TOE-C843-7.30C
INSTRUCTIONS

Before nial operation
read these instructions
thoroughiy, and relamn
for future reference.

This manual is primarily intended to give operators
instructions for YASNAC MX1 programming, opera-
. tion and maintenance.

This manual applies to the basic and optional
features of YASNAC MX1l. The optional features
are marked with a dagger. For the specifications
of your YASNAC MX1, refer to the machine tool
builder's manual.
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PREFACE

Read this manual keeping in mind that the infor- Unless otherwise specified, the following rules
mation contained herein does not cover every apply to the description of programming exam-
possible contingency to be met with the operation. ples shown in this manual.

The operations not described in this manual

should not be attended with the control, - Least Input Increment: 0,01 mm

The functions and performance as NC machine are + Feed Function Selection: G9%4 (mm/min.)
determined by a combination of machine and the

NC control. For operation of your NC machine, - Absolute Zero Point: —Q—

the machine tool builder's manual shali take pri-

ority over this manual. Reference Zero Point

{Return to re(ereEce zero by manual and auto-

matic return):

Dimensions: in MM
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The YASNAC MX1 is a high-performance CNC for
simultanecusly controlling 3 or 4 axes of a machin-
ing center, with emphasis placed on high-speed
machining, unattended automatic operation, or
feedback gauging control.

With the NC logic incorporating 16-bit micropro-
cessors and various LSIs, the YASNAC MXI1 in-
corporates a compact design with a wide range of
capabilities. The memory comprises permanent,
semi-permanent and programmable software storage
used in combination to utilize each one to maxi-
mum advantage.

The data input-output interface has been expand-
edin concept, and, in addition to conventional

2,

2.1 INPUT FORMAT

2.1.1 INPUT FORMAT

A variable block format conforming to JIS 45
6313 is used for YASNAC MX1.

EXAMPLE

Down

S5ign

Note:

A decimal point should be omitted in actual pro-
gramming when you make a program including
decimal points, refer to 2.1.3 DECIMAL POINT
PROGRAMMING.

The leading zeros can be suppressed for all ad-
dress codes. Plus signs need not be programmed,
but all minus signs must be programmed.

In the manual, BEOR (end of block) code in g pro-
pram esample s represented by a semicalon (),
In actual programming, CR (EIA code) or LE/NL
(IS0 code) should be used instead of the semi-
colon (;).

Five digits of integer

Address character:

INTRODUCTION

interfaces such as FACIT and RS 232C, RS 422
is now available to accommodate requirements for
new modes of operations such as high-speed,
long-distance data transmission.

The YASNAC can incorporate a programmable
machine interface, and the logic diagram can be
edited easily from the NC operator's station.

PROGRMMING

Table 2.1 shows the input format. Numerals
following the address characters in Table 2.1
indicate the programmable number of dipits.

to third decimal place 1 in mm

.

inches

X

- Metric input format
04 N4 G3 a+43 F5 S2 T2 M3 D(H)Z B3;
- Inch input format

04 N4 G3 a+34 F31 52 T2 M3 D(H}Z B3

Notes:
"a" represents X, Y, Z, I, Jor K,
P. Q. R arnd L are omitted in the above format

because they are used for various meanings.

# Japanese Industrial Standard



Table 2.1 Ilnput Format

Metric output Inch input B: Basic
NO. Address T E— ‘lb?"
Metric mput| Inch input| Metric input] Inch input O: Optional

1 Program No. 04 04 B
2 Sequence No. N4 N4 B
3 G function G3 G3 B
. Cordinate Linear axis a + 43 a+ 34 a + 53 a+ 34 B
Word Rotary axis| b + 43 b+ 43 b + 43 b + 43 o
5 Feed/min F40 F31 F50 F31 B
6 Feed/min 1/10 F41 F32 F51 F32 B
7 Feed{rev F2z Fl13 F22 Fl3 O
8 Feed/rev 1/10 F23 Fi4 F23 F14 O
s2 sz B

9 S-function
55 S5 O
T2 T2 B

10 T-function
T4 T4 0O
11 M- function M3 M3 B
12 Tool Offset No. HZ or D2 H2 or D2 B
13 B-{unction B3 B3 O
14 Dwell P53 P53 B
15 Program No. designation P4 P4 B
16 Sequence No. designation P4 P4 B
17 No. of repititions L8 L8 B




2.1.2 ADDRESS AND FUNCTION CHARACTERS

Address characters and their meanings are shown

in Table 2.2.
Table 2.2 Address Characters
Chamacters Meanings Bi Basic
A Additional rotary axis parallel to X-axis o]
Additional rotary axis parallel to Y-axis o
C Additional rotary axis parallel to Z-axis o
D Teol radius offset number B, O
E User macro character o]
F Feedrate B
G Preparatory function B, O
H Tool length offset number B
I X-coordinate of arc center B
Radius for circle cutting O
J Y -coordinate of arc center B O
Cutting depth for circle cutting ’
K Z-coordinate arc center B
L Number of repetitions B, O
M Miscellaneous functions B
Sequence number B
O Program number B
P Dwell time, Program No. and sequence No, B
designation in subprogram o]
2 Depth of cut, shift of canned cycles 0
R gzldnltzé{ cfggi;s:gzg z}m;e;ircular arc ©.B
] Spindle~speed function B
T Tool function B
U Additional linear axis parallel to X-axis 0
v Additional linear axis parallel to Y-axis 0
w Additional linear axis parallel to Z-axis o
X X-coordinate B
Y Y-coordinate T H
zZ Z-coordinate —”; )




2.1.2 ADDRESS AND FUNCTION CHARACTERS (CONT'D)

Table 2.3 Function Characters

EJA Code 150 Code Meanings Remarks
Blank Nul g:;‘sgg;i;é%n:ili;rg data area in EIA
BS BS Disregarded
Tab HT Disregarded
CR LF /NL End of Block {EOB)
CR Disregarded
Sp sp Space
ER % Rewind stop
uc Upper shift
LC Lower shift
2-4-5 bits ( Control out (Comment start)
2-4-7 bits ) Control in {Comment end} E;Ae::ial
code
+ + Disregarded, User macro operator
- - Minus sign, User macro operator
0to 9 - 0to 9 Numerals
ato = Ato 2 Address characters, User macro operator
f / Optional block skip
Del DEL Disregarded (Including All Mark)
Decimal point
Parameter # Sharp (Variable)
setting
* * Astrisk {Multiplication operator)
= = Equal mark
| [ Left bracket
] ] Right bracket gi)‘::::ial
User macro comment code
$ $ User macro comment
@ @ User macro comment
? ? User macro comment
7Notes:

1. Characters other than the above cause error in significant data area.

2. Information between Control Out and Control In is ignored as insignificant data.

3. Tape code (EIA or ISO) can be switched by setting.

- 4 -



2.1.3 DECIMAL POINT PROGRAMMING

Numerals containing a decimal point may be used
as the dimensicnal data of addresses related to
coordinates (distance)}, time and speed.

Decimal points can be used in the following ad-
dress words.

Coordinate words: X, ¥, Z,1,J, K, A, B, C,
u,v,w,Q,R

Time word: P

Feed rate word: F

EXAMPLE
[ mm!} [inch]
X15. ——— X15.000 mm  or X15.0000 inches
v20.5 Y20,500 mm or Y20.5000 inches
(G94)F25.6 — F25.0 mm/min or F25.6 inches/min
{for F4.0) (for F3.1)
G95F.2t ~—— F0.20 mm/rev or F0.200 inches/rev
(for F2.2) {for ¥1.3)
G04P1. —— Dwell 1.000 sec

Normally, when data without a decimal point is
inputted, the control regards "1" as 0.001 mm
{or 0.0001 inches, or 0.001 deg.}, but with a
parameter setting, the control may be made to
regard "1" as 1 mm (or 1 inch or 1 deg.}. Refer
to parameter #6019p6). .

2,1.4 LABEL SKIP FUNCTION

In the cases named below, the label skip function
becomes effective, and LSK is displayed on the
CRT.

When the power supply is turned on.
- When the RESET key is pushed.

While the label skip function is effective, all data
on the punched tape up to the first EOB code are
neglected. When LSK is displayed on the CRT in
the MEM (memory)} or EDIT (editing) mode, it in-
dicates the presence of a pointer at the leading
end of the part program.

2.1.5 BUFFER REGISTER

. During normal operation, one block of data is

read in advance and compensation computing is
made for the follow-on operation.

In the tool radius compensation Ct mode, two
blocks of data or up to 4 blocks of data are read
in advance and compensation computing required
for the next operation is executed. One block can
contain up to 128 characters including ECB.

2.1.6 MULTI-ACTIVE REGISTERST

For the portion of part programs sandwiched in
between M93 and M92, up to 5 blocks of data are
read in advance.

M code Meaning
A | . .
M9z Multi-active register off
M3 Multi-active register on
Note: When power is applied or the control is

reset, the control is in the state of M code
marked with Y.

Inter-block stoppage can be eliminated when the
program is so made that the automatic operation
time of advance reading of 5 blocks is longer than
processing time of advance reading of next &
blocks of data.

NOTE:

Advance reading is not made for every 5 blocks
but is always ready to be made up to 5 blocks in
M93 mode.



2.2 PROGRAM NUMBER AND SEQUENCE NUMBER

2.2.1 PROGRAM NUMBER
Program numbers may be prefixed to programs
for the purpose of program identification.

Up to 4 digits may be written after an address
character "0" as program numbers. Up to 99
program numbers can be registered in the con-
trol, and up to 199 or 999 can be registered
employing an option.

One program begins with a program number, and
ends with M02, M30 or M99, M02 and M30 are
placed at the ends of main programs, and M99 is
placed at the ends of subprograms.

3 - <

it
27 ;

PROGRAM WITH
PROGRAM NO. 10

PROGRAM WITH
PROGRAM NO, 1234

ER (or % at LSO code) is punchéd on the tape at
the top and end of the program.

NOTES:

The blocks for optional block skip such as
/MO2;, /M30;, fM99; are not regarded as ends
of programs.

- To make the reading of M02, M30, and M99 in-
cffective as a program end, and to make the
succeeding ER (EIA) or % (ISO) as a sign of
program ends is possible with a parameter
change. (#6021p0q)

2.2.2 SEQUENCE NUMBER

Integers consisting of up te 4 digits may be writ-
ten following an address character N as sequence
numboers.

Sequence numbers are reference numbers for
blocks, and do not have any influence on the
meaning and sequence of machining processes.
Therefore, they may be sequential, non-sequen-
tial, and duplicated numbers, and also not using
any sequence number is also possible. Generally,
sequential numbers are convenient as sequence
numbers.

When searching for scequence numbers, be =ure
to search or specify program numbers before-
hand.

NOTES:

- When 5 or more digits arc written as a sequence
number, only the digits up to the 4th {rom the
trailing end are effective.

- When two or more blocks have the same sequence
number, only one is retrieved and read, and
no more searching is performed.

Blocks without sequence numbers can also be
searched for with respect to the address data
contained in the blocks.

2.2.3 OPTIONAL BLOCK SKIP (/1 - /9}1

Those blocks in which "/n" {n =1 - 9} is includ-
ed are neglected between /n and the end of that
block, when the external optional block skip

switch for that number "n" is on.

EXAMPLE
/2 N1234 GOl X100 /3 Y200;

When the switch for /2 is on, the entire block is
neglected, and when the switch for /3 is on, this
block is read as if

N 1234 GOl X100;.
with "1", "1" may be omitted.

NOTES:

- The optional block skipping precess is executed
while the blocks are read into the buffer resis-
ter. If the blocks have been read, subsejuent
switching on is ineffective to skip the blocks.

- While reading or punching out programs, this
function is ineffective.

The optional block skip /2 - /% is an option
function.

2.3 COORDINATE WORD

Generally, commands for movements in axis direc-
tions and commands for setting coordinate sys-
tems are called coordinate words, and coordinate
words consist of address characters for desired
axes and numerals representing dimensions of
directions.



2.3.1

COORDINATE WORD

Table 2.4
Address Description
Main axes X Y Z Position or distance in X, Y or Z coordinate
e direction.
A, B, C These coordinate words are treated as commands
4Th Axist in the directions of the 4th axes.
or A, B and C are used for rotary motion, and
U, Vv, W U, V and W are used for parallel motion.
Circular arc increment in circle cutting
Circular (Gl2, G13)
interpolation R Generally, radius values of circles.
aux. data
I 7 K Generally, distances from start point to arc
P center (in X, Y and Z components).

2.3.,2 SIMULTANEOUS CONTROLLABLE AXES
OF THREE-AXIS CONTROL

Table 2.3.2 shows simultaneously controllable

axes.

Table 2.5

2.3.3° SIMULTANEOUSLY CONTROLLABLE AXES
OF FOUR-AXIS CONTROLT

Table 2.3.3 shows simultaneously controllable

axes.,

Table 2.6

Simultaneously
‘controllable axes

Simultaneously
controllable axes

Positioning G00

X, Y and Z axes

Positioning GO0

X, Y, Z, and o' axes

Linear interpola-
tion GO1

X, Y and Z axes

Circular inter-
polation G02, GO03

Two axes: XY, YZ or ZX

(see Note.)

Circle cutting*
G12, G13

Two axes: X and Y

Helical interpola-
tiont G02, G03 °

Circle in X¥-plane and linear
feed in Z-axis direction.
Refer to 2.9.5 HELICAL
INTERPOLATION,

Manual control

Simultaneous control of X, Y
and Z

Note:

Circular arc plane is determined according to the

Linear interpola-
tion GO01

ht
X, Y, Z, and o axes

Circular inter-
pelation G02, GO03

kZJ’(JJ
Two axes, XY, YZ, ZX,

H
Xofl’} Y(}(u, or Z(‘Lu)

Circular cuttingt
Gi2, G13

Two axes: X and Y

Helical interpola-
tiont G02, GO03

Three axes: circle in XY-
plane and linear feed in Z-
axis direction.” Refer to
2.9.5 HELICAL INTERPO-
LATION,

Manual control

One axis, X, Y, Z, or ol

(1) The o axis represents any one of axes A, B, C,
U, V or W, selected as the 4th axis.

{2) Circular arc plane is determined according to

currently effective G codes for plane designation.

(G17 to G19)

For details, refer to 2.9.4 CIRCULAR INTER-
POLATION (G0Z, G03},

the currently effective G codes for plane desig-
nation (G17 te G19). For details, refer to
2.9.4 CIRCULAR INTERPOLATION (G02Z, G03),

(3) For circular interpolation axis n, any one of

linear axes U, V, and W should be designated.



2.3.4 4TH AXiS CONTRoLT

An additional 4th axis can be incorporated. In
this manual, the 4th axis is referred to as o~
axis, and represents any of the 6 axes, A, B, C,
i, V and W.

2.%.4.7 ROTARY AXIS (A, B OR C AXIS)

The rotary axis is defined as follows.

Table 2.7
Rotary axis Definition
A axis Rotary axis parallel to X-axis
B axis Rotary axis parallel to Y-axis
C axis Rotary axis parallel to Z-axis
Note: In this manual, any one of the three

axes, A, B and C, is referred to as
b-axis.

The unit of output increment and input increment
for b-axis is "deg." instead of "mm" used with
lincar axes. For the other respects, the treat-
ments are the same as those in mm. {Metric
sys=tem)

Even when inch system is selected by parameter,
the values for the b-axis remains "deg." unit.
The control does not convert b-axis coordinate
commands. However, feedrate command F is
converted. (Refer to 2.9.3 LINEAR INTERPO-
LATION)

2.3.4.2 LINEAR AXIS (U, V OR W AXIS)

THe lincar axes are defined as follows.

Table 2.8
Linear axis Definition
U-axis Linear axis parallel to X-axis
V-axis Linear axis parallel to Y-axis
) W-axis Linear axis parallel to Z-axis
Note: In this manual, linear axes either U, V

or W are indicated by c-axis.

The unit output increment and input increment for
c-axis is the same as the other linear axes, X, Y
and 7. No discrimination is necessary.

When inch system is selected by parameter, input
vaiues must be in inches for c-axis.

Y
/%
Z

Fig., 2.1 4Th Axis in Right~hand
Coordinate System

Table 2.9

Rotary axis {b)

Linear ax's (c)

Least output 0.001 deg./ 0.001 mm/
increment pulse pulse
Least input 0.01/0,001 0.01/0.001
increment deg. mm

Maximum pro-
grammable value

+8388.607 deg.

+8388.607 mm

Rapid traverse

rate deg. /min deg. /min
Cutting
feedrate deg. /min deg. fmin
Manual
feedrate deg. /min deg. /min

2.3.5 LEAST INPUT INCREMENT AND LEAST
OUTPUT INCREMENT

2.3.5.1

LEAST INPUT INCREMENT

‘The minimum input units that can be commanded
by punched tape or MDI are shown in Table
2.10

Table 2.10 Least Input Increment
(#6006D5 = "0.™")

Linear Axis

Rotary AxisT

Metric input

0.001 mm

0.001 deg

Inch input

6.0001 in

0.001 deg

Least input increment times ten can be set by
setting parameter #6006D5 at "1.¥

Input Increment x 10
(#6006D5 = "1.,")

Linear Axis

Rotary Axist

Metric input

0.00] mm

0.001 deg

Inch input

0.001 in.

0.001 deg

Metric input and inch input can be selected by
setting #6001D0.



Notes: In incremental programming, input values must

. . . . i lue.
Selection of metric system or inch system is not exceed the maximum programmable value

made by setting (#6001D0}. In absolutie programming, move amount of each

. Selection of x 1 or x 10 is made by param- axis must not exceed the maximum programmable

eter setting (#6006D5). . value.
Note: The machine may not function properly if
Tool offset value must always be written in 0,001 a move command over the maximum programmable
mm (or 0.0001 inch, or 0.001 degt.}, and offset value is given. The above maximum program-
is possible in these units. mable values also apply to distance command ad-

dresses I, J, K, R, Qin addition to move com-

In 0.01 mm increment system, the following op- mand addresses X, Y, Z, o

eration must be made in the unit of 0.0l mm.

. Programming for operation in TAPE mode. The accumulative value must not exceed the maxi-
. Write operation in MDI mode mum accumulative values shown below.

- Programming for operation in MEMORY modef. Table 2.13 Maximum Accumlative Values
- Program editing operation in EDT mode T,

. s . +
NOTES: ' \ Linear axis Rotary axis

. If NC tape programmed by 0.001 mm is fed in- Metric input | *99999.999 mm | = 99999.999 deg
to or stored in an equipment set by 0.01 mm
increment, the machine will move ten times Inch input +9999,9999 in. | *99999.999 deg
the intended dimensions.

. If the increment system is switched when the Listed input values do not depend on metric/
contents of NC tape are stored in memory, the inch output system.

machine will move by ten times or one tenth of

the commanded di i .
e commanded cimensions 2.4 TRAVERSE AND FEED FUNCTIONS
- When the stored program is punched out on the

tapet, the stored figures are punched out "as 2.4.1 RAPID TRAVERSE RATE
stored" regardiess of switching of the incre-
ment system. 2.4.1.1 RAPID TRAVERSE RATE

The rapid traverse motion is used for the motion
for the Positioning (G00) and for the motion for
the Manual Rapid Traverse (RAPID). The trav-

2.3.5.2 LEAST OUTPUT INCREMENT

Least output increment is the minimum unit of tool erse rates differ among the axes since they are
motion. Selection of metric or inch output is made dependent on the machine specification and are
by parameter (#6007D3) setting. determined by the machine tool builders. The
rapid traverse rates determined by the machine
Table 2.11 Least output Increment are set by parameters in advance for individual
axes. When the tool is moved in rapid traverse
Linear axis Rotary axis’ in two or three axial directions simultaneously,
motions in these axial directions are independent
Metric output 0.001 mm 0.001 deg each other, and the end points are reached at
different times among these motions. Therefore,
Inch output 0.0001 in. 0.00} deg motion pathes are normally not straight.

For override rapid traverse rates, Fo, 25%, 50%
. and 100% of the basic rapid traverse rates, are
2.3.6 MAXIMUM PROGRAMMABLE DIMENSIONS available. Fo is a constant feed rate set by a
parameter {(#6231).
Maximum programmable dimensions of move com-
mand are shown below.
Z.4.1.2 SETTING RANGE OF RAPID TRAVERSE
Table 2.12 Maximum Programmable Dimensions RATE

For each axis, rapid traverse rates can be set

Linear axis | Rotary axisT at some suitable multiple of 7.5 mm/min (or deg|
Motric | Metric input | £8388.607 mm | £8388.607 deg min)
output The maximum programmable rapid traverse rate
PUL 4 Theh input | £330, 2601 in. | £8388.607 deg is 24,000 mm/min. However, respective machine
tools have their own optimum rapid traverse rates.
Inch Metric input | +21307.062 mm | +8388.607 deg Refer to the manual provided by the machine tool
builder.
OUtPUt | 1/ h input | +838.8607 in. | +8388.607 deg

- 9._



2.4.2 FEEDRATE (F FUNCTION)

With five digits following an address character F,
tool feedrates per minute (mm/min) are program-
med .

The programmable range of feedrates is as follows.

Table 2.14

\ Format | Feedrate (Feed/min) range

Metric Mectric input| F40 {F1,- F8100. mm/min
OUtPUL! fnch input | F31 |FO.1- F313.0 in. /min
Inch Metric mput{ F50 |Fl.~ F20574. mm/min
OUtPUl | 1hchmput | F31 {FO.1 - 810.0 in. /min

The maximum feedrate is subject to the perform-
ance of the servo system and the machine system.
When the maximum feedrate set by the servo or
machine system is below the maximum program-
mable feedrate given above, the former is set by
a parameter (#6228), and whenever feedrates
above the set maximum limit are commanded, the
feedrate is clamped at the set maximum value.

F commands for linear and circular interpolations
involving motions in simultaneously controlled

two axial directions specify feedrates in the direc-
tion tangential to the motion path.

EXAMPLE G9l {incremental)

GO01 X4000 Y3000 F500 ;

with this command,

F =500 = ./3002 + 4002

(mm /min) B X component

Y component

400 mm/min

+Z

Fig. 2.2

GO3 X.ee. Y-er. I.co. F200 ;

With this command,

F = 200 :\/fXZ + FYZ2

{mm /min)

CENTER

Fig. 2.3

F commands for linear interpolations involving
motions in simultanecusly controlled three axial
directions specify feedrates also in the direction
tangential to the motion path.

EXAMPLE

With GOI X--- Y... Z... F400 ;

F =400 =¢/ X2 + fY2 + 22

{mm /min)

END POINT

+Z

Fig. 2.4

F commands for linear interpolations involving
motions in simultaneously controlled four axial
directions specify feedrates also in the direction
tangential to the motion path.

F {mm/min) = \/sz + Y2 + fZ2 + fp

- 10 -



NOTES: Table 2.16(a}

- If F0 is programmed, it is regarded as a data
error. (alarm code "030)

Setting No. for

F command Fl-digit speed

- Donot programF commands with minus numerals, F1 #6561
otherwise correct operation is not guaranteed.

F2 #6562

EXAMPLE . F3 #6563
F-250 ; +.aeeeen wrong F4 #6564

F5 #6565

2,4,3 FEEDRATE 1/10 ) F6 #6566
F7 #6567

The feedrate programmed by F commands can be
converted to 1/10-th value with a parameter set- ¥8 #6568
ting as follows.

. . F9 #6569
When parameter #6020 po or D1 is set to "1,"
_ the feedrates range becomes as shown below. Setting "1* = 0.1 mm/min
Table 2.15 '
Format | Feedrate (Feed/min) range Table 2.16(b)
. |Metric input| F41 F1.0-F8100.0 mm/min Parameter No. for .
Metric F command F1-digit multiply
SWPM1nch input | F32 | FO.01- F313.00 in. /min
Fl #6141
Metric mput| FS1 F1.0 - F20574.0 mm /min
I“fh . F2 #6142
outPUlipch input | F32 | F0.01 - F810.00in. /min
F3 #6143
When parameter #6020 D0 or D1 is set to "0," Fd #6144
the feedrate range returns to normal.
F5 #145
Fh #6146
2.4.4 F 1-DIGIT PROGRAMMINGT
. o #6147
(1) Specification of a value 1 to 9 that follows FB #6148
F selects the corresponding preset feedrate.
F9 #6149
(2} Set the feedrate of each of F1 to F9 to the
setting number shown in Table 2.16(a). Setting "1" = 0.1 mm/min /pulse
(3) By operating the manual pulse generator .
when F1-DIGIT switch is on, the feedrate of F1-
digit command currently specified may be in- A
creased or decreased. Set the increment or de- Table 2.16(c)
crement value per pulse {(Fl-digit multiply) to the :
parameters listed in Table 2.16(b). Parameter No. Meaning .
#6226 Max speed of Fl to 4
As a result of this operation, the contents of the P
setting number of the Fl-digit feedrate are #6227 Max speed of F5 to F9
changed. )
NOTES:

(4) Upper Limit of Feedrate

a. When this feature is instalied, the specitying
. .. . . 1 to 9 mm/min by the usual F function is not al-
Set the maximum feedrate of Fl-digit designation lowed. Specifying 10 mm/min or more is allowed

10 the following parameter. If a value greater usually.,
than the usual maximum cutting rate (the con-
tents of #6228) is set, it is governed by the con-

tents of #6228, c. When DRY RUN switch is on, the rate of dry
' : run is assumed.

b. If FO is specified, error "030" will be caused.

d. For Fl-digit specification, the feedrate uver-
ride teature 1s invalid. -

¢. The feedrate stored m memory 1s retained
after the power 13 turned off.

,11_
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2.4.5 FEED PER REVOLUTIONT

When a spindle pulse generator is installed™, the
feedrate per revolution function can be used, and
a new G code will be used for this function. Be-
fore F function for feedrate per revolution is
given, G cude of F group shown below must be
desitgnated.  When the power supply is switched
on, G% is in cffect.

G cade of Function
05 group
¢ Feed per minute
G4 ; -
(mm/min) designation
Y5 Feed per revolution
! {mm/{rev) designation

Since F code is modal, the code is effective until
the next F code is given. However, when G94/
G95 are switched over, F code must be designated
again. ’

After the designation of G%5, the feedrate-of-tool
per spindle-revolution can be given by 4 digits
fellowing F. The command range of the F code is
as follows.

Table 2.17

Format| Feedrate (Feed /min}range

Metric mput F22 F0.01L - F99.99 mm/rev

Metric
OUPY | 1ch input | F13

F0.00L - F3.936 in. /rev

Metric mnput F22 [F0.01 -F99.99 mm/rev

Inch
outpul | yoh mput | F13

F0.001 - F3.93% 1n. /rev

1/10 of minimum unii of F code programmable range

FEEDRATE UPPER LIMIT VALUE
OR CLAMP VALUE

¥
(mm/
rev) ‘/,fi B

Tpm

Fig. 2.4 Restriction of Feedrate (F)
and Spindle Speed (S)

2,4,6 AUTOMATIC ACCELERATION AND
DECELERATION

Acceleration and deceleration for rapid traverse
and cutting feed are automatically performed.

2.4.6.1 ACCELERATION AND DECELERATION
OF RAPID TRAVERSE AND MANUAL FEED

In the following opér‘ation, the pattern of zuto-
matic acceleration and deceleration is linear.

Positicning (G00)
Manual rapid traverse {(RAPID)
© Manual continuous feeding (JOG)
+ Manual HANDLE feeding (HANDLE)

Goo
)
-
’
-

VELOCITY—— _

TIME —
Fig, 2.5

Rapid traverse rate and acceleration/deceleration

can be programmed by setting the contents of param- constant of rapid traverse rate can be set by

cter 10020p2 p3 to 1. See Table 2.18.

Table 2.18

Format Feedrate (Feed/min) range

Metric input| £23 | F0.001 - F99.999 mm/rev

Metric
output

Inch input | Fi14 | F0.0001 - F3.9366 in. frev

tMetne input| P23 F0.001 - F99.999 mm/rev

Toch

output

Inch mput [ F14 | F0.0001 - F3.9366 in. frev

However, the programming of feedrate is restrict-
cd by the spindle speed (S) as shown below.

ol x 5 < Feedrate upper limit value
: = or clamp value

{mm/rev or in. frev) (rpm} (mm /min)

(#6280 to #6301)

parameter.

2.4.6.2 ACCELERATION/DECELERATION OF
FEEDRATE

Automatic acceleration and decdeleration of feed
motion (GO0l - G03} are in the exponential mode,

-

VELOCITY —=

TIME -

Fig. 2.6 Exponential acceleration
deceleration

Feedrate time constants are set at 4 msec inter-
vals and feedrate bias is set at Zkpps intervals
by parameters. (#6092, #6093)

Note:

The automatic acceleratian/deceleration param-

eters are set to the optimum values for the re-

spective machines. Do not change the setting
unless this is required for special purposes.

- 12 -



2.5 SPINDLE-SPEED FUNCTION (S-FUNCTION)
2,5.1 S 2-DIGIT PROGRAMMING

The spindle speed is specified by two digits fol-
lowing the address S (300 to S99).

For each S code and its corresponding spindle
speed (rpm), refer to the machine tocl builder's
manual.

When a move command and an S code are issued
in a block, whether the S command is executed
together with the move command or after the
completion of tool move depends on the machine
tool builder. Refer to the machine tool builder's
manual.

EXAMPLE
"GOO S11 MO3

+++ 8 command

‘ Spindle CW S11: Effective
X Your Zows
GOl Z... F...
H
GO0 X... Y... Z..» M05; ... Spindle stop
M03 ;] S11: Effective
X Y-.. 2
G0l Z2... F .
522
X... Y... Fo.. 522: Effective

NOTE: The two-digit BCD output is sent to the
machine when $ and two-digit command is issued.

2.5.2 S 5-DIGIT PROGRAMMINGT

2.5.2.1 $ 5-digit Programming

With five digits written after an address character

S (s O3 ), spindle speeds in rpm are
directly commanded.

The programmed speeds become effective ui)on
the inputting of an S-command-completion-input-
signal (SFIN}.

When an S command is programmed in the same
block with M03 (spindle forward run) or M04
{spindle reverse run), the execution of the next
block starts only after the spindle speed reaches
to the level specified by the S command, in most
cases. However, for exact behavior of the ma-
chine tocl under consideration, refer to the ma-
chine tocl builder's manual.

EXAMPLE
5 1000 MO03
s
00O rpm
——————
'
|
: ACTIAL STINDLE SPEFD
A -
]»__...._“L_ COMPLETION OF
M COMMAND
START OF
THE BLOCK Fig. 2.7

-.13 -

-

The 5 commands are modal, and when it is pro~
grammed once, it remains effective until another
command is programmed. Even when the spindle
is stopped by a M35, the S command remains ef-
fective. Therefore, when the spindle starts
again with an M03 (or M04), the spindle runs at
the speed specified by the 5 command,

When the spindle speed is to be changed by a
new S command after it is started with an M03 or
M04, attention must be paid to the selected spin-
dle speed range.

NOTES:

- The lower limit of programmable S commands
(S0 and other S commands for near 0 values)
is determined by the spindle motor of the ma-
chine tool. Refer to the machine tool builder's
manual. Do not program minus values as §
commands.

+ When the control is equipped with the 5 5-digit
command function, spindle speed overriding
is possible. That is, override speeds between
50 and 120% of the commanded spindle speed
can be obtained at intervals of 10%.

2.6 TOOL FUNCTION (T-FUNCTION)
2.6,1 T 2-DICIT PROGRAMMING

Two digits, following the address T, specify the
tool number. Leading zeros may be omitted.

TO0)

Tool number

The figures used for the designation of tocol num-
ber are determined by the machine. Refer to
the machine tool builder's manual.

When a move command and a T code are issued
simultaneously,

- the two commands are executed simultaneocusly,
or

- the T command is executed upon completion of
the execution of the move command,

depending on the design of the machine.

For this, refer to the machine builder's manual.

- T codes are modal, and therefore, once they
are given, they remain effective until another
T command is given.

+ T code commands are generally for making
automatic tool changers (ATC) to select the
tool number to be used next. Therefore, they
can be given without regard to the G, Hor D
codes which are for offsetting for the length
or radius of the tool currently in use.



2.6.2 T 4-DIGITT PROGRAMMING

Four digits following the address T specifies the
tool number.

L B I O

Tool number

Leading zeros may be omitted.

This tool code is the same as the T 2-digit
codes, except for the increased number of
digits.

2.7 TOOL COMPENSATION

2.7.1 OUTLINE OF TOOL COMPENSATION

The tool compensation functien is in the following
three modes.

- Tool length compensation

This function is for compensating for differences

in tool length, and is effective in the Z axis di-
rection.
cffective from the block in which G43 or G44 is
programmed together with an II code. It is
cancelled with HOO or G49.

Tool position offset (for simple compensation
for tool radius)

This function is for compensating for errors in
machined dimensions to be introduced by the
radius of tools.
Z (4th1) axis directions. It is effective only
for the block in which G45 - G48 is programmed
together.

- Tool radius compensation C* {for compensating
for tool radius effects with complicated machin-
ing contours)

This function is for compensating for the tool

radius effect with any given machining contours.

[t ig effective in X-Y, Y-Z, and Z-X planes.
1t becomes effective from the moment G4t, or
G42 is commanded together with a D code, and
is cancelled by G40.

NOTE: For details of these compensations func-
tions, refer to 2.9 PREPARATORY FUNCTION
{G-FUNCTION}.

2.7.2 TOOL OFFSET MEMORY

For the three groups of offsets, all the necessary
offset values must be stored in memory before-
hand. -

Up to 99 offset values can be stored in the tool
offset memory.

rOffset value storage: 99 max.—l

The setting range of offset values is as follows.

\

Metric input| 0 - £999.999 mm { 0- * 999. 999 deg

Linear axis Rotary axis?

Inch input

0 ~ *99.9999%inch| 0- * 499,999 deg

Specified length compensation becomes

It is effective in the X, Y, and

Listed input values do not depend on metric/
input output system.

For the procedures of storing values into mem- .
ory, refer to 4.3.5 WRITING OF TOOL OFFSET
VALUE.

2,7.3 H- AND D-FUNCTION (H, D CODES)

Two digits, following the address H or D, specify
tool offset numbers.

=I=TE Y o

Tool offset
number

The tool offset numbers 01 through 9% directly

correspond to the 99 offsct-value memory num-
bers. That is, when certain numbers are des-

ignated, the corresponding offset values stored
in ihe offset memories will be used to offset the
tools.

Tool offset numbers 00 {H00 or D00} have differ-
end meanings depending on the respective ofiset
functions. For details, refer to the descriptions
on the respective G functions.

H- and D-codes must be used properly according
to their functions.

Code Function

H code Tool length offset

D code Tool position offset, Tool radius
compensation

The tool offset numbers 01 through 99 can be
used freely in combination with the both H and
D codes.

- 14 -



However, for programming case, it is recommend-
ed to divide the numbers into H code part and
D code part.

H codes: HO1 to H30
‘D codes: D3l to D99

Table 2.19
Offset method G code H or D code Offset value memory
G43
No. Offset value
Tool length offset G44 H @[I_l“'-\_ 01
G49 02
03
G45 04
Tool position offset G46
47
¢ o [9}{q]
Gas \
96
Tool dia. compensa- G40 97
tion C G4l 8
{Intersection com- 99
puting system) G42

2.8 MISCELLANEOUS FUNCTIONS (M-FUNCTION)

The miscellaneous function is specified with the
‘address M and three digits. The function of each
M code (MO0 to M89) is determined by the ma-
chine, except for several M codes. Refer to the
machine tool builder's manual for the function of
M codes except for the following M codes concern-
ed with the control.

2.8.1 M CODES FOR STOP (M00, M01, M02, M30)
- MOO (Program Stop)

This code, when given in automatic operation
mode, stops the automatic operation after the
commands in the block containing MO0 have
been completed and MO0 R signal is fed, The
program may be continued by pressing the
CYCLE START button.

* MO1l (Optional Stop)

MOl performs the same function as program
stop MO0 whenever the OPTIONAL STOP switch
is on. When the OPTIONAL STOP switch is off,
the M0l code is disregarded.

* M02 (End-of-Program)

S .
MO s used at the end of program.  When given
Moattomatic opevation mode, this cade stops

_15u

the automatic operation after the commands in
the block containing M0Z2 have been completed.
Although the control is reset in mest cases,
the details are determined by the machine. Re-
fer to the machine tool builder's manual..

- M30 (End-of-Tape)

M30 is given at the end of tape. When givenin
automatic operation mode, this code stops the
automatic operation after the commands in the
block containing M30 have been completed. In
addition, in most cases, the control is reset
and rewinds the tape {or memory). Since the
details are determined by the machine, refer
to the machine tool builder's manual.

NOTES:
- When M00, M01, MOZ2 or M30 is given, it pre-

vents the control from reading ahead the next
block of information. The single decoded signal
is fed in addition to the 2-digit BCD output for
M codes.

- Whether M00, MO1, M02 or M30 executes spin-
" dle stop, coolant off or some other executions,

refer to the machine tool builder's manual.

- Whether the control is automatically reset or

rewinds the tape {or memory ), is determined
by the following state.

(a) Input signal of the control "EOP" (internal
reset input) is wired for "ON" or not.

(b) Input signal of the control "RWD" (rewind
input) is wired for "ON" or not.

Refer to the machine tool builder's manual.



2.8.2 M CODES FOR INTERNAL PROCESSING
(M90 TO M199)

M90 through M199 are used only for internal pro-
cessing. Even when they are programmed, no
external output signal (BCD and decoded output}
is sent.

MYGi:  Program interrupt off

M91T: Program interrupt on

M92t: Multi-active register off

M93t: Multi-active register on

M9%4: Mirror image off

M95: Mirror image on

M96T: Tool radius compensation G:
circular path mode

MY7+: Tool radius compensation C:
intersection computing mode

M98: Subroutine program call

M99: Subroutine program end

M100 to 199: Used for enhansed codes

2.8.3 PROGRAM INTERRUPTION ON/OFF
(m90, m91) T

The following M codes are used for the program
interruption function.

