel
G81 Drilling cycle, spot boring
G82 ' Drilling cycle, counter boring
G83 Peg drilling cycle
G84 Tapping cycle
09
G85 Boring cycle
G86 Boring cycle
G87 Back boring cycle
G388 Boring cycle
G89 Boring cycle
G90 Absolute command
03
GI1 Incremental command
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Code | Group Function Remarks
G92 00 Work coordinate system change/Max. spindle
speed setting
G93 Inverse time feed
'
G94 05 Feed per minute
G95 Feed per revolution
G96 Constant surface speed control
17 -
F'b97 Constant surface speed control cancel
G938 10 Canned cycle initial level return
G99 Canned cycle R point level return
G113 Oscillation mode ON
21
G114 Oscillation mode OFF
G120 Polar coordinate interpolation mode cancel
22
G121 Polar coordinate interpolation mode
G130 Tool life control OFF
18
G131 Tool life control ON
G203 High speed machining resister start
G204 | o0 High speed machining resister end
G206 Tool release amount setting
G232 Exponential function interpolation CW
o1
G233 Exponential function interpolation CCW
VGZ&O Machining plane O selection
(Machining plane selection)
G241 Machining plane 1 selection
G242 Machining plane 2 selection
24
G243 Machining plane 3 selection
G244 Machining plane &4 selection
G245 Machining plane selection (Corresponding to
arbitrary angle for horizontal and vertical)
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Code | Group Function Remarks
G248 Axis chang§/3 dimensional coordinate change ON
G249 2 Axis change/3 dimensional coordinate change cancel
G251 00 Multiple buffer
'Z;‘264 Tool nose interference check ON
G265 » Tool nose interference check OFF
G271 Cylindrical interpolation
G301 Floating reference point return
G302 True circle cutting ID CW
G303 True circle cutting ID CCW
G304 True circle cutting OD CW
G305 True circle cutting OD CCW
G322 Square side surface outer cutting CW
G323 “Square éidé suf%%&éwouter cutting CCW
G324 Squére surface
00
G325 Square surface one side sizing
G326 Square surface both sides sizing
G327 Inner circle (pocket cutting)
G328 Inner side of square (pécket cutting)
G329 Inner truck (pocket cutting)
G330 Outer circle (pocket cutting)
G331 Outer side of sqﬁére (pocket cutting)
G332 Outer truck (pocket cutting)
G333 True circle (pocket cutting)
'GSOI Programmable mirror image cancel
1
G511 i Programmable mirror image
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In the state of reset, P mark side is selected.

10 - 6

Code Group Function Remarks
G540~ 12 Additional work coordinapgifyspsm selection (60 pairs)
‘ cs00 | ‘ e ST AT e e T e T :
G611 00 Acceleration/deceleration before interpolation
G661 14 Macro modal call B
G741 Direct tapping cycle
09

G841 Counter direct tapping cycle
G921 00 Work coordinate system preset

(Note 1) *1 Disabled to correspond by the reserved G code.

(Note 2) PP Mark is attached to every group.




10-2 List for M function (miscellaneous functions) (VM,VK)

M | Name of function M Name of function
00 Program stop 26 Melody hone 1
0l Optional stop 27 Melody hone 2
02 End of program *28
03 Spindle forward turn *29
04 Spindle reverse turn 30 End of tape
05 Spindle stop 31 Chip conveyor start
06 Tool change A.T.C *32
*07 0il mist start *33
08 Flat coolant start *34
09 Coolant mist stop *35 Auto-start ON
*10 0il mist posture | *36 Auto-start OFF
*11 0il mist posture 2 37
*12 Work counter *38
13 Spindle forward turn & %39
coolant start
14 Spindle reverse turn & %40 Tool nose air blow ON
coolant start Tool length measuring cover open
15 Stop of MI13, Ml4 x4 1 Tool nose air blow ON
Tool length measuring cover close
*16 Measuring air blow ON 42
*17 Measuring air blow OFF 43
x18 Meésuring spindle bk
orientation
19 Spindle orientation *45
*20 *46
*47 Jet coolant start
22 48 | Feed rate override effective
23 49 | Feed rate override 1007
24 %50 | 0il hole coolant start
25 *51 Tool preparation check