M code Meaning
M90 Program interrupt function OFF
M9l Program interrupt function ON

Note: When power is applied or the control is
reset, the control is in the state of M code
marked with ™W.

During the time from this command to an M990
command, whenever a program interruption
signal is received, the program under execu-
lion is interrupted (if the machine is in motion,
it is stopped after deceleration), and the a jump
is made to the program the number of which is
written after the P.

M90

With this command, the program interrupt func-
tion is cancelled.

2.8.4 MULTI-ACTIVE REGISTERS ON/OFF
(M93, Mm92) T

M codeJ Meaning
M9z Multi-active register off
M93 Multi-active register on
Note: When power is applied or the control is

reset, the control is in the state of M code
marked with " .

- M93:

During the time from this command to M92, the
control assumes the 5 blocks-advance-reading

mode. Namely, up to 5 blocks of data are read
in advance for the following operation.

Inter-block stoppage can be eliminated when
the program is so made that the operation time
of advance reading of 5 blocks is longer than
processing time of advance reading of next 5
blocks of data.

- M92:

This command cancels 5 blocks-advance-reading
mode.

NOTE: In tool radius compensation C mode, the
blocks without move command can be contained(up tc
two blocks). Under this condition, 7 blocke, in-
cluding the two blocks, may be read in advence.

2.8.5 MIRROR IMAGE-ON/OFF {M95, M94)

- M code Meaning
M94 l Mirror image OFF
M95 Mirror image ON

Note: When power is applied or the control is’
reset, the control is in the state of M codle
marked with Y.

. With these codes, mirror image operation can
be started and stopped at any desired point in
the program. These commands must always be
made on a single block.

- M94 and M95 are modal. When the pov;'er supply
is turned on, M94 {OFF) is in effect.

The axis on which mirror image is to be effect-
ed is specified by setting #6000p0 to p3 (or
mirror image axis designation switch.) For

this procedure, refer to 6.1.25 MIRROR IMAGE
AXIS SELECT SWITCH.

-16_



* When M95 is given, the subsequent blocks will
control the machine in mirror-image fashion,
that is, movements in the specified coordinate
direction will be reversed.

X AX1S MIRROR
IMAGE ON

Fig. 2.8

With both the absolute and increment move
commands, the same mirror image effect will be
obtained. The block including M95 command
constitutes the mirror point.

- When M94 is given, mirror image effect will be
cancelled on the subsequent blocks. Mirror
image operation must be started and cancelled
at the same position.

- 17 ~

NOTES:

+ When G28 or G29 is used to change tools or for
ending machining processes, make sure to can-
cel the mirror image effect by means of M94.

If mirror image effect is not cancelled when G28
or G29 is given, an error "058" is shown,

» The mirror image effect is not effective on the
offset movement resulting from the tool length
offset function.

* Do not switch the designation of mirror image
axis during operations under M95 {ON) mode.

- Displayed current position by POS key in mir-
ror image fashion indicates the actual motion of
tool. Displayed data by COM key show program-
med commands,

+ Program must be made so that mirror image
operation starts and stops at the same position.
If the start position and the stop position are
not the same, movements of the machine after
cancelling mirror image will be shifted by the
difference between both positions.

- When the operation is reset, it will be in M9%4
mode.



2.8.5 MIRROR IMAGE.ON/OFF (M95, M94) (CONT'D)

EXAMPLE

+Y

X AXIS MIRROR IMAGE ON
GE O 100

PROGRAMMED COMMAND

[ — i

L _

. |
]
a\ 40 |
rd
7~
V4
4 ~

A
/
e -20
{ 3 + 1

-120 -80 \\ -40 STAR’ 20 40 60 120

\ POINT

\\,

haded __"""‘O—[OO T /

PATH BY CORRECT PATH

ERRONEQUS

CANCELLING
NO1 G92 X0 YO ;
NQO2 M9 ;e Mirror image on.
NO03 G900 GO01 X4000 Y4000 F300 =
NO4 X12000 ;
N05 Y10000 ;
NOb6 X4000
NO7 Y4000 - If "M% ;" is programmed here,
NO8 X0 YO : \\: the iool moves on the dotted line.
NO9 M% ;... Correct mirror image off.
N10 X2000 Y-4900 ;
N11 X6000

Fig. 2.9

_18_
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2,8.6 CIRCULAR PATH MODE ON/OFF ON TOOL
RADIUS COMPENSATION C (M97, m96)7

M code Meaning

M96 Tool radius compensation circular
path on.

Tool radius compensation circular
M97 path off.
(Execution of intersection point)

Note: When power is applied or the control is
reset, the control is in the state of M code
marked with‘ .

* In the G41 or G42 cutter radius compensation
mode, when M96 is given, the tool moves along
a circular path around a corner with an angle
of 180° or larger. In the M97 mode, the tool
does not move along a circular path at the
corner, but moves along two intersecting
straight lihes intersecting at a calculated in-
tersecting point shifted from the programmed
contour by the tool radius.

M96 MODE M97 MODE
%}%ﬁULAR INTERSECTION

PROGRAMMED
CONTOUR

Fig. 2.10

- M9 and M97 are modal. When the power is
turned on, M9 takes effect.

© M9 and M97 are effective on the following
move command blocks.

GO0l X+vr Y.uo F Effective from
the corner of
{GO1) Xevv Yo' M96 ; these 2 blocks

GOl X.-- ¥uur Fevn s Effective from
M9 (or M97) ; the corner of
(G01) X-.. Y... - these 2 blocks

_19_

2.8.7 SUBROUTINE PROGRAM (M98, M99)
With this function, call of subroutine programs
which have been numbered and stored in advance

is made and executed as many times as desired.

- The following M codes are used for this function,

Table 2.26
M code Meaning
M98 Call of subroutine program
M99 Subroutine program end

+ Call of subroutine program (M98)

M9 P... L... ;

With this command, call of the subroutine pro-
gram with the number specified after P is made
and is executed number of times specified after
L. When no L code is programmed, the sub-
routine is executed once.

Subroutine programs can be nested tp to 4
times.

Format of subroutine program (M99)
Subroutine programs are written in the follow-

ing format, and are stored in the part program
memory in advance.

0 .- — Program No.
Subroutine
M99 ~ program end.

* Automatic return command from subroutine pro-
gram

M99 ;

At the end of subroutine programs, M99 is
written in a block of its own., When M99 is
commanded in the subroutine program which
has been called by M98, the execution of the
main program is automatically restarted at the
block immediately following the M98 block.



2.8.7 SUBROUTINE PROGRAM (M98, M99) (CONT'D}

EXAMPLE

Call of subroutine program and execution of it
are made in the sequence shown below.

Main program
/\—/
01060 ;
N0O1 GO0
NOOZ M98 P200 L3 ; —
NOO3 ..
NQO4 M98 P200
NOOS ...

————

]

Special use of M99

M9%% P-..

Wwith this command, the main program does not

return to the block following the M98 block after

executing the subroutine program, but returns
to the block with a sequence No. specified by
the P code.

NOTES:
If the program number specified by the P code

is not found, this is regarded as an error "041."

While a subroutine program is repeated L times,

the number of remaining repetitions may be
displayed. For details, refer to 4.3 DISPLAY
AND WRITING OPERATION.

This function is usable when subroutine pro-
grams are stored in the part program memory,
The main program can either be commanded
from NC tape or the part program memory.

When the nesting of subroutine programs is
attempted more than 4 times, an error state is
caused.

- Commanding M99; in main program will return
the execution of the program to the head of the
main program and control endless operation.

2.8.8 OTHER M CODES

For using M codes, other than those mentioned
above, refer to the machine tool builder's man-—
ual.

One time -

Subroutine program

Q200 ;
i
I NOOL --es
[N R
HE NGO2
M
HE
- NO50 M99 ;
—
jn
E w
-
@
3]
-
=)
H
Table 2.20 Typical Examples of
M codes for Machine
M code Meanings Remarks
MO3 Spmc.lle forward
running
Mmoq | Spindle reverse M03 and M04 are
running not switchable.
MOS Spindle stop MOS_ (stop) r_'nust
be intermediated.
MO8 Coolant on
M09 Coolant off

When these M codes are given in a block together
with move command, whether the M commands are
executed simultaneously or after completion of
move command, are determined by the type of
machine. Refer to the machine tool builder's
manual.

2.8.9 2ND MISCELLANEOUS FUNCTION
{B-FUNCTION)T

B-function and T 4-digit™ commands cannot be
used simultaneously. :

Three digits following the address B give index
table positions.

- 20 -



The actual index positions corresponding to the
respective B codes depend on the machine tool
builder. For this, refer to the specifications of
the machine tool builder. When a B-function is
given together with a move command in one block,

- the B command is executed simultaneously with
the move command, or

* B command is executed after the execution of
the move command,

depending on the design of the machine tool.
For this refer to the specifications of the ma-
chine tool builder.

B codes are modal. When one B code is given,
it remains effective until another B-command is
given.

NOTES:

* B function standard interface is in 3-digit BCD
output., .

* With MDI operation on NC panel, "B" is used to
specify address for B codes. Therefore, when
the control has B-function, the 4th axis control
cannot be added.

2.9 PREPARATORY FUNCTION (G-FUNCTION)
2.9.1 LIST OF G CODES AND GROUPS

An address character G and up to 3 digits follow-
ing it specify the operation of the block.

Ordinary G codes are either non-modal G codes
marked with * or modal G codes belonging to
groups 01 through 15. Those G codes belonging
to the division B are included in the basic spe-
cifications.

* The G codes belonging to groups 01 through
15 are modal, remaining effective when once
commanded until other G codes in the same
group will be commanded.

The G codes in the * group are non-modal, and
are effective only for the block in which they
are commanded.

- The G codes belonging to groups 01 through 15
may be programmed twice or more in the same
block. However, when different G codes in the
Same group are programmed, the last appear-
ing G code only is effective.

_2]_

* The G codes belonging to the * group can not

be programmed twice or more in a block. They
must be programmed only once in a block of its
own,

* When a G code belonging to the 01 group is com-

manded during a canned cycle (G73, G74, G76,
G77 and G81 through G89), the canned cycle is
cancelled and these codes in the group 09 be-
comes G800,

* When the RESET key is depressed during the

execution of a tool compensation C (G4l, or G42)
or a canned cycle, they become respectively

G40 or G80 which cancells the programmed com-
mands.

G43, G44, G49 and G45 through G48 belonging
to the * group can be programmed together with
the following G codes in the 01 group in the
same block,

Combination G code

G43, G44, G49|G00, G011, G6O

G45 - G48 GO0, G01, G02, GO03, G60

The transition state of the following G codes
can be changed by setting of parameters.

 The G codes belonging to the following groups

can be specified as to the state immediately

after the application of supply power.
( #6005D0 - D4)

Group Initial state Parameter
01 GO0 or GO1 #6005D 2
03 G930 or GN #6005D0
05 G% or G95 #6005D1
08 G43, G44 or G49 #6005D3, D4

* G codes in the 01 group may selectively be

changed to GO0 or kept unchanged after re-
setting. (#6005D6)

* During the execution of G92, Display may

selectively be made. (#6005D5),



2.9.1 LIST OF G CODES AND GROUPS (CONT'D)
Table 2.21 List ot G codes
. B: Basic G . . 3: Basic
cgdc Group Function 0: Optional code Group Function }): 3};:;:)!““
Gog Positioning B G54 Shift to work coordinate
GOTY Lincar interpelation B system 1 0
Circular interpoiation G55 Shift to work coordinate
G02 { o | CW., Helical interpola- B, O system 2 0
tion CW c56 Shift to work coordinate o
Circular interpolation 12 system 3
GO03 CCW, Helical interpola- B, O Gs7 Shift to work coordinate o
tion CCW system 4
G04 Dwell B Shift to work coordinate
——— - G58 o)
Go6 Positioning in error B system 5 i
detlect off mode G59 Shift to work coordinate o
G09 Exact stop B system 6
* Tool offset value and G60 01 | Unidirectional approach 0
Gio work coordinate, Shift- B, O G61 13 Exact stop mode B
value modification G64 Exact stop mode cancel B
Glz2 Circle cutting CW O G65 « | Non-modal call of user o
Gi3 Circle cutting CCW 8] macro
G17 : XY plane designation B Gbb Modal call of user macro O
G138 02 | ZX plane designation B G67 Y 14 [Modal call of user macro o
G19 YZ plane designation B cancel
G20 g6 Linch input designation (8] G170 Beolt hole circle Q
G2l Metric input designation 0 GTl * [ Arc [e]
G2 0q | Stored stroke limit ON 0 G72 Line-at-angle 9]
G23 Stored stroke limit OFF 0 G73 Canned cycle 10 [e]
G27 Reference point check 0 G4 anned cycle 11 (0]
G28 Automatic return to o G76 Canned cycle 12 o]
reference point G7 Canned cycle 13 6]
G2g | * Return from reference o G80Yy 09 |[Canned cycle cancel 9]
peint sl Canned cycle 1,.Output o
G30 Return to 2nd, 3‘.rd, o for extiernal motion
4th reference point G82 Canned cycle 2 O
G3i Skip function [§] G83 Canned cycle 3 o
G33 01 | Thread cutting O G84 Canned cycle ¢ 0]
G3b Automatic centering 8] G885 Canned cycle 5 [¢]
G37 | & Automatic centering Q GB86 09 Canned cycle & (0]
G138 Z-axis reference sur- o G87 Canned cycle 7 [¢]
face offset GB88 Canned cycle 8 ¢}
G40 Tool radius compensa- o G89 Canned cycle 9 8]
tion cancel G 90 Absolute command B
Gal 07 Tool radius compensa- 0 03 designation
tion, left Gal 4 Incremental command B
Gaz Tool radius compensa- 0 designation
i tion, right G92 &« | Programming of absolute B
G43 Tool length compensa- B zero point
tion, plus direciion G94 Feed per minute o
a4 08 Tool length compensa- B 05 {mm /min) designation
tion, minus direction G95 Feced per revolution o
J Tocl length compensa- B (mm{rev.) designation
tion, cancel Return to initial peint
—= G98 0
45 Toal position offset, B 10 for canned cycles
extension Return to point R for
Tool position offset G99 nned cycle o
G46 pe ’ B cannes cyees
retraction G10G High-speed cutting cancel Q
ca7 * Tool position offset, B High-speed cutting in
double extension G101} 44 sequential processing O
Gag Tool position offset, B mode ON
double retraction G102 High-speed cutting in o
G50 |5 1S5caling OFF ) processing mode ON
G5I1 Scaling ON O
G52 12 Return to base coordi o Notes:
o nate system 1. The G codes in the * group are non-medal.
G53 | * Temporary shift to ma- O and are effective only for the block in which
chine coordinatc system they are commanded. They cannot be pro-
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grammed twice or more in a block. They must
be programmed only once in 2 block of its own.

2.

The codes marked with W is automatically
selected at power on or reset.



2.9,2 POSITIONING {G00, G08)

GO0 X-.. ¥..o Z.ov (ot
{where o = A, B, C, U, V, or W}

With this command, the tool is sent to the speci-
fied position in rapid traverse motions along the
3 axes (4 axes™) simultaneously. If any of the
coordinate positions is not specified, the machine
does not move along that coordinate axis.

The rapid traverse rate for the respective axes
are inherent to the machine tool. Refer to the
machine tool builder's manual.

Motions in the respective axis directions are in-
dependent each other, and therefore, the result-
ant tool path is not necessarily straight. When
programming tool positioning commands, take
care to avoid the possibility of tool and workpiece
interference.

EXAMPLE
G0l X4000 Y4000 Z4000 ;

Y
4
0 X
4
4
Z
Rapid traverse rate
X axis: 8 m/min
Y axis: 8 m/min
Z axis: 4 m/min
Fig. 2.11

GO0 is a modal G code belonging to the 01 group.

Error detect OFF positioning (G06)
G06 X+ Y--. Z.o. (ote..)

With this command, the same positioning motions
are initiated as with a GO0 command, with the
following exceptions,

- After the completion of the positioning motion
with G06 block, the program advances to the
next block in the ERROR DETECT OFF mode
(Note). Therefore, the tool path at the corner
is rounded.

G06 is a non modal G code belonging to the *
group. and thervefore, it is effective only in
which it is programmed,
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NOTE

- GO0 commands position the tool in the ERROR
DETECT ON mode, which means that the pro-
gram advances to the next block only after the
servo lag pulses are decreased below the per-
missible level, and this is detected by the con-
trol. With this command, therefore the corner
of the workpiece is machined sharp.

- With the ERROR DETECT OFF mode commanded
by G06, the program advances to the next block
immediately after the completion of pulse distri-
bution. :

2.9.3 LINEAR INTERPOLATION (G01)

GO0l X..vo Yoo.o Z... (aF...) F-..
where a=A, B, C, U, V, or W

With this command, the tool is moved simultane-
ously in the three (four?) axial directions result-
ing in a linear motion. When a certain axis is
missing in the command, the tool does not move
in the axial direction of that axis.

Feedrate is specified by an F code the feedrate
in the component axial directions are so control-
led that the resultant feedrate becomes the spec-

ified feedrate.

F = ‘/sz + FyZ + Fz2 + Fol

{where Fx, Fy...
directions.)

are feedrate in the X, Y.-.

The end point can be programmed either in ab-

solute coordinates or in incremental values with
G90 or G9Y1 respectively. {Refer to 2.9.31

Absolute/Incremental Programming (G90, G91}}.

If no F code is given in the block containing the

GOl or in preceding blocks, the block constitutes

an error "030."

EXAMPLE

GO01 X4000 Y4000 Z4000 F1l00 ;

Y
4 100 mm/min
RESULTANT
FEEDRATE
o (TANGENTIAL
4 FEEDRATE)
0 X
4
e
Z
Fig. 2.12
Wihere e opiional 3ih axXis 12 a rotary axis YA,

B or C), for the same F code, the feedrates in
the basic three axis directions (X, Y and 2),
and the rotary axis feedrate are as indicated.



2.9.3 LINEAR INTERPOLATION (G011} (CONT'D}

Table 2.22

In minimum F command unit

F-{function

three axes

Feedrate in basic

Feedrate of rotary axes

Metric Metric input | F40 1 mm/min 1 deg/min
cutput Inch input F3i 0.1 in./min 2.54 deg/min
. 50 . ] .
Inch Metric input | F 1 mm/min 0.3937 deg/min
OUIPUt| 1k input | F31 0.1 in. /min 1 deg/min
Note: Feedrate of linear 4th as the same as that of basic three axes.

2.9.4 CIRCULAR INTERPOLATION (G02, G03)

With the following commands, the tool is control-
led along the specified circular pathes on the XY,

Goz

XY plane G17 G03 Xeoo
G02

ZX plane G18 {G03} Z--+ X-.--
JjGo2

YZ plane G19 | GO3 Yoo Ze--

The moving direction of the tool along the circle
is as follows.

G02:
G073

Clockwise

Counter-clockwise

\coz
I~

T

i
L

“® Km

\cez
o\
z

ZX, or YZ plane, at a tangential speed specified
by the F code.

IR S

1 .
koo f E

CA\GOQ

X Y
XY plane ZX plane YZ plane
(G17) (G18) (G19)
Fig. 2.13
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When circular interpolation (G02, G03) is to be

programmed, usually, the plane of interpolation
should be specified in advance with G17, G18 or
Gl19.

G17: XY plane or X4 planet
G18: ZX plane or Z4 planet
G19: YZ plane or Y4 planet

In addition to the plane of circular interpolation,
these G codes specify planes for tool radius com-

EXAMPLE

G17 G90 G03 X1500 Y4000 1-3000 J-1000 F150 ;
(a) Absolute command with {(G90)

END POINT

START

4000 POINT

2000 —
CENTER, .=~

~-3000

1500 5500

pensation (G41, G42). If no selection is made to
the contrary, XY plane {G17) is selected auto-
matically immediately after the switching of the
power supply.

The end point of the circular arc may be specified
by G9 or G9Y1 respectively in absolute or incre-
mental values. However, the center of the circle
is always programmed in incremental values from
the start point, irrespective of G90 or G91.

G17 G91 G03 X-4000 Y2000 I-3000 J-1000 F150 ;

(b} Incremental command

L =4000

4000 J/‘\

s
END POINT GO3

2000

CENTER _.—— ]

~3000

‘$ 1500 5500

Fig. 2.14

Instead of the coordinates 1, J, and K of the
center of the circle, the radius can be directly
specified with an R command. This is called
circular interpolation with radius R designation
mode .,

Gl17 G02 X.-. Y... Rat.s. F...

START POINT

180° OR OVER

In this case,

when R > 0, a circular arc with the center an-
gle less than 1809, and

when R < 0, a circular arc with the center an-
gle larger than 180° are specified.

END POINT

180° OR BELOW

Fig. 2.15
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2.9.4 CIRCULAR INTERPOLATION {G02, GO03)

{(CONT'D)

G17 G02(G03) I1... J... F... Ln ;

With this command, complete circular interpolations When a linear 4th axis option is used, circular
are repeated n times. Without an L designation, interpolation is possible in the Xa , Za , and
the interpolation is executed only once. Yo planes in addition to the XY, YX, and ZY

planes (where a= U, V, or W)

Xa plane G17 {ggg }X---a-u {? J} Feu'

Go2 R+--
Z o plane 6181{603}2'”&” {K I} F...
J oz R... _
Y o plane G119 LGOS}Y”‘G”' 3., K} Foou
NOTE:
% N
. G17 G02 X.-- {IR J} Feer 7 7N

g o 1t
cannot be performed on the axes including represented by "°.

rotary 4th axis. CENTER

Circular pathes covering two or more quadrants
can be programmed in a single block. A com-

plete closed circle can also be programmed. % /
EXAMPLE \\\ ///

Or- )

Where address characters for the 4th axis is 0

missing as in the above command, the XY plane T d . .

is automatically selected. Circular interpolation € end point 1is
S"’\

GO0 X0 YO ; Fig. 2.17
G02 X0 YO II000 JO F100 ; . When the end point is programmed in the hatch-
. complete circle ed areas shown above, no alarm state is creat-
Y ed, but the tool will keep on rotating.

Especially when tool compensation is applied,
coordinate values of the point and the center
must be programmed accurately.

G02 2.9.5 HELICAL INTERPOLATION {G02, G03)*T

A circular interpolation on a certain plane, and

1000 2000 X a linear interpolation along an axis not included
in that plane can be executed in synchroniza-
tion, and this combined interpoilation is called
helical interpolation.

Fig. 2.16

When the coordinate values of the end point of
a circular path is not exactly on the correct
circular path due to calculation errors, etc.,
correction is made as shown below.

Points 0 are commanded as end point. (See the
figure below.)
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- Command format

(a) For XY plane G17 ggi X...
{b) For ZX plane c18 ggg} AN
(¢) For YZ plane G19 {ggg Y. ..
(d} For Xaplane Gi? ggg X. ..
(e) For Zaplane G18 {ggg Zevs o
(f) For Yo plane G19 ggg} Yoo

Where o is one of the linear 4th axes U, V, or
W. If no 4th axis is programmed in (d), (e),
and (f), they are regarded as equal to {a), (b)
and (c).

EXAMPLE

z
90, END POINT
100 ¥
R
F=10
100
X \START POINT
Gl7 GO03 X0 Y100. R100. Z90. F10. ;
Fig. 2.18

NOTES:
- The circular arc should be within 360°.

+ As long as above note (a) is satisfied, the
start and end points can be taken at any time.

- The feedrate F means the tangential speed on
the plane of circular interpolation. There-
fore, the speed (F'} in the direction of linear
interpolation is as follows.

F'=F x {(Length covered by linear interpolation)

R.
Y... {1--
R.
X R
R.-.
oo {10 g
R---
Qoo {IJ
{R-'-

e {?. K---_} Xesso Foouw

(Length of circular path)

- Tool radius compensation Ct can be applied
only to the circular path on the plane of cir-
cular interpolation.

J }Z(a)--- F-er
I...}Y(a)--- Feor

}X(Q)... F... 3

}Z... Fvaua 3
}Y... F...

I

2,9.6 DWELL (Go04)

G04 P.--

This command interrupts feed for the length of
time designated by the address P.

Dwell is programmed as an independent block.

The maximum length of time which can be desig-
nated with address P is as follows.

Format | Dwell time (P programmable range)

P53 0 - 99999.999 sec

The value does not depend on metric/inch input
or metricfinch output.

.

EXAMPLE

G04 P2500 ;

Dwell time: 2.5 sec.

Two types of dwell can be selected by parameter:

Dwell when the specified value in the command
block before the dwell block is identified by lag
pulses of servo, or dwell on completion of pulse
distribution.

2.9.7 EXACT STOP (G09, G61, G64)
- Exact stop (G09)

. When a block containing G09 is executed, the
program advances to the next block after com-
pleting a block in the Error Detect On mode
(Note a}. This function is used when sharp
corners are desired. G09 is non-modal, and is
effective only in the block in which it is con-
tained.



2.9.7 EXACT STCP (G09, G61, G64) (CONT'D)

Exact stop mode (G61)

When once Gél is commanded, all the following
blocks will be completed in the Error Detect
On mode before proceeding to the next block.

* Exact stop mode cancel {G64)

This G command is for cancelling the effect of
Gol.

NOTES:

In the Error Detect On mode, the program pro-
ceeds to thenext block only after the number
of servo delay pulses is found to have decreas-
ed below a permissible limit following the com-
plete distribution of circular interpolation
command pulses.

- In the G09 and G61. off modes, the program pro-
ceeds to the next block immediately after the
complete distribution of the pulses of ordinary
linear and circular interpolations, and there-
fore, because of the servo delay, tool pathes
are rounded at the corner. This mode is called
"Error Detect Off" mode.

For rapid traverse, the Error Detect On and
Off modes are controlled only by G00 and G046,
and net by the above G codes,

2.9.8 TOOL OFFSET VALUE DESIGNATION (G10)

With a G10 command, correction of tool offset
values and work coordinate system can be made
as follows.

Designation of tool offset value (G1¢)

Normally, tool offset values are written in by
MDI. On the other hand, with a program G10
P--- R--- ;, {where P = tool offset number
and R = tool offset value), any programmed
offset values can be replaced by a designated
value.

When G10 is commanded in the G90 mode, R is
regarded as an absolute value.

When G110 is commanded in the G91 mode, R is
regarded as an incremental value.

* Changing work coordinate system+
Corresponding to G54 through G59, separate
work coordinate systems are set up as setting

data in advance.

G10 Q2 Pn Xe - Yeor Zoow gee-

(where Q2 is used to discriminate from tool
offset value designation and a4 means to seloup
a work coordinate system. Pn (n = 1 to 6)
corresponds to the work coordinate system n
to be set yp.)

For Pl-.. G54
For P2-.. G55
For P6&--- G59 corresponds.

With the above command, data of any desired
work cogrdinate system can be changed.
2.9.9 CIRCLE CUTTING (G12, Gc13) 7
This is a canned cycle includes a complete series
of movements for machining a circle in a sirgle
block. It includes the following functions.

- Format

G12(G13) 1--» D-.. ¥F... ;

'1-(D) (D]
I

Fig. 2.19

Designation of rapid traverse section R
G12 (G13) {.-- R... D.-- F--- ;

With this command, a circular bore is machined
as shown below. Numerals following an address
character R specifies rapid traverse sections.
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Tool path

ar O—@—O— @ O—®
s @O —@ OO @
// Tool (D) represents a set value of tool radius
/ compensation.
/ G12: Clockwise (CW)
Lo X
% G13: Counterclockwise {(CCW)
[ I: Radius of finished circle
(incremental value with sign)
R: Rapid traverse section
(incremental value with sign)
D) D: Tool radius compensation No.
1 F: Cutting feed rate -
Fig. 2.20

* Automatic calculation of rapid traverse section
G12(G13) 1I-.- J--« D.v. Foeur 3

With this command, when depth of cut {incre-
mental} is designated by numerals following an
address character J in place of R, the tool
rapid traverse section within which the tool
can move at rapid traverse rate without making

contact with the stock is calculated automatical-
ly. T is programmed without a plus or minus sign.

Y-AXIS

X-AXIS

RAPID TRAVERSE
AUTOMATICALLY
CALCULATED

- Commanding repeated circle designation
G12(G13) I-++ D--+ Le-- Feer ;

With this command, the circular bore surface
can be executed L times.

* Commanding spiral circle Q, K

G12{(G13) I...

D:-+s Keeo Qv Ferr

With this command, the toocl is moved along a
spiral before finally finishing a circular hole,

as shown below,

For the sake of simplification,

the diagram shows as if the tool has a zero

radius (D = 0).

Q (radius increment) must be

programmed without sign.

Y 120 QOO

: RADTUS
_ INCREMENT

@f x
A\

NOTES:

Tool rapid traverse section can be set at LU
{n =0, 1, 2 ... 10) pitch for a returning semi-
circle of circle bore,

_29_

K = RADIUS CF

I
77

Fig. 2.22

FINISHED CIRCLE



2.9.9 CIRCLE CUTTING (G12, G13)T (CONT'D)

Tool path
G13: (& DI —x)—()

{D) represents a set value of tool radius
compensation.

Tool

1 G12: Clockwise(CW)
G13: Counterclockwise (CCW)

I: Radius of finished circle
{incremental value with sign)

R: Rapid traverse section

&
%
R~ (D) (incremental value with sign)

Dy I-(D)

D: Tool radius compensation value

T
Fig. 2.23

Combined designation of rapid traverse sec- If R-d and I-d have different signs, this is
tion, repeated circle and spiral circle. also regarded as an error.,

"Rapid traverse section, repeated circle desig- - When programming G12(G13), always specify a
nation and spiral circle can be commanded in tool radius compensation number D, If this is
combination as shown below. not specified, the tool moves without radius
G12(G13) I--- R--. {or der+) Keeo Q--- compensation.

Loewr Fove EXAMPLE

NOTES: GOD  Z-4000 ;

G12 15000 R4000 D10 F300
GO0 24000 ;

- Circle cutting is possible only on the XY plane. . D10 = 10.0 mm
- The tool speed in the rapid traverse section is

set by parameter #6225,

With a circle cutting command (G12, G13), the
tool is offset for its radius compensation with-
out the use of G4l or G42 (tool radius compen-
sation). When using G12 or G13, cancel tool
radius compensation with G40.

- In the explanation above, only motions in the

+ direction of X-axis is considered. With proper

: : START
use of signs for I, J, K and D codes, motions POTNT
in the - direction of X-axis (symmetrical with (a) ‘ //
respect to Y-axis) can be commanded. In Fig. " ﬂ
2.23, signs of I, R and (D)} are minus. How- ~
ever, cutting in the Y-axis direction is impos- =
sible,

I,J. K, R, Q and L codes in circle cutting com-
mand are effective only in the block containing
them.

+Y

+
]
Lt
=]
Il
e
(=]

- The radius I of finished circle and the rapid
traverse section R are subject to the following
restriction. When values not in conformity
with the restriction are programmed, this is .
regarded as an error. Fig. 2.24

|R-d]<|1-ad
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. GOO Z-4000;
G13 I-5000 J700 D15 F300; D15 = -8.0 mm

GO0 Z4000;

8.0 TOOL RADIUS

7.0 DEPTH OF CUT

; C:——__.H AUTOMATICALLY COMPUTED
RAPID TRAVERSE SECTIOR

Fig. 2.25

2.9,10 PLANE DESIGNATION (G17, G18, G19)

The plane for making circular interpolation and
tool radius compensation is designated by G codes
G17/G18/G19.

Gl7: XY plane
G18: ZX plane
G19: YZ plane

When the 4th axis’ is selected, the following
planes are newly added.

Gl7: XY plane or Xa plane
G18: ZX plane or Zao plane
G19: YZ plane or Ya plane

a means U, V or W axis.

‘The move command in each axis can be program-
med regardless of the plane designation by G17/
G18/G19.

For example, if
Gl17 Z...
is designated, motion is on Z axis.

The plane for making tool radius compensation by
command G41 or G42 is univocally determined by

G17, G18 or G19: It is not possible to designate

compensation plane including the fourth axis.

The XY plane (G17) is selected when the power
is turned on.

2.9.11 INCH/METRIC DESIGNATION BY G CODE
(G20, g21)t

Unit of input data are selectively specified by the
following G codes between metric and inch,

G code Input unit
G20 Inch
G21 Metric

These G codes are programmed at the leading end
of a block of its own. If one these G codes are
commanded, the units of all the following motions
are changed afterwards.

* subsequent programs

- tool offset values

- part of setting parameters
. part of manual movements

- displays

NOTES:

- When G20 or G21 is commanded, the setting of
inch/metric selection is changed. Therefore,
the state of G20/G21 at the time of power ap-

plication depends on the setting by parameter
#6001 DO.

EXAMPLE
ER

CR
01234

G20 ; «———+Inch input designation

_‘_."/,.—-———_\
 When G20/G21 selection is commanded in the

program, take the following procedure before-
hand.

A. When work cocrdinate system (G54 to G59)
is used, return it to base coordinate sys-
tem.

B. Cancel all tool compensation command.
(G4l to G48)
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2.9.11 INCH/METRIC DESIGNATION BY G CODE

(G20, G21)T (CONT'D)

Take the following procedure after the command

of G20/G21 selection.

A. Program absolute zero point for all axes
hefore move command.

B. In principle, make the display reset opera-
tion when current position display {exter-

nal) is used.

* The tool offset values are processed different-

ly in the G20 mode and the GZ1 mode.
G20/G21 must be commanded after modifying
the tool offset values.

Processing in
G21 (Metric)

Stored off- Processing in
set values G20 (Inch)

15000 —p— 1.5000 15.000 mm

2.9.12 STORED STROKE LIMIT (G22, G23)7*

This function is for checking the current tool
position during manual or automatic operation
for entry into the prohibited area specified by

parameters or by G22. 1If the tool enters a pro-

hibited area, machine operation is stopped and
an error sign is displayed.

ist prohibited area

The arca outside the area specified by a param-
eter is a prohibited area. Generally, this can
be used as a substitute of overtravel checking

function. Upper limit point A and lower limit
point B are specified by parameters.

15T PROHIBITED AREA
- A (Xa, Ya, Za)

TR

e

B (Xb, Yb, Zb)

Fig. 2.26

2nd prohibited area

The boundary of the 2nd prohibited ares iz
specified by a parameter setting or by G22.
The inside or the outside of the boundary can
selectively be made a prohibited area by means
of parameter setting.

G22 Xooo Yeor Zoor Loen Jois Kene
N

—\

C point D point
Upper limit Lower limit

With this command, the checking of the 2nd
prohibited area is started, and with G23 ;,
the check function is cleared.

ZND PROUIBITED AREA C (X, Y, 2)
-~ P

2

-~ /
- /
T

D (I, J, K}

Where Znd prohibited
area is outside.

C (X, Y, Z}
= e
/, 2%D /PR’OH‘[BITEI//

N

AREA

o

Where 2nd prohibited
area is inside.

Fig. 2.27
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The parameter numbers and the setting num-
bers of these prohibited areas are as follows,

Table 2.23
X Y A Division
iltitdp;:;:b_ A point #6600 #6601 #6602 Parameter
B point #6606 #6607 #6608
2nd prohib- | C point #6510 #6511 #6512
ftedarea T int #6513 #6514 #515 Setting

The parameters for specifying the inside and
the ocutside of the 2nd prohibited area are as
follows.

#6007D0 Meaning
nor Inside prohibition
" Outside prohibition

* The 2nd prohibited area checking function can
also be turned on and off with the following
setting number.

#6001p, Meaning
ngn 2nad prohibited area
check; off
nyn Znd prohibited area
check; on
NOTES:

- The lst and the 2nd prohibited area can be
specified overlapping each other.

+ Boundary lines are included in the prohibited
areas.

- All the prohibited areas become effective after
a manual return to reference point or a return
to reference point by G28 after turning on of
the power supply.

+ If the tool is in the prohibited area at the time
when the prohibited area becomes effective,
this is immediately regarded as an error. In
this case, turn off the 2nd prohibited area by
the setting of the setting number, and cither
vewrite the data or move the tool out of the
prohibited area manually.
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- If an alarm state is created by the entry of the
tocl inte the prohibited area, the tool can move
only in the returning direction.

+ No stored stroke limit can be set to the 4th
axis.

- The stored stroke limit checking function may
selectively be used or disused during a machine
lock aperation by the setting of the setting
#6001D5.

2.9.13 REFERENCE POINT CHECK (c27) T

This function is for checking the correct return
of the tool to the reference point after performing
a cycle of operation in accordance with a program
which starts at the reference point and ends at
the reference point.

{ot...) ;

With this command, the tool moves towards the
specified position along the three axes (4 axes™)
simultanecusly but independently, and after the
arrival at the specified point, the point is check-
ed for-the conformity to the reference point. If
any of the axes is omitted in the command, the
tool does not move in that axis and no check is
made in that axis,

G27 X+ Yoo Z..s

If the point is in conformity with the reference
point, the reference point return lamp lights.
If the tool is correctly in the reference point in
all the axes, automatic operation is performed
further, but if the tool is not in the reference
point even in one axis, this is regarded as an
error (alarm 241 - 244 display), and the auto-
matic operation is interrupted. (Cycle start
lamp goes off.)

If G27 is commanded in the tool offset mode, the
tool return point is also offset. Cancel the tool
offset mode when commanding G27.



The tool position offset command is not cancel-
led by G28. Make it a point to cancel it before
commanding G28. If G28is given in the tool
position offset mode, the tool metion by the
succeeding program becomes as desceribed be-
low. Care should be taken.

2.9.13 REFERENCE POINT CHECK (G27)T (CONT'D) °

Reference peint as meant here is a fixed point
relative to the machine to which the tool returns
by the manual reference point return motion or
by G28 automatic reference point return motion.

Refer to 6.1.15 MANUAL REFERENCE POINT A. When the su(:(‘eeding program is made in the
RETURN SWITCH. The mirror image function can incremental mode:
be applied to the G27 command. To avoid non-con- Tool moves by the amount of incremental
formity errors, clear the mirror image mode with value from the reference point. The tool
M%4 (Mirror image off) before commanding G27. offset is not effective.
. B. When the succeeding program is made in the
2.9.14 AUTOMATIC RETURN TO REFERENCE : absolute mode: .
POINT (G28) % Tool moves to the position which is speci-
fied by absolute value and tool offset value.
G28 X-v. Y--. Zeo. (ot C. When G29%is given immediately after the
G28:
With this command, the tool is sent back to the By G29 command, the tool moves to the off-
reference point. The .tool moves towards the ) set interim positioning point and the suc-
specified points in rapid traverse, and automati- ceeding motion is made according to the
cally stops at the reference point. ) item A and B.
The tool moves simultaneously in up to 3 axes (4 + When returning the tool to the reference point
axesT). However, the tool will not move in the for the first time after turning on the power
direction 9f thg axis for which a coordinate in- supply, pay attention to the tool position.
struction is omitted. Refer to 6.2.1 MANUAL RETURN TCO REFER-
ENCE POINTT,
EXAMPLE
Return to reference point in rapid traverse
G28 Kevr Y-or Zooo . .
In addition to the above " Automatic Return to
Reference Point," "Rapid Traverse Return to
Reference Point" function may be incorporated in
7 the control. With this function, the motion se-
b quence is as follows.
REFERENCE ZERO POINT - After positioning at an interim positioning point
\ -é B, the toecl directly moves to the reference
point in rapid traverse. The returning timeis
B ) N 7 AXLS shorter than that with the ordinary return to
- ING - DECELERATION LS reference in which deceleration LSs are used in
POSITIONING all the axes.
- EFERENCE .
\v/ l‘égggRN 0 R With the "Rapid Traverse Return to Reference
d START ! INTERIM Peint," point B may not necessarily be within
Z POINT ‘ POSITLONING POINT the reference point return possible area.
Y AXIS DECELERATION LS - The rapid traverse return to reference point
¥ becomes possible only after the tool has been
$ ¥ returned once to the reference point in all the
axes by manual operation or by G28, following
Fig. 2.28 the turning on of the power supply.
) . Rapid traverse return to reference point is ef-
"Return to reference point" involves the same fective only with G28, Manual return motions
series of motions as the manual return to refer- are not changed by it.

ence point. L .
P - Where a 4th axis is used, when no command is

NOTES: given for the 4th axis in a G28 command, and
when the tool has been returned to the refer-
If G28 is commanded in the tool radius compen- - ence point in the X, Y, and Z axes, the tool
sation mode {G41, G42} or in a canned cycle, moves to the reference point in the rapid trav-
this is regarded as an input error "024." erse return mode. If a command for the 4th
If G28 is commanded in the Mirror Image mode axis is included in the col?]mgnd, the tool re-
(M95), this constitutes an input error "058." turns to the reference point in the ordinary

return mode, unless the return motions in all
the 4 axes have been completed.
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2.9.15 RETURN FROM REFERENCE ZERO {G29)1

This code is used to return the tool to its original

position after return to reference zero by auto-
matic return to reference zero, along the same
path.

G28 Y-.. Z... ; Point A + B +C
B {Reference zero point)
Point B
G29 Y-.. Z... ; PointC - B + D
-—
Point D

c
4$}-(REFERENCE ZERO POINT)

i

r“*~RETURN TO REFERENCE ZERO

- t A INTERIM POSITIONING
/ POINT

Figl 2.29

When GZ29 is programmed, it is not necessary to
consider the distance between point B and € in
the program. Particularly when an incremental
instruction is used, this is effective for return-
ing tool to the original position, after returning
to reference zero. .

Movement of C + B and of B + D is made at rap-
id traverse ratesimultaneously along three axes
(simultaneously four axesT) by G29. However, in
an axis for which a coordinate instruction was
omitted, the tool will not move.

If G28 is programmed a number of times, the fi-
nal coordinates of point B which the last G28
creates is effective for the move of G29.

EXAMPLE 1 (In the case of absolute input)

Interim point
coordinates
X Y VA

; — (0, 2000, 1000)

~— (3000, 2000, 1000)

N21 G99 ;
N22 G28 Z1000 Y2000
N23 G28 X3000 ;

N24 G29 X-4000 Y-5000

GO0 X3000 Y2000 ;
GO0 X-4000 Y-5000 ;

L Equal to
the two =

blecks

EXAMPLE 2

N31 G91 ;

N32 G28 Z2... ;

N33 G28 X2000 Y4000 ;
N34 MO06 ;

N35 G29 X4000 Y-4000 ;

+Y

40

+X

Fig. 2.30

NOTES:

* An input error "024" occurs if G29 is program-
med in tool radius compensation mode (G41,
G42) or during canned cycle made (G73, G74,
G76, G77, G81 to G89).

- An input error "059" occurs if G29 is given
without execution of G28 after the control is
turned on.

* In principle, cancel tool offset before program-
ming G28 or G29. 1If they are programmed when
offset is also effective, interim positioning
point B will also be offset, and the tool passes
peoint B!,

c
e" (REFERENCE ZERC POINT)
’

B' OFFSET AMOUNT
R
D' o~ /7:\<B—
s (INTERIM POSITIONING
4 POINT)
A'
Fig. 2.31
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2.9.15 RETURN FROM REFERENCE ZERO (G29)7
{CONT'D)

- An input error "058" occurs if G29 is given dur-
ing mirror image (M95).

The following command or operation must not
be taken because interim positioning point B of
;28 does not meet with that of G29.

(1) The following operations are made between
G28 and G29 commands,

- Setup of absolute zero (G92, ORG key)
- Machine lock
Manual operation at Manual Absolute Off

(2} G28 and G29 are commanded in the blocks
following the block containing M94 which
cancels mirror image at the different point
from the starting point of mirror image.

(3) G28 and G29 are commanded after manual
operation at Manual Absolute Off.

2.9.16 2ND, 3RD AND 4TH REFERENCE POINT
RETURN (G30)T

G30 Pn X..w Yeer Zeor (afel)
(where Pn = P2, P3, P4)

With this command, the tool first moves to an in-
terim positioning point, and then, moves to the
énd, 3rd or 4th reference point.

P2: 2nd reference point When P is omitted,
the tool moves to
the 2nd reference
point,

P3: 3rd reference point

P4: 4th reference point

If any axis of the coordinate instruction is omit-
ted in the command, the tool remains motionless
in the direction of that axis.

Each reference point is specified by the param-
cters (#6612 to #6629) before hand.

EXAMPLE
G30 P3 X30 Y50 The tool returns to the
3rd reference point

moving in the X and Y
directions.

NOTES:

- Three items except the last one in NOTES of
2.9.14 AUTOMATIC RETURN TO REFERENCE
POINT (G28)t apply to G30 in the same manner.

- When G29 is commanded after G30, the tool
moves to the designated point by G29 by way
of interim positioning point designated by G30.
However the interim positioning point is renew-
ed on the axis designated by G30.

2.9.17 SKIP FUNCTION (G31)%
G3l X+« Y... Z.i. Feu.

With this command, a special linear interpolation
is commanded. During the interpolation movement
under the command of this program, whenever a
skip signal is inputted, the interpolation is inter-
rupted immediately, and the program advances

to the next block. From the moment that a.skip
signal is inputted to the time the control start

to process the signal, delay time is less than
0.5m sec. G3l is non-modal.

EXAMPLE

N100 G900 G31 X100.0 ¥50.0 ;
N20¢ GOI XB80.0 Y15.0 ;

SKIP STIGNAL 1S
INPUTTED HERE
(100, s
7
- !
- '
- !

| —= ACTUAL MOTION

0 ; PATH
! e MOTION WITHOUT
/ SKIP STGNAL
(50, 20) o
y (80, 15)
Fig. 2.32

When G31 block is executed without a skip signal
being inputted, the machine stops at the end of
the block, and the alarm code "087" is displayed.

Feedrate of the tool is set for G31 blocks sehzc-
tively by one of the following two methods as
specified by parameter #6019D4.

- To be specified by F similar to ordinary pro-
grams.
- To be set in advance by parameter #6232,

When a skip signal is inputted, the coordinate
values at the moment are automatically stored as
parameter data.
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#6552 .-- storing X coordinate value

#6553 ... storing Y coordinate value
#6554 -.. storing Z coordinate value
#6555 -+ storing 4th coordinate value

These data can be treated as coordinate data in
user macros.

When a skip signal is not given in spite the exe-
cution of G31 by setting (#6004D0), the program
moves on to the next block automatically.

2,9.18 THREADCUTTING (G33)*

Provided that the machine is equipped with a spin-
dle pulse generator generating reference pulses,
and a synchronous feed function (G95), screw
threads can be cut with this function.

G33 Z.vs Foun

With this command, threadcutting is made in the
Z direction at a lead of F,
Lead range is shown below.

Range of lead

Metric 0.01 - 99.99 mm

Inch 0.001 - 3.936 inches

However, lead is subject to the following restric-
tion from the spindle speed.

F{mm/rev) x S(rpm) £ 24000(mm/min) or
a clamp value

NOTES:

* G33 may be programmed with two or more axes
simultaneously as for example in G33YyZzFf ,.
In this case, the tool moves along the axis for
which the longest distance is specified at the
lead specified by F,

© G33is a G code in the 01 group.

- During a threadcutting operation, feedhold and
mode change are impossible. Feedrate override
is also ineffective, and the feedrate is locked
at 100%.

* G33 can only be commanded in the G95 (mm/rev)
mode. If it is commanded in the G%4 (mm/min)
mode, it causes an alarm.

- G33 can not be programmed in the tool radius
compensation C mode. If it is commanded, it
causes an alarm.

* Threadcutting command can not include 4 axes.
If 4 axes are included in a threadcutting com-
mand, an alarm is caused.
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2,9.19 AUTOMATIC CENTERING FUNCTION
{G36, c37} T

With this function, the spindle is aligned with
the center line of the machined bore, with a touch
sensor,

- G36 I...{or J--.) F«-. ;

With this command, the spindle moves in the X
(or ¥) direction at speed F until the touch
sensor makes contact with the workpiece and
gives a contact signal. The distance "a" from
the start point to the contact peint is stored
with the function of G37. Then, the spindle
returns to the start point in rapid traverse,

+ G37 I'vlorJ's+:) Fouv

With this command, the spindle moves in the X
(or ¥ ) direction at speed F until the touch
sensor makes contact with the workpiece and
gives a contact signal. Then, the spindle re-
turns to the start point in rapid traverse.

a - b
2

where b = distance between G37 start point to
contact point,

D =

1(J) |
r I'(") | *‘
| : '
l (}_.a—_/
D o—- 83 I GorkpIEcE
G37 |
)
/L i _1; W 4
1 c-= i;—b CENTER
(I, 3, I', J' = Incremental value)
Fig. 2.33
NOTES:

+ When no contact signal is obtained during the
movement through the specified incremental
distances I (or J} and I’ (or J'}, this consti-
tutes an error. !

* When I and J are programmed together in a
block of G36 or G37, this constitutes and error.

* When G36 or G37'is commanded in the tool
radius compensation C mode or in a canned
cycle, this command is treated as an error “Gaq.



2,5.19 AUTOMATIC CENTERING FUNCTION

{G36, G37}T (CONT'D)

EXAMPLE A: Automatic bore centering

MO06 T10

GOO X--+ Y-or ;=

@ G991 Xr ;

@ G6ILiF--- ;

3) X-2r ;

@ G371- ;

@ Xr ;
Yr ;
G36 Jj
Y~2r ;
G37 J-§;
Yr ;

G92 X0 20 ;

Note:

Selection of touch sensor

Positioning in X and Y
axes to virtual center

Motion in Z direction to
measurable position

Motion through virtual
radius r in X direction

Automatic centering (1}
in X direction

Motion through virtual
diameter-2r in X direc-
tion

Automatic centering (2}
in X direction

Completion of centering
in X direction

Similar automatic center-
ing in Y direction

Setting the automatically
obtained center point as
the coordinate (0,0) point

r <R is assumed in the program.

Fig. 2.34

EXAMPLE B:

MO06 TI10 ;

GOO X-+- Y.ouu 5uu

@Z—z;

) G371 ;

Zz;
@Xr;

Yr ;

Yr :

G92 X0 YO ;

Automatic outer diameter

Selection of touch sensor

Positioning in X and Y
axes to virtual centor

Motion through virtual
radius r in X direction

Motion in Z direction to
measurable position

Automatic centering (1)
in X direction

Retraction in Z direction
Motion through wirtual
diameter-2r in X direc-

tion

Motion in Z direction to
measurable position

Automatic centering {2)
in X direction

Retraction in Z direction

Completion of centering
in X direction

Similar automatic center-
ing in Y direction

Setting the automatically
obtained center point as
the coordinate (0,0} point

7
WORKPLECE
z /

Note: r >R is assumed in the program.

Fig.
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2,9.20 Z-AXIS REFERENCE SURFACE OFFSET
(G3s) T

With this function, the tool is offset in the Z di-
rection automatically for obtaining accurate dimen-

sion relative to a reference surface, with a touch ? P
Sensor. ! f Wj
|
G38 Ke-. Fu-r ; @l !
|
With this command, the spindle moves in the l@
Z direction at a speed F, and stops when the i
touch sensor gives out a contact signal. Then, @ !
d =k - g is calculated, and the spindle returns k
through g - d in rapid traverse, where k is a :
value specified by K and g is the distance from / dy//// ///
the start point to the contact peint. WORKPTECE
Fig. 2.37
Z START
POINT
- 2.9,21 TOOL RADIUS COMPENSATION C
d (GH0, o1, Gu2)t
K 8 ? It is possible to specify the radius of the tool and
| g-d to cause automatic tool path offset by this value.
! Store the offset value (tool radius value) in the
I offset value memory in advance by MDI, and pro-
@ gram the tool offset number correspond to the
. —— tool radius value by a D code in the program.
ki INCREMENTAL DISTANCE . 1. Designation of compensation direction and
of D code
Fig. 2.36 Tool radius compensation C is programmed
: with G41, G42 and is cancelled by G40.
NOTES: G4l and G42 indicate the directions of tool
* If no contact signal is received during the trav- ;fjrsl:t with respect to the direction of move-

el through the specified incremental distance k,

11087" H . . s
an error Is caused G code of tool radius compensation C

- When G38 is commanded in the tool compensation
C mode, or in a canned cycle, this is regarded G code Group Meaning
as an error "024."

Cancellation of tool radius
. G40 07 2
EXAN{PLE compensation C
1
M06 T1l ; ———— Selection of touch sensor G4l 07 Tool radius compensation
. C, left .
@ G911 GO0 Z-2 ; — Approach to the measur-
. ing point in Z direction G42 07 Tool radius compensation
) ’ . C, right
(@ G38 K-k F-+- ; — Z reference surface
compensation Note: When the power is turned on, G40 is

@ Zz ; - Return to the offset effective.

position in the Z
direction

Note that the directions of compensation
(right, left) indicated above are reversed
when the sign of the tool radius value in the
offset memory designated by a D code is neg-
ative. Make sure to designate a D code in
the block containing G41, G42 or in a preced-
ing block. If D00 is commanded, too! radius
will be regarded as "0."

Setting of Z coordinate
origin at this point

.
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2.9.21 TOOL RADIUS COMPENSATION C (G40, GU1, c42)' (CONT'D)

EXAMPLE A

G41 (LEFT)

{(a) G17 G01 F... ;
G41(G42) D-.. X... ¥Y... ;

Koon

G42 (RIGHT)

Fig. 2.38 TOOL, G40

Switching between G41 and G42 can be made
in the compensation mode. Details will be
given in item 5 below.

Designation of compensating plane

The plane in which tool radius compensation
is made is designated by G17, G18, G19.
They are G codes of 02 group. The XY plane
(G17) is in effect at the time power is turned
on.

PROGRAMMED PATH

G codes for designation of planes X
G code Group Meaning
G17 02 XY plane (b G17 G01 F--- ;
G18 02 ZX plane - GA1(G42) D-+. Xevr Yoo ;
Gl9 02 YZ plane GO02 X--+ Yerr Jeoo ;

Note: When the power is turned on, G17
is effective.

Make sure to designate a G code for plane
designation in the same block as that of G41,
G42 or in a preceding block. Plane desig-
nation cannot be made in a compensation mode.
1t is not possible to apply tool radius compen-
sation in a plane including the fourth axis™.

Method of entry into compensation mode

When G41(G42) is programmed, the tool moves
to an offset position with the distance equal
to the radius. The offset position is on the
norma! line at the start point of the block
immediately after G41(G42). If no coordinate CENTER
instruction is programmed in the block of

G41(G42), movement is made by the offset

value only. Because G41(G42) accompanies

a movement, it is necessary to program GO0 Fig. 2.39
or GO#1 for a G code in group A. An input

error (alarm code "026) occurs if a G code

other than G00, GO0} is programmed.
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EXAMPLE B

(¢}

G17 GOl F---

G41(G42) D..- ;
Xeerw Yoor

G0Z X-++ Yroo Joor
TOOL, G40

CENTER

Fig.

Pay attention to the fact that offset is made
on the normal line to the program line deter-
mined by the block after G41(G42) at the
start point in all of the examples {a) to (d)
above., When the movement on the compen-
sation plane is not programmed in the block
after G41(G42), the next one block is read
ahead and the compensation start with the
block. The blocks without move command
can be programmed continuously up to two.
Input error occurs if move commands on the
compensation plane are not programmed in
more than three blocks.

When compensation entry is programmed in
the GO0 mode, positioning movement is made
independently by each axis to the offset
point. Take care not to make the tool inter-
fere with the workpiece.

Movement in compensation mode

When after the tool radius compensation is
programmed by G41, G42, the tool moves along
the offset path until the instruction G40 is
given.

2.40

-~ 4] -

(d) G17 GOl F... ;
G41(G42) D... ;

GO02 X-vr Yeur Jeor

CENTER

As calculation of the path is automatically
made by the control, designate only the
shape of the workpiece in the program. The
tool path is controlled as follows depending
on the angle between blocks.

Inside corner (180° or less}):
Intersection computing type

Fig. 2.41



2.9.21 TOOL RADIUS COMPENSATION C C. Movement in GO0 mode

{G40, c41, c42)T (CONT'D)

The instruction GO0 positions tools independ-
ently along each axis toward the final offset

. Outsid 180°): 7
B utside corner (over ) position. Care should be taken on the cutter

Circular path type (in the case of M96)

path.
CIRCULAR
\/7 ARC
>
S
Fig. 2.42 ey
GO0 OR

In this case, movement of circular path is GOl
included in the former block.
Code M97 can be used to machine the outside
corner by the intersection computation, de-
pending on the work, Refer to 2.8.6 CIR-
CULAR PATH MODE ON/OFF ON TOOL RA-
DIUS COMPENSATION C (M97, M%) for
details. ‘
M96 ... Tool radius compensation circular

path ON
M97 --- Tool radius compensation circular )

path OFF (execution of intersection (In M96 mode)

computation)

Normally, M9 is used for this operation,

however, when there is a possibility of an Fig. 2.43
"overcut" in cutting special shapes with the

M96, M97 should be used.
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D. Shape requiring care

Do not program a wedge shape having an
accute angle,

(a) Wrong

Where the tool cannot
enter the wedge shape,

the intersection point

is located on the opposite
side.

The intersection is
located at a far point

' *

(b) Correct

Program a path allowing
the entry of the tool.

Increase
the angle.

Fig., 2.44

5. Command involving no movement in compen- The blocks with no coordinate instructions

sation mode can be processed continuously up to two
blocks. When coordinate instructions are

The control normally reads in advance two missing in three or more blocks, tool radius
blocks during tool radius compensation mode : compensation becomes impossible and accurate
and computes the tool path. If either of tool path cannot be obtained. Therefore, in
these blocks give no coordinate instructions a program where G41 or G42 is used, ensure
such as G04 (dwell), the control reads the that, after them, three or more blocks without
block further ahead and makes computing. movement command plane will not follow.
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2.9,21 TOQL RADIUS COMPENSATION C
(cuo, gu41, cu2)t (CONT'D)

EXAMPLE

G17 GOl G4l X.-+ Y.:o Devr Foor g
Kewre Yooo

Ko Y... M

G04 P10O0O0O Blocks without movement
Xeer Yeur in compensation plane.

’ (When these blocks are within
two, machining is made smoothly.)

MM N

Y.
X-vvo Yeoo
G40 X.-- Y.--
If no movement instruction is programmed in three or more continuous blocks for retracting
three continuous blocks, offset in the block in the third axis or the like, and offsetting on
immediate before them is made on the normal the normal line is not satisfactory, a dummy
line at the end point. Where movement in the block can be inserted by I, J or K,

compensation plane cannot be programmed in

EXAMPLE
N0OOl G17 GOl G41 X--- Y.-. Dr-- Foor
NO02 X--- Y...
XY plane
N010 X--- Y--. |
1
NOI1l T:+- Jevo- Dummy block NOIZ:;NOIQ
]
NOIZ Z--- |
. |
R Z axis 1 X_,m Y)
. 3 blocks ;I
NO19 Z... or above |
L
FooemTm T T T 1 N
. B I e e X
LNO20 X.oo Yoo 3
: XY plane
N029 X Y H
NO30 G40 X--- Y--- ' Fig. 2.45
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The dummy block is not programmed for actual
movement but it only provides data required
for tool radius compensation computation. In
the example indicated above, an instruction
that is the same as the first block (N020) of
restarted movement of the XY plane after move-
ment of Z axis is programmed as a dummy by
Iand J. I, J and K are used as the addresses
of this dummy instruction, and they correspond
to X, Y, Z axes respectively. Suitably use
them in accordance with the plane designation.

I: Dummy for X axis

command .
Programmed in

incremental
values

J: Dummy for Y axis
command

K: Dummy for Z axis
command

If X--. Y-+-. of NO20 is in absolute values in
the above example, give an instruction by con-
verting into incremental values.

Note: Make a dummy block as follows if the
object of the dummy block is circular
interpolation.

EXAMPLE
NO50 GO0l X--- Y... ; b
NO52L{ NOS9 - CENTER

NO50 GO1 I(b) J(-a) ; —— Dummy block : i ,”’a, Tb
NO52 Z..-

cee NO50
N053 2 ' Z axis Y
NO5G Z...

NO51: DUMMY BLOCK
NO60 GO3 X... Y... I{a) J(b) ; —— Circular (LINEAR)
interpolation X

NO61 GO1 X--. Y-.-. ;

Fig. 2.46

This is, insert a linear dummy block that gives
the tangential direction at the start point of
the circular interpolation program block as
shown above. Exercise care with the sign

of the dummy block data depending on the
shape of the circle. The tool stops at point A
by the dummy block in preparation for the
next circular command.,

NO51
DUMMY BLOCK

Fig. 2.47
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6.

Switching between G4l and G42 in compensa-
tion mode

In this compensation mode, direct switching
between G41 and G42 is possible without mak-
ing cancellation with G40.

EXAMPLE

N10 Gl17 GOl F--.

3

N1l G41{(G42) D-:-. ;

N20 GOl X.:» Y... F-ev ;

N2l G42(G4l) X-+- Y... ;3 Block of
switching

N22 Xeow



]

2_.9.21 TOOL RADIUS COMPENSATION C
(G40, g4, G42)T (CONT'D)

G42

{(a) G4l + G4z
{M96 mode)

Fig.

Note: The movement identical to what is shown
above is also obtained when block N21 is
split inté two blocks as follows.

G4z (G41)

K- Y oe. ;

7. Change of tool radius value in compensation
mode

New D code commanded in the compensation
mode is effective in the block next to the
comimanded block.

8. Method of cancellation of compensation

G40 is the command for cancelling tool radius
compensation C and for positioning or feed-
ing the tool to just programmed end point.
In this case, the tool moves to a point on the
normal line at the end point of the block im-
mediately before the block containing G40.

2.48
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{b) G4z > G41

BLOCK READ AFTER
CHANGE OF TOOL
RADIUS VALUE

Fig. 2.49

Therefore, no portion will be left unmachined
even when a cancellation with sharp angle is
programmed. Because G40 accompanies carn-
celling movement, program it in the GO0 or
GO0l mode like G41, G42. An input error "027"
occurs if group A other than GO0, GO02 is used.



EXAMPLE A

(a) G4l (G42) (b) G4l (G42)
G0l X--. F... G02 X--- Y... Ieee Jouw
G40 X... Y... ) GO0l G40 X..- Y... ;
TOOL 40 TOOL G40

Y
X O
CENTER
Fig. 2.50
EXAMPLE B
(c) G4l (G42) (d) G41 (G42)
: a2 ¥X... ¥... T... J--- ;
G01 G40 ;
G4l G40
CENTER
CENTER J
Fig. 2.51

In all cases (a) through (d) described above, the offset position on the normal line at the end
the tool reaches the programmed end point via point of the block immediately before G40.
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2.9.21 TOOL RADIUS COMPENSATION C
(G40, G41, c42)7 (CONT'D)

9. Cautions and remarks in tool radius compen-
sation C

Maximum programmable value (Refer to
Table 2.3.6.1) is not changed even in tool
radius compensation C,

Programmed shapes that produce input
errors
Input error "045" occurs with the follow-

ing programmed shapes.

(1) When programming an inside arc with tool
compensation, if

Programmed arc radius r + 5

£ tool radius d

TOOL

(a}

Inside compensation
error

(b)

Inside compensation
error

Outside compensaticn
=— is correctly made
i even when r < d

Fig. 2.52

(2)

When no intersection point exists on the
locus of the offset tool center.

- 48 -~

NO INTERSECTILON

TOOL

No~-intersection
error occurs when
tool radius is too
large relative to
the programmed shape.

Fig. 2.53

(3) When reversing command or an angle close
to reversing command is programmed in
M97 (Outside Corner Circular Arc Point
Off) mode.

{(a) Reversing command

B

Case of linear
command
g < 11.7°

C

(b) Note: With the
circular arc com-
mand, tangent angle
6 alone is insuffi-

client.

Command close
to reversing

Fig. 2.54

In M9 mode, all of the above shapes are
correctly compensated.



C. Input errors occur when the following G

codes are programmed in the compensa-

tion mode. ‘
COMPLETING POSITION
OF PULSE DISTRIBU-
TION OUT OF THE
Prohibited G codes COMPENSATION PLANE,

G codes producing G12, G13 (G17 to G19)
input errors
P G28, G29 COMPENSATION
G73, G74, G76, GT7 PLANE AN -
G81 to GBY ’ “ /
s ’
G92 /\ /
M97 M
* If a "reset operation” is performed in the

compensation mode, compensation is can- _ Fig. 2.55
celled and G40 remains.

D. Tool radius compensation C is applied to K. Input error "046" occurs when circular in-

the movement path offset by tool length terpolation is programmed out of the plane
offset and tool position offset. However, designated by G17, G18 or G19.

in principle, aveid applying compensation

C to the path using tool position offset . . .

for compensation of tool radius. L. Offset position may be temporarily modified
by programming a dummy block using ad-

© dresses I, J, K.
E. When programming G41, G42 and G40, G00 .

or G0l and an F code should be program- (G42)
med in the same block or in a preceding .
block.

F. An input error occurs if a G code, G17 teo N100 GO01 X
G19 of plane designation for changing the
compensation plane is programmed during N101 Io..o Jeev
compensation. N162 X

!

G. Program circle cutting (G12, G13}, and
canned cycles (G73, G74, G76, G77, G80
to G89) in the tool radius compensation
cancel mode. Circle cutting and helical
cutting incorporate tool radius compensat-
ing functions in themselves. Input error
"024" occurs when they are programmed in
the compensation mode.

H. Tool radius compensation C is also possible
on circular interpolation by radius R des-

i : DUMMY BLOCK USING
ignation,

I, J CODES: N10L

. X
I. Subprogram (M98, M99) can be program-
med in the compensation mode,
Fig. 2.56

J. Compensation is applied to the projection
to the compensation plane designated by
Gl7, G18 or G19 when simultaneous move-
ment along three axes {four axes™t) is pro-
grammed in compensation mode,
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2.9.21 TOOL RADIUS COMPENSATION C
(Gu0, G41, cu2)” (CONT'D)

M. Advance reading of blocks is prohibited
when M00, M01 (M02, M30) commands are
given, and compensation is usually inter-
rupted. Continuation of correct compen-
cation is secured by programming 1,3, K
in a dummy block immediately before MO0,
MO0l to aveid interruption.

(G41}

N200 GO1 X-o- Yoo

N201 Iow. Jeos 3 Command
. movement
N202 MO : data N203
using 1, J
N203 Xeoo You. 3

N. Up to 99 radius values can be stored in the

offset memory in total for the tool radius
compensation,
other compensation.
a D code.
of tool radius compensation is 4999, 999 mm
(or ¥99.9999 inch).

Make designation by

0. Overcut occurs if compensation is program-

med on a step less than the tool radius in
M9 mode. Keep this in mind. Although

undersize cut occurs with the G97 mode, it

is better than overcut with the M 96 mode.

QVERCUT
{a) M96 mode

Fig. 2.57

P. Even in M96 mode, the tool moves directly

together with the values for

The maximum programmable value

UNDERSIZE
cuT

(b) M97 mode

10.

11.

toward point B without making circular path,

if both AX and AY are smaller than a fixed

value as shown below. The fixed value In
this case is the value set by parameter
(#6230).

- 50 -

AX
B
A\'L” AT
\'{".\_ MOVEMENT
o OF TOOL
\\ :
hY
A
Y
N
Ay
PROGRAMMING
AX Sy ]
AY £ Y }
Y vy: Set value of

parameter #6230

Fig. 2.58

Intervention of MDI operation in compensation
mode

MDI operation can not be intervened in com-
pensation mode.

[ntervention to active buffer in compensation
mode

The data given below can be programmed in
the compensation mode of G41 or G42 with
procedures identical to those of MDI opera-
tion, after turning on the SINGLE BLOCK
switch to suspend the block, and then, se-
lecting the RAPID or JOG mode.

Programmable data:
F, M, S, Tand B* codes

Programmable block:
In addition to the block of instructions
of the active buffer just executed

When the CYGLE START button is pushed in
the RAPID or JOG mode after programming,
the instructions are immediately executed and
signals such as BCD output are sent out.
Automatic operation can be resumed when
CYCLE START is made after returning to the
original automatic operation mode.

Note: In the operation described in these
items, the following M codes cannot be written.

MO0, MO1, MOZ, M30, M%0 to M199



EXAMPLE A

START POINT
Z-

Outside cutting

Inside cutting

G4l ——5 42
(1)G91 GOL A-2500 _ Incremental; Z axis @  a-2000 ;
F150 ; lowering
@Gl? (GO1) F300 ; — XY plane designation, @ 22500 ;
‘feed command
®G4i D21 . — Tool radius compensation MOl ;

(914000 ;

() x3000 Y4000 ;
(6)G02 X10000 15000 ;

(DGo1 x3000 v-4000 ;
(® v-10000 ;
(3)x-4000 ;

(19 G03 X-8000 R5000 ;

D co1 x-7000

start command with tool
offset No. 21

3 Offset to a point on the

normal line of start point
of this block.

Outer Cutting

1R designation circular
arc

-~

19 G42 (Gor) x13000

Y9000 F 2000 ;
@
Y3000 ;
602 X8000 14000 ;

@) o1 Y-3000 ;

X-6000 ;

@  x-6000 ;
@  v3000;
@ 22500 ;

@9 G40 (Go1) X-6000
Y-12000 F2000 ;

Y-4000 F300 ; |

—_—

Z2-2500 F150.; —

=

+X

Dummy block (for modi-
fying offset position)

Z axis Two blocks
elevation | without move-

ment on the
Optional | designated
stop plane

Switching of direction of
compensation{left + right)

Z axis lowering

Inner Cutting

Offset to a point on the
normal line of end point
of this block

Z axis elevation

Compensation cancel
command

The same effect is obtained even when the commands in parentheses
are not made. They are entered for ease of understanding.

Fig. 2.59
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2.9.21 TOOL RADIUS COMPENSATION C

{cuo, Gut, Gu2)t (CONT'D)

EXAMPLE B

30

——— e

START

POINT

20 20

(G40)
G91

G40

CCRLEAOPOEO®O®E O

40

GO1

G17

G42

GO2

GOl

Goz

GOl

G02

G01

40

Z-2500 F150
F300

D20 X2000 ;
X-2000 Y-20600 I1-2000 ;
X~-4000
Y 3000
X 8000 14000 ;

Y -3000

X-4000 ;

X-2000 Y2000 J2000
X2060

22500

With the inner cutting in EXAMPLE A, the double
cutting allowance at the culting start and cutting end

varies with the tool radius.

An inner cutting case

with zero double cutting allowance regardless of the
cutter radius is shown in EXAMPLE B.

Fig. 2.60
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12.9.22 TOOL LENGTH COMPENSATION
(GU3, G4, GU49)

The tool length compensation function is for add-

ing or subtracting the stored tool offset values
to the Z-axis coordinate instruction values for
the purpose of compensating for the deviations
in tool length.

- G codes for tool length compensation

G code Group Meaning
G43 08 {(+) direction
G44 08 (-) direction
G49 08 cancel

» G43 and G44 are modal functions, remaining

effective when once commanded until cancella-

tion by G49.

G49 cancels tool length compensation effects.

HOO also cancels tool length compensation effects.

- The tool length compensation function is pro-

grammed in the following format.
A. (GOY)
G43(G44) Z... H--.

With this command, the tool moves towards

the Z coordinate position which is

the sum of (or difference between) the H
As the result, the

value and the 7 value.
tool point is displaced from the specified

Z-coordinate position by the distance spec-

ified by the H code.

- B3 -

B. (GO0l1) Z... ;
G43(G44) H... ;
With this command, the tool is shifted by
the distance specified by the G code.
C. G43(G44) Z2.-. H--- ;
H--+ ;

With the command {2}, the tool is shifted
by the difference between the previous
tool offset value and the new tool offset
value.

- When G43, G44 and G49 are to be commanded,

the accompanying 01 group G coedes must be
G00, GO0l or G60. When G02 or G03 is used,
this is regarded as an error.

+ Direction of shift

The direction of tool shift is determined by the
sign of tocl offset value as programmed in the
H code and by the G code used.

Sign of tool offset value

+ ’ -

G43 Plus direction Minus direction

Gda4 Minus direction Plus direction




2.9.22 TOOL LENGTH COMPENSATION
(Gu43, G4y, Gu9) (CONT'D)

CRT display including offset value

EXAMPLE
Hi0 ... Offset value: -3.0
H1l1 -.. Offset value: 4.0
(Z direction only)
N101 G922 20 ; 0.000
N102 G90 GO0 X1.0 Y2.0 ; ¢.000
N103 G43 Z-20. H10 ; -23.000
N104 GOl 2Z-30. F1000 ; -13,000
N105 GO0 20 H00 0.000

N201 GO0 X-2.0 Y-2.0 ;

N202 G44 Z-30. HI11 ; -34.000

N203 GO0l Z-40. F1000 ; -44.000

N204 GO0 ZO0 HG0 0.000
NOTES:

- When the tool offset value is changed by the
MDI function while programs in the offset
mode is in execution, the change is effective
from the block containing D code.

The tool position offset function or the tool
radius compensation function is effective on
the tool which is already offset by the tool

length compensation function.

- G43, G44 and G49 can be programmed in can-
ned cycles. 1If they are programmed, this is
regarded as an input error.

ACTUAL
TOOL
POSITION _ |
PROGRAMMED L . -20.000
TOOL POSITION - -23,000
7
z %
, L -30.000
NEZ20
gt -33.000
ACTUAL
TOOL
POSITION
PROGRAM ‘ i -30.000
TOOL POSITION Y .- ~34.000

- When a G92 command involving the Z axis is

given during the execution of a program in the
tool length compensation mode, the tool length
compensation is canceled. In principle, when
G92 is to be programmed, the existing tool
length compensation mode should first be can-
celed.

- During the automatic execution of a program in

the tool length compensation mode, the number
of the effective tool compensation memory {(H
code number) can be displayed. For this, re-
fer to 4.3.2 DISPLAY OF COMMAND DATA.
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2,9.23 TOOL POSITION OFFSET (G45 TO Gi48) Extension or reduction is made only in the
block in which G45 to G48 are programmed

Tool position offset A is for extending or reduc- and movements in other blocks are unaffect-
ing the movement value designated in the program ed. Therefore, to restore extended or re-
by the values in the tool offset memory, and is duced values to the original program values,
mainly used for tocl radius compensation for an extension or reduction in the opposite
square patterns. Therefore, this function is not direction must be programmed eventually.
required with controls equipped with G40, G41,
G42 (tool radius compensation C}. 3. Make program command by incremental de-
signation (G91) for the sake of making the
1. G codes of tool position offset above operation clear. When the command is

given by absolute designation (G90), exten-
sion and reduction are made along the direc-

G code Group Meaning tion of movement to the movement value from
the end point of the preceding block, to the
G45 * Extension command target point. That is, extension
— and reduction are made to the incremental
G46 * Reduction movement amount. The programming may

become complicated.
G47 * Expansion by double

4. When programming G45 to G48, designate the
G48 * Reduction by double tool offset number by a D code simultaneously
. with axis designation. Because D codes are
modal, they may be omitted if the same D
2 G45 to (48 extend and reduce the movement code is used. Store the tool radius value in
value programmed in the block, in the direc- the tool offset value memory. ’
tion of movement by the tool offset value.

EXAMPLE

G91
O GO0 G46 X-.. Y... DOl ; B Reduction
@ G01 G47 Y... (D0l) Foooo 50« - Extension by double
©) G47 X... (D0O1) ; Coee Extension by double
@ G47 Y--. (DO} ; C Extension by double
O] G47 X-.. (DO1) ; . Extension by double
® GO0 G46 X-.. Y... (DOI) ; . .. Reduction

Y ____.__Ai_____l
PROGRAMMING
Fig. 2.61
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2,9.23 TOOL POSITION OFFSET {GH45 TO G48)

(CONT'D)
G46 X1000 D10 ; D10 = 2000

5. Extension and reduction

Extension or reduction is determined by the
sign of the tool offset value designated by a
D code in addition to the G code.