* Mark shows a option.
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M Name of function M | Name of function
%52 | Tool ‘damage detection = 76
*53 77
*54 %78 | Additional axis clamp
%55 | M56 cancel %79 | Additional axis unclamp
%56 | Tool life feed hold #80 | Tool nose air blow ON
*57 81
%58
82
%59 | M51 cancel 83
*60 | Pallet change A.P.C 84
*61 Transfer ready check 85
62 86
*63 |Pallet positiondiscrimination *87
*64 *88 | Door open
65 89 Door close
66 90
67 91
%68 Additional axis clamp
(change with M78 and op) 92
Additional axis unclamp
%69 | (change with M79 and op) 93
%70 | M70 output 94
%71 M71 output
Index stand start 95
*72 | M72 output %96 | Macro interrupt ON
*73 | M73 output *97 | Macro interrupt OFF
*74 Skip selection OFF 90 Subprogram call
*75 Skip selection ON 99 | End of subprogram
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List for M-function (miscellaneous functions)(HG)

M | Name of function M | Name of function
00 | Program stop w26 | Melody hone |
0l Optional stop 27 | Melody hone 2
02 | End of program ' *28
03 Spindle forward turn *29
04 Spindle reverse turn 30 | End of tape
05 Spindle stop 31 Chip conveyor start
06 Tool change M64 cancel *32
*#07 | Oil mist start *33 o
08 | Flat coolant start *34

Auto-start ON

*09 | Coolant mist stop *33 (auto-return effective)
. . Auto-start OFF
* . *
10 | Oil mist posture | 36 | (auto-return ineffective)
*11 | Oil mist posture 2 *37 | Macro interrupt effective
%12 | Work counter | *38

Spindle forward turn &

13
coolant start

Spindle reverse turn &

14 coolant start *40 Tool length measuring arm out

15 Spindle & coolant stop *4 ] Tool length measuring arm in
*¥16 | Measuring air blow ON 42
*17 | Measuring air blow OFF 43
%18 Megsuring gpindle 44
orientation
19 Spindle orientation *45
*20 o R ; , *46
*47 | Jet coolant start
22 48 | Feed rate override effective
23 49 | Feed rate override 1007%
24 *50 | 0il hole coolant on (through)
25 | %51 Tool preparation check

* Mark shows a option.
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M | Name of function M | Name of function
%52 | Tool damage detection 76
*53 77
*54 78 | Table clamp
*#55 | M56 cancel 79 Table unclamp
*56 | Tool life feed hold 80
*57 81
*58 82
*59 | M51 cancel 83
60 [ A.P.C cycle 1 84
61 A.P.C cycle 2 85
62 | A.P.C cycle 3 .86 | Measuring NG Tool damage
63 87 | A.P.C door right open
*64 88 | A.P.C door left open
65 89 | A.P.C door close
66 | Pallet clamp 90
67 Pallet unclamp 91
*68 Outside output M68 92
*69 | Outside output M69 93
*#70 | Outside output M70 94
*71 Outside output M71 95
%72 | Outside output M72 %96 SLE?ZZTlSZcrO interrupt
%73 | Outside output M73 %97 fi:i;‘:ci‘jsf interrupt
*#74 | Skip selection OFF 98 | Subprogram call
*75 Skip selection ON 99 | Main progrm call
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10-3 Related items to the tool-set

Tool length

(=

Tool-length and diameter
are decided to match the
machining dimensions.

Margin of tool nose

’_l/F
J\

and work face

[Drilll

—
.

B

4

®

L

é“___‘_—{Tool length on program]—‘-——"———9

Gage end

(matched to spindle end face)

(4)

A

Black
cover

S5mm|

Machin-
ing face

2mm|

Centering
drill

N

Drill-
shoulder

Tap

Machining
- depth

Machining depth

+ Drill shoulder

Black
COVer

S5mm

Machin-
ing face

L 1a

Chamfering size and cutting-in

22,

he

N Z_1 238

at time of 1200

)=

A
g%%%% 10mm| .
Machin-
. Smm
ing facge

Incomplete
screw unit
A

Boring

at time of 90°
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/A,

Machining depth +
Incomplete screw unit

A
Black Smm
cover
Machin-
. 2mm
ing face
L.A

Margin 2~3mm

7]
|




10-4

How to obtain the cutting condition

Spindle speed (rpm)
N = ——— x 1000 N : Spindle speed (rpm)
31.4 x D
V : Cutting speed (m/min)
D : Tool diameter (mm)
Example 3" Front milling 48 drill M8 tap
V = 120m/min V = 18m/min V = 9m/min
D = ¢76mm 6 blades D = 48 D =28
N = §TT%28—73 x 1000 N = §TI%§§-§— x 1000 N = §TT%—;—§ x 1000
= 502 = 716 = 358
S500 500rpm S710 710 rpm S$355 355rpm
Cutting feed rate
F=Nx fr 4 F : Cutting speed (mm/min)
F = N x P (tapping case pitch) N : Spindle speed (rpm)
F=Nx fz x t (case of front mill- fr: Feed amount per one rotation (mm/rev)
End mill ing) fz: Feed amount per one blade
t : Number of blade
Example 3" Front milling $8 drill M8 tap
N = 500 rpm N = 710 rpm N = 355rpm
fz = 0.12mm/1 blade fr = 0.18mm/rev p=1.25
t = 6 blades
F = 500 x 0.12 x 6 F = 710 x 0.18 F = 355 x 1.25
= 360 = 128 = 444
F360 F128 F444
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10-5 List for standard cutting conditions

Increase/decrease can be made by mounting state, material to be cut,
and tool length.