Sign of tool offset value
Positi N r END POINT START POINT
ositive egative (TOOL MOVEMENT)
G45 Extension Reduction
G46 Reduction Extension Fig. 2.64
G4a7 Extension by Reduction by 7. The above applies to X and ¥ axes, but G45
double double to G48 may also be programmed to Z axis in
G48 Reduction by Extension by the same manner.
double double
Note: In general, tool offset value should 8. Application to circular interpolation
be "positive." 1f I, J, K are programmed in the block with
) . ! G45 to G48, extension or reduction is mzde
6. Values of extension and reduction respectively in the same directions as X. Y,

Z. Therefore, tocl radius compensation is

A. Programmed incremental move values are possible with 1/4 circle, 3/4 or full circle.

extended or reduced by the designated tool
offset values or by twice their values.

G9I
G9l GO00 G47 X66000 D10 ; D10 = 2000
G45 G002 X5000 Y5000 15000 D10
D10 = 2020
6000 (COMMAND) 4000 (EXTENSION BY DOUBLE)
. MOVEMENT OF
10000 TOOL \J,”'
START END o —~-— EXTENSION OF Y*
2000
POINT POINT PROGRAMMING il
(TOOL MOVEMERT) < EXTENSION OF X:
Fig. 2.62 2000
Y
B. Where extension or reduction is applied to
an axis in the preceding block and the start START
point has aiready been offset, the total move- POI§T 5000(1)
ment value is Ldgntxcal to that described a- X SXTENSTON OF 1:
bove, but the distance is measured from the 2000
offset start point.
With an instruction same as that described Fig. 2.65

above:
In practice, correct radius compensation of
circular arc is made if an offset is applied
in the preceding block.

6000 (COMMAND) 4000 (EXTENSION BY DOUBLE)
—_——— G

G91 GOl F--.
\ 10000 T G46 X--- Y... DI0O ;
g&?ﬁ% \ %Plig(}io}{'lg%EMENT) G45 Y... 3
Offset value by preceding block [G45 07 X Y1 .
Fig. 2.63 I

Note: Where the tool offset value is larger
than the programmed movement value,
the direction of movement may be re-
versed when extension or reduction
is applied.
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9. When programmmg G45 to G48, the G codeof
01 group can be given together in the same
block An input error occurs if instruction
is given with other G codes.

10. When only movement by offset in the incre-
mental designation (G91) is required, pro-
gram "0" as the axis movement instruction.

G9 GO0l G45 X0 Y0 Di0 F... ;

Movement is made in the positive
direction along both X and Y axis
PROGRAMMING by the offset value with D10, .

CENTER

G91 GO0 G46 X0 D11 ;

v Movement is made in the nepgative
direction along X axis by the off-
set value with D11.

START POINT

Note: When it is necessary to program 1/2

. i j 1 3 3 t ||0_ "
circle, assemble them using 1/4 circle. It Is meaningless to give a sign to

NOTES:

- When G45 to G48 are programmed as the simul-
Fig. 2.66 taneous movement instruction along two axes,
extension or reduction is made in the two axes.
Overcut or undersize cut will oceur if this is
applied to cutting. Keep this in mind. (Fig.2.9.23.7)

- Even when the offset value is changed by MDI,
the offset instruction previously programmed
will not be affected. It becomes operable when
G45 to G48 are programmed thereafter.

- This tool position offset can be applied in ad-
dition to the tool length offset,

* Mirror image can be applied to tool position off-
set. That is, it is possible toc perform symmet-
rical cutting with this offset applied.

- Tool position offset is independent of G codes
{G17/G18/G19) of plane designation,

G45 to G48 can not be programmed in the can-
ned cycles mode. An input error will occur if
this is programmed.

- If G92 is programmed in the offset mode, pro-
gramming of absolute zero point is made after
the offset value is canceled from the designated
axes. In principle, program G92 after return-
ing the offset value to the original value by
programming extension or reduction in the
opposite direction,

+ During automatic operation, the offset distance
in each axis from the programmed end point by
tool positian offset can be displayed Refer to

Fig. 2.67 4.3.2.3 DISPLAY OF TOOL OFFSET STATE:

COMMAND (OFFSET).
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2.9.23 TOOL POSITION OFFSET (GU45 TO Gus)

{CONT'D}
EXAMPLE A
30 30 50 70
1 Vanuiill -_jr_l I'“““___—_—_'"‘:
4 ! ! ! !
|
&l @/ 30R @ @ ©
i : : v =] o
| 1 I ! bl o
: ! J
! : I
‘ |
o d _f_.-L
S
: | L
| ! 40R
! L @
! ,J— —————————— ———— e — o — —— —i
2 Q@ O "
i
] T
POINT
+X
© 40 140 '
(1, G691 G0l Z-2500 F150
(2 G46 X4000 Y4000 D10 F300
©) G45 Y7000 ;
(@ G645 G0Z X3000 Y3000 13000 ;
{5, G45 GO1 X3000 ;
& Y- 5000
b G48 X5000 ;
‘@; Y5000
(9 G47 XT7000
40 G47 Y-6000
ay G46 X0 ;
13  G4b6 GO03 X-4000 Y-4000 J-4000 ;
@3 G46 Go01 YO ;
{9 G47 X-14000 ;
a9 G46 X-4000 Y-4000 ;
1o 72500 ;
Fig. 2.68
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EXAMPLE B

50

i
O
_J

80

9

@©®

G91 GOl F300 ;
G46 X3000 Y4000 D15
G45 X7000
G45 GO03 X4000 Y4000 J4000
G45 GO3 X-4000 Y4000 I-4000
Ga6b G0l X-2000
Y5000 ;
G45 X-5000 ;
G45 GO03 X-5000 Y-5000 J-5000 ;
“G46 GO0Y YO
X5000 ;
Y-8000 ;
G46 X-3000 Y-4000 ;

CELEEREOROEEEO ©

Fig. 2.69



2.9.24 SCALING FUNCTION {G50, G51)°

With this function, workpiece contours program-
med by part programs can be enlarged or reduced
at any desired scale .

PROGRAMMED CONTOUR

SCALED CONTOUR
ol 4

(1, n
SCALING
CENTER

X Fig. 2.70

The following G codes are used for this function,

G CodeJ Group Meaning
G50 15 Scaling OFF
G51 15 Scaling ON

Note: When power is applied or the control is
reset, the control is in the state of G code
marked with Y.

G51 I--. Jeve. Keouo P.o.. ;

With this command, the program is executed on
an enalrged or reduced scale with the scale
ratio specified by P, and the center of scaling
specified by I, J, and K.

G50; command cancels the scaling maode.

The enlarging and reducing scales can be se-
lected within the following range.

Enlarging and reducing range 10.000001~99.999999

When no scale ratio is specified in the program,
the ratio set by parameter #6500 becomes effec-
tive as the scale ratio.

Command unit for P is: 1 = 0.000001,

When P command includes decimal number, num-
bers after decimal point are regarded as six-
digit numbers.

Example

P0. 999999 0. 999999 time
P2.0 2 times

P (.000002 time

When P (designating multiplication) is omitted,
multiplication is determined by setting #6500 and
#6501,

#6500

Multiplication = S e T

Example
Where setting #6500 = 3, #6501 = 100
3

= ——— = 0.03 times

Multiplication 160

Multiplication should not exceed the enlarging
and reducing range.

When I, J, or K is programmed in the G51 com-
mand, scaling functions on the axis designated:
I... X-axis, J.-.. Y-axis, K-.. Z-axis,
Scaling will work only on the axis selected by I,
J, or K,

Example

Gh1 I100 JO PO8

With this command, scaling will work on X- and
Y -axis and not on Z-axis.

Where the work coordinate system is specified,!,
J, and K in the G51 block designates the distance
between coordinate system zero point and scaling
center,

Example ¥ N1 G9 X0 YO ;
— N2 GO0 G900 X200 YI00 ;
N3 G51 1200 J200 ;
400 .
SCALING
200 — * == CENTER
N2
N S S B B E R R
200 400 600 800
G92 G54
- N1 G54
N2 GO0 G90 X200 Y100
Work - 400+ N3 GS51 1200 J200 ;
o (TR :
Shift Amount N SCALING
(200, 100) 200 — = CENTER
200 — - N2
T I H | i f i
200 400 600 X
T T T T T T 1
200 400 600 800
Fig. 2.71
NOTES:

Scaling is turned on when approaching for
usual machining and off after retraction on
completion of approaching. Turning off and
on scaling during machining will not form the
correct contour.

. Scaling is executed on the two axes on machin-

ing plane. If scaling is executed on a single
axis, an alarm occurs at circular command be-

cause scaling cannot work according to circular

command .,
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- Block commands G51 J--. J... K... P...

and G50 ; should be programmed independently.

If X, Y and Z commands coincide in the same
block, an alarm will occur.

-- When the scale ratio of one or more is program-
med, the resultant command wvalue should not
exceed the maximum.

- Scale ratio 0 cannot be commanded. If com-
manded, an alarm will occur.

Scaling is not effective on compensation value.

- Canned cycles cannot be executed with scaling
commanded on Z-axis. If scaling is command-
ed on Z-axis during canned cycle execution,
an alarm will occur,

+ When operation is reset (reset pushbutton,

M02, M30 command), scaling is turned off.

- Display of command and position will show the

values of command and position after scaling is
finished.

- The following Gcodes cannot be commanded

during scaling. If commanded, an alarm will
occur.,

G28, G29, G30, G31, G36, G37, G38, G53, G92

* Scaling (G51) command cannot be given during

tool radius compensation C.

- Alarm codes for scaling are listed below.

EXAMPLE

Reduction by half in respect with the point (40, 30) specified as the
center, '

N100 G92 X0 YO0 Z0 ;

N102 G9% GO0 X10. Y20. ;
N103 GO0l ¥50. F1000 ;
N104 GO02 X50. 120. ;

N105 G011 X90. ;

N106 Y10, ;

N107 X50. ;

N108 X0 Y35. ;

N109 G50 ;

PREORLRLOEEOOO

N1i10 GO0 X0 YO ;

Fig. 2.72
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N101 GS51 140, I30. P 0.5 -« - Center of 1/2 scaled contour {40, 30)

Scaling range

Scaling cancel

ORIGINAL
¢ CONTOUR

1%

| . 1/2 SCALED
CONTOUR

90



2.9.25 WORK COORDINATE SYSTEM SETTING B.

| Work coordinate system
(G52 to G59) '

When any of the G codes G54 through G59
is commanded, a coordinate system with the
origin shifted by the amount set by the set-
ting numbers corresponding to that G code

Six types of work coordinate systems correspond-
ing to six G codes, G54 through G59, are avail-
able for selective use.

+ There are three types of coordinate systems as
follows.
A. Basic coordinate system

This is the basic coordinate system to be
set up by G92, by the ORIGIN key, or by

is set up. The coordinate systems set up

by these G codes are referred to as werk
coordinate systems, and when once a work
coordinate system is set up, the tool will be
controlled to it. Since there are six G codes
for work coordinate systems, up to six work
coordinate systems can be used.

With this command, the currently effective

work coordinate system is cancelled, and the
basic coordinate system becomes effective again.
{(Fig. 2.9.25.1)

the automatic coordinate system setting func- C. Machine coordinate system
tion. When the power supply is turned on, A . s
until any of these actions will be made, the tTh;ils 2 c}(])jordmat(ei: system whu;lh 's }?xed
tool position at the time of turning on is vo the machine, and is set up when the tool
. S is returned to the reference point. Tkis
treated as the temporary ccordinate origin . . .
i coordinate system has its {0, 0, 0) point at
point. .
the reference point.
- The setting number for setting the shift amounts
for G codes from G54 to G59 are as follows.
G code Coordinate system X Y Z a
G54 Work coordinate system 1 #6516 #6517 #6518 #6519
G55 Work coordinate system 2 #6522 #6523 #6524 #6525
G56 Work coordinate system 3 #6528 #6529 #6530 #6531
GH7 Work coordinate system 4 #6534 #6535 #6536 #6537
G58 Work coordinate system 5 #6540 #6541 #6542 #6543
G59 Work coordinate system 6 #6546 #6547 #6548 #6549
- Setting up work coordinate systems (G54 to
¢59) EXAMPLE
G54 (G55, G5, G57, G58 or G59): N1 G9% X100 Y200 ;
When this command is once given, from that N2 GBi4
time on, the tool will bf.l _control?ed on the work N3 X100 Y300
coordinate system specified by it.
) N4 X300 Y200
Returning to basic coordinate system (G52) N5 G52
G52 5 N6 X0 YO ;

200 SHIFT AMOUNT FOR WORK
COORDINATE SYSTEM 1
-, ) . 4. ns (200, 100)
- Temporary shift {o positions on machine coordi- 300 S
nate system
200
(G90) G53 GO0 X--- Y--+ Z..-
' ) WORK COGRDINATE
With this command, the tool is shifted to the 100 00 260 300 400 560 €35 SYSTEM (1)
position (X, Y, Z) on the machine ceerdinate T R T R R BASIC COCRDINATE
system only in this block. G953 is a non-modal 100 2060 300 400 500 60C 700 800 SYSTEM
X

G code.

,62_
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EXAMPLE (Reference program)

WORK COORDINATE SYSTEM
MACHINE COORDINATE

N1 G92 X200 Y100 ; Y//SYSTEM
N3 G54 G90 X100 Y200 ; Yo
N4 G53 X300 Y100 ; i
N5 X300 YO ; G5 j{”
N6 G52 ; /cga T0 659/ 633
0
N7 X0 YO ; ;
ABSOLUTE ZERQ
Fig., 2.74
800 700 500
700 |- 600 400 SHIFT AMOUNT OF WORK
COORDINATE SYSTEM 1
600 | 500} 300} (300, 300)
T N3
500 + 400} 200
400 |- 300} 100}
. N&, N5 1 WORK
300 L 200 | ! L gt ' ‘ ' L COORDINATE
100 0Q 00 400 500 600 700 800  gygrEM 1
200 L 1001
N3 MACHINE
100 L N1y ] | 1 H I ] ] 1 | COORDINATE
200 300 400 500 600 700 800 900 SYSTEM
N7 G 1 ! 1 1 1 L 1 | 1 i 1 BASIC
100 200 300 400 500 6OC 700 800 900 1000 1100 COORDINATE
SYSTEM
Fig. 2.75

NOTES:

* The shift amounts for work coordinate systems
can be specified by programs with G10 com-
mands, in addition to the MDI writing. For
details, refer to 2.9.8 TOOL OFFSET VALUE
DESIGNATION (G10},

* Work coordinate systems set up by G54 through
G59 are canceled by the G52 command, and the
basic coordinate system becomes effective again.

* When once a work coordinate system has been
set up by any of the commands G54 through
G59, the selected shift amounts can not be
changed even when they are rewritten.
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The rewritten shift amounts will become effec-
tive when a new work coordinate system com-
mand is executed.

G53 commands should only be given under the
following conditions. If these conditions are
not satisfied, the commands are regarded as
errors. ’

(1
(2)

The mirror image function is not used.

No canned cycle is in use and no tool com-
pensation C is in use.

{3) If a 1 group G cede is used, it is G00,

GOl or G60 and nothing else.



2.9.25 WORK COORDINATE SYSTEM SETTING 2.9.26 UNIDIRECTIONAL APPROACH (G69) 7
(G52 to G59) " (CONT'D)
This function is effective to position the tool at

If a G53 command is executed with the machine high accuracy.
lock functien on, the current value displaved
changes sequentially until the command value - GO0 X.ow Y. A

corresponding to the machine lock funciion off
state will be displayed. If the machine lock
function is switched on and off during the ex-
ecution of G53 blocks, correct positioning can
not be achieved.

However, when a complete G53 block is execut-
ed with the machine lock function off, correct
positioning is achieved as programmed, even
when the machine lock function is switched on
and off before that block.

With this command, the tool moves and stops at
the specified position. If the toel approaches
the stop position in the direction specified by
the parameter (#6014), it overtravels the stop
position by the amount specified by parzameters
(#6062 - #6065) once, and then returns lo the
specified position to stop.

. G53 commands should be given in the G9¢ mode.

If they are given in the G91 mode, the command - — — — -— DIRECTION 5ET BY
values are regarded as G90 mode values. PARAMETER
OVER-
. When work coordinate systems are to be changed TRAVEL :
[}

with any of the (G54 through G59 commands, the
program should be so written that a new coor-
dinate system will be set up in the G90 mode :

and the basic coordinate system will be reset i O
in the G90 mode. !

- If a G53 command is given while the tool length STOP
compensation or tocl position offset function is POSTTION
on, the tool offset value is deleted tempo-
rarily. Generally, when giving a G53 command,
the tool length compensation and tool position
offset commands should be canceled in advance.

. When any of the commands G54 through G59
is given while the tool length compensation or
tool pesition offset command is on, the compen-
sation remains effective. Generally, when any
of the commands G54 through G59%is to be given,
the tool length compensation or tool position
offset command should be canceled in advance.

Fig. 2.76

G43

COM Z100
GG4
G90 COM Z1100

Z 1300 in incremental shift

Gh4 shift: Z = 300
Offset: HO0O1L = 100

- If G92 is given during execution on the work
coardinate system set up by G54 through G59,
G54 through G59 or the basic coordinate sys-
tem is shifted so that the current position is
to be a shifted position by G92, G92 should
not be used in G54 to G59 modes in general.
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2.9.27 MOLE PATTERN CYCLESS (G70,G7, G72) 7

With this function, when a radius and a center
angle are specified, the corresponding rectan-
gular coordinate positions are computed auto-
matically and the tool is brought to the required
positions, This function is used in conjunction
with one of the canned cycles G81 through G89,
G73, G74, GT6 and G77. With this function, the
bolt hole cycle, the arc cycle, and the line at
angle cycle are programmed. The tool moves to
the position specified by a radius and an angle
in rapid traverse {G00}.

. Belt hole cycle (G70)
G70 X+o. Yero Iees Jeew Lees

With this command, the tool is positioned suc-
cessively at equally spaced L points on a cir-
cle with the center at X, Y and the radius of
I, starting at a point located on a line forming
J degree with the X axis. In the command,

X,Y: Coordinates of the bolt hole cycle, de-
fined either in G90 or G91 mode.

1 is the radius of the belt hole circle, pro-
grammed in a positive number and program-
med with an accuracy of the least input in-
crement.

J is the angular position of the first hole, pro-
grammed in degrees with an accuracy of
0.001 degree. CCW direction is regarded
positive.

y
L is the number of division of the circumfer-
ence.
For the counter-clockwise sequence, posi-
tive numbers are programmed, and vice
versa.

EXAMPLE

(90, 30)

4 ; END POINT

GB81 G988 G90 2Z-50. R-20. F20 LO
G70 X90 Y30 140. J20. Lb
G80 GO0 X0 YO ;

Fig. 2.77

+ Arc cycle {G71)

With thie function, when the following command
is given, the tool is successively positioned to
L points located on a circular arc with the cen-
ter located at X, Y and with the radius of T,

at a center angle of K degrees, starting from
the point lying on a line intersecting the X
axis at J degrees.

G71 X++» ¥Yorr Toee Jeeo Kevo Loeer

X, Y: Coordinates of the arc center, defind
either in G90 or G91 mode

I: Radius of the arc programmed with an
accuracy of the least programmable
increment, and in pesitive numbers

J: Angular position of the first hole, pro-

grammed in 0.001 degrees. Positive
values are used to command counter-
clockwise direction.

K: Anpular spacing in degrees-with an accu-
racy of 0.001 degrees. Positive values
are used to command counter-clockwise

direction.
L: Number of holes, to be set in positive
numbers,
EXAMPLE
END 7
POINT 6
A
KiK 2
"‘\_\' 1
K
A I=110
J=20°
START Y=30 M4
POINT X=70MM
]

G8l G98 G90 Z-50. R-20. F20 LO ;
G71 X70. Y30. 1110, J20. K152 L7
G80 GO0 X0 YO ;

Fig. 2.78



2.9.27 HOLE PATTERN CYCLESS{G70,G7, C72)7
(CONT'D)

- Line at angle cycle (G72)

When the following command is given, the tool
is positioned successively at L points lying on
a line forming J degrees with the X axis, with
a uniform interval of 1, starting at X, Y.

G72 X++- Yoor Teve Jeew Levo

X, ¥: Coordinates of the starting point, either
in G90 or G91 mode

I: Interval is programmed in degrees, at
an accuracy of the least input incre-
ment. When I is negative, the holes
will be located on the line in the nega-
tive direction.

J: Angles programmed with an accuracy of
0.001 degrees.

Positive values are used for CCWdirection.

L: Number of holes programmed in positive
numbers,
EXAMPLES

G8Y G98 G90 z-50. R-20. F20. LO ;
G72 X70., Y 30. I25. J15%.% L6
GBC GO0 X0 YO

Fig. 2.79

NOTES:

- When the hole pattern cycles are to be program-
med with G70, G71 or G72, in principle, a can-
ned cycle G73, GT74, G76, G77, G81 to G89
should be programmed with L =0 in the preced-
ing block. Since L = 0, the canned cycle is not
executed, but its mode becomes effective.

G70, G71 or G72 may be programmed in the same
block with a canned cycle G code.

However GT73 and G83 which invelve 1, J, and

K can not be programmed with G70, G71 or GT2¢
in the same block. When G73 or GB83 is to be
used, either Q is to be used or I, J, and K
should be programmed in the preceding block.
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The machining contral of GT0, GTL or G772 ends
with the drilling of the last hole, and to move
the tool to the next position, the G90 (absolute)
mode is more convenient than the G91 (incre-
mental) mode, because the latter involves com-
plicated calculations.

- Immediately after the completion of the machin~

ing process as commanded by G70, G71 or G72,
the canned cycle is still effective, and care must
be taken in programming the subsequent block.

Make it a point to cancel the canned cycle by
G80.

- If G70, G71 or G7Z command is given in the tool

radius compensaion mode (G4l or G42}, the
ALARM code will be displayed.

+ G70, G7)1 and G72 are non-modal G codes.

+ Give G70, G71 or G72 command in a canned cy-

cle mode only. If they are given without pro-
gramming any canned cycle, the ALARM code
will be displayed.



£2.9.28 OUTPUT FOR EXTERNAL MOTION
" (¢80, csnt

GBl X-«+ Y.eu Leer 3 The L number specifies the number of repeated
positioning motions, GB8l is a modal G code, and
With this command, the control outputs external remains effective until cancellation with G80,
motion signals to the machine after each position- G81 may be used either for this purpose or as a
ing. canned cycle command code, depending on the

setting of the parameter #56018pg.

EXAMPLE

G8l ; O + + + 1« .+ External motion function , on

GO0 X10. Y20 ;
G91 X10 ;
X10. ;

x10. — External motion signal, output
Y10, ;
X10. ;

X10., ;

X10. ; C—

G800, e e e e e e e e External motion function, off

Fig. 2.80
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2.9.29 CANNED CYCLES (73, G74, G76, G77,
G80 TO G89, c98, g9t

Canned cycles (G73, G714, G76, G77, G80 to G89,
G98, G99 are simplified programs that contain

specific movements over a number of blocks in

Table 2.24

one block.

14 types of cycles are available, and
G80 code is commanded for cancelling them.

G code Plunging At hole bottom Retraction Application
G73 Wood pecker _ Rapid traverse High speed deep
feed hole drilling
G74 Feed Spindle forward| Spindle reversing| Reverse tapping
running after after feed
dwell
G76 Feed Spindle index- | Rapid traverse Boring
ing + shift -+ shift, spindle
start
G771 Spindle index- Dwell Rapid traverse » | Back boring
ing + shift spindle indexing
-+ rapid traverse -+ shift + rapid
+ shift + spindle traverse »
start -+ feed shift, spindle
start
G8o - - - Cancel
G8l Feed - Rapid traverse Drilling
G8z Feed Dwell Rapid traverse Spot, facing
GB3 Wood pecker - Rapid traverse Deep hole
feed drilling
G84 Feed Spindle revers-| Spindle forward Tapping
ing after dwell | running after
feed
G385 Feed - Feed Boring
G86 Feed Spindle stop Rapid traverse Boring
+ Spindle start
Ge7 Feed Spindle stop Manual retraction | Boring
» Spindle start
G88 Feed Spindle stop Manual retraction | Boring
after dwell + Spindle start
GH9 Feed Dwell Feed Boring
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. Command format:

l— G code of canned cycle

G--+ X#... Yi... Z#... BRes. P.oov Qe--

Feer

Q@ INITIAL POSITION
START ‘? i .
rorvr Q@1 '®

R POSITION

©)

Z POSITION
(HOLE BOTTOM)

Fig. 2.81

Operations @ through @ are executed in
one cycle with the commands shown above.

Pesitioning thé_drilling position (X,Y)
Rapid traverse to R point

Drilling to Z point

@O

Return to R peint or to initial point

_69_

Z point coordinate command

Cutting feedrate

Number of repeats

Drilling pitch for G73, G83
Shift amount of G76, G77

Dwell at hole bottom

R point coordinate command

- Drilling position X, Y coordinate command

Number of repeats is specified by the address
L. Where L is not given, number of repeats

is regarded as "1."

If ¢ is given for L, only positioning to (X, Y)

is made. Shift direction of shift of G76, G77
can be made at the intended angle specified
by the parameter. {#6019D0)

Z axis returning position at the end of canned
cycle can be designated by the following G code.

G code Meaning
G998 Initial level return
G99 R position level return

Note: When power is applied or the control is
reset, the control is in the state of G code
marked with 1

Where parameter #6019D0 is set to 0, the shift
direction is made in the specified direction.
The direction is set as listed below.

Bit
D2 D1

Directio
X(+) 0 0
\ X(-) 0 1
Y(+) 1 0
Y(-) 1 1

Where parameter #6019D( is set to 1, 'the shift
direction is made at the intended angle. The
shifting angle is set by setting #6506 (1 = 0.001
deg).



2.9.29 CANNED CYCL%?[?B,G?Q,G?G,G?T
GB0 TO G859, G98, C99)7 (CONT'D)

Table 2.25 Canned Cycle

T
With G99 {return to R) With G98 (return to initial point)
G73 C73 X... Yoo Z... Reu. Qu.. L. Fou.
(Fixed
pitch) "‘(_)‘Cf' Y) X, 1) INITIAL
POINT
! i |
|
High n R 1 R
speed Q Q !
|
deep } G | §
hole | 1
drilling Q | 5 | Q } 5!
|
t
: [
? Loy ? Lo
| i
I |
§: Setting data(#21)) Z §: Setting data Z
G73 G773 X... Y... Z... R... T... J... K..o Loos Foon
(Varia-
ble) @____?(x, 0 IRSTRY INITIAL
I: Initial value POINT
I J: Reducing value i
High K; Final value
speed R 7 R
deep | I . ) |
hole I 0 |
drilling I-J | 1-J ,
! § 1 ’ 8 i
|
I-2J ! - !
; ’ ! S B 1) !
K | k | .
B §: Setting data (#211) 8: Setting data
G74 G74 X... Y... Z... R... P... L,.. F.. ;
@ (X, ¥ @ (X, Y) INITIAL
-—— ———?TPOINT
Reverse | SPINDLE | SPINDLE
tapping / REVERSE ! / REVERSE
’—— R l— R
Z L Z

SPINDLE FORWARD
AFTER DWELL

AFTER DWELL

SPINDLE FORWARD
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Table 2.25 Canned Cycle (continued)

With 699 (return to R)

With G98 (return to initial point)

G76 G76 X... Y... Z... Rev. Quu. L. Fuol
SPINDLE
@ I:j START
X, Y
-__(._? ! (XX ¢/.__, INITIAL
|, SPINDLE | j POINT
Boring START | |
<;=T—p &—;—R
|
o SHIFT & | SHIFT
B | SPEED & )/ SPEED
#2100 | = #6223 462100 { = *‘“’223
DWELL & =&z DWELL ,=4>
SPINDLE SPINDLE ,1
INDEXING STOF U INDEXING Q
STOP
G77 G77 X... Y.u. Zuo. Ruve Quv. Luus Fuuu g
(X, wf)...___1 INITIAL
-- == POINT
SHIFT, |
i
DWELL |
Back NOT USED g1
boring | 1
I Iy
(. 0oy
R
|
7 L—o—n
SPINDLE
ORIENTATION SPINDLE START
G80 G80 ;
Cancel
G81 c81 X Y... 2.. R...L... Fo.. :
@__(x Y) @ (X, ¥) INITIAL
. - POINT
Drilling : : t
I
R I R
|
i
i i
! i
z Z
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2.9.29 CANNED CYCLES (73, G74, G76, G77
G80 TO G89, G98, G99)T (CONT'D)

Table 2,25 Canned Cycle (continued)

\ With G99 (return to R) With G98 (return to initial point)
G82 G82 X... Y... Z... R... P... L... F... ;
@ (X, ) [j (X,_Y) INITIAL
U ““‘?‘}— POINT
! l
Spot ! :
facing R I R
i
: [
i ]
i 7 !
Z
DWELL (P) DWELL (P)
¢83 G83 X... Y... Z... Rev. Que. L. Fuuu g
(Fixed Cj @
(X, Y) (X, Y) INITIAL
itch) - —_—
P |i |i | roint
' ! '
l
- 1 R
Decp JTT T
hele L T 11 5
drilling T
Q 2 I
T I 5
i |
Q l !
i t &
T
1
.,
§: Setting data (#6213 §: Setting data
G83 G83 X... Y... Z... Reo. Ioue Juve Koo Luu. Foul
{(Variable @
pitcn) (X, ¥ (X 1) INITIAL
| I: Initial value t ' POINT
( J: Reducing value | i
K: Final value |
hole 1 l‘ ' ! ’ I ‘ ! L
e —t 44 1 i L,—'—'—LT—L
drilling ] 18 I I $ N ) &
] 1 ; ~ | R | T
1-J : ! :1 ; I-J ! i:
Pl I 3 A ; 5
[ ) T 1
1-2] i | 1-23 i :
: } I 8 : f 8
| T
K [ ™ 1
__z .z
&:  Setting data (#6213) §: Setting data




Table 2.25 Canned Cycle (continued)

With G99 (return to R) With G98 (return to initial point)
G84 1684 Xoou Y.Lz @ (B Lol FolL
(Jon (I on  mmw
- SPINDLE ————?—I—— POINT
.-? FORWARD SPINDLE
' 4
'/FORwARD
Tapping r—R
—— Lz
SPINDLE REVERSE SPINDLE REVERSE
AFTER DWELL AFTER DWELL
G85 G85 X... Y... Z... R... L... F... ;
Q (X, Y) @ (X, Y) INITIAL
- % AR ¢ II POINT
i I
'
Bori.ng R i R
7 2
c86 G86 X... Y... Z... R... L... F... ;
SPINDLE
Q START
(X, v @ (X, Y)
T ) SPINDLE T f/ INITIAL
| POINT
! START P
]
Boring R R
I
l |
] ]
I i
vA J 1 2
SPINDLE STOP SPINDLE STOP
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2.9.29 CANNED CYCLES (73, G74, G76, G77,
G80 TO G89Y, G938, G997 (CONT'D)

Table 2.25 Canned Cycle (continued)

T~
With G99 (return to R) With G98 (return to initial point)
G87 G87 Xou. Youro Zoow Ruuw Quuw L. Foun
SPINDLE
START
@ X, ¥ [j x, v
e SPINDLE T INITIAL
1 [ POINT
I START \ :
|
Boring ///R R
! I
| MANUAL | MANUAL
~~—RETRACTION —~RETRACTION
yA P, z
SPINDLE STOP SPINDLE STOP
8 88 X... Y.o. Z... R... P... L... Foou
ce ¢ SPINDLE
START
(X,.¥) @ x, 1)
-——— ———?—'— INITIAL
| SPINDLE | POINT
/START :
R R
Boring 1
!
MANUAL . MANUAL
—~RETRACTION " RETRACTION
Z z
SPINDLE ST(P SPINDLE STOP
AFTER DWELL (P) AFTER DWELL (P)
c89 G89 X... Y... Z... Reu. Puuu Luus Fuuw
@ (X, Y) @ {X, Y) INITIAL
-9 _‘“—‘?_I_POINT
| i
| L
!
— R L R
Boring
|z |z

/

DWELL (P)

/

DWELL (P)
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EXAMPLE

A, G98 G9 G8l1 X... Y... Z-7000 R-4000 F... ;

Return to initial point, absolute

B. G99 G91 G81 X... Y... Z-7000 R-4000 F...

’

Return to R point, incremental

_— INITIAL I A
-9 T POIN
]
OJ} | -0
E ! o_?ffa POINT
I
40 oo i~ R POINT I
i i ]-70
! |
| :
- N Z POINT
70 I O_J'___LZ POINT

Fig. 2.82
C. N1 G92 X0 Y0 20 ; Absolute position
Remarks
N2 G98 G90 GB1 X10060 Y1000 = R=
Z2-5000 R-2000 F100 _—_— -5000 -2000 Canned cycle start
N3 G91 X2000 R-3000 ; —_—— -5000 -3000 Change in X, R
N4 Z-5000 . —_—— = -8000 -3000 Change in Z
N5 G99 2-4000 R-5000 ; —_—— ~ 9000 - -5000 Change in R, Z
N6 G80 GO0 Z5000 ; ’ — 3= Tool moves to Z = 0 Canned cycle cancel
Newly programmed addresses only are changed Note: Since address P, Q, I, J and K are
including the case where switching is made from modal in canned cycle mode, if once
G90 to G91 such as N2 + N3 indicated in the commanded, they are effective until
above case. As for the non-programmed ad- the canned cycle is cancelled.

dresses, the positions programmed in the earlier
blocks are maintained,
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2.9.29 CANNED CYCLES (73, G74, ¢76, G77
G80 TO G89, G98, 99’

Variable pitch command {(G73, G83;

In the deep hole drilling cycles of G73 and G83,
variable drilling pitch can be programmed with

addresses I, J, K instead of address Q for pro-
gramming a constant drilling pitch.

R POINT

T
K" é}_ 7 POINTN

I: Initial value

[

Reducing value in 2nd L

and subsequent plunges J

K: Final value

R POINT

1
|
1 ARRHEEN]
I :lllll:li::l!
! ;
}'E{jiif:;} g
I RN
1-J IR
NIRRT
I 14 4
T
1-23 il ,1,}
¥i1, I;I(
I-{n-1)J ! Lol
[
L
I

K

=

Z POINT
K': Final plunge to Z point
K' S K
{a) With G73 (b) With G83
Fig. 2.83
The value of § is given by setting (#6211 for Drilling pitch
GT73, #2173 for G83).
1st plunge ... 10 mm <o
NOTES: 2nd plunge .. 9 mm
- Q, I, J, K are modal during canned cycle modes 3rd plunge --. 8 mm
and are effective until the canned cycle is can-
celled. Specify them without signs. th plunge ... 7 mm
Variable pitch can also be programmed by ad- 5th plunge .. b mm
dress  instead of [. Furthermore, when in- 6th plunge - .- 5 mm
structions Q, i, J, K are given simultaneously,
drilling cycle is executed with variable drilling 7th plunge ... 4 mm <
pitch with Q as the initial value. 8th plunge --- 4 mm
(Qp must be commanded in the block including
modal G code before programming variable pitch 9th plunge .- 2 mm ~
with I, J, and K.
Total 55.00 mm <=

EXAMPLE

G911 G73 X--. Y-.. T-3000 Z-5500 11000-.-.
J100 K400 F... ;

476_

Command is
given without
signs

11000

K400

KI

2-5500



NOTES:

- When the canned cycles are executed by turn-
ing on the SINGLE BLOCK switch, a temporary
stop is made in an intermediate position, and
the FEED HOLD lamp lights up.

(1) After positioning to (X, Y) point

(2} After positioning to R point

(3} After termination of each cycle, if L
command has been given.

The single block stop after the completion of
canned cycles is as usual, and the FEED HOLD
lamp does not light up.

Be sure to designate R point and Z point by
programming R and Z before entering the can-
ned cycle mode. R point and Z point are clear-
ed when canned cycles are cancelled.

* When executing canned cycles with the address
data changed, the block requires any of the fol-
lowing address commands, The canned cycles
will not be executed otherwise,

X, Y,2,4R

- When M, S, T or Bt code is given in the can-
ned cycle, M, 5, T signals are sent at the first
positioning in the block. In general, M, S, T
should be commanded in their own block.

* An input error occurs when any of the follow-
ing G codes are programmed in the canned
cycle mode.

G codes of * group except for G04
G70, G71, and G72

G codes of 07 group (G41, G42)

When programming G92, G27, G28 etc., make
sure to cancel the canned cycles in advance.
Cancellation is made when a G code of 0] group
is programmed.

* An independent block of dwell {G04) can be
programmed in the middle of the canned cycle
mode. Dwell is executed properly.

* An input error occurs when canned cycles are
programmed in the tool radius compensation C
mode (G4, G42).

+ Start of spindle forward or reverse (MO3 or

M04) should be executed by automatic opera-
tion commands before entering canned cycles,
Do not enterinto canned cycles after manually

switching the spindle between forward and re-
verse.

* Execution of subprogram (M98) in canned cycle
mede. In a canned cycle mode, M38 P--- L...
can be programmed to call up subprogram and
the canned cycle is continued in the subpro-
gram. The address P (program No. of the first
block of subprogram) with M98 command de-
stroys temporary the contents of address P for
designation of dwell time, but after the jumping
to subprogram, it resumes the contents,

Note:

+ Programming consideration of M98 in the canned
cycle mode is the same as those of other than
canned cycle modes. (e.g. Restriction of ex-
ecution to no more than four levels, M98 com-
mand {rom punched tape and the like.)

* Address L for designation of repetition number
of subprograms is nonmodal. But described
below is a special case that the address L is
retained temporarily. :

EXAMPLE

G91 G81 XI1000 R-2000 Z-3000 F100

L3 ; + The canned-cycle is not executed
because X, Y, Z, 4 or R is not
designated in this block.

The L3 is retained.
X2000 * The canned cycle G81 is executed

3 times using the retained L3.
After the execution, the L3 is
erased.

As mentioned above, address L in canned cycle
is retained unti] actually executed.

- Changing of R point and Z point

When R is commanded instead of 2 during the
execution of canned cycle in G91 mode, Z be-
comes incremental value from the new R point.
Care should be taken.

G92 X0 YO 2z20

G99l X... Y... R-5.0

R point Z point
Z-10.0F ; -5.0 -10.0
X--- R-7.0 ; -7.0 -12.0
X...-2-3.0 ; -7.0 -10.0
R-4,0Z-11.0 ; 4.0 -15.0
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2.9.29 CANNED CYCLES (73, G74, G76, G77,
GB0 TO G889, G98, G99)  (CONT'D)

EXAMPLE

Py

40—vﬁ)— ——————————————— —
s/
4 40 40 AQ
Ll bt}

30
START POINT

Fig. 2.84
N10 G92 X0 YO 20 ;
N1l G90 G98 ; PR Return to initial peint, Absoclute
N12 G811 X3000 Y4000 R-2000 Z-3000 F200 ; - . . Drilling cycle
N13 M98 PI00 - Jump to subprogram
N14 GO0 X0 YO
N15 T05 - Tapper selection
N1l6 M06 coe s Tool change
N17 G84 X3000 Y4000-R72000 Z-3000 F2000 ; - - - Tapping cycle
N18 M98 P400 ; SR Jump to subprogram (Note)
N19 GO0 X0 YO ;
0400
N100 G91 X4000 L3 l Subprogram for drilling
position pattern.
N101 Y 3000
N102Z X-4000 L3
N103 Y 3000
N104 X4000 L3
N105 G90 G8O
N 106 M99 ;
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f'cgs"OBOG‘;IBfOLUTE"NC NTAL PROGRAMMING Parameter( #005p0)| Initial state

IIOIl G90

These G codes are for designating whether the

movement data following the axis address are in 1 G

absolute value or incremental value.

. G9 ... Absolute designation 2.9.31 PROGRAMMING OF ABSOLUTE ZERO

_ POINT (G92)

In the block including G90 and in the subse- . .
quent blocks, the movement data which follow It is necessary to program the absolute zero point
addresses X, Y, Z, ot are regarded as abso- before programming movement command. When an
lute values. absolute zero point is programmed, one absolute

coordinate system is determined, and all absolute
G GO0 X.-- Y... Z... ; . . movement commands programmed thereafter will
Absolute designation move the tool on the programmed coordinate.

- G91 . . . Incremental designation © G692 Xeer Yeoo Zies (oheel)

With this command, the current position of the
tool is programmed in the control as absolute
coordinate point (X, Y, Z, ot). That is, pro-
gram the distance (with sign) from the desired
G9 GO0l X... Y... Z... ; absolute coordinate zero position (0, 0, 0, 01}

Incremental designation to the current position. In other words, G92
command is for designating the position of the
"absolute zero point."

In the block including GY91 and in the subse-
quent blocks, said data area is regarded as
incremental values,

EXAMPLE
G92 X50000 Y30000 Z40000 ;
+Y
o
Yg
Y3
YS . / /,—,‘I
Y2 :
vy|Y, 1500 X
+X -~
—s X4 X5 | Xg ’
G91: Incremental Xy
G90; Absolute X2
X3
Fig. 2.85 Fig. 2.86
* G90, G91 are modal G codes of 03 group. - G92is a G code of non-modal group which is
valid only in the programmed block. It is not
* If both G90 and G9! are programmed in the possible to program other G codes, F, M, S,
same block, the G code which was programmed T, Bt codes in the same block.
last is wvalid,.
NOTES:
E:
NOT : + In principle, program G92 in -the state where
* The initial state of these G codes when the pow- all tool offset modes are cancelled.
;ZOIOSSItjtsrned on can be designated by parameter * When the power is turned on, the current posi-

tion of the teol is set as absolute zero point (0,
0,0,01). Make sure to reprogram absolute co-
ordinate by G92 before executing the automa-
tic operation.
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2.9.31 PROCRAMMING OF ABSOLUTE ZERO
POINT {(G92) (CONT'D)

The programmed absolute zero point is not af-
fected by reset operation. Perform any of the
following operations for resetting the absolute
zero point,

l. Use ORG key (see 4.1.9).

2. Write G92 X0 YO0 20 ol 0O
and then execute.

; in MDI mode,

3. Turn the power off and on again.

2.9.32 FEEJ_D FUNCTION DESIGNATION
(G94, G95)7

These G codes are for selecling whether to desig-
nate the feed in mm/min. or in mm/rev. prior to
programming the F code for feed, in the case
where the control is equipped with feed per reve-
lution™ function.

When G94 ; is programmed, the F code pro-
grammed thereafter is executed in mm/min,
(or inchfmin. 1, deg/fmin.t).

When G95 ; is programmed, the F code pro-
grammed thereafter is executed in mm/rev,
or inchfrev. (deg/rev.t).

G94, GY95 are modal G codes of F group, and
G %4 is sclected when the power is turned on.

When switching between G94 and G95 is made,
the previously programmed F code is cancel-
led. Therefore, a new F code must be program-
med.

2.9.33 HIGH-SPEED CUTTING FEATURE
{G100 THROUGH c102) T

In this {eature, a division in a part program is
designated by a G code and the data processing
of the desighated division is performed before
entering the automatic operation mode. This
leature, therefore, eiiminates the interblock
stoppage time due fo compensation calculation,
providing an uninterrupted machining operation
if short-distance biocks are consecutively speci-
fied. This feature is of two types: "sequential
processing mode” and "memory processing mode, "
which may be selected by specifying one of the
G codes shown below:

High Speed Cutting G codes

G code Meaning

4100 High-speed cutting cancel

G101 {ligh-speed cutting in sequential prO:
cessing mode ON

High-speed cutting in memory pro-

G102
cessing mode ON

2.9.33.1 High Speed Cutting mn Sequential
Processing Mode {G101)

G101

G100 ;

Every time the above is specified, the data pro-
cessing and data registration of this division are
performed. The automatic operation is foliowed by
the registered data. The above command may be
used repeatedly in one part program. However,
the number of blocks in a program between G101;
and G100 ; is limited as shown in the table below.
The part program memory capacity is also limited
to 1/2 as shown in the same table.

Part Pro- High-Speed Cutting
gram Function ON
No. | Capacity |Part Program { No. of Allowa-
in Usual Memory ble Blocks Jor
Operation {Capacity gi]gt}tli“nsgpe?-’d
1 40 m 20 m 480 blocks
2 80 m 40 m 672 blocks
3 150 m 90 m 1504 blocks
4 320 m 150 m 4064 blocks
2.9.33.1 High-Speed Cutting in Memory Pro-

cessing Mode (G102)
Gioz p... ;

—I_—— REGISTRATION NO. OF
HIGH SPEED CUTTING

G100 ; PROGRAM

By the above command, data processing and data
registration are first performed then the auto-
matic operation is performed using the register-
c¢d data. Thereafter, when the same command
given, the automatic operation is immediately per-
formed using the registered data. In address P,
designate the registration number of the program
ta be registered in memory processing mode. The
registration number is of a maximum of 4 digits
{P0 through P9999). When P designation is omit-
ted, P0000 is assumed. This P designation allows
the registration of a maximum of 20 high-speed
cutting programs.

Note: The ‘registration number" by P designa-
tion has no relationship with the "program num-
ber" by O designation. Hence, the registration
number is not subjected to the address search
operation. The contents of the program which
was data-processed and registered cannot he
disptayed on the CRT screen. The number of
blocks in one part program between G102 ; and
G100 and the limits to the part program memory
capacity are as shown in Table 2.9.32.2.

The total number of blocks in the maximum of 20
registered high-speed cutting programs should
not exceed the value allowed in Table 2.9.33.2.
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2.9.33.1 Restrictions on High-Speed Cutting
Feature

{1) When the high-speed cutting feature is made
valid by parameter setting, the part program
memory capacity is decreased to about 1/2 (see
Table 7.1.1 and

(2) The program between G101 {or G102); and
G100 ; should follow the restrictions shown be-
low:

a. The addresses that can be specified are as
follows:

0, ,(Slash), N, G, X, Y; Z, Is ‘-Tu KD R' D: Hi
M, L, F

The 4th-axis address cannot be specified.

b. The G codes that can be specified are as
follows:

G00, GO01, G02, GO03, GO09, G40 through G42, G43,
G44, G45 through G48, G49, G90, GI1

1f any G code other than above is specified,
program error "142" will be caused.

¢. The M code that can be specified are as
follows:

M90 through M9%

If any M code other than above is specified, pro-
gram error "142" will be caused.

Considerations and Remarks

{1) Do not enter the high-speed cutting mode
(G101 or G102) with the tool radius compensation
C mode being on. Cancel (by G40) the compen-
sation C mode. Otherwise, program error "024"
will be caused. With the high-speed cutting mode
being on, the compensation C mode can be enter-
ed. However, before canceling the high-speed
cutting by G100 ; command, cancel the compen-
sation C by G40 command. Otherwise, program
error "024" will be caused.

/——\_/
N51 G102 P10 ;
G4l ;
— TOOL RADIUS
COMPENSATION C
FUNCTIONS
. CORRECTLY.
G40 ;

N105 G100 ;

/_\/

(2) The tool length compensation and tool posi-
tion offset features are not affected by G100
through G102 commands and therefore always
valid.

{3} The execution of G102 P--. ; command,
thereafter, needs the use of the data processed
and registered inthe first execution, so that the
following points should be taken into account:

a. The tool offset amount to be used should be
the same as that used in the first execution.

To change the tool offset amount, reset the
registered data and execute the command again for
the first time (see 7.4, (7)).

b. If there is a single coordinate command of
absolute value in a program of memory processing
mode, the absolute coordinate value immediately
before G102 P-.. ; command must be in the same
position as that used in the first execution,
Otherwise, the correct position cannot be obtain-
ed as specified by the absolute command in the
program,

(3} Specifying 2 subprogram (M98} is as [ollows:

as follows:
a. \‘_"—f_——h\

N100 G102 P2 ; _. 010 ;
/ !

M98 P10 L10 ;7 .

N102 G100 ; | )

. - M99 ;
-___'/'——'—_\ b/\‘
/_\ '_—/__‘\_\

L. ; /,.vozo ;
M98 P20 L5 ; = N1 G102 P3 ;
\\ N105 G100 ;

(4) G101 ;
G101 P... ;
G100 ;

These commands should be specified independently.

(5} The blocks between G101 (or G102 P) : and
G100 ; are handled as a single block with regard
to the single block switch. That is, the single
block stop feature is disabled between these com-
mands.

(6) During the data processing and registration
of the high-speed cutting program, the display
on the CRT screen is as shown below. The func-
tion keys are automatically put in the COM dis-
play mode, displaying the screen shown below,
At this time, the NC operator's station keys ex-
cept for RESET are disabled.
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2.9.33.2 Restrictions on High-Speed Cutting
Feature (Cont'd)

See NOTE.
('COMMAND (REG) * 01234 NOO18
PROGRAM
REG
L REG  RDY
v

Note: During data processing and registration,

* is displayed to the left of the program number,

With G101 ; command, * is erased after the com-
pletion of registration, upon which the automatic
operation mode is entered. With G102 P ; com-
mand, * remains displayed after the completion
of registration until the registered program is
erased.

When a reset operation is performed, the data
being registered is erased and the reset state
is provided. If FEED HOLD button is depress-
ed or a mode switching operation is performed,
the data being registered is erased and the
label skip state is provided.

(7) The processed and registered program data
is erased by any of the following operations:

a. NEXT key on NG operator's station was
pressed.

b. Address search was performed in MEM or
EDIT mode.

c. Some edit operation was performed either on
the stored part program or on the high-speed
cutting program.

Note: To change the tool offset amount afier
data processing and registration, depress NEXT
key to erase the registered program data. In
the case of the high-speed cutting (G101) in
sequential processing mode, however, the data
processing and registration are performed each
time, eliminating the need for depressing NEXT
key.

(8) The following parameter setting may invali-
date the high-speed cutting feature temporarily.
When this feature is invalidated, the part pro-
gram memory may be used to its full capacity.

Parameter

Number

#6008

7 = 1 --- Disables high-speed cutting function
D7 =0 - - Enables high-speed cutting function

However, to change the part program memory

capacity, key in 0 - 9 9 9 9 ERASE (by EDIT,
PROG) for both changes of D7 from 0 to 1 and
from 1 to 0. Hence, in either change, all the

part programs are erased. If G101 or G102 is
specified when #6008 D7 = "1," error "147" will
be caused.

(9) The following setting may provide the mode
in which only data registration is performed:

Setting

Number

#6004

D5 =1 :-- The high-speed cutting is executed
normally,

D5 =10 --- The high-speed cutting is not

executed for G101 ; command but
the usual automatic operation is
performed. For G102 P--.. ;
command, only data registration is
performed during the usual auto-
matic operation.

This setting may be used for the checking of
programs as follows:

a. Set #6004D5 to 0,

b. Select low-speed feed by FEEDRATE OVER-
RIDE or DRY RUN switch.

c. Cycle-start the program to be tested incluc.-
ing G102 P ; through G100 ; commands.

The usual automatic operation is performed, so
that visually check the tool path. In some cases,
the program may be single-block-stopped for
checkups. Upon termination of the operation,
the processed data up to Gi00 ; command have
been registered in the machine.

d. Set #6004 D5 to 1.
€. Set the feedrate to the original value.
f. Cycle-start the same program, G102 P ;

through G100 ; are immediately executed using
the registered data.

._82_



2.10 USER MESSAGE DISPLAY

2,10.1 ALARM MESSAGE DISPLAY BY #8000
COMMAND

The user can display any alarm message on the
CRT screen. By specifying the following com-
mand in the part program, 3-digit alarm number
n and the alarm message {less than 32 characters)
may be designated:

#8000 = n (< alarm message7 };

The alarm number should be 3 digits and the

one that is not used by the control. For the
alarm message, alphanumeric characters may be
used. When this #8000 command is executed,

the alarm message is displayed and "ALM" flashes
at the bottom of the CRT screen.

( ALARM 00010 NO107
USERS MESSAGE
123: USER ALARM
ALM
\. J/

Fig. 2.87 Sample Display of
Alarm Message by #3000 Command

Note: If a command with a wrong alarm message
is specified, a format error will be caused.

2.10.2 MESSAGE DISPLAY BY CONTROL-OUT
AND CONTROL-IN

(1) Programming and Display by Control-Out and
Control-In

The user can program any message between the
information enclosed with control-in and control-
out in the part program in order to display the
message on the CRT screen. The enclosed in- -
formation is assumed to be insignificant.

{(2) How to Edit Control-Out And Control-In

The control-in and control-out part may be edited
by the usual edit operation.

a. Depress ﬂ key and [SHIFT |key, and char-
acter "(" may be entered,

b. Depress H key and{SHIFT] key, and char-
acter ")" may be entered.
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{TEST PROGRAM)

G81 X100 Y100
Z-50 R-25 L3 ;

{DRILL END)

Program
Example

/__‘—‘—‘—‘\‘—‘—-—_——

Message Display by
Contrel-out and Control-in

—
PROGRAM (MEM) 01234 NOO18

{TEST PROGRAM)

G81 X100 Y100
Z-50 R-25 13 ;

(BRILL END)

Notes: '
1. The characters which are indicated in the

thick-lettered keys shown below may be enclosed
in control-out and control-in.

2. The number of characters that may be en-
closed in control-out and control-in less than

32.

3. Nesting of the control-out and control-in is
not allowed.

gl LM OATA

D 2 ey e @
e ks

ONEAEIO 75
= IMZIOVIW EEIE)
3 [OIKIPIQIR f12)3)
MSITIEDIH )
o]

Fig. 2.88

@]
CAN

Characters Enclosed
in Contrel-Out and
Control-In {Thick-
Lettered Keys)



2.11 USER MACRO (G465 AND G66)

Special programs written by the machine builder
or user by the use of a group of instructions are
registered in the part program memory. These
programs can be called by the use of G65 or Gb66
command to execute them.

These special programs are referred to as the
user macro body, which can be written and stored
in the same format as a subprogram.

Main Program User Macro Body

h—_,_—__*_—‘
S =901 ;
Variable
G(Ef P9001t / Operation Command
rgumen Contrel Command
Designation) ;
m\" M99 ;
Main Program Subprogram
/_“‘\\____
S /-.-01234 H
M98 P1234 ;
/—\\" M99 ;

However, unlike a subprogram, a user macro

allows:

(1} Use of variables.

(2) Computation between variable or between
constants.

(3} Use of control commands such as conditional
branch.

These features enable the user macro body
to provide a generalized program that requires
complicated computations and decisions.

The "argument designation” in calling a user
macro body from the main program makes it
possible to assign the real numbers to the vari-
ables in the body. This enables this user macro
to run as a series of specific program that pro-
vide tool movements, .

In this manual, the user macro body is sometimes
referred to as "macro program” or, simply,
"macro."

. specify it in (argument designation).

2.11.1 USER MACRO CALL COMMANDS

A user macro body may be called in the following
five manners:

No. | ‘:]."ype of Call Code Remarks
1 | simple call G65
2 | Modal call G6b  |G67: For cancel.
3 Gall by arbitrary { Gxx
G code
4 | Call by M code Mxx
Call by T code Txxxx|4 digits max.

(1) simple Call (G65)

G65 P--+ L--- (argument designation)

The macro program whose program number was
specified by P is called and is executed L times.
The default value of 1. is 1. When the designation
of an argument to the user macro is desired,
"Argument
designation" is the assignment of real numbers to
the "local variables" used in the user macro. For
deta.lls, see 1.3 ARGUMENT DESIGNATION.

(2) Modal cCall (G66 and G67)

G66 P-.- L--- (argument designation) ;

This command provides the mode to call the macro
program of the program number specified by P.
Each time a move command is executed, the spec-
ified macro is run L times.

G67 ;

This command cancels the modal call mode.

(3) Macro Call by Arbitary G Code
Gxx (argument designation) ;

This provides the command which is equivalent to
G65 P..- (argument designation) ;. For Gux,

ten sets of G codes of GO1 through G199 except
for those designated by NC maker may be set for
the parameter. The macro program numbers which
correspond to these G codes are as follows:
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#6120 .. Sets G code which calls the macro of
program number 9010,

#6121 --- Sets G code which calls the macro of
program number 09011,

)

#6129 .-+ Sets G code which calls the macro of
program number 09019,

NOTE: Macro call by arbitrary G code permits
only single nesting. Namely, the macro which
was called by the macro call using arbitrary G
code or the macro call with M code or T code does
not permit another macro call by arbitrary G code.

{4) Macro Call by M Code

Geor Xror Y-or Mxx ;
This command may call macros. In this case,

the macro is executed after the execution of the
move command in the same block. MF and M
codes are not transmitted. For Mxx, four sets
of M codes of except for MO0, MO1, M0OZ, M30,M90
through M99 may be set for the parameter.

#6130 ... Sets M code which calls the macro of
program number 09001.

#6131 --- Sets M code which calls the macro of
program number G9%002.

#6132 - .- Sets M code: which calls the macro of
program numher 09003,

#6133 --- Sets M code which calls the macro of
program number 09004,

NOTE THAT THE MACRQ CALL BY M CODE
DOES NOT PERMIT ARGUMENT DESIGNATION.

When these M codes are specified in the
macros called by the macro call using arbitrary
G code or by the macro call using M code or T
code, the macro call is not executed but is
handled as a usual M code.

(5} Macro call by T Code

All the T code commands provide a macro call com-
mand. :

G- Koo VR Txxxx H

With this command, the macro of program num-
her 09000 is executed after the move command
in the same block is executed:

Transmission of T code and TF signal is not per-
formed. Whether a T code is to be used as a
macro call command may be specified by the fol-
lowing parameter:

Parameter No.

#6134
0 --- T code designation is handled as a T code.
1 -+ T code designation is handled as a macro

call command to call the macro of program
number 09000.

When a T code is specified as a macro call
command, the value designated by T "xxxx" (up
to decimal 4 digits) becomes the argument of
commeon variable #149. NOTE THAT THE ARGU-
MENT DESIGNATION OTHER THAN THIS [S NOT
PERMITTED. When a T code is designated in the
macro called by the macro call by arbitrary G
code or by the macro call by M code or T code,
the macro call is not executed but is handled as
a usual T code.

(6) Multiple call
A. G65 Simple Call And G66 Modal Gall

As a subprogram is called from another subpro-
gram, a user macro may be called from another
user macro. Quadruple nesting is permitted for
simple call and modal call combined. Multiple
call is disabled for the macro call by arbitrary
G code, or M code or T code.

B. Multiple Call by G66 Modal Call

In modal call, each time a move command is ex~-
ecuted, the designated macro is run. This is
also valid for the move command in the macro
called by multiple call. The macros are sequen-
tially executed from the one designated latest.,

Sample Program

Gb6b P9500 ;
GO0 z20. ; —
G67 ;

Gb?

GO0 Z30, ; —
09400 ;

GO0 X40. ; —

—©)
——®)
G600 Y50, ; ———(D)
=8

Main Program

Macre

M99
09500 ;

GO0 X6&0. ; —
+ GO0 Y70, ; -—

A —

The above sample program is executed in the
following order:

®+®-0-0-®-®-0-0-®-+0-0

Macro
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2,17.2 ARGUMENT DESIGNATION

Argument is the real value to be assigned to a
variable used in the user macro body. Argument
designation, therefore, is the act of assigning
real values to variables. Argument designation is

of type I and type 11, which can be selected as re-

.

Yuired.

(1) Argument Designation |

Argument may be designated in any address ex-
cept for G, L., N, O, and P. The relationships
between the argument designation addresses and
the variables are as shown below.

Variable in
User Macro Body

Address of
Argument Designation I

#1
#2
#3
#7
#8
#9
#11
#4
#5
#6
#13
#17
#18
#19
#20
#21
#22
#23
#24
#25
#26

N ECCHNIDER SO OD B

For the address in which no argument need be
designated, the command may be omiited.

Sample Program
#1 #2  #24 #26

At + +

G65 P9L00 L3 A30 B60 X34.8 Z50.2 ;
I

Argument Designation
Part

(2) Argument Designation I

A, B, and C arguments and 10 sets of I, J, and
K arguments may be designated. I, J, and K
must be designated in this order. The relation-
ships between the argument designation address-
es and the variables are as shown below.

Address of Variables in
Argument Designation I User Macro Body

A #1

B #2

C 43

I3 #4

J] #5

Ki #6

iz #7

J2 #8

Kz #9

I3 #10
J3 #13
K3 #12
14 #13
J4 #14
K4 #15
Is #16
Js #17
K5 #18
1s #19
J6 #20
K6 #21
17 #22
J7 #23
K7 #24
Ig #25
J8 #26
Kg #27
Ig #28
J9 #29
Kg #30
I #31
J10 #32
Kio #33

The suffixes 1 through 10 to I, 7, and K are de-
termined by the order of the designated I, .,
and K combinations.

For the address in which no argument need
be designated, the command may be omitted.

Sample Program

¥ #5 #6 #7#9

GO5PIOS A .- Bevov Covv Tovn Juee Kevw Fove Kovw s

Argument Designation Part

(3) Position of Decimal Point Argument

An argument may generally be designated with a
sign and decimal point. For the designation with-
out decimal point, the position of decimal point is
as shown on the next page.
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Address in Metric Inch

" Argument Designation Input Input

A, C 3 (2) 3(2)

B {Without B 3-digit

option) 3(2) 32

B {With B 3-digit

aption) 0 0
"D, H 0 0

E, ¥ {In G94 mode) 0 (1) 1(2)

E, F (In G95 mode) 2 (3 3 (4)

1,7, K 3(2) 4 (3)

M,S, T 0 0

Q. R 3(2) 4 (3)

U, VvV, w 3 (2) 4 (3)

X, ¥,2 3(2) 4(3)

The value shows the position of decimal point
as counted from the least significant digit. The
value in parentheses indicates the number of
digits that follows decimal point at the time of
parameter #6020Dg = 1, D2 = 1 for addresses E
and F, and parameter #6006D5 = 1 for the other
addresses.

{#) Considerations in Argument Designation

A. Argument designation types I and II may be
use.d concurrently. If the same variable has been
designated duplicately, the last one is validated.

B. For both types I and I, addresses I, J, and
K should be' designated in this order. The other
addresses may be designated in any order.

C_' In the argument designation part, negative
sign and decimal point may be used regardless
of the address.

D. 1In G65 and G66 blocks, G65 and Géé should
always be specified before each argument desig-
nation. This holds true with the macro call by
G code.

2.11.3 OVERVIEW OF USER MACRO BODY

A user macro body is programmed using the com-
bination of the following commands,

(1) variables

A. Local variable (#1 through #33)

B. Common variable (#100 through #509)

C. System variable (#1000 through #5104)

{2) Operation Commands

A. Arithmetical operations (+, ~, *, /, ‘)

B. Functional operations {SIN, COS, ROUND,.-.)
{3} Control Commands

A. Branch command (IF { qualification )

GO TO n)
B. Repeat command (WHILE ¢ qualification}
DO m)

Using these commands, a program which re-
quires complicated operations and conditional
judgements may be written in the general format,
Hence, the feature of user macro is to enable the
programming of the wide range of NC functions
from a simple machining cycle which is rather a
subprogram to a special, complicated canned cycle,
and the storing of these cycles in the machine.
Described below are details of the commands
mentioned above.

2.11.4 VARIABLES

Instead of directly assigning a value to an add-
ress in a user macro body, the address may be
designated by a variable. When this variable is
called during execution, the corresponding value
is fetched from the variable area to provide the
address value.

There are three types of variables: local
variable, common variable, and system variable.
Each is identifiable by a variable number.

To the local variables, real numbers can be
assigned using the argument designation part of
macro call command by G65 or G66,

(1) Local variables (#1 through #33)

A local variable is the one that is used for each
macro locally, That is, when the local variable
is used, the variablearea(#1 through #33) is
independently allocated for each macro call,
certain values are stored by argument designa-
tion, and the results of operations in macro are
retained.
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2.11.4 VARIABLES (CONT'D)

Main Program

Argument

Designation Enabled

Single-level Macro

——— — ——————e
09201 ; 09205 ;
' #1, #2, #3 #i
" G65 P9201 - §2
Ave Beve Gonn g Gb5 P9205 #:’J,

Read /write

Double-ivvei Macro

Read /write
Enabled

Local variable area
for single-level macro

Hence, the variables #1, #2, #3, --. of the
same macro assume different values each time it
is called. Each local variable is reset for each
macro call and is registered by argument desig-
nation. The variable not designated becomes
"blank." Each local variable is set to "blank"
at the time of power-on and reset operations.

(2) Common variables (#100 through #149, #500
through #509}

A common variable may be shared by all macros
and through all macros of all nesting levels. That
is, the common variable enables a macro to refer
to the results obtained by another macro.

Common Variable Area

#100 i #500
#149 | #509
OK OK OK OK

Single-nest Double-nest Tripple-nest Quadruple-
Macro Macro Macro nest Macro

Commen variables are divided into the following
two types depending on clear conditions:

Local variable area
for' duplicate-level macro

A, #100 through #149: These common variables
are cleared at the time of power-on and reset
operations and are set to "biank." They are not
cleared by reset operation in some controls if
parameter #6008 D1 is set to "1."

B.  #500 through #509: These common variables
are not cleared at the time of power-on and reset
operations.
|

The common variables are available to the
user without restrictions. They cannot be
designated by arguments. Indirectly, however,
they can be designated as follows:

G65 PO008 A- - ;

09008 ;
#100 = #1

Argument Designation of #1

(3) System variables

A system variable is the one whose use is unique
to the system. There are following types of sys-
tem variables:

A. Interface input signals

... #1000 through
#1015, #1032+%

B.  Interface output signals ...

#1100 through
#1115, #1132+
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C. Tool offset amount and work coordinate-
system shift amount ... #2001 through #2099,
#2500 through #2806

D. Alarm message display ... #3000

E. Clock ... #3001, #3002

F. Single-block stop and auxiliary-function
completion wait control ... #3003

G. Feed-hold,feedrate-override, and exact-
stop control ... #3004

H. RS232C data output ... #3100 (print out
feature),

I. Modal information ... #4001 through #4120

J. ' Position information ... #5001 through #5014

i

Note: The interface input and cutput signals of
(A) and (B) may not be installed. Follow the
specifications of the machine tool builder.

The following paragraphs describe the de-
tails of the variables mentioned above.

A. Interface Input Signals (#1000 Through
#1015, #1032) T

a4, When one of system variables #1000 through
#1015 is specified to the right-hand of an opera-
tional expression, the on/off state of each of
user-macro-dedicated 16-point input signals is
read. The relationships between the input signals
and the system variables are as shown below.

#1007|1#1006[#1005[#1004(#1003(#1002|#1001(#1000
U017 | ure{ UIs| Ui4| UIl3d] vrz | vr1 i UIO
27 28| 2% 24 23 1 22 21 29
#1015/#1014#1013[#1012{#1011]#1010|#1009|#1008

UI15| Ult14) 0OT13;UT12 | UL11{ U110 | UI19| UT18
215 21'& 213 212 211 210 29 25

Variable .
%rallaue Input Signal
1 Contact Closed
0 Contact Open

YASNAC

AN UI10 S

2 P unl ——-—0o0 o
22 [F uIz -5 o—

2* [} UI3 o ©

2 [ U4 5 o-

25 [} UIs o ©
AN Ut 5 ©

27 [ uI? 56

¢ [F u18 c o

22 O U19 0 ©

219 ] UI10 - <

21 [ UIlLl o o

212 [} U112 -0 ©

233 [} UIl3 o o

2tv [} UIl4 o o

215 [} UIl5 o © 1

Each read variable is 1. 0 or 0.0 when the asso-
ciated contact is "closed" or "open' respectively,
regardless of the unit system of the machine.

b. When system variable #1032 is designated,
the input signals (UI0 through UIl5) that consist
of 16 points (16 bits) are collectively read as a
decimal positive value.

15 _
#1032 = £ 4 [1000 + i] % 21
i =0

Sample Program

IF [ #1015 EQ O] GO TO 100 ;

Bit 215 (U115} is read and, if it is "0," a
branch is made to sequence number N100.

#130 = #1032 AND 255

Bits 20 through 27 (UI0 through UI7) are
collectively read to be stored in common
variable #130 as a decimal positive value.

Note: System variables #1000 through #1032 can-
not be placed to the left-hand of operational ex-
pressions.
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2.11.4 VARIABLES [CONT'D) b. When system variable #1132 is specified, the

output signais (UO0 through U015} that consist

B. Interface Output Signals (#1100 Through of 16 points {16 bits) are collectively output.
$1115 #1132)T At this time, the decimal positive value substituted
' in #1132 is output in the form of binary 16-bit

a. When one of system variables #1100 through value.

#1115 is specified to the left-hand of an operation-

al expression, an on or off signal can be sent to 18 [ ) )

each ol user-macro-dedicated 16-point output #1132 = .E_ ;I‘ 1100 + 1.:| * 21

signals. The relationships between the output 1=

signals and the system variables are as shown

below: c. With system variables #1100 through #1132,

the value sent last is retained. Hence, when one

#1107|#1106|#1105]#11047#1103 #1102{#1101{#1100 of them is written to the right-hand of an opera-

wo7 | voe | vos | voa | UC3 jU0Z | UOH Uoo tional expression, its value is read.
27 28 95 1 2% | 23 [ 22 [ 21 | 2°
Fuisi#r a1 2)#ran#ing #1109#1108 d. Considerations

u1s | w14 | w13 | uiz | U171 U0 uos | uos

When any values other than 1.0 or 0.0 are sub-
515 | g1u | g13 | 212 | 211 {210 | 29 28

stituted into one of #1100 through #1115, the=
values are handled as follows:

"Blank" is assumed to be "0.7

Variable Value Output Signal Values other than "blank" and 0 are assumed to
1 Contact Closed be "1.°
0 Contact Open Sample Program
#1107 = #10 ; (#10 = 1.5)
YASNAC
The output signal of bit 27 (UOT) is output
in the contact (closed) state.
2 o o——y— Uob #1132 = (#1132 AND 240) OR (#8 AND 15;)
1 45 o——p— UOl
z The output signal of bits 24 through 27 (UO4
52 b5 o | yoz through UOT7) are output without change and
the contents of local variable #8 are output
23 ¢— B ©——F— UO3 to the output signals of bits 20 through 23
{UOO through U03).
24 ¢—o0 o—1— U04 _ {Decimal 240) = 11110004,
R (Decimal 15) = 00001111)
25 $—o o—— UOH
C. Tool Offset Amount And Work Coordinat
5 570 L w06 g ate
A S System Shift Amount (#2001 Through #2099, #2500
2 ——— | o7 Through #2086)
b5 o—4— uos a. When one of system variables #2001 through
#2099 is specified to the right-hand of an opera-
29 &—5 o——— U09 tional expression, the tool offset amount can be
read.
210 4 — 05  O——1T— uol0
) b. When one of system variables #2500 through
211 ¢—o  o——— UOLI #2806 is specified to the right-hand of an opera-
. P 12 tional expression, the work coordinate system
2tz g4—>o © — Yo shift amount (and the external work coordinate
213 | — | yois system correction amount) can be read.
214 ¢—D5 o——— UQl4
2158 i—H?F——P uQ1is5

When 1.0 or 0.¢ are substituted in any of #1.100
through #1115, the associated output contact 1s
output in the "closed™ or "open'state.
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c. The relationships between the tool offset
numbers and the system variables are as shown
below:

System Tool
Variable Offset No.
#2001 01
#2002 02
#2098 98
#2099 99
System Work Coordinate Spind!
Variable System Shift Amount pindie
#2500 External work coordinate
42501 system correction amount
G54 x
#2506 G59
#2600 External work coordinate
42601 system correction amount
G54
Y
#2606 G59
#2700 External work coordinate
#2701 system correction amount
. G54
Z
#2706 G59
#2800 External work coordinate
#2801 system correction amount
. G54
o
#2806 G59

(4) When one of the above system variables is
specified to the left~hand of an operational ex-
pression, its value can be changed.

Sample Programs

a. #116 = #2016 ;

The contents of tool offset number 16 are
substituted for common variable #116.

b. #2506 = {#4 ;

The work coordinate system shift amount of
G59 X-axis is erased and the contents of
local variable #4 are set.

D. Alarm Message Display (#3000)

When a condition te be alarmed occurs in a user
macro program, system variable #3000 may be
specified to put the machine in the alarm state.

#3000 = n (<alarm meassage>};

Using this command, specify the alarm message
(less than 32 characters) enclosed by 3-digit
alarm number n and control-in and centrol-out.
The alarm.number should be three digits and be
the one that is not used by the machine.

When this #3000 command is executed, "ALM"
or "A/B" is displayed on the bottom of CRT
screen regardless of the mode and function.

Its message can be seen by the following opera-
tion:

a. Press ALM function key.

The alarm number and message are displayed
on the bottom of CRT screen.

-~
ALARM 09100 N0054

USERS MESSAGE

- - - 1
rSSO: MACRO ERROR: DATA OVERFLOW 1|
1

I!ALM n
. —

Message display area and
sample display
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2.11.4 VARIABLES (CONT'D])

b>. When RESET key is pressed after removal of
the cause of alarm, the message display and the
alarm state can be cleared.

Sftnl;)_lﬂrogram

#3000 = 550 (MACRO ERROR.:
FLOW)

DATA OVER-

E. Clock (#3001, #3002)

When system variable #3001 or #3002 for
clock is specified, the clock can be read.

System . At Count

Va":'iable Type Unit | power-On Condition

#3001 [Clock 1|1 ms | Reset to "0" | Always

#3002 [Clock 2{1 s Same as When STL
power-coff signal is on
time

To preset the clock, cubstitute the value

with this system variable put at the left-hand of
the expression.

Sample Program

43001 =0 ; ... The clock is preset to value "0."

Restrictions

a. The accuracy of clock 1is 8 ms. When
4294968000 msec has been reached, an overflow
occurs, setting the clock to "0."

b. The accuracy of clock 2is 8 ms. When
429496800 sec has been reached, an overflow oc-
curs, setting the clock to "0."

Hampie Program
Argument designation

Main Program of variable #1

GO65 PG351 AL . Macro to wait for
] 5 seconds

Macro Program

09351 ;

#3002 = 0 ;

wHiLE {43002 T #1] DOL ;
END 1 ;

M99 .

F.oo Single Block S3top and Ausiliary Function
Completion Wait Control (#3003)

When the value listed in the fcllowing table is
substituted in system variable #3003, the single
block switch can be disabled or the next block
may be entered without waiting for the checking
of the finish signal (FIN) of the auxiliary func-
tion (MST).

When the f{inish signal is not waited for, the
distributionend signal (DEN) is not transmitted.
In this case, the FIN is waited for in the block
with the check skip cleared. Hence, when tha
FIN is not waited for, be careful not to specify
the next auxiiiary function.

#3003 Blofﬁ“ \fﬁtch PIN Signal
0 valid Waited
1 Invalid Waited
2 Valid Not waited
3 Invalid Not waited

G. Feed-Hold, Feedrate-Override, And Exact
-Stop Control (#3004)

When the value listed in the following table is
substituted in system variable #3004, feed hold,
feedrate override, and exact stop can be made
valid or invalid.

#3004 | Feed Hold giiiii}lz Exact Stop
] Valid Valid Valid
1 Inwvalid Valid Valid
2 Valid Invalid Valid
3 Invalid invalid Valid
4 Valid Valid Invalid
5 Invalid Valid Invalid
6 Valid Invalid Invalid
7 Invalid Invalid Invalid
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Sample Program variable at the right-hand is cutputted vis R5232C
interface as the signed decimal 8-digit data.

Tapping Cycle (for Incremental Command)

¢. The above output is performed when Syvsten';

Main Program ) >
variable #3100 is executed in the macro program.

It is required, therefore, to previcusly attach
G9l ; the external equipment such as a printer via
Gb65 P960L L+« Rove Zo-x ; RS5234C interface and preset the parameters that
—7 use the interface.
L Argument designation
of #26 Sample Program
Argument designation of #18 #3100 = ( ); ... Carriage return/line feed
#3100 = (TOOL OFFSET 01 AND 02):
M P
acre Trogram #3100 = #2501 ; --- = 10,000 mm
09601 : #3100 = #2502 ; ... =-35,524 mm
© #3003 = 1 ; — Single block switch ————— #3160 = (),
. invalidated
GO0 z#18 ; . Printout Data
#3004 = 7 ~— Feed hold invalidated
. Feedrate override invalidated
GOl Z#26 ; Exact stop invalidated TOOL OFFSET 0l AND 02
MOS LU 1000010~ 35.524
MO4 ;
#3004 =0 ;
GO0 2-#18
MO5 ; ‘ Two spaces precede signed decimal,
M03 ;
3003 =0 ; .
#99 I. Modal Information (#4001 Through #4120)
M99 ;

When one of system variables #4001 through
#4120 is specified, the modal commands that are
H. RS232C Data Output (#3100) specified up to the immediately preceding block
can be known. These modal commands are some-
times called the current values of modal informa-
tion commands.

When system wvariable #3100 is specified, messages
and NC internal data can be outputted to external
equipment via RS232C data input/output inter-

face. If the external equipment is a printer, System Variable Modal Information
the above information is printed,
#4001 G code (group 01)
a. Output of Messapes S S
#3100 = ((Messaged)
‘ #4021 G code (group 21)
When this command is specified, the message
enclosed by control-in and control-out is outputted, #4102 B code
via RS232C interface. #4107 D code
Each output message is followed by CR/LF #4109 F code
(Carriage Return/Line Feed). Hence, when
#3100 = ('} is specified, only CR/LF is outputted, #4111 H code
which is usefu! in tabulating the punched data, #4113 M code
#4114 Sequence number
b. Output of Data
#4115 Program number
#3100 = { variable D> ' #4119 S code
When this command is specified, the value of #4120 T code
the local variable, common variable, or system
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2.11.4 VARIABLES (CONT'D)

#4001 through #4120 connot be placed to the
le{t-hand of the operation expression.

Sample Program

Main Program

G65 P9602 <Argument Designation) ;

Macro Program

09602 ;

#1 = #4001 ; — G codes (G00 through

GO0 Xe.o- Yeo- GO3)‘ of 01 group are
retained.

G0l Z2... F---

GO03 Xe+r Yero Revn

GO0 Z..-;

GH#l ; G codes of 01 group

M99 are restored.

J. Positional Information (#5001 Through #5014)

When system variables #5001 through #5104

are specified, various positional information can
be obtained.

The unit of the information is millimeters or inch-
es.

Unit

Metric input 0.001 millimeter

Inch input 0.0001 inch

Deg inputt 0.001 degree

in the user macro body, the "input unit x 10"
feature i1s invalid.

System Read Duri
Va);iable Positional Information eaMov:;rlng
#5021 X-axis current position Enabled(NOte)
{ABSMT)
#5022 Y-axis current position
(ABSMT)
#5023 Z-axis current position
{ABSMT)
#5024 4th current position
(ABSMT)
#5041 X-axis current position Enabled{Note)
(ABSOT)
#5042 Y-axis current position
(ABSOT)
#5043 Z-axis current position
(ABSOT}
#5044 4th current position
{(ABSOT)
#5061 X~axis skip signal Enabled!Vote)
pesition (ABSKP)
#5062 Y-axis skip signal
position (ABSKP)
#5063 Z-axis skip signal
position (ABSKP}
#5064 4th skip signal posi-
tion (ABSKP)
#5083 Tool length correction | Enabled
amount
. fys Not
#5101 X-axis servo position Enabled( ote)
deflection amount
#5102 Y-axis servo position
deflection amount
#5103 Z-axis serve position
deflection amount
#5104 4th servo position
deflection amount
Note: Reading of #5021 to #5024, #5041 to #5044,

Vsai?::grlr:g Positional Information Rea;_ldc?r:ring
#5001 X-axis block end Enabled
position {ABSIO)
#5002 Y -axis block end
position (ABSIO)
#5003 Z-axis block end
position (ABSIO)
#5004 4th block end position
(ABSIO)

and #5101 to #5104, when commanded during move-
ment, will be performed after completion of the
movement.
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Mnemonic| ABSIQO ABSMT | ABSOT ABSKP

Meaning | End po- |[Command|Command |Position
sition of |current [current [at which
block im-{position [position |skip sig-
mediately](same as |[(same as [nal did
before. |POS. POS.UNI-jnot go on

MACHINHVERSAL |in G31
display) .display) . | block.

Coordi- | Work Machine Work co- |Work co-

nate coordi- |coordi- prdinate |ordinate

system nate nate system system
system [system

Tool Not Included {Included

position, | included

Tool

length,

Teol

radius

compen-

sation

Amount

Notes:

1. When the skip signal is not turned on in G31
block, the skip signal pesition is at the end of
G 31 block.

2. The “input unit x 10" feature is valid up to
the macro call block {the argument designation
part by G65 or G66) but is invalid in the user

macro body.

3, System variables #5001 through #5104 may not
be placed to the left-hand of operational expres-
sion.

Sample Program

The tool is positioned to the specified location
(X, Y, Z2) on machine coordinate system, per-
forms the specified M feature, and returns to
the start point.

Main Program

G65 P9603 X-f.. Yooso Zaove Moo 3

#25

#24

- 9§ -

Macro Program

G911 ;

09603 ;

#1 = #5001 ;
#2 = #5002 ;
#3 = #5003 ;

G00 x [ #24-#5021] v [ #25-#5022];
GO0 z [#26-#5023 ] ;

M#13 ;
GO0 Z#3 ;
GO0 X#1 Y#2 ;
M39 ;
List of Variables
Variable Meani
No. aning
#1 to #33{ Local variables.
#100 to Common variables (reset to"blank"at
#149 power-off).
#500 to | Common variables (retained at power-
#509 off).
#1000 to | Interface input signals {each signal
#1015 for each bit}.
’ 15
#1032 Interface input signal (L # [1000 + i:]
i= * 2i),
#1100 to | Interface output signals (each signal
#1115 for each bit).
15
#1132 Interface output signal (I #[:1100 + i]
i=0 * 21).
#200)1 to | Tool offset amount.
#2099
#2500 to | Work coordinate system shift amount,
#2806 external work coordinate system
correction amount.
#3000 Alarm message display.
#3001 Clock 1 (in units of 1 ms).
#3002 ,]Clock 2 (in units of 1 5).
#3003 Single block stop, auxiliary function
complete wait control.
#3004 Feed-hold, feedrate-override, and ex-
act-stop control,
#3100 RS232C data output (print out featura},
#4001 to | Current value of modal information
#4120 command.










2.11.4 VARIABLES {CONT'D)

Variable .

No. Meaning
#5001 to | End position of immediately preceding
#5004 block (for each axis}.
#5021 to | Current position of machine coordinate
#5024 system (for each axis),
#5041 to | Current position of POS. UNIVERSAL
#5044 {for each axis).
#5061 to [ Position at which G31 skip signal is
#5064 turned on (for each axis).
#5083 Valid tool length compensation amount.
45101 to | Servo position deflection amount (for
#5104 each axis)

K. Variable Reprentation

Each variable is represented in a variable number
that follows #.

a. How to designate a number directly:

#i(i=1,2, 3, 4, ---)
Sample #10
#130
#2000

b. How to designate an expression as a variable
number:

# [<expression>:|

Sample # [#100]
# [#500 + 1]
B [#20/2]

In the following description, variable # may be
replaced with variable #[{ expression )]

.. Variable Reference

a. The value that follows an address may be
replaced by a variable.

When ¢ address) # or {address) -#i is specified,
the value of the variable or its negative value
(complement, more exactly) is made the specified
value of the address.

Sample #30 = 1. 0 ;
#101 = 100. ;
#102 = 200. ;
#103 = 300, ;
#140 = 250. ;

G#30 X#101 Y#102 Z-#103 F#140 ;

The above specification is equivalent to the
specification below:

GOl X100 X200 2z-300 F-250

Notes:

{1) Address /, 0, and N may not refer tn
variables.

Sample {48, N#$100 - .-

Error,
{2) A variable number may not be replaced with
a variable,

Sample 20

§ [#20]- -
(3) When a variable is used as address data,

the values below the least significant
digit are rounded.

Error.
Cerrect.

SamEIe
(i) When #1 = 45,2346
X#1 ..« = X45.235 mm {for mm input)

(ii) .When #2 = 350.85
F#2 -+- F351 {mm/min)

(iii) When #3 = 5.37672

GO04 P#3 --- = G04 P5.377 (sec)
(iv) When #4 = 2.7236

M#4 .- MO3

Gi#4 - GO3

(4}  wvalue for each address Shoujd not exceed
the maximum programmable value.

(5) The value that follows an address may be
replaced with (expressien) .

{(6) The constant without decimal point enzlosed
in brackets[ Jis assumed to have a decimal point
at its end.

M. Undefined Variable

The value of an undefined variable is assumed to
be "blank." An undefined variable occurs in the
following situations:

a. The local variable for which argument desig-
nation was not performed in macro call command.

b. Common variables #100 through #149 at the
time of power-on and reset operations.

¢. The local variables and common variables
for which the values were not written from MDI
panei.

_96_



Designation and function of <blank> is classified
in the following two versions A and B.
trol is set for either version.
cannot be changed.

The con-

Versions A and B

Version A

Version B

Concept of "#0"

. No concept-

. #0 defined

ion of #0. as variables
. Command- of <blank>
ing #0 causes|{ . Command-
alarm. ing #0 at the
left-hand
side of the
equation,
Variable <blank>{. Where #2 . Where #2is
is commanded injis <blank> , <blank> com=
the replacement |command mand #3=#2;
equation, #3=#2; means #3=
means #3=0, <blank>.
Variable <blank>|. Where #2 . Where #2
is commanded i |is <blank>, is <blank>
the part pro- command command
gram, 600 x #2; 600 x #2;
is equiva- is equivalent
lent to com- to 600;
mand {Adress is
600 x 0; Ignored.)
Variable <blank>|., Where #2 . Where #2is
is commanded [is <blank>-, <blank> #3is
in the condi- #3is 0 0
tion of EQ and |1} Condition | (@) Conditicn
NE. "IF #3 EQ # "IF #3 EQ #2"
is established is not estab-
Condition lished.
"IF #3 NE #2" | @ Condition

is not estab-
lished.

"IF #3 EQ #2
is established.

Others

#3=4[ #0+40)
#3=#2 * §#0;
#3=40 + #0;
#3=H#0/40;
#3=5%§0;
Blank

as "0."

#3 is <blank> .

and #3=0.

In these com-
mands, #3=0,

#3=2-#0; means #3=2
#3=5/#0; causes alarm.

in the replacement
described above is treated

. Condition IF#3 GE#2 is
established when #2 and #3
are <blank> , or #2 is 0 and

. Conditien IF #3LT #2 is not
established when #2 and #3
are <blank> , or #2 is <blank>,

2.11.5 OPERATION COMMANDS

Various operations can be performed between
variables and between variables and constants.
The operation expression is represented in the
form of # = {expression) , in which (expression)
is a general arithmetic operational expression pro-
duced by combining variables and constants with
operators and functions. The available opeara~
tions and functions are as follows. Instead of

#i and #k, constants may be used.

(1) variable pefinition and Replacement

#=#H definition, replacement.

Ho=##+ ...

(2) Add- Type Operations

Ho=#+ ¥k Sum.

Ho=# - fk +++ Difference.

#i = # OR #k Logical sum (for each of
32 bits).

#i = # XOR #k--- Exclusive logical sum
(for each of 32 bits).

(3} Multiply-Type Operations

#o=# *Hk Product.

#i= 8 [/ Hk Quotient,

# = # AND #k ... Logical product
{for each of 32 bits).

Note: In OR, XOR, or AND operation, the

variable value (or constant) is converted into
the binary 32-bit equivalent and the operation
is performed on each bit.

(4) Functions
# = SIN [#]] Sine (in degrees).
# = COS [#] ] Cosine (in degrees).
#i - TAN[# ] Tangent (in degrees).
K= ATAN [ #/4]
' -7+ Arctangent (in degrees).
fi = SQRT [#]] -+-- Sguare root.
#i = ABS [ ff :l Absolute value.
# = BIN [# ] Convert from BCD.
# - BCD [ #]__] Convert into BCD.
# = ROUND [#]] -+« Produce integer by rounding,
# = FIX [#] ] “Truncate the fractions.
# = FUP [#]] Raise the fractions to a unit.
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{5) Combinations of Operations

The above operations and functions may be used
in combinations. A functional operation is per-
formed first. Then, a multiply-type operation is
performed. An add-type operation is performed
last.

Bi=# + #k o+ SIN [#2]

9
@

Sample

©]

(6) Change of Operational Order by [ ]

Priority may be given to an operation by enclos-
ing it in brackets [ ]. Up to guintuple (five-

hold) nesting of brackets is permitted including
those of functional operations.

Sample  fi :sm[[[#bjk] + #2 + #m ] *#n:l
1
@

®

@

®

{7) cConsiderations for Operational Commands

A. The constant without decimal point used in
¢expression} is assumed to have a decimal point
at its end.

B. When used in conditional expression IF or
WHILE, function ROUND truncates the {ractions.

C. When used in address data, function ROUND
rounds the part below the least significant
digit.

Sample (a)
#10 = 12.3758

When the least significant digit of address
¥ is 0.001 mm, the following command

GO0 X [ ROUND [#ed];

means

GO0 X12.376 ;
because 8 of 12.3758 is rounded.

This command is also equivalent to

GO0 X#10 ;

Usually, ROUND is not used as mentioned above;
it is used as shown below:

Sample (b)

When ROUND is used as f{ollows, the program re-
turns to the start peint correctly:

(D #10 = 12.3758 ; gngRfTﬂ—oﬂ—o
(@) #11 =13.1236 ; |
(3) G91 GO0 X#10 ;
(@) Gol X#1l F... ;

G Goo x- [ROUND [ #0] +ROUND[#11]];

" RETRACTION

This is because the data of #10 and #11 in (D

and @ blocks are substantially rounded before
being executed.

14 (5 block is
@ coo x- [#10 + 411 ];

then, the movement is made by the following
amount:

x- [ #10 + #11]

[l

x - [12.3758 + 13.1236
X - [25.4994]

x - [25.499]

On the other hand, block movement of
OO

X#10 + X #11

X12.376 + X13.124
X25.500

Hence, the program of@ is not correct,

(8) oOperational Errors

The data format and the operational errors ir the
user macros are as follows:

A. Data Format

The numeric data handled in user macros are of
the floating peoint format.

where, M is sign + data 52-bit binary,
E is sign + data 10-bit binary.

B. Operational Errors

Each time an operation is performed, the follow-
ing error is caused and is accumulated. The num-
ber of significant digits is 15 to 16, which com-
pensates the error sufficiently.
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2,11,6 CONTROL COMMANDS Conditional expressions are EQ, NE, GT, LT, GE,

and LE. They are represented as follows:
The commands which control the flow of micro-
program are of the following two types: . -
Conditional Expression Meaning
A. Branch Command ... IF [(conditional - . o
expressiony] GO TO n ; f_EQ # (H = #)
C #i NE # (#H % #)
B. Repeat Command ... WHITE |[{conditional . . .
expression)] DO m ; #_GT # (h > #)
#i LT (# < #)
) . > 0
(1} Branch Command #i_GE # (2 #)
#i LE # (#i = #)
A. IF [< conditional expre55i0n>] GO TO n ;
1f { conditional expressiondof this command is A constant and {expression} may be used to #
established, a branch is made to the block of and #. A variable and <{expression) may be
sequence number n within the same program. used for n.
When a variable or an expression is used for n,
the branch destination may be changed. If the Notes:
condition is not satisfied, the program proceeds 1. The sequence number of the destination of
to the next block. the branch by a branch command must be located

— T ~—~— at the head of that block. Otherwise, the data

prior to the sequence number is ignored as shown
below:

- 1F |:< Conditional)] GO TO n;

expression . .
p Branch Destination Sequence No.

< GOl X10. N35 z25. F300 ; --- <

\__—_l: Executed with

this data ignored.

.. {(Next Block)

Established
tUnestablished

ta 1L+ e s H

2. The reverse branch on the program takes
longer execution time than the forward branch.

/_\__/__

IF [( conditional expression )] may be omitted to
provide a simple branch command as shown below:

/\_’,/

—GO TO n ;

N1 - - ;

Simple Branch
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(2) Repeat Command

A. WHILE [ conditional expression)] DO m;
{m =1, 2 and 3)

END m ;

while {conditional expression > is satisfied, the
blocks between DO m and END m are repeated.
When it is unsatisfied, the processing branches
to the block next to END m.

————

\—_\‘__- ' . -
'8 E E—WHILE [(Condltional DO m;
crel fay. expression)]
)]
. - -
3|5 P
3 [}
o |8 %
§ i I
5 END m;

{Block next to END m)

o

When the specification is made omitting WHILE
[<conditional expression)], the blocks between
DO m and END m are repeated infinitely. Gen-
eraily, this is used in the format shown below,

T

DC m

Loop is hroken upon establish-

g
8
k=1
o]
o
a
(8]
- IFI:(Conditiona] GO TGO n ; »
k| expression) 9
% =
@ o
© o4
c END m ;
o shbm
o]
a
£
Nn ;

Notes:

1. DO m should be specified before END m.

2. m of DO m and END m should have the same
value. However, only 1, 2, or 3 may be specifi-
ed in m.

DO 1 =
The value of m, 1, 2, or 3
is called the identification
number, which is used by
END ] — DO and END to call each
other.

DO 2 —=—n

END 2 ~=—

3. THhe same identification number may be used
repeatedly except where repeat ranges overlap.

4. GO TO n enables to get out of DO loop but

it does not enable to get into DO loop as shown
below:

.

rGOTO 100 ;
DO 1 ;
N100 ;

END 1 ;
/—_.__—-

Enabled
Disabled

5. Triple DO-loop nesting is permitted for each
micro pregram.

/_\/I —
Do 1 ; DO 1 ;
Do 2. DO 2;
DO 3 ; DO 3 ;
G65- - ABC ; | G65 - XYZ ;
END 3 END 3 :
END 2 ; END 2 ;
END 1 ; END 1 ;
Enabled Enabled
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6. The codings shown below cause an error:

()

(ii)

{iii)

(iv)

?

DO 1 ; ==
The return destination
DO 1; _..?_ of END 1 is unknown.
END 1 ;—
DO 1 ; —=y
One END 1 is missing.
END 1 ;—~
?
END 1 ——-‘
?
DO 1 ; ==

]
E;‘JDl'J

DO 1 .
Overlap of DO

ranges is not DO 2
permitted.

Rewrite as END 2
shown right.

END 1 ; —

END 2 ;—

DO 1 ;
Do 2 ;
DO 3 ;

DO 1 ; —=—

Quadruple nesting.
Max. nexting permit-
ted is triple.

END ] ;—
END 3 ;
END: 2 ;

END 1 ;

(v} DO 1;
N7000:-- ;
D loop may not
be entered from
END 1 : outside.

IF--- GO TO 7000 ;

2,11.7 REGISTRATION OF USER MACROS
(1) How To Make Registration of User Macros

The registration and edit of user macro bodies
{macro programs) are performed in the same
manner as usual part programs and subprograms.
Hence, there is no program size restriction that
applies to the user macro body only. Part pro-
grams, subprograms, and macro programs may be
stored together in the part program memory to
its full capacity.

(2) classification of Program Numbers

The program numbers are classified into the
following :

Program No. Classification

01 to 07999 | These programs may be register-
ed, erased, or edited without

restrictions,
08000 to When D4 of #6004 is set to 1, the
08999 registration, erase, and edit of

programs are disabled.

09000 to When D7 of #6021 is set to 1, the
09999 registration, erase, and edit of
programs are disabled.
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2.11.8 DISPLAY AND WRITE OF LOCAL VARIA~
BLES AND COMMON VARIABLE

Local variables (#1 through #33) and common var-
iables (#100 through #149, #500 through #509)
can be displayed and written by the following
operations:

(1} Display Operations

A. Display of Variables

a. Press SET function key. Mode select position
may be provided anywhere.

CUS0OR
b. Key-in the variable number and press

+
key or | ~irsOR key. However, # need not be

keyed-in. Ten sets of variable numbers includ-
ing the specified variable number and their data
are displayed. The data are displayed in the
signed 8-digit integer part and the 8-digit frac-
tion part.

Macro nesting level
(0: Macro not in execution)

SETTING MACRO 01234 N0035
—LEVEL 0
#0100 -12345678. 12345678
#0101 (. 00000001
#0102 3. 00000000
#0109
RDY

Sample Display of Common Variables

PAGE 1 )
N key o | paGE key, and the

display may be scrolled up or down.

c. Press

B. Remarks

1. Common variables may always be displayed
for review.

b. For local variables, those of the macro cur-
rently executed are displayed. Consequently,
when a macro of a nesting level is in execution,
the local variables of the macros of the other
nesting levels cannot be seen. The local varia-
bles after completion of execution are all rest to
"blank . "

(2) Write Operations
A. Write of Values to Variables

a. Press SET function key. Mode select position
may be provided anywhere.

b. Key-in the variable number to the written.

CURSOR| 4 +
Press ‘ key or | 1 jpsoR key. How-’

ever, #f need not be keyed-in. The keyed-in
variable number is specified and the cursor is
positioned to it.

c. Key-in the value to be written. Press WR
key. The keyed-in value is stored as the data
of the variable number with the cursor positioned.

CURSOR +
d. Press ' key or CURSOR| key or

+ PAGE
PAGE key or 4 key to move the cursor.

e. Repeat operations in c. and d. to write the
values to the desired variables.

B. Remarks
2. Common variables can always be changed,

b. Local variables may not be written at any
time other than when a macro is in execution.
Any attempt to do so is invalidated. However,
rewriting of local variables during macro execu-
tion may cause an unexpected failure. Before
attempting the rewriting, stop the machine oper-
ation by single stop function and check to see if
it is safe to rewrite variables.

¢. The written local variables and common vari-
ables #100 through #149 are reset to "blank" by
the reset operation or the power—-on operation.

2.11.9 CONSIDERATIONS AND REMARKS FOR
USER MACROS

(1) Summary of Restrictions
A. Available Variables

#i through #33 Local variables.
#100 through #149]—Common variables,
#500 through #509

System variables
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B. Available Variable Values

Maximum wvalue +ipt3ee

Minimum wvalue +10-30¢

C. Constant Values Usable in { Expression)

*(8 digits above decimal point).
decimal points).

(7 digits below

Sample Maximum value *99999999.9999999
Minimum value *0.0000001

D. Operational Accuracy

Decimal 15 digits significant.

E. Macro Call Maximum Nesting Level
Quadruple (f:aur-hold) .

F. Maximum Nesting Level of Repeat Command
Triple (thread-hold) for each macro.

G. Repeat Command (DO} Identifier m

m =1, 2, and 3.

H. Maximum Nesting Level of Brackets
Quintuple (five-hold).

(2) Differences Between User Macro and
Subprogram

A. User macros G65 and Gb66 allow argument
designation but the subprogram {(M98) does not.

B. The user macro directly branches to the
user macro body without executing any command
that was specified in G65 or G66 block and has
no relationship with the macro. With the sub-
program, however, a branch is performed after
the execution of the command (if any) other than
P and L in M98 block.

C. The maximum nesting level of user macro is
quadruple including G65 and G66 calls. That of
subprograms is also quadruple but separately.

D. If user macros.are specified via the MDI
during automatic operation, the maximum nest-
ing level is restricted to quadruple. With sub-
programs, up to four levels of nesting are per-
mitted in tape mode or memory mode, or separately
in MDI mode.

{3) Relationship with MDI Operation

A. MDI writing permits the macro call and the
execution of the called macro.

B. MDI writing does not permit or execute macro
body commands such as operational commands and
control commands.

C. When a macro program being executed is
stopped by the single block stop function, any
MDI writing command not related to the macro
may be specified and executed.

{4) Relationship with Address Search

The address search function is not permitted to
search for the sequence numbers in the user
macro body.

(5) Relationship with Single -Block Switch

A. The operational command and contrel com-
mand blocks do not single-block stop if the

single block switch is turned on. This switch
is enabled for the other macro program blocks,

B. However, when setting number #6004D] =1,
the single block switch is enabled for the opera-
tional command and control command.

C. System variable #3003 (for the control of
single block stop, see 1.5.3.6) and setting #6004
D1 mentioned above operate as shown below:

Setting | System Vari- When Single Bock
#6004 | able #3003 Switch is on

D1 =0 =lor3 None of operational com-
mand, control command,
and general command stop.

D1 =20 =0or 2 Operational command and
control command do not
stop. General command
stops.

D1 =1 =lor3 None of operational com-
mand, control command,
and general command stop.

Dl =1 =0or 2 All of operational command,
contrel command, and
general command stop.
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(8) Relationship with Operational Block skip

The slash "/" character used in the ripht-hand
of an operational expression or in brackets

is assumed to be the operator for quotient.

it does not mean the optional skip.

(#} setting and Parameter of Program Number
Classification

A. Disabling of Program Registration, Erase,
And Edit

The following setting is permitted to protect the
registered user macros and subprograms from
inadvertent destruction:

Setting
Number

#6004

D4 =1 --- The programs of program numbers
#8000 through #8999 are disabled for registra-
tion, erase, and edif.

D4 =0 ---
enabled.

Registration, erase, and edit are

Parameter
Number

#6021

D7 =1 --- The programs of program numbers
#9000 through #9999 are disabled for registra-
tion, erase, and edit.

D7 =0 ...
enabled.

Registration, erase, and edit are

(8} Effecls of Reset Operation
A. A reset operation resets all local variables
(#1 through #33) and part of common variables
(#100 through #14%) to "blank."

B. A reset operation resets the user-macro
multiple call state and the multiple DO loop state,
making the program pointer return to the pro-
gram head.

{9) special Codes Usable in User Macro Body

Al
in the user macro body:

The special codes listed below may be used

EIA Code {80 Code
Code Use T1TT
8765403218765403”21
SP {For comment o e ol 1 | |e }
For alarm
* ( Imessage XX el 1O e
comment
)| o | el ©f fo| ol o [ o
+ |add oo |2 Of Kie| OO
- |Subtract O a Ol 000: @)
For comment | IO e e e ee 3‘0
! |pivide oo fo| | 0] | [0 pleicoe
# [Variable Eif‘ﬂfgﬁgn & ° TO'O
¥ o+ IMultiply SENe e o| lof [De|
¢ = [Equal O | | o | o] oodeio o
+ [ (Bracket{open}y O |e o [Oe TOO
« ] ’(3:1:‘3‘ . of 0 ol odeb o
$ {For comment [ | ot loloy = N o)
e | 0 | | oefoololed] | | e
? SHENeele o OO OO0
point oo oie| o] | 1o Bepe
Notes:

1.
acter attached with an asterisk, the pattern
shown above is standard.
terns may be specified by using the following
parameters:

#6110
#6111
#6112
#6113
#6114 ---
#6115 .. )}

-~

Read the desired hole pattern in the binary
value, convert it into the decimal equivalent,
and set it to the parameter. For example,
the hole pattern shown below is set as "152":

8l7]|6]5]4[0;3([2]1
O QO] e

When the value of the parameter is "0," the
hole pattern listed in the above table is pro-
vided.
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2. When the codes shown below are output from
the NC unit for punch-out or other purposes,
the upper code (UC) or lower code (LC) is out~
put immediately before.

a. Codes preceded by UC --- #, +, §, 7.
b. Code preceded by LC .-- @,

c. Codes preceded by UC only at parameter
designation ... (,), :

2.11.10 ALARM NUMBER OF USER MACROS

Shown below are the user-macro-associated alarms
and their causes,

105 MACRO ERROR (CONSTANT)

The number of constants is in excess of
the specified range.

106 MACRO ERROR

There are too many G67 cancel codes.

107 MACRO ERROR (FORMAT)

A format other than expression has an
error.

108 MACRO ERROR (UNDEFIN #NO)}

The value not defined as a variable num-
ber is designated.

109 MACRO ERROR {(#NO NOT LEFT)

The variable of assignment statement is
the one that is disabled for assignment.

110  MACRO ERROR ([ ] 5 LIMIT)

The bracket nesting level is in excess of
the upper limit (5).

111 MACRO ERROR (MOVE G66 - M99)

A move command is specified in the macro
end command M99 called by Gé66.

112 MACRO ERROR (5)

The macro call nesting level is in excess
of the upper limit (4).

’

113 ——

114 MACRO ERROR (DO FORMAT)

DO and END are not paired.

115 MACRO ERROR ([ J UNMATCH)

The format of {expression) has an error.

116 MACRO ERROR (DO - END NO.)

DO m is not in the range of 1 < m £ 3.

117 E—

118 MACRO ERROR {GC TO N)

GO TO n is not in the range of 0 < n <
9999,

2.11.11 EXERCISES OF USER MACRO
(1) canned-Cycle G82

T (Teacher): We have discussed many complicated
rules you have to understand to
write user macros. Now, let's
create some user macros as exer-
cises. Let's take G82 Spot Facing
Cycle of canned cycles for ex-
ample, because it is a simple oper-
tion.

S (Student): Where shall we start?

T: An example of usual G82 command takes the

following format:
(P1)

1; (--. Incremental Designation)

G82 X100. Y50. R-80. Z-40. P3.0 F250 ;

This command is divided into the following
and executed within the NC unit:

(P2)+7

)
G91 ; o=+ ?
@ G00 X100. Y50 ; ®! :
@ G0 X-80. ; o
G GOl Z-40 F250 ; i®
@G04 P3. ; (Dwell) 3! |
B)G00 Z-((-80) + (-40)) ; €§“ s11
DWELL
@
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2.11.11

S:

EXERCISES OF USER MACRO (CONT'D)

First, these moving distances may all be
converted into variables.

They are local variables #1 through #33,
aren't they?

Type 1 for small number of variables. This

type allows the use of X, Y, and Z and there- T:

fore makes the argument designation easier
to understand.

OK.
ing variables:

X100. Y50. R-80. Z-40. P3.0 F250 | (P3)

¥ ¥ ¥ + ¥ ¥
#24 #25 #18 #26 ? #9

Address P of dwell time cannot be used for
argument designation, can it?
No. Use some other address. Then, write
the address U instead of P.

P3.0 - U3.0

T
2l

(P3")

Using these variables, rewrite the former
program (P2).

OK.
(P4)

G91 ;

GO0 X#24 Y#25 ;
G00 Z4#18 ;

GO01 Z#26 F#9 ;

G04 P#21 ;

GO0 z- [ #18 + #26] ;

#24, #25
O —— =

¥18 |

#20

SLeee

L

DWELL TIME
Is this all right? k20
Sorry, it isn't right. You have forgotten to
specify something in (5), havn't you?

Oh, I should have specified "ROUND. "
(P5}

But which type of local variable?

When type I is used, we have the follow-

® oo z- [ROUND [#18] + ROUND [#26]]

Is this pood?
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Yes. Write as {ollows after the above, and
we have a complete user macro body.

& M99

That's easy.

Then, using Gb65, create this macro call and
the user macro body in the complete fcrmats,

Let me try it.

The macro call command is as follows:

(P6)
G9l ;
G65 P9082 X100. Y50. R-80. Z-40,
U3.0 F250. ;
The user macro body is as follows:
(P7)
09082 ;
GO0 X#24 Y#25 ;
GO0 Z#18 ;
GOL Z#26 FH#9 ;
G04 p#21 ;

GO0 z- [ROUND [ #18] + ROUND [#26]] ;
M99 ;

Program number "G9082" of the user macro
is arbitrary.

That looks OK.

FoR Rk Rk Rk R

I think something is wrong. With this pro-
gram, T have to specify points R and Z
every time!

That's true.
points R and Z have been specified once,
their values are retained.

Do you have any trick to overcome this in
covenience?

I do. 1In such a case, common wvariables help.
Using common variables, write the macro to
designate the position of points R and Z. U
and F may also be used for the same purpose.

With a usual canned cyc'e, when



I've got it! Now, I divide the macro body
into two parts as follows:

(p8)

09000 ;
#100 = #18 ;
#101 = #26 ;
#102 = #21 ;
#103 = #9 ;
M99 ;

(P9)

09082 ;

GO0 X#24 Y#25 ;

GO0 Z#100 ;

GOl Z#101 F103 ;

G04 P#102

G0l z- [RoUND [#100] + ROUND [#101]] ;
M99 ;

and I write macro call as follows:

(P10)

G91 ;

G65 P9000 R-80. Z-40. U3.0 F250. ;
G65 P9082 X100. Y50. ;

G65 P9082 X+ Y... ;

Very good.
sckok ok ok ook

Wait a minute! This cannedcycle always re-
turns te the initial point. ’

I also overlocked it. A program would be
useless if it is disabled for the designation
of the initial point return (G98) and point-

R return (G99). To solve this problem,

use the system variable called "current value
of modal information command" to know which
state, G98 or G99, is provided, and change

the specification of the tool return destina-
tion.

G98 and G99 belong to group "10." So, I

have to use system variable #4010. Is it
right?

T: Yes. Then, using "IF -.. GO TO --." com-
mand, change the specification of the tool
return destination.

There is one more point to be improved.
Write the program so that the group "01" G
codes before execution may be retained after
the execution of this macro. Group "01" G
codes include GO0 through GO03.

S: It looks difficult -. -

What would you say to the following program?

T: Well done! (P11)
Macro Call Program
G91 G99;

G65 P9000 R-80. Z-40. U3.0 F250;
G65 P9082 X100, Y50.;

G65 P9082 X...Y...;

G98;

G65 P9082 X...Y...:

User Macro Body (P12)
09000;

#100 = #18;

#101 = #26;

#102 = #21;

#103 = #9;

#104 = 0

09082;

#104 = #104 + 1

#1 = #4001; ... GO to G3

#2 = #4010; ... G98/GI9

GO0 X#24 Y#25;

iF[ #104 NE1] GO TO 1;

IF{ #2 EQ99] GO TO 2;

GO0 Z#100;

N1 GO01 Z#101 F#103;

G04 P#102;

IF] #2 EQ 98] GO TO 2;

GO0 7-[ 4101}

GO TO 3;

N2 GO0 Z-[ROUND [ #100) + ROUND [ #101]};
N3 G#L; ... Restore G Code
M99
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POINT Z

) 63 ©)
[G9000 (G882 INITIAL SET)
#100 = #18 .., POINT R

#101 = #26 ... POINT 2
#102 = #21 ... U (DWELL)
#103 =49 ... F CUTTING
#104 = 0

09082

[CANNED CYCLES BY G82 |

G CODE READING SET
#1104 = #104 + 1

#1
#2

[
St
Ry
[
—
[=]

POSTTIONNING TO
B,C, ... Cq

GO0 X #24 Y #25

No

POSITIONING TO PQINT G

GO0 Z#100

A

@

G0 - G3
G98/G99

T
CULTING, DWELL AT
POINT C -0

GOl Z#101 F#103
G04 P§102

l

POSITIONING
TO POINT E
GO0 z2 — (#101)

POSITIONING
TO POINT A'

G00 Z —

[ROUND (#100)

+ ROUND (#101)]
}

RESTORE OF G CODE

G #1

JUMP_TO THE MAIN PROGRAM)

EL l

{2) Pocket Mmill

A. The cycle for the pocket machining shown
below is created by user macros as follow:

(OTOCK REMOVAL ALLOWANLED

1 mo "]}‘i"
a4 SNERE
f
+Y \
1 CUT WIDTH I
L_. +X
] T
K I
& __ |
START I
POINT !— '_!
}R (T
+2Z -{ |_- 1 mm
0 {DEPTH: OF ONE (STOCK
] e REMOVAL
z ALLOWANCE
1 f 1N CE)
K )
T I 1

INISH Ni
FINI ALLOWANCE DESIGNATED POCKET

B. Macro Call Command

G65 P9061 X--. Y--; Lo Bove Lo Joves Kows
T--- Q... D+« Fiur Eann ;

where,

X, Y: The absolute coordinate values of the
start point (the lower left position of

the pocket).

zZ: The absolute position of the bottom of
the pocket.

R: The absolute position of rapid traverse
tool return.

I,J: X-axis and Y-axis lengths of the pocket
{unsigned).

K: Finish allowance (left-over allowance. un-
signed). Default value is 0.

T: Cut width rate (designated in %}.
Cut width = tool radius x T/100

Q: Z-axis cut depth for each time
(unsigned}.

Tool offset number.
Feedrate on XY plane.

Feedrate at Z-axis cut.
(Tool is fed 4 times as fast as E up to the
point 1 mm to the preceding cut bottom.)
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B *QxE
/ *lmm
? e !
L

The stock removal allowance {1 mm) inside the

finish
in the

allowance is all cut by a single operation
final process as shown below. Then, the

tool returns to the start point, completing the

cycle.

START POINT

-
N 7
\‘*-—
E LEFT-OVER
N CONVEX
N ! \/ N
G NS NN N NN

STOCK REMOVAL ALLOWANCE

{1 mm WIDE)

C. User Macro Body
09061 ;
#10 = # {2000 + #7]; --- Tool radius
#11 = #6 + 1.0 + #10 ;
#12 = #5 - 2 * #11 ;
#13 = 2 * $10 * #20/100 ; ... Cut width
#14 = Fup (#12/#13]; --- X-axis cut count:- 1
#27 = #24 + #11 ; --- } X, Y coordinates of
$28 = #25 + 11 : ... machining start point
#29 = #26 + #6 ; ... Z-axis coordinates of

cut bottom
#30 = #24 + #4 - #11 ;
#15 = #4003 ; --- Read of G90/G91
G90 ; --- Absolute command
GO0 X#27 Y#28 ;
GO0 Z#18 ;
#32 = #18 ; --- $32: Cut bottom in execution
DO 1;
#32 = #32 - #17 ;
1F [#32 aT#29] GO TO 1 ;
#32 = #29 ;

N1 GOl Z#32 F#8 ;

GOL X430 F#9 ;

#33=1;

WHILE [ 433 LE#14] DO 2 ;
1F [#33 EQ#14 ]GO TO 2 ;

Go1 v [#28 + #33 * #13] F#9 ;

GO TO 3 ;

N2 GO1 Y [#25 + #5 - #11] ;

N3 IF [#33 AND 1EQ 0] GOTO 4 ;
GOl X #27 ;

GO TO 5 ;

N4 GO1 X#30 ;

NS5 #33 = #33 + 1 ;

END 2 ;
GO0 Z#18 ;

IF [ #32 LE#29] GO TO 6 ;
GO0 X#27 Y#28 ;

Gol z[#32 + 1.0 F [4 * #8]
END 1 ;

N6 #11 = #11 - 1.0 ;
#27 = #27 - 1.0 ;
#28 = 428 - 1.0 ;
#30 = #30 + 1.0 ;
#31 = #25 + #5 - #11
GO0 X#27 Y#28 ;
GOl Z#32 F#8 ;

GOL X#30 F49 ;

o cut

loep

Stock
removal
cycle

I

Y #31 ;
X#27 ;
Y#28
GO0 Z#18 ;
GO0 X#24 Y#25 ; ... Return to start point
G#15 ; ... Restore of G%0/G9I1
M99 ;
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3. PART PROGRAM TAPE CODING

3.1 TAPE CODE
3.1.1 TAPE CODE

wWith this control, both the EIA and the ISO codes
can be used.

EIA code: EIA RS-244-A
150 code: IS0 84

Table 3.1.1 shows the EIA and ISO punched tape
formats.

Before starting programming any machining op-
erations, decision must be made as to the code
to be used.

3.1.2 EIA/1SO AUTO-SELECT

Before starting to use part program tapes, the
control must be switched to the same code as the
tapes, inaccordance with the procedure for writ-
ing-setting under 4.3.6 DISPLAY AND WRITING
OF SETTING DATA.

when "I is set with setting #6001lpg, the control
is automatically adapted to the code used for the
part program tapc. The control recognizes the
code used when it reads the first EOB code in the
tabel skip mode, and all the subsequent data will
be read automatically in that code.

When "0" is set with #6001pg, the control will not
discriminate the code used automatically, and will
read all tapes in the cocde specified by the setting
with #6000p7. That is:

When "0" is set with #6000p7 .-- EIA code
When "1" is set with #6000n7 ... ISO code

If the code setting of the control and the codz of
the tape are different, alarm code 015 will be
displayed.

NOTE: For punching tapes, the code
must be selected by the setting of #6000p7.

3.2 PROGRAMMING
3.2.1 PROCESS SHEET

Programs are first drafted on process sheets.

Process sheets should be easy to read and to
make corrections, and should preferably be ce-
signed and prepared by the user in conformitly
with the specifications of the NC.

LABEL ) PROGRAM NO.
X Y 7 !
N G R Q
P < n a THM| &M

/L—}——_'

B anar T Nl I
-

|
|
.

Fig. 3.1 Example of Process Sheet
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Table 3.1 Tape Code
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3.2.2 GENERAL PART PROGRAM FORM

Part programs are generally written on tapes in
the following formats.

(FiA cade)

< LABEL| ER CR [0 PROGRAM No.l«— part program —.» M30 CR ER <

Pooa I
! 1' |
I
(ISO code) 1 : :
UV SR ,
ILABELI LF/NL |0 PROGRAM No.]«— part program —s M30 LF/NL 3% <_
[

%

f A
y 1

t 1
1 L}

| 1_
1

|

EOB code, or'"end of block™ code

—-EOR code, or "rewind stop" code

Fig, 3.2

To facilitate classification and handling of tapes,
any identifying labels may be written at the lead-
ing end of all part program tapes., Since all data
appearing before the first EOB code are skipped
by the NC reading these tapes using the label
skip function, even addresses and function codes
not specified may be written here, and also out-
of-parity codes may be written,

The EOR {rewind stop) code following the label
is the stopping point of rewinding motion which
is initiated by a rewind command.

When programs on a part program tape is trans-
ferred into the memory, the data between the
first EQOB code, following label skipping, and
the next earliest EOR code is transferred.
Therefore, the EOR code at the end should not
be omitted.

3.2.3 CAUTIONS IN PROGRAMMING

One block ends with an EOB code.

The EQPB code is CR in EIA, and LF/NL in ISO.
However, in the example programs in this man-
ual, ";" is used to represent EOB codes to
make recognition easy.

- One part program ends with a block containing
M02 (end of program) or M30 (end of tape).

- When an MO02 or M30 code is read, the NC re-
sets itself or rewind the tape (or the memory),
depending on the design of the machine under
control. For this, refer to the manual prepared
by the machine tool builder.

- Do not use any characters other than the ad-

dress characters and the function code char-
acters specified in 2.1.2 ADDRESS AND FUNC-
TION CHARACTERS.

- When the tape vertical parity check (TV check}

function is to be used, the number of charac-
ters in each block must be made even with an
SP (space) code.

Disregard codes such as BS, Tab, SP, UC,
LC, and Del should be avoided in the sign.fi-
cant data area, if unnecessary.

- The maximum number of characters that can be

written in a block is 128, not counting dis-
regard characters such as Del.

g ; NI1Z GO0 X4000 7200000 ; S
\— 20 characters = even —]

{a) Evening up number of characters for TV
check (odd is treated as error)

g; NOO58 GO03 X... ZSS;M F-.- ;J
N

(b} Maximum number of effective characters
that can be written in a block

‘-— 128 characters max. /block

Fig. 3.3
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3.2.4 TV CHECK (TAPE VERTICAL RARITY
CHECK)

When the tapes are to be checked for vertical
parity, programs must be so made that each block
{including EOB) contains even number of charac-
ters. Normally, SP codes are used to make the
number of characters even.

The TV check function is turned on and off by
the setting function. While the TV check func-
tion is on, all blocks containing odd number of
characters are regarded as errors.

#6000p6 = 0 ... TV check off
#6000pgs =1 .+ TV check on

Setting No.:

3.3 PART PROGRAM TAPE PUNCHING
3.3.1 PAPER TAPE SELECT

For part program tapes, eight-channel paper tapes
for computers conforming to JIS C6243 {width:
25.4 20.08 mm, thickness: 0.108 mm} are used.

The color should be black or gray.
Tapes with high transparency tend to cause read-
ing errors, and should not be used.

3.3.2 NC TAPE PUNCH

Part programs written on process sheets are
punched in EIA or IS0 codes in paper tape with
a tape puncher.

A part program tape should be provided with a
proper length of feed hole part at the leading
and the trailing ends. For a tape reader using
6" reels, the feed hole length should be at least
70 cm, and for a tape reader using 8" reels, it
should be at least 1 m.

3.3.3 NC TAPE CHECK

Punched part program tapes can be checked by .
an NC with the following functions.

- Machine lock -

- M function lock

- Dry run .

- Single block cperation

3.4 PART PROGRAM TAPE HANDLING

3.4.1 SPLING NC TAPE

To join part program tapes, the two ends should
be placed end to end without overlapping and
without a space, and a proper length of splice
tape should be pasted on one side. ({(approx.
0.08 mm in thickness) Splice tapes are available
in the fully perforated type and in the type with
which only the feed holes are punched, but the
former is more convenient. After splicing, the
tape should be checked for correct alignment of
the feed holes before use. Do not use rigid in-
dustrial adhesive, and do not make the joint too
thick, as these conditions are conductive to jam-
ming troubles.

9GO0 000000000
OSBGOS D0 0000
000G 00000000
Q00RO 00000000000000
OG0 Q0000000 D
[ERERENICE R N-NN NN E-N-R LN R
QOO Q0000000
looo 000 00000 xample
000 000 QOONDD
I NBC SPLICE TAPE
APPROX. SPLICE | 4. CHANNEL
0w TAPE FULLY PERFORATED
¢ T 2 STLVER

NC TAPE

Fig. 3.4 5Splicing Part Program Tape

3.4.2 KEEPING NC TAPE

Part program tapes should be stored in a clean
area, free of contaminants and humidity. Do not
handle part program tapes wearing gloves con-
taminated with oil or cutting fluid.

Generally, properly maintained part program
tapes can last at least 300 cycles, with one cycle
consisting of one reading and one rewinding pass.
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4. NC OPERATOR’S STATION WITH CRT CHARACTER DISPLAY

4.1 PUSHBUTTONS, LAMPS AND KEYS

Fig. 4.1 shows an overall view of NG operator's
panel with CRT display. The names and func-
tions of operator devices are as follows.

)
D ) )

Ca f— ®

OF

Q
s
=
b

©

-
L@;

&

2

3
o
2

@i«

Q
el
%]

( FUNCTION h

- - -’ - BT
=

r ADDHESS Dala

(

~

- - - - MEM DATA
Lofl(s] G

OINGIAIBIT)
(4)(5)(6)
(IKIPIQIR)
MISITIE)DIH S@)C)

&

Fig. 4.1 Standard NC Operator's Station with CRT Character Display
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4,1.1 POWER ON/OFF PUSHBUTTONS

- POWER ON pushbutton

To turn on the power for the control: Depress
the pushbutton first to turn on the control
power and depress it again to turn on the servo
power, Push this button to recover the servo
power after an emergency stop.

- POWER OFF pushbutton

To turn off the power for the control: Depress

it to turn off both the servo and control powers.

®

)

POWER

1

16 LINES

| oN

N

Fig. 4.2

4.1.2 CRT CHARACTER DISPLAY

According to each operation, this display indi-
cates the alpha-numerical data in a regular size
(1x1)and, triple-size (3x3) of the regular size.

Braun tube size: 9 inches

Maximum number of characters:
: 32 characters x 16 lines =
512 characters (at regular size)

Tndicating characters:

Numerals - [0] through 9, 4, L
Alphabetic characters - (4] through 2
G] (eoB), [7] (slash), etc.

Special code -

- ~
[

32 CHARACTERS j

(L
!T7

-
L

\«

\

Fig. 4.3 Braun Tube

4.1.3 FUNCTION SELECT KEYS

The key selects one of eight functions for the

operation of the display and MDI. Pushing a
key makes it effective and light up.
e == N\

FUNCTION MEM DATA

- -
Fedfrdled] o) E)
A
Dy ey iy EDIT
28 J
PAGE

ADDRESS DATA

@] |r7-anr7-ﬂ| A=A FFa WA

Fig. 4.4

(Alarm ) key:

Select this key for display of alarm and status
codes. The function becomes effective when
the power is turned on or an alarm occurs.
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DGN] (Diagnosis) key:

Select this key for display of input/output
stgnal status.

[PRM]} (Parameter) key:

Select this key for display or writing-in of
parameters.

(Setting) key:

Select this key for display or writing-in of
setting data.

{Command)} key:

Select this key for display or writing-in (MDI)
of the command data for automatic operation.

[FROG] (Program) key:

Select this key for display or writing-in of a
part program,

{Position) key:

Select this key for display of various current
positions.

[OFS | (Offset) key:

Select this key for display or writing-in of
tool offset values.

4.1.4 ADDRESS KEYS

These keys are to designate an address charac-
ter when writing in various data.

~

ADDRESS DATA

(
7 [ONGIAEIC) (7)8)9)
= IXMZOVW @56
Y DKEPRR DB
MSTEDIHE S@C)
&) (UE ek

Note: Special characters

(Slash) key: For an optional block skip
command.

{({EOB) key: For the block end command.
On the CRT display, ";" is displayed instead of
"EOB."

Fig. 4.5

4.1.5 DATA KEYS

These keys consist of 15 keve in total, such us
{0] through [Bl. =] (minus) (] [CAN] SHIFT
, and can be used for writing-in of such
all numeral values as tool offset value setting
data, parameter data, and so on, in addition to
command value.

-~

DATA

30 (7)E))
/W )5 )]
IR (1)2)3)
D)) =)

g

Note:

li—(ﬂ to key
)

= N minus key
[-](decimal point) key: For input of decimal poit
CAN] (cancellation) key:

For cancellation of the numeric value or address
data erroneously keyed.

(write) key:
For storing address data by address keys and
data keys into buffer storage.

(shift) key:

Depressing SHIFT key after depressing (0] to
@P} or [-] key makes the display turn into
to @ . , which are written on the
upper lett corner of the keys. These special
characters are used in user macro.

For input of numerical daa

Fig. 4.6

4.1.6 NEXT KEY

The NEXT key is used for special purpose and
expanding function in display or writing data.
- Writing of optional in EDIT mode.

For other special purpose and expanding func-
tion.
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4.1.7 PAGE KEYS

The PAGE key is used for display the next page
or the previous page when CRT display is re-
garded as page.

For example, when a bundle of tool offset values
are displayed by OFS key, this key is pushed to
display the next bundle of tool offset values,

which just looks like opening the pages of a book.

- Depressing PAGE& key displays the next page.

Depressing |p,cp key displays the previous

page.

Keeping the PAGE key depressed makes the
page step automatically forward or backward.

5.1.8 CURSOR KEYS

The CURSOR control key is used to move the
cursor. For example, when a page of parameter
data are displayed by PRM key.

CUR+SOR

- Depressing
forward.

key moves the cursor

+

- Depressing CURSOR

forward.

key moves the cursor

Keeping the cursor control key depressed
makes the cursor move automatically forward
or backward.

Ol
XC
(G
(MI(s

N ——

AR

ﬂ

Fig. 4.8

4.1.9 ORG {ORIGIN) KEYS

The ORG key is used to set the current position
of the machine tool as the origin of the reference
coordinate system.

The origin setting can be made for each axis.
The reference coordinate system means the coor-

‘dinate system which is set by G92 command or

the automatic coordinate system setting.
ORG key is used for the following operation.

Reset of current position (UNIVERSAL, EXTER-
NAL)

. Reset of tool offset values

Reset of operation time

4,1.10 EDIT KEYS
These keys are for editing a stored part program.

ERASE key: Used for erasure of data in storage.
INSRT key: Used for insertion of data in memory.

ALTER key: Used for alteration of data in
memory .

: - MEM DATA
¥ el

EOIT

-
I

Fig. 4.9

™

4.1.11 MEM DATA (MEMORY DATA]) KEYS

TAPE KEYs are to start the tape operation except
in the automatic operation mode. They are effec-
tive only in the EDT mode.

- OUT key
This key is to start outputting various data in
memory through data 1/0 interface.

- IN key

This key is to start storing various data into
memory through tape reader or data 1/0 inter-
face.

- VER key

This key is to start verifying between memory
data and punched tape data.
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4.1.12 RESET KEY

This key resets the control.

Fig. 4.10

Operations to be executed by this RESET key are:
- Move command cancel
Buffer register clear
Alarm code release if the cause is eliminated
Tool offset cancel
Auxiliary function cancel
Label skip function ON
- Memory pointer rewind
Sequence number reset
RST signal transmission
G code of A group
Refer to 2.9.1 LIST OF G CODES AND GROUPS.

The following will not be affected by operating the
RESET key.

Current position values of each axis.

F commands
+ 5. T and B commands

Tool offset values, setting data, parameter data
NOTE: Depressing the RESET key or the re-

mote resel pushbutton is defined as "Reset op-
eration” in this manual.
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4.1.13 TAPE FEED AND SYSTEM NO. SWITCHES

These switches are mounted above the tape
reader.

TAPE FEED swiich

This is a switch to wind and rewind the tape
manually. Setting the switch to F (forward)
causes the tape to feed. To rewind the tape.
set the switch to R {reverse). This switch

is effective, either manually or automatically.

C o}

9 SY~TEN
1| PARAMETER TARE

; FEED

3 LOAD Bl

4 TEST f0) <© ’
g F [

C O

C

8

Fig. 4.11

O O

SYSTEM NO. switch

Set the switch at "0" during the usua! opera-
tion. Functions of its each setting are as
follows.

"0": SYSTEM

For usual operation. Writing parameters s
prevented.

"1": PARAMETER

To write parameters. At this position, the
Cycle Start is prevented.

3" LOAD

To store the maintenance tape into the control.

4. TEST (0}

The usual operation is similar to case of "0"
SYSTEM. Self-diagnostics of the memory con-
tents and checking of reference zero return
position are omitted.



4.2 POWER ON/OFF OPERATION 4,2,2 TURNING OFF POWER

4.2.1 TURNING ON POWER Depressing the POWER OFF pushbutton causes
both the servo and control powers to be turned
Check the machine before turning on power, re- off simultaneously. However, for more stable
ferring to the machine tool builder's manual for operation, use the following procedure.
details. Operations after completion of preinspec-
tions are as follows. + First depress the EMERGENCY STOP push-
button to cut off the servo power. The NRD
Depress the POWER ON pushbutton to turn on {NC READY) signal is .interrupted,.which
the control power. The internal timer will be usually results in turning the machine power,
read in about two seconds. Then the servo too.
power is ready for turning on, which is shown
by alarm code "310." - Depress the. POWER OFF pushbutton to cut off

the control power.
* Depress the POWER ON pushbutton again to MER
turn on the servo power. The NRD (NC READ- EMERGENCY
. . . STOP POWER OFF
Y) signal is sent out when the NC power is i
normally supplied.

* When the NRD signal turns on the machine CONTROL POWER
power, and the MRD (MACHINE READY) sig-
nal returns back to the control, the READY
lamp will be 1lit.

CONTROL READY

i

|

i

]

]

|
SERVO POWER R

I
|
|
1]
|

| .
POWER ON  POWER ON MRD (NC READY) i~ !
' i
y POWER \ t
APPROX, | MACHINE LN !
1, secomps ! CONTROL POWER ! \ |
1 MRD (MACHINE READY) I
| NRD (NC READY) !
i READY LAMP . T
SERVO POWER : :
|
ODE BLANK | "330n
NRD (NC READY) ALARM C |
MACHINE POWER Fig. 4.13 Sequence of Turning off Operation

MRD (MACHINE READY)

7_/

]READY[AMP

I
|
I
I
1
|
|
!
T
1
I
t
3

ALARM CODE "310" ['280'|  BLANK

Fig. 4.12 Sequence of Turning on Operation
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4.2.3 REMOTE POWER ON/OFF PUSHBUTTONS

Connect the power ON/OFF pushbuttons to EON
EOF and COM terminals on the control panel as

shown below. Then the remote turning ON/OFF
operation can be made-exactly the same as with

the POWER ON/OFF pushbuttons.

YASNAC MACHINE
EON | — REMOTE
QO OFF BUTTON
(TUO1-24)
EOF REMOTE
-QlQ
(TU01-259 ON BUTTON
1
COM
(TUO1-26}

Fig. 4.14 Connections of Remote
ON/OFF Pushbuttans

FUNCTION MESSAGE
ALARM
COMMAND

DIAGNOSIS

PROGRAM [MDI]

1/0 OR
EDITING
DISPLAY
(FLICKERING)

IN

VER

oUT

AS

ALT

KEYING IN DATA

4.3 DISPLAY AND WRITING OPERATION

, 4.3.1 CONSTANT DISPLAY
The following display is made on both the top
and bottom on the displayed picture of CRT,
irrespective of the FUNCTION key currently
selected.

- Function message

Anyone of the following eight function messages
corresponding to the function key is displayed
at the top of CRT display.

ALARM - PROGR AM
DIAGNOSIS POSITION
PARAMETER OFFSET
SETTING

COMMAND

PROGRAM NUMBER
SEQUENCE NUMBER

LIGHT ERROR
ALARM DISPLAY
INPUT ERROR
ALREADY 1IN
FLICKERING

BUFFER READY STATE DISPLAYED

LABEL WHEN SYSTEM LS READY

SKTP RDY

DISPLAY

[BUF ] ALARM DISPLAY

LSK ALARM OR BATTERY FAILURE 1S

DISPLAYED (FLICKERING)

MST-FW DWELL, FEED " ALM
DISPLAY (FL1CKERING) [ }

M, §, T, F AND P ]
DWELL

Fig. 4.15
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Program No.

0 and 4 digits of program No. under execution
is constantly displayed at the top of CRT dis-
play irrespectively of function key.

- Sequence No.

N and 4 digits of program No. under execution
is constantly displayed at the top of CRT dis-
play irrespectively of function key.

- Display of keying data

Up to 10 characters of keyed in data can be
displayed at one time. The data is processed
by using ERASE key, INSRT key, ALTER key,
etc.

- Display of 1/0 and editing (flickering)

The fdllowing messages are flickerlingly displayed.

during loading of punched tape, address search
or edition.

"IN loading tape

"VER" verifying tape

"OUT" .. punching tape out

"ASY searching address

"ALTY altering data in EDIT mode
"INS" insearting data in EDIT mode
"ERS" erasing data in EDIT mode

- Display of MST-FIN signal waiting, dwelling
and feeding

"M" waiting FIN signal of M command
ng" waiting FIN signal of § command
v +++ waiting FIN signal of T command
"F" feeding

"R" is displayed at rapid traverse
"pn loading tape
"DWELL" . dwelling

M, 5, T, F and P are displayed independently
each other.

- Display of the state of buffer full and label
skip

"BUF" displayed at completion of
advanced reading
"LSK" displayed at label skip on

+ Display of alarm (flickering)

Alarm continues to be displayed flickeringly
until the cause is removed and reset operation
is made.

"ALM" indicates alarm state occuring

"BAT"
HA "Bll

indicates battery alarm occuring

indicates both of alarm and
battery alarm occuring

- Display of ready state

"RDY" indicates the system is normal

and the control is operable

Display of light errors {flickering)

The messages shown below indicate light er-
rors which occur in keying or searching op-
eration. Differing from the alarm codes, these
error messages are cleared by depressing
some key. (Generally CAN key)

"INPUT ERROR!" ... Format error of keyed-in

data

"ALREADY IN!" ... The same number of part
program has been stored

already.

"EDIT LOCK ON!" ..Editing operation is made
with Edit Lock on.

"WMEMORY OVER!" ... Part program to be stored
is beyond memory capacity.

"PROGRAM OVER!"
... Registered number of part
program is beyond 99
(basic) or 199 (option).

.+« Desired data has not been
located.

YNOT FOUND!"

"BREAK POINT!" ... Break point occurs

4.3.2 DISPLAY OF COMMAND DATA

1.

Depress COM key.
Anyone of the following three digits appears.
A. Command data {COMMAND)

B. Repetition number of subprogram
{SUB PROG. NESTING)

C. State of tool offset (COMMAND JOFFSET})

The above display steps forward or back-

PAGE] T e
4 PAGE b4

ward by depressing

one by one.
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4.3.2.1 COMMAND DATA DISPLAY

The display shows the block data of under execu-
tion or just before execution in which compensation
calculations have been completed. The conditions
of the data to be displayed is as follows.

1. The data shows the contents of the active
register during an automatic operation or a
feed hold.

2. While the control is stopped at a block end,
the contents of the buffer register are dis-
played. If the buffer register blank (BUF is
not displayed), the contents of the just exe-
cuted block are displayed.

3. In the MDI operation, the current block data
are displayed after cycle is indicated.

4,3.2.2 DISPLAY OF REMAINING MUNBER OF
REPETITIONS OF SUBPROGRAM
(SUB PROG. NESTING)

The remaining number of repetitions of a sub-
program is displayed.

Display of non~-modal G code
Display of G code under execution

Subprogram
~
Main
Program 15t level 2nd level 3rd level
o001 --- 01000 ; — 02000 ; 03000 ;
J— P

P1000 L3 M98 : P2000 1.5 M98 ;

NO70 M30 ; Ni50 M99 ;

P3000 L10 M98 ; Executing block
e
N260 M99 ; N340 M99 ;

The subprogram has executed the 3rd level twice and entered into the execution of 3rd time

of the 3rd level.

Remaining number of repetitions

Sequence number of subprogram start

Subprogram level (up to 4)
Fig. 4.16 Example of SUB PROG. NESTING
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4,3.2.3 DISPLAY OF TOOL OFFSET STATE:
COMMAND (OFFSET)

The current state of tool offset is displayed as
shown below.

Value of tool position offset

Value of tool length offset and H code

L Vatue of too! radius compensation and D cede

NOTE: Function COM is exclusively used for
display. Data cannot be written under function
COM. Select function PROG. to write block
data.

Fig. 4.17 Example of display of
tool offset state

4.3.3 WRITING IN BLOCKS AND DISPLAYING
CONTENTS BY MDI

In MDI, EDIT, and MEM modes, it is possible to
write data into blocks by MDI and perform oper-
ation. (MEM mode permits displaying only.)

The following operations are possible when func-
tion PROG. is selected.

1. In MDI mode

A. Writing and displaying data

Data entered through the keyboard will
appear on the bottom line of the CRT screen,
from left to right. Up to 10 characters may
be entered at a time.

Depress the WR key, then the data moves
to the middie of the CRT and the bottom
line becomes blank,

In MDI mode, data of up to 10 lines may be
collected on the CRT screen.

. -PROGRAMOHDI)
' NO188 08 X10
T N181.2-10.

WR

key
Refered to as "the data which has just
been entered."
Enter[N].[1],(0, (1], (2.[2), (0. (@], (EGH in
this order.

Note: The depression of the EOB key appears

. u
..

Fig. 4.18

B. Editing MDI data

CURSOR +

The 4 ’ CURSORJ’ ERASE,
INSRT, and ALTER keys permit cditing
multi-block data written in. Address (word)
pointed to by the cursor will be edited.

CURSOR 4
R keys

The { and
move the cursor forward and backward.

(1) ERASE key: When this key has been de-
pressed, the whole word designated is
erased.

(2) INSRT key: This key inserts the data
which has just been entered to the loca-
tion which is next to the word the cursor
points to.

(3) ALTER key: This key replaces the word
which the cursor points to by the data
which has just been entered.

{4) WR key: This key appends the data which
has just been entered at the end of the
program displayed. In MDI mode, it is
possible to edit only the current page.
Note: FEditing is possible in MDI mode
and EDIT mede.
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4.3.3 WRITING IN BLOCKS AND DISPLAYING
CONTENTS BY MDI (CONT'D)

C. Operation in MDI mode

Depress the Cycle Start button to let the
program of blocks displayed on the CRT to
run automatically.

At the end of operation, the multi-block pro-
pram displayed is cleared from the CRT.

2., In EDIT mode

See 4.6 EDITING OPERATION OF PART
PROGRAMS.

Programs written by MDI can be executed
repeatedly by M99.

3. In MEM mode

This mode permits to display the program
which is running by memory operation. The
cursor points to the top of the block which

*is currently being exccuted, and it moves to
the next block as execution proceeds.

Up to 10 lines may be displayed at a time.
When execution of the ninth has been com-
pleted, the next page appears with the
tenth line of the last screen appearing at the
top.

ROGRE LJ - . T

Y-t

Fig. 4.19

4.3.4 DISPLAYING AND RESETTING CURRENT
POSITION

It is possible to obhserve the current position in
i
any mode. Operate as follows.

l. Depress the POS key. Any of the following
screens will appear,
A. Current position display-universal (POSI-
TION CUNIVERSAL] )

B. Current position display-external (POSI-
TION [EXTERNAL] )

C. Current position display-increment {POSI-
TION [INCREMENT] )

D. Current position display-all (POSITION)

E. Servo positioning error display (POSI-
TION {ERROR] )

PAGE o
2. Depress the 1 _J O 10 AGE key, and one

screen will change to the next.

NCTE: Mode E is possible only when the system
No. switch is set at "4,%

4.3.4.1 CURRENT POSITION DISPLAY
(UNIVERSAL) :

POSITION (UNIVERSAL)

The current tool position which is the sum of the
parameters of move commands will be displayed.
Depending on the value of parameter #6005p5
(G92 display preset}, either of the following will
appear.

* When parameter #6005p5 = 1 (Position in the
reference coordinate system)

1. The tool position displayed is based on the
coordinate system set up with G92,

2. To reset this screen, depress the ORG key
after designating an axis with the ADCRESS
key. The current position will be reset to
"0." This is possible only during a mznual
operation mode (RAPID, JOG, STEP, or
HANDLE}. The depression of the ORC key
is ineffective during normal operation and
in the "buffer fuli" state.

3. The coordinate system which is employad for
this screen is called the "reference coordinate
system." A work coordinate system (option}
will be set up in reference to the reference
coordinate system.

- 124 -



POSIT!GI(LN!EERSRL

x—12345; 6'?8:;_7_?

Fig. 4.20 Current Position Display
(Universal}-Example

* When parameter #6005 = 0 (Position obtained
by simple summation)

1. G92, even if issued,does not affect the dis-
play. Move commands will be summed and
displayed.

2. To reset this screen, depress the ORG key

after designating an axis with the ADDRESS
key. The current position along the desig-
nated axis will be reset to "0."

4.

CREMENT}:

The data displayed in this mode are the same
as those displayed on the "3-axis/4-axis exter-
nal position display" (option). You may con-
sider that the coordinate data of POSITION
{EXTERNAL) are transmitted to the outside

as they are unchanged.

: pasnmncumu:—:nsnu 01234-

X 12345.678

Y¥-993999, 999

Z—-

Fig. 4,21 Current Position Display
(External)-Example {(with 4-axis control)

3.4.3 CURRENT POSITION DISPLAY (IN-
POSITION | INCREMENT)]

Displayed in this mode are:

This is possible in any modes and even during

operation.

4.3.4.2 CURRENT POSITION DISPLAY (EXTER-
NAL): POSITION (EXTERNAL)

- Move commands will be summed and displayed.
G92, if issued,. does not affect the display.

To reset this screen, depress the ORG key
after designating an axis with the ADDRESS
key. The current position along the de51gnate
axis will be reset to "0." This is possible in
any modes and even durmg operation.

These displaying and resetting operations are

- In automatic mode,

distance to the end point of
the block at every moment

« In manual mode, distance to the position where

manual operation is to start.

The increment display in manual mode will be

cancelled in automatic mode.

4,

(Fig. 4.3.4.3)

3.4.4 CURRENT POSITION DISPLAY (ALL):

POSITION

d

- All position data will be displayed.

- {MACHINE? coordinates indicate the current

the same as with the case of POSITION(UNIVER-

SAL) #6005p5 = 0 (Position obtained by simple
summation). But the resetting operation is
effective only te the displayed screen since
there are independent position registers.
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position in the coordinate system whose origin
is the reference point set up by resetting.
Data for "stored stroke limit™ and "pitch error
compensation ™ functions are defined in this
coordinate system. (Fig. 4.3.4.4)



4.3.4.4 CURRENT POSITION DISPLAY (ALL):
POSITION (CONT'D)

12346: 678,

9997.:99

Fig. 4.22 Current Position Display Fig. 4.23 Current Position Display
{Increment) - Example (All) - Example

4.3.4.5 SERVO POSITIONING ERROR DISPLAY:
ERROR PULSE

- This screen appears only when the system No. e
switch is set at "4." This mode will be normal- ; 5 e
ly used during maintenance. oo

Servo positioning error means the difference
between the command position and the current
tool position. Error will be displayed in units
of pulse.

!

L

L ZIX 2

aYalalalalnlalafala
viwiwpwlupefuwirviv
i
i
i

4.3.5 DISPLAYING AND WRITING TOOL OFFSET
DATA

Tool offset data are stored in the memory of the
control. These data may be displayed and re-
written in any modes and even during automatic
operation.

- Displaying tool offset data. Fig. 4.24

1. Select the OFS function key. ‘ J
or

3. Depress the CUEESOR

key to

1\
CURSOR

2. Enter numerals, like I and 0, then depress ) - -
CURSOR F— move to a smaller or larger tool offset number.

the ' or | CURSOR key. Then ten 1f you move the cursor beyond the first or
.- . last tool offset number displayed in the cur-
pairs of tool offset number and tool offset, . piay

including the designated pair, will be dis- rent screen, the neighboring ten sets of tool
played and the cursor positiot”led at the offset number and tool offset will appear auto-
designated tool offset number. matically.
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4. The preceding or following page may be dis-
PAGE l

; +
played by depressing the pAGE| OF

key. The cursor will be positioned at the
first tool offset number displayed at this
time,

5. Tool offset will be displayed in units of 0.001
mm (or (0.0001") and up to 999.999 mm (or
99.9999").

+ Writing tool offset data

To rewrite a tool offset data, specify an incre-
ment which is to add arithmetically to a tool
offset held in memory.

1. Position the cursor at the tool offset number
whose offset data is to be changed.

2. Enter the increment which is to be added to
the tool offset.

3. Depress the WR key. Then the specified in-
crement will be added to the old tool offset.

NOTES:

- A new tool offset itself may be input instead of
an increment. For this purpose, depress the
"ORG key first. The tool offset number pointed
by the cursor will be reset to "0." Then enter
a new tool offset.

- Tool offset data held in the memory of the con-

trol are preserved even after power is turned
off.

- Tt is possible to rewrite tool offset data in any
modes, even during automatic operation.

- Tool offsets modified during automatic opera-
tion become effective when the system starts
to read commands for a new block. The old
tool offsets remain effective for the current
block and the blocks whose data are already
read in the buffer for advance reading.

4.3.6 DISPLAYING AND WRITING SETTING
DATA

In this system, varying setting data are held in
the internal memory and permit to specify mirror
image axes, TV check on/off, etc. For details,
see Appendix 1, LIST OF SETTING NUMBERS.

It is possible to display and write setting data
at any time even during automatic operation.

1, Types of setting

Setting is made in binary mode or decimal
mode,

Binary mode

Setting numbers #6000~ #6004 are associated
with setting data of binary mode, that is,
8-bit information (D7-D0). Each bit in-
dicates the on/off state of the associated
function. The decimal value of each line

is given at the rightmost column,

68
o0
89
90
i e
e

DECIMAL VALUE

Fig. 4.25 Setting (Deciaml model)-Example

B.

Fig.
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Decimal mode

Setting numbers of #6200-#6219 and #6500-
#6599 are associated with setting data of
decimal mode.

o0
A ‘]I‘ \)
\) = (5
O &
DA NND

DRSS

<3

)

D
)

3
%)

4,26 Setting (Decimal mode)-Example



y
D

2.

.3.6 DISPLAYING AND WRITING SETTING

ATA (CONT'D)
Displaying setting data

- Enter a 'setting number then depress the

3.

URSOR 4
ﬁ 4 L:URSOR
entered.) Up to 10 groups of setting number
and data will be displayed at a time.

key. ("#" need not be

Depress the CURSOR keys to change a set-
ting number and the PAGE keys to change
a screen.
Writing setting data
A. In binary mode

(1)
(2)

Designate a desired setting number.

Depress the INSRT key. The cursor
moves to the bit data from a setting num-
ber. Designate the data of D7.

CUR.]-SORI key. Each time

the key is depressed, the cursor moves
one bit toward D0. Locate the cursor at a
desired bit position.

{3) Depress the

(4) Depress the WR key. The designated bit
data reverses (0 to 1 or 1'to 0). If you
depress the WR key again, the bit data

will reverse again. Normally, "1" desig-

nates on state and "0" off state.

To write data in decimal mode, locate the
cursor at the rightmost column (decimal
data).

{5)

EXAMPLE: Writing in decimal mode

Entered data

(0] WR)
[2ils]i5 i WRl —=1

{6) Repeat steps (2} through (5) to write de-

sired data. If you keep the CUR+SOR

+ .
CURSOR key depressed, the cursor will

move column by column in the screen auto-

matically.

(7) when data has been written, depress the
INSRT key.Normally, this sequence of
operations begins and ends both with the
depression of the INSRT key.

B. In decimal mode

(1) Designate a desired sctting number.

or

(2) Enter a data and depress the WR key. The
data will be assigned to the setting number
which the cursor points to.

CURSOR{ ' PAGE
CURSOR +

key to change a setting number

(3) Depress the

PAGE
or the screen.

4,.3.7 DISPLAYING AND WRITING PARAMETERS

in

this system, varying parameters are stored in

the memory and they determine operating condi-

tions such as tape code and feed rate.
tails,
NUMBERS.

For de-
LIST OF PARAMETER
The parameters may be displayed at

see Appendix Z,

any time even during automatic operation.

1.
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Kinds of parameters

Parameters are displayed either in decimal
mode in binary mode.

DOh

Fig. 4.27 Parameters (in binary
mode) -Example

Parameter numbers #6005-#6045 are assigned
to binary mode. Those of #6050 and u> are
assigned to decimal mode.



DhOhno
SN0

O\ QY 0 O O O

0

-’-
|-
0

Fig. 4.28 Parameters (in decimal
mode}-Example

DiSpiaying parameters

Operation is the same as in displaying setting
data except that PRM should be depressed in-
stead of SET. See 4.3.6 DISPLAYING AND
WRITING SETTING DATA.

Writing parameters

The parameter values are preset according
to the performance of the machine and pur-
poses. Therefore, you should consult the

machine tool builder if you want to change

parameter setlings.

The parameters are protected with a system
No. switch provided on the tape reader so
that they should not be destroyed by wrong
operation, Normally system No. 0 is select~
ed and, at this time, the parameters cannot
be rewritten by any operation.

The operation of writing parameters is the
same as of writing setting data but the
parameters are protected. See 4.3.6 DIS-
PLAYING AND WRITING SETTING DATA.

Parameters cannot be rewritten unless the
system No, switch is set at "1,"

After rewriting parémeters, be sure to re-
set the system No, switch at *0."

if the following parameters have been changed,
be sure to turn off power then turn it on
again. Otherwise the system might fail to
operate properly.

#6009
#6010
#6023
#6032
#6086 to
#094 to
#6068 to
#6322 to
#6642 to #6645
#8000 to #8511

After reading in parameter tape

#6091
#6099
#6071
#6337

4,.3.8 INTERNAL TOGGLE SWITCHES

The following switches may be easily turned on
and off on the NC operator's station even when they

cannot be operated on the machine

control sta-

tion. Setting numbers and their contents are as
follows.
l'lllf = On’ l'loll = Off
7 6 5 4 3 2 1 0
#oor | | | lo|0!1L[ |
‘*Edit lock

#ooz |0 JoJoTofofoj o] 1]
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Manual absolute

Z-axis common cancel

7 6 5 4 3 2 1 0

Single
block

H *Start lock
Display lock
I—)Optional block skip

—Dry run

—? Optional stop
L—’ Machine lock

“rAuxiliary function lock




4.3,8 INTERNAL TOGGLE SWITCHES [CONT'D)

If the machine control station is provided with

{he switehes that turn on and off the above func-

tions, the state of a switch on the machine's con-

trol station is ORed with that of the NC operator's

panel to determine the state finally.

Setting data |Machine's switch [ Result on/off
"% = OFF OFF OFF

"g" = OFF ON ON

"1" = ON QFF ON

1" = ON ON ON

The functions of the internal toggle switches
work only when parameter #6006133 = 1 (internal
toggle switch function on). If it is off, only the
switches of the machine control station work.

4.3.9 OPERATION TIME DISPLAY

The system counts the duration of automatic op-
eration and it may be displayed. This function

permits the display of the time it has been taken
for a piece of work or the total operational time

cof the system,

1. Procedure of display

Depress the ALM key, then select a screen

of running time with the JPAGE | key as
¥

shown below,

Three kinds of operation time will be dis~
played in hours, minutes, and seconds.

Top: Total operating time after POWER ON

Middle: Total operating time of CYCLE
START

Bottom: Total operating time of FEED

]

Reselting display
Each time of operational time may be reset
independently by the following procedure.

When operating times are displayed:

A, "1" "ORG" POWER ON time at the top

will be reset.

CYCLE START time in the
middle will be reset.

B. 2" "ORG"

FEED time at the bottom
will be reset

C. I'3|I noRGn

The timers of operation time preserve data unless
they are reset, even after power is turned off.

Fig. 4.29

4.3.10 ADDRESS SEARCH

Search continues until a data (character string)
held on tape or in the memory which coincides
with the data (character string) entered through
the NC operator's panel is found. The contents
of tape will be searched in TAPE mode and those
of the part program memory in MEM or EDIT mode.

1. Operation
A. Select TAPE, MEM, or EDIT mode.
B. Depress the PROG function key.

C. Depress the RESET key. "LSK" appears
and the pointer returns to the top of the
program number in MEM mode,

D. Enter the data (string of not more than 10
characters headed by address) to be search-
ed.

CURSOR
¥
starts. "AS" blinks during search.

E. Depress the key. Search

2. End of search
A. "AS" disappears when search is completed.
{1) In TAPE mode, the tape pointer points to

the character that immediately follows the
data found and the tape stops.

) 7 o

;
N — /
| - TAPE POINTER
DATA FOUND
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(2) In MEM or EDIT mode, the pointer of the
part program memory points to the top of
the data found (pointed by the cursor).
In all cases, only search will be performed

but neither BUF display nor advance read-

ing will be performed.

l-— MEMORY POINTER

SN 7/

f DATA FOUND

B. "AS" disappears and "NOT FOUND!" appears
on the CRT if the desired data is not found.
This message will disappear when you de-
press a key {CAN normally} of the control
station.

3. Remarks

- Do not omit leading zeros of the search data.
The data itself which has been entered
through the keyboard will be compared with
those on the tape or in the part program
memory.

When searching a program number catalog-
ed, leading zeros may be omitted.

- Commands encountered during search will
be ignored even if they are modal commands.

- On Cycle Start after search, the data of a
block which the pointer points to will be
read in and executed.

|
4. Search of program number

The address search function zlso permits to
search a part program out of those stored in
the memory.

A. Select MEM or EDIT mode.
B. Depress the PROG function key.

C. Depress the RESET key.

D. Enter the program number ;'ODDDE]."

CURSOR
1 key.

E. Depress the

The designated program number will be
searched. The result of search is as de-
scribed in 2. In MEM mode, you may depress
the CYCLE START button immediately after
completion of search to start automatic oper-
ation from the beginning of the program,

4,3.11 BREAKPOINT FUNCTION
It is possible to suspend operation at the end of

a block by designating a sequence number in
set function. Location is 6200 and 6201,

1. If the current sequence number is found to
be equal to a sequence number designated as
setting data during automatic operation, op-
eration will stop after execution of the block
like in single block operation.

2. The designated sequence number is called a
breakpcint and up te two breakpoints may be
designated.

3, Setting numbers are as follows for designat-
ing breakpoints.

Setting
number

#6200

Setting data
0 @G )

I—‘O <—-——Break point 2

Break point ]

#6201

l— "0" means that no break-
point is designated.

L.

Sequence number {of up to
4 digits} without address N.
(Leading zeros may be omitted.)

4. "BREAKPOINT!" appears blinking when op-
eration has stopped at a breakpoint. To
restart, depress the CYCLE START button.

NQOTE: If the breakpoint function is not used, set
the contents of #6200 and #6201 to "0."

4,.3,12 ALARM CODE DISPLAY

If an alarm status has happened, ALM" or "A/B"
{(on battery alarm) blinks on the bottom line of
the screen regardless of working mode and func-
tion. If this happens, the detailed information of
the alarm status may be displayed by the follow-
ing operation.

1. Depress the ALM key.

Then up to four pairs of alarm code and mes-
sage will be displayed, with more sericus one
on a higher line.

NOTE: The alarm screen will appear during an
alarm state and, therefore, it is not needed to

PA+GE key.

operate the
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4,3.12 DISPLAYING ALARM CODE (CONT'D)

Fig. 4.30 Alarm Codes and Message
Displayed-Example

To reset the alarm status and screen, remove the

Hexadecimal
notation

Fig. 4.3]1 State of I/O Signals
Dispiayed-Exampe

cause of alarm then depress the RESET key. 4.4.7 INPUTTING TOOL OFFSETS FROM TAPE

For the detail of alarm codes, see Appendix 5, Though tool offsets are inputted by MDI opera-

LIST OF ALARM CODES. tion normally, they may also be entered by means
of paper tape.

4.3.13 DISPLAYING ON/OFF INPUT/OUTPUT 1. The tape format of tool offsets is as follows.

SIGNALS

Depress the DGN function key, and the state of
everv input/output signal will be displayed on
the CRT. This is possible at any time even dur-
ing automatic operation.

For more detail of this operation, sce 8.6.3 DIAG-
NOSTICS OF INPUT/OUTPUT SIGNALS.

The state of the input/output signal is also
given in the hexadecimal notation at the right-
most column for the ease of maintenance work.,

eli %
HO1 X 1.000
H02 X 2.000
D03 X -10.089 ; Note:

Either H or D may
be used for address.

aQ
]

4.4 TAPE INPUT/OUTPUT QPERATIONS OF NC DATA 5

Such NO data as tool offsets, setting data, and
parameter data may be read from and written
onioc tape. A tape reader will work to read data
from tape. To write data onto tape, a data in-
put/output interface (option) is needed.

Here we assume that this option is incorporated.

See 4.7.2 1/0 DEVICES AND BAUD

RATE SETTING for how to set the type of
input/output device (setting #6003) and baud
rate (parameter #6026).
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The input operation is as follows.

Select EDIT mode.
Depress the RESET key.
Depress the OFS5 key.

Set the tool offset data tape onto the tape
reader.

Depress the IN key.

The tape reader starts to read the tape.
"IN" biinks on the CRT while the data are
read.

The tape reader stops when it has read "§"
(or ER). "IN" disappears from the CET.
Now the tool offset data have been read
into memory .



4.4.2 INPUTTING SETTING DATA AND PARAM-
ETER DATA

Though setting data and parameter data are in-
putted by MDI operation normally, they may also
be entered by means of paper tape. Setting data
and parameter data may be inputted from a single
tape.

1. The tape format is as follows.

]
Label % ;.
#6000 X128 Not?;: s
1. ! is used in
#6001 X 5 the ISC code and
#6002 X 0 ; "ER" in the EIA
. . code.
2. "N" is used in
the EIA code
3 instead of "#."

2. The inpfut operation is as follows.

A. Select EDIT mode.

B. Depress the RESET key.
C. Deprss the PRM key.
D

. Set the setting/parameter data tape onto
the tape reader.

E. Depress IN key.

The tape reader starts to read the tape.
"IN" blinks on the CRT while the data are
read.

F. The tape reader stops when it has read "%"
{or "ER"}. "IN" disappears from the CRT.

Now the setting/parameter data have been
read into memory.

Turn on power again because the control is in
the HOLT state (key inoperative) at completion

of input.

B.4,3 OUTPUTTING TOOL OFFSETS TO PAPER
TAPE

The tool offset data set in the system may be
outputted to paper tape.

1. The output operation is as follows.

A. Select EDIT mode.
B. Depress the RESET key.
o Depress the OFS kev,

D. Check that the punch is ready {or opera-
tion.

E. Depress the QUT key.

The paper tape punch punches the tool
offset data onto paper tape and stops auto-
matically when all contents of the tool off-
set memory have been outputted.

F. To suspend the operation, depress the
RESET key.

At this time, the output operation cannot
be resumed. Restart from the beginning.

2. The tape format is the same as that describ-
ed in 4.4.1 INPUTTING TOOL OFFSETS
FROM TAPE.

4, 4.4 OUTPUTTING SETTING DATA AND
PARAMETER DATA TO PAPER TAPE
1. The output operation is as follows.

Select EDIT mode.
Depress the RESET key.
Depress the PRM key.

Cc O wm »

Check that the punch is ready for opera-
tion.

Depress the OUT key.

=

The paper tape punch punches the setting/
parameter data onto paper tape continuous-
ly.

F. To suspend the operation, depress the
RESET key.

At this time, the output operation cannot
be resumed. Restart from the beginning.

2. The tape format is the same as that described
in 4.4.2 INPUTTING SETTING DATA AND
PARAMETER DATA.

4.4.5 OUTPUTTING PART PROGRAM TO
PAPER TAPE

(1) The part program of the designated program
number is punched out by the following
operations:

a., Connect the external equipment such as
the tape puncher to the NC via the data
input/output interface.

b. Make the external equipment relay for
operation.

c¢. Power on the NC.
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1.4.% QUTPUTTING A PART PROGRAM TO 1. Lo discontinue the punch out vperation,

FAPER TAPE (CONT'D) depress the RESELV hey. However, the
4. Select the EDIT mode. discontinued operation cannot be rulsumcd.
Go back to f. and repeat the operaticns all

e. Depress the PROG function key. over again.

f. Check to see if the external equipment is NOTE: When RESET, OUT are operated without
ready. keying in the program number, the part program
of the currently displayed program number is

g. Depress the RESET key. outputted.

h. Depress "O" key and key in program number.

{2) Punch out of all part programs
i. Depress the OUT key.
All registered part programs may be output-
ted to the external equipment by the above
operations except that 0 -9 % %9 must be
keyed in the operation of h.
All part programs stored in the memory are
outputted (punched out, etc.) consecutively.

The part program of the keyed-in program
number is outputted to the external equip-
ment. If it is a tape puncher, tape punch
is performed. When the output of the part
program is completed, the tape puncher

stops automatically. During the output of

data, "OUT" is flashing. NOTE: The contents of program number O0000

are outputted only when #6231D3 = 1.

|

3 FEET 3 FEET
FEED HOLES FEED HOLES
. 4
o o. % HOLlX - TOOL OFFSET DATA 14 5

(SETTING AND/OR PARAMETER DATA}

Note:
3 Feel =
360 characters

% ________ %:01234:G92X0 PART PROGRAM _ L M30% |- oo

OUT | KEY (TO PUNCH OUT ALL PART PROGRAMS)

BT 3 FEET

"'?9.’ FEET FEET 1 FEET .

FEED HOLES o FEE) HOLES

_~ SPACE "“SP'" CODE ~-.]
PUNCHED

g;; ........ %:Q100; MO2; spl Q200; M30; SP\ 0500 MI0sEZ [ 5
DEPRESS THE CAN KEY, AND THE PAPER DEPRESS THE CAN KEY, AND THE PAPER
TAPE PUNCH IMMEDIATELY BEGINS TO TAPE PUNCH STOPS TO PUNCH SPROCKET
PUNCH SIGNIFICANT DATA WHICH PERFORATION.

BEGIN WITH "'%:..."

Fig. 4.32 Data and Program Formats on Paper Tape
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4.5 LOADING PART PROGRAMS INTO MEMORY

4.5.1

LOADING PART PROGRAM TAPE INTO

MEMORY

(1) Loading a part program which has a pro-

(2)

gram number.
Select EDIT mode,
Depress the PROG key.

Load the NC tape to the tape reader or an
equivalent external device.

—_— M3 %K

PROGRAM NUMBER HOLD HERE

Depress the RESET key.

Depress the IN key.

Then the system starts to read the tape and
enlists the program number punched on the

.tape as the first record. The system checks
for duplicator of program number as in 1,

Operation ends with error if the designated
program number is not found on the tape.

When the tape reader has read "M02 ;,"
"MO3 ;," or "M99 ;," it stops and "IN" dis-
appears from the CRT. Now the part pro-
gram has been stored in memory.

Loading a part program which has no pro-
gram number.

Select EDIT made.
Depress the PROG keys,

Load the NC tape to the tape reader or an
equivalent external device.

- RNIGIZXD

M2 %

f

The tape stops at this
location when loading
1s completed.

Depress the RESET key.

Depress the address O key then enter the
program number.

Depress the IN key.’

The system starts to read the tape. If the
keyed-in program number coincides with the
registered program number, "ALREADY IN©
blinks on the CRT screen. 1f this happens,
delete the program number, then repeat steps
a. through f. while the tape is being read,
"IN" blinks on the CRT.

When the tape reader has read "MO02 ;,"
"MO3 ;," or "M99 ;," it stops and "IN" dis-
appears from the CRT. Now the part pro-
gram has been stored in memory.

NOTES:

1.

(3)
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Program number "00000" is always in the
registered state, so it cannot be erased.
This program number should not be used in
general.

The tape which has no program number may
be stored as described before. However,
write a program number to the head of the
tape, in principle. The operation of "Oxxxx
IN" described before causes only program
number registration. It does not cause the
storing of information of "O0000" into the
part program memory. Only the program
number on tape is stored into the memory.
Assume that a tape having no program num-
ber is stored and then all part programs are
punched out by depressing "0," "-," g 1
"9, M9, "9, " and "OUT" keys. Since this
tape contains programs with no program num-
ber, the correct restoring of all part pro-
grams may not be performed by depressing
|'0,|| H‘_’YI |'9.II Il9,|l 1|9,!I llg’ll and ||1N|? keyS.

Consequently, when a tape having no pro-
gram number has been stored, write the
program number to the head of part program
by the EDIT operation.
EXAMPLE:

N1 G92 X0 Z0 ;

When this is in the first block, position the
cursor to N and key in as follows (in EDIT
and PROG modes):

Oxxxx ; N1 ALTER

Storing a program with program numbers
changed I

To register a program with a program num-
ber different from the one punched on tape,
perform the following operations:

Select the EDIT mode.

Depress the PROG key,

Set the NC tape to the tape reader or the
external equivalent equipment.



g.5.

1 LOADING PART PROGRAM TAPE INTO

MEMORY (CONT'D)

Mie % 8

I
PROGRAM NUMBER HOLD HERE

S e ey G2 YU

Depress the RESET key.

Key in "O" and PROGRAM NUMBER.

D"é'[j'ress the IN key.

The program number entered from the key
is registered in preference to the program
number punched on the tape. At this time,
the program number on the tape is written
to the part program memory simply as a
label.

M02 ;, M30 ; or M99 ; is read and the stor-
ing operation is completed.

NOTE:

1.

(4)

If a program is stored with a changed pro-
gram number as described above, the pro-
gram number punched on the tape is stored
in the part program memory without change.
Consequently, to avoid the confusion in the
later handling, replace the program number
in the part program memory with changed
program number by the EDIT operation.

Loading part programs from a tape
Select EDIT mode.
Depress the PROG key.

Load the NC tape to the tape reader or an
equlivalent external device.

'''' % Q100 MD2:0200, M30.0500. M39 % -

{ L {

The tape stops The tape stops
to travel here. LO travel here.

The tape stops to travel here.

Depress the RESET key.

Depress the IN key.

Then the system starts to read the tape
and enlists the program number punched
on the tape as the first record. The sys-
tem checks for duplication of program num-
ber as described 1n (2).

The tape reader stops each time it has read
rlMoz ;,u "M30 ;'n or "M99 ;'n

f. Depress the IN key again.

The tape reader resumes o read the tape,
Repeat this operation until all programs
are loaded.

(5) Sstoring a program with program numbers
changed &

When "O" key is depressed and program
number is keyed in before depressing IN key
as described in (4) above, the keyed in pre-
gram number is registered in preference to
the program number punched on the NC tape.

{(6) Loading programs continuously

Programs existing on a tape as shown in (4}
may be loaded continuously without inter-
ruption. For this purpose, depress "0O,"
Ir_,ll flg,?l n(;'n "G 1 and "9" before the first
depression of the IN key. The tape reader
stops at the position of "%."

4.5.2 MAKING ADDITION TO A PART PROGRAM

Perform the following operation to add data to a
part program which is already loaded.

a. Select EDIT mode.
b. Depress the PROG key

c. Depress the O key then enter the part pro-

gram number and depress the CUR*SOR

key.
The system searches the designated program.

d. Load the tape of adding data to the tape
reader.

S ... %; Adding data  M30; $ --- S

e. Depress the RESET key.

f. Depress the NEXT and IN keys in this
order.

The data will be read from the tape into the
memory .

NOTE: You cannot add data to a program from
the middle of it. If necessary, delete the last
part of the program by editing operation and
perform this adding.
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4,5.3 LOADING PART PROGRAMS BY MDI

Part programs may be loaded not through the
tape reader but by MDI operation. Perform the
following .

a. Select EDIT mode.
b. Depress the PROG key
c. Depress the RESET key.

d. Depress the O key then enter the part pro-
gram number and depress the WR key.

The designated program number will be reg-
istered. If this number already exists,
"ALREADY IN" blinks and, in this case, it
is required to delete the registered program
number.

€. Write the part program by operating the
address key and the data key. As shown
in the figure below, the keyed in data is
displayed on the bottom line from left to
right sequentially. The maximum number
of characters that can be written at a time
is 32. Within this limit, data may be keyed
in over multiple words or blocks. However,
when the 10th character is keyed in, the
normal display shown to the right of the
line is blanked.

f. Depress the INSRT key.

The keyed in data is stored in the part pro-
gram memol‘y.

g. Repeat the operations of e. and . above to
write the part program. The program edit
operation is enabled by the use of ERASE,
INSRT, and ALTER keys during this pro-
gram storing operation.

INSRT| Key

Fig. 4.33

h. Key in M0O2 ¢, M30 :, or M99 ; and depress
INSRT key. This completes the storing of
the part program.

4.5.4 DISPLAY OF REGISTERED PROGRAM
NUMBER

This screen displays all registered program num-
bers and the number of remaining characters in
the part program memory.

{1) The number of program numbers that can

be registered depends on options.

Table 4.3.9.1

No l\f:)z;xf;rglguﬂi?nesr Type Pro%‘raai)rrl:eNo.
1 99 Basic 01 to 02
2 199 Option 1 01 to 04
3 999 Option 2 0] to 19

{2) All program numbers already registered are
PAGE
¥

displayed. By depressing or

+
PAGE key, the page shown below may be
obtained.

TABLE: 1 00405 003

209280 00300 i
0020l DazZo

Z 00202 . 0OZAZ,

3T002NT 10303 O
03304 0

0205
oRsun

ores
0a18s

REMAINING NUMBER OF CHARACTERS
IN PART PROGRAM MEMORY

The remaining number of characters in part
program memory is displayed in the lower
left corner of the screen.

Fig. 4.34

Note: This screen displays only the register-
ed program numbers. A program number is
registered by depressing the PROG function
key in EDIT mode.
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4.6 EDMNT

4.6.1 PART PROGRAM DISPLAY

Stored program contents can be displayed, and
checked by the operator.

Part Program Call
l.  Select the EDIT mode.
2. Depress the RESET and PROG keys.

3. Input the program number with ADDRESS O

CURSOR
' I key.

The specified program number will be search-
ed and the data of 10 lines from the begining
of program will be displayed on the CRT.

If the program number is not found by search-
ing, "NOT FOUND" will flicker. The display
will be reset by depressing the CAN key.

and depress the

%3080 Y3000
220

Fig. 4.35

Operation of PAGE and CURSOR key

1. Page keys [t} and {{] respectively advances
and returns by one page.

2. CURSOR keys [f]and [{] respectively moves
the CURSOR after and before a word.

Operation in the MEM mode

Searching can be performed in the MEM mode.
However, page and curser cannot be moved by
PAGE and CURSOR keys.

Ny P

e AM BLOCK

Part programs can be deleted using PROG

] keys
in the EDIT mode. ’

Deletion of Words

Move the CURSOR to the word to be deleted and
depress the ERASE key. The CURSOR-indicated
word will be deleted.

Before Deletion

After Deletion

Fig. 4.36
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Deletion of Program No.

Enter the program No. with address O and
depress the ERASE key. The specified program
No. and its part program will be deleted.

Deletion of All the program numbers

Input 0 -, 9, 9, 9, 9 and depress the ERASE
key. All the registered program numbers will
be deleted. Program No. "0" is registered newly
in the form of EOB.

4.6.3 MODIFYING PART PROGRAM BLOCK

Program modification is made using PROG key in
the EDIT mode.

Word Modification

Specify the word to be altered with the CURSOR
key in the new word, and depress the ALTER
key. The new word will replace the CURSOR-
indicated word.

Before Modification

104
47
Key in Q
After Modification

ROGRAM (ED L
N )' rh
N1E

o

Fig. 4.37

Words less than 32 characters can replace one
word specified.

4.6.4 ADDING PART PROGRAM (INSRT KEY)

Programs will be inserted using PROG key in the
EDIT mode.

Insertion of words

Specify the word before the word to be added
using CURSOR, key in the data to be added, and
depress the INSRT key. The new data will be
inserted immediately after the word specified by
the CURSOR.

Before Insertion

CaR (ED b
B * L
B2
N1iO3
r
]
Key in Q
After Insertion
0 = ED )
N "N ]
Ni@1 G
e
oK
hl .

‘Fig. 4.38

After insertion, CURSOR indicates the last word
keyed in words less than 32characters can be
inserted as one group.
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4.7 SUPPLEMENT TO DATA INPUT / QUTPUT (1)
INTERFACE (2)

Part Programs.

Tool Offset Amount.

(3) Setting Data and Parameters.

The external equipment having the designated
input/output interface may be attached to the
NC to input/output the following NC information:

4.7.1 TYPES AND FUNCTIONS OF INTERFACE
Table 4.1
1 2 3 4
Name of interface FACIT 4070 Current Loop RS232C RS422 Interface
Interface Interface(20mA)] Interface
Type of interface Paraliel- Voltage| Serial-Current | Serial- Voltage Serial-Balanced
Interface Interface Interface Interface
Data transmission 70 char/s Parameter Input: #6026 Input: #6027
speed setting Output: #6028 Qutpui: #6029
Connector (Note) MR-20MR DB-255 DB - 375
Max cable length S5m 50 m 15 m 100 m
External equipment FACIT4070 or ASR-33 or Equipment Equipment
equipment equipment having RS232C | having RS422
having equiva- | having current | interface interface
lent interface loop (20 mA)
interface
Functions " Gutput the NC data to the ex- - Storing NC data into NC memory

ternal equipment (for punching
out NC tape)

ar collating them.

equipment {punch out)

- Automatic operation in the

- Qutputting NC data to external

Tape mode

Note:
connector, use the foilowing:

The types of the connector on the NC side.
MR-20F, DB-25P, DB-37P

For the mating connectors to this

@ @ 4.7.2 SETTING OF DATA INPUT /OUTPUT
A INTERFACE TC BE USED
[

r To use data input/output interface, it is neces-
sary to set which interface is to be used. Make
this setting as follows:

+
(1) Setting of Data Input Interface to Be Used
e
I L) ) IDVCEL IDVCED Data Input Inter-
@ | @ (#6003, D1} | (#6003, DO)|  face to be used
— - RSA22 INTERFACE ,
l (BB-175) 0 0 PTR Interface [Note)
i
0 ‘252332 )'"TERF"‘CE 0 1 RS232C Interface
DB-255
—-——(1) FACIT4070 INTERFACE
2) CURRENT LOOP (20 ma} 1 0 RS5422 Interface
INTERFACE (MR-ZOMR)

Note:

Fig. 4.39 Data L/O Interfacc Receptacles
reader.

in Control Cabinet
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PTR interface is for the standard tipe
Usually, this interface is set.



(2) Setting of Data Output Interface to Be Used

b. Setting of stop bit length

ODVCEl ODVCEQ

(#6003, D5) | (#6003, D4) Name of Interface

0 0 FACITA4070 Interface
0 Current Loop Inter-

1 face R5232C Interface
1 0 RS422 Interface

8.7.3 SETTING OF BAUD RATE AND OTHERS
OF SERIAL INTERFACE

To use serial interface (current loop, R5232C,
or R5422), it is necessary to set the baud rate,
stop bit length, and control code transmission
specificatic‘m to parameters.

(1) Current Loop or R5232C Interface

As shown below, the data is set for input and
output combined or separately.

#6028 D¢
0 ... Data is set for input and output
combined .
1 -+ Data is set for input and output
separately.

a. Setting of Baud rate

Qpat and #6026D 4

8g;€nitnm = 1: Stop bit as
2 bits

Input #6026D4 | = 0: Stop bit as

Output #6028D4 1 bit

c. Setting of control code transmission designa-
tion

Input and
Qutput in #6026D5
Common = 1: Does not gend out
Input #6026D5 control code

= 0: Sends out control
Output #6028D5 code

(2) RS422 Interface

As shown below, the data is set for input and
cutput combined or separately.

#6029 D6
0 - .. Data is set for input and output
combined.
1 --- Data is set for input and output
separately.

a. Setting Baud Rate

oubut and 160263 | #6026D2 | #6026D1 | #6026D0 f)nupt‘;tuf‘?f #6027D3 | #6027D2 |#6027D 1 #6027D0
Common : Common -
Input | #6026D3 | #6026D2 | #6026D1 | #6026D0 tnput #6027D3 | #6027D2 | #6027D 1| #6027D0
Output | #6028D3| #6028D2| #6028D1 | #6028D0 Output | #6029D3 | #6029D2 |#6029D 1| #6029D0
50 0 ¢ 0 0 50 0 0 0 0
100 0 0 0 100 0 0 0 1
110 0 0 1 0 110 0 0 1 0
150 0 0 1 1 150 0 0 1 1
2 200 0 1 0 0 21 200 0 1 0 0
= [ 300 0 1 0 1 %1 300 0 1 0 i
3 | 600 0 1 1 0 af 600 0 1 1 0
= 11200 0 1 1 1 ® 1200 0 1 1 1
2400 1 0 0 0 2400 1 0 0 0
. 4800 1 0 0 1 4800 1 0 0 1
9600 - 0 1 0 9600 1 0 1 0
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4.7.3 SETTING OF BAUD RATE AND OTHERS
OF SERIAL INTERFACE (CONT'D)

b. Setting Stop Bit

Input and

p
Qutput in | #0027D4 |- 3. Stop bit as 2 bits

Common
Input #6027D4 | = ¢. Stop bit as 1 bit
Output #6029D4

¢. Setting Control Code Sending

Input and 602705
Qutput in #6027D = 1: Does not send con-
Common

trol code
Input #6027D5 | = 0: Sends control code
Qutput #6029D5
Notes:

1. Some controls de not allow the switching be-
tween the setting types by #6028D6 but are fixed
to the type in which data is set for input and
output combined.

2. Set the baud rate and stop bit length accord-
ing to the specifications of the input/output
equipment to be used.

3. The start and stop signals to be send from
the NC to the input/output equipment after
pressing IN, VER, or OUT key are called "control
codes." 1f the specifications of the input/output
equipment do not allow the acceptance of the con-
trol codes, set the parameter for control code
transmission designation to %1" {not send). In
this case, it is necessary to press IN, VER, or
OUT key on the NC side then start/stop the
input foutput equipment manually.

4,7.4 CABLE CONNECTOR SPECIFICATIONS

The specifications of the cable connectors for
data input/output interface are as shown in
Tables 4.7.10 through 4.7.14. These specifica-
tions depend on the external equipment to be
used and are therefore listed in this publication
for reference purpose only. Refer to the manual
of the external equipment.

Table 4.2 FACLITHOTU lutertace Connecting Cable
NC (MR-20F) wEéiElcir)%\_dut
- Connections )
Svmboll Signal Pin Pin
ymbo Name No. No. Symbol
PUNCH
PR
READY 1 <:>ﬁ*4{:> 12 1 PR
TAPE
TL
LOW 2 M 21 TL
ERR1 | ERROR 3 Q—O 20 | ERR1
Not Used 4
FACIT/
Auto- 24 v
selection

Not Used 6

Not Used 7

GV GROUND 8

ov |crounp| o —— )10 |spD

0V | GROUND| 10 (:)———{:) 25 | 0V
PUNCH '

CHL | paTa1 u.(jf——iZ) 1| cHl

cuz | PUNCH
DATA 2 12 2 | CHZ2
PUNCH

CH3 | pata 3 | 13 (:}___<:) 3 | cns3
PUNCH

CH4 | oa s 14(:)ﬁfw<:) 4 | cu4
PUNCH

cis | paras | 15|(O—)| 5 | crs
PUNCH

CH6 | para 6 | 16 (:}———{:D 6 | cré
PUNCH .

cu7 | BUNCH | 7 O-—O 7 | cH7
PUNCH

cus | NG 8 |(O——()j 8 | cms
FEED

CHY | HoLp 19 (:}———{:) 9 | CHY
PUNCH

PI INSTRuUcCH 20 O—O 11 PI
TION

LNote
Note: The pin numbers at the time the external

equipment is FACIT 4070 and its plug-in connector
is DB-25P.
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Table 4.3 Current Loop (20 mA)
Interface Connection Cable

NC (MR-20F) Ext‘ernal
~ . Equipment
Signal Pin onnections Pin
Symbol Name No. Ne. Symbol
1
Not Used 2
— 4
FACIT/
*6 V |ASR. Auto] 5
selection
TTYZ2 Current 6
loop (-) ( ) ( )
Current
0V |GROUND 8
- ¢
Not Used E
— 20
{Note 2)
Notes:

1. The type of connector and pin number are
different with external equipment.

2. When the current loop interface is used,
short-circuit pin No. ¢ (signal RS) and pin No.
5 {signal CS) of plug connector DB-25P for

RS232C.
ceptacle DB-255.

Then connect the plug to the NC re-

Table 4.4 RS232C Interface

Connecting Cable (A)

External
NC (DB-25P) Equipment
- —]Connectionsf—/—p———
Symbol| Signal  Pin Pin| o mbol
¥ Name No. No. ymbo
Frame
FG grounding 1 M FG
Sending
D Jqars 2 Oy Ol s
Receiving
Sl il B O O EE
RS Request . O
sending O_\ RS
Capable of \_O
Cs sending 5 O—\ CS
Not used 6 \ F‘O DR
Signal
5G grounding 7 O_\’—Q 5G
i@
N P 10 BUSY
L t ER (OR
Not used 25 _O 10
ALARM}
Note: When the external equipment does not

control the C5 (Capable of Sending) signal given
short-circuit pins RS and CS on both

te NC,

cnds of the cable as shown in Table 4,7.13.

Table 4.5 RS232C Interface
Connecting Cable (B)

NC (DB-25P) Ext?rnal
Signal Pn Connections Pigmpment
Symbol N;;e No. No. | Symbol

Frame

FaG gmmc;ndmg I O——O FG
ending

SD 1 ata 2 O\/—O SD
Recaving

RD | data 3 OO RD
Request

RS sending 1 O‘l rO RS
Capable of

€S sending 5 O‘J LO cs
Not used | 6 _O DR
Signal

5G grounding 7 C)‘“*C) 5G

r8
i O ER (OR
10 ALARM)

Not used|-25
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4.7.45 CABLE CONNECTOR SPECIFICATIONS

{CONT'D)
Table 4.6 RS422 interface Connection Cable
External
NC (DB-37P) Equipment
. ra— o Conneclions[—)
; St in N5 ymbol
Symbeol y
ymbe Name No. No.
SHIELD| Shield 1 0-1
Not used 2 l___‘
Not used 3 Lo
sp |Sending 4 O_'\ , SD
data o
Not used 5 . X :
RD geceiving 6 O_'J\_:_Q RD
ata R
t )
Rs | Ledues 7 O—'\/ro RS
sending AR
T
Not used B i X ;
AN
cs | Coble ot 9 Q]LO cs
sending L
Not used 10 Y
1 1
Not used 11 5 1
ER NG ready 12 O—Ir\’,‘ ER
1/0 ! '
DR device 13 O*A_O DR
ready ) :
14 b
Not used ( . :
18 Vo
sg | Sienal 19 %O
grounding ,
Not used 20 i :
L
Not used 21 o
. Sending T
*SD | Qata 22 Q‘L\ [TO *SD
Not used | 23 oy
fRD | Receiving o, O-r/\’—o *RD
data Lo
o
R t
*RS eques 25 ~;O G
sending . rf X
Not used | 26 S
Capable of O_:/ \J
*CS sending J 27 ¢ O *Cg
Not used | 28 ' l
Not used | 29 Lo
#ER NC ready 30 Q*\/’I'—Q *ER
/o AW
DR device 31 *DR
ready N
Not used 3‘2 e
1
37

Table 4.7 RS232C Interface
Connection Cable (B)

NC {DB-25p Extf.ernzd
i Equipment
s ; T Connections ~
igna Pin in
Symbol Name No. No. Symbel
FG 1 O—FO FG
Sendin
S0 |data o | 2 O_\/_O 5D
Receiving
RP | data } O‘/LO RD
Request
RS sending 4 O“ ‘O RS
cs Capable Oi
of sending 5 O CS
Not used 6 '_Q DR
Signal ( ) _O
SG grounding 7 5G
8
ER
Not used _O (OR 10
ALARM)
25

4.7.5 QPERATIONS USING DATA INPUT/QUTPUT
INTERFACE

The use of data input/output interface allcws the
following operations and runs:

{1) The input/output operations of tool offset
amounts, setting data, and parameter data and
the output operations (punch out) of part pro-
grams. For details, see 4.4 TAPE INPUT /OUTPUT
QOPERATIONS OF NC DATA.

(2) The storing of part programs intc memory.
For details, see 4.5 LOADING PART PROGRAMS
INTO MEMORY

(3) Tape-verification of part programs, tool off-
set amount, setting data, and parameter cata.
For details, see 4.8 TAPE VERIFYING.

{(4) Automatic run in tape mode.

The contrel may be automatically run in tape
mode not via the tape reader on the machine but
via the data inputfoutput interface. For details,

see 7.6 OPERATION IN TAPE AND MEMORY
MODE.
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4.8 TAPE VERIFYING

The punched tape of the data shown below may {1}
be compared to the contents of the NC internal

memory to check if they match,

a.
- Part program
- Tool offset data b.
- Setting data and parameter c.
The punched tape is entered through the NC
tape reader or the data input/output interface
{option). For the methods of setting the input/
output equipment (setting #6003) and the baud €.
rate {parameters #6026 through #6029), refer to
4.9 DATA INPUT/OUTPUT INTERFACE. The
following description is made assuming that this
option is installed.
4.8.1 SETTING AND PARAMETER TAPE VERIFY-
ING
1. Select "1" of system No. switch,
2. Set the MODE SELECT switch to the EDIT,
3. Depress PRM function key.
4. Depress RESET key. (2)
5. Load the NC tape via tape reader.
a.
6. Depress VER key.
Tape starts, and the contents of tape and b.
the contentns of setting/parameter are veri-
fied. "VER" is flickerlingly displayed. C-
If disagreement with the tape data is detect-
ed, "INPUT ERROR" is flickeringly displayed. d.
7. After completion of verifying without dis- e
agreement, tape reader stops and "VER" dis-
appears. f.
4,8.2 TOOL OFFSET VALUE TAPE VERIFYING
1. Set the MODE SELECT switch to the EDIT.
2. Depress OFS function key,
3. Depress RESET key.
4. Load the source tape via tape reader. '
5. Depress VER key
Tape starts, and the contents of tape and - ~

the contents of tool offset values are verifi-
ed. If disagreement with the tape data is
Jdetected, "INPUT ERROR™ iz flickeringly
di.\ii".l\_‘l‘d.

6. After completion of verifying without dis-

agreement, tape reader stops and "VER"
disappears.
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4.8.3 VERIFYING PART PROGRAM TAPE

Verifying a part program tape having pro-
gram number

Select the EDIT mode.

Depress the PROG function key.

Set the part program tape te the tape reader.
Depress the RESET key.

Depress the VER key.

The tape is started to compare the con-
tents of the part program memory to the
contents of the part program tape. During
this operation, "VER" keeps flashing. If
a mismatch is found, "INPUT ERROR" is

- displayed flashing.

When a match is found and this operation is
completed, the tape reader stops, upon
which "VER" display is erased.

Note: By the operation of "RESET, VER,"
the verifying feature verifies the data {rom
the tape head to % code.

Verifying a part program tape having no
program number

Select the EDIT mode.
Depress the PROG function key.
Set the part program to the tape reader.

Depress the RESET key.

Depress the "0O" key and key in program
number.

Depress VER key.

The tape starts to compare the con-

tents of the part program memory to the con-
tents of the part program tape. During

this operation, "VER" keeps {lashing. If

a mismatch is found, "INPUT 'ERROR" is dis-
played flashing. When a match is found and
this operation is completed, the tape reader
stops, upon which "VER" display is erased.
If the keyed in program number is not found
in the memory, "NOT FOUND!" is displayed
flashing. In this case, depress the CAN
key and start with the operation of d.



4L.8.3 VERIFYING PART PROGRAM TAPE
(CONT'D)

NOTES:

1.

£3)

The operations for verification with a pro-
gram number different from the program num-
ber punched on the tape are the same as those
of {2) above. The keyed-in program number
is processed in preference