Cast iron Steel material Aluminium
Tool name Cutting Feed Cutting |Feed Cutting |Feed
speed ™ fev |speed Ex/rev [speed "m/rev
m,/ min na/nir m,/min n/nir m/min 7/ xix
R 90 95 250
, 450 400 700
5" face cutter S
F 120 120 320
320 250 600
R 80 80 160
280 300 430
#100shell S
cutter 90 80 160
: F 190 190 300
R 60~175 015 60~175 012 90~115 | 0.1~ 0.15
#30~55 S
F 70 ~85 0.1 75~90 0.08 115~140 0.08
R 70~80 0.15~0.25| 80~90 0.15 130~150 | 0.12~ 0.2
g #60~100 S
o F 90~110] 01 ~0.12| 90~105 0.1 160~190 0.1
5
m
R 70~80 0.25 75~ 80 0.2~0.25| 160~195 0.2
#100~200 S
F 100~110 | 0.1 ~0.12} 105~110 0.1 200~240 012
#5~10 - 20 0.2 25 0.1~02| 30~45 [ 0.1 ~0.2
H 25 0.3 25 0.2~0.25| 50~55 | 0.2 ~0.25
g10~20
- 40~50 0.3
- S
A
25 0.35 20~23 0.25 50~60 0.25
H
g20~50
S 50 0.3
Tap H 10~14 10~12 12~17
Leamer H 10~12 0.3 10~12 0.25~0.3 15~20 0.25~0.35
S 11~16 0.3 11~16 0.25~0.3| 15~20 | 0.25~0.35
H 25~29 0.1~0.25| 25~29 0.1~025| 30~60 0.1~0.3
Endmill
356~50 0.1~025| 30~50 0.1~0.25| 50~80 0.15~ 0.3
S

(Note) R = Roughing, F = Finishing, S = Super-hard steel, H = High speed steel
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List for tape code

10-6

% | Unusable at the interval of

significant information in
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IS0 code EIA  code Meaning
817|16(5|4 3j2)1 8|716]/5]4 3|21
( k QO [Ole (2—4—5) ()(J of |O Control out (note-part start)
) Of | [O]» Of(2—-4-7)| |O Q| |O Control in (note-part end)
+ Q |Oj°] 10101+ o |e *|positive symbol
- 2 1010 101~ O o Negative
: OiQ0l°| |O 11| Colon
/ Ol | (Ole|lOl0I01/ OO O“ Optional block skip
. oo lle e . Ol |IOle| |OIQ| {period (decimal)
# ol |0 o[ |0]O AT T | *[sharp
[3 O o|O /_'———“'""——’M *|Doller symbol
& Ol |O o|O|O & O olOO |* Ampersand
Y O °|0|0I0 | L 11 |*[tpostrophy
* O O I0fe] |O 1| %| Asterisk
' Ol [Of |Of°]|O , OlO[Q1°| [OO}*| Comma
: ol 1oldole] lolo - I*| semicolon
< O[O0 |0 // *| Left angle bracket
= 1O 'OIOO ol 1O // *| Equal symbol
> O Oioo o|OlO /V *| Right angle bracket
? Olo[o[-[0l0lo Zd *| question mark
@ o ° / *| Commercial at mark
" O | O / * Quatation mark
C O|0| [O|O}e| OO 1T | II*]| Lefe big parenthesis
] Ol0] [OlO}e|0O] |O *| Right big parenthesis
(Note 1) * marked code can be read in tape memory at only time when
there is notation part.
It is neglected at the other significant information.
(Note 2) ?-mark code can be read in tape memory at only time when there
is notation part.
It becomes alarm at the other significant information.
(Note 3) With custom-macro option, further next code is used at the
significant information interval.
at time of IS0 + | ] # * = and E
at time of EIA + [ ] & , & parameter-set code and E
(Note 4) Code unlisted in this table with correct parity is always
neglected.
(Note 5) Code of incorrect parity becomes TH-alarm. Whereas, it is
neglected at notation part, and it does not induce TH-alarm.
(Note 6) Whole punched hole in case of EIA-code is handled particularly,

and it does not induce parity alarm, and is neglected.
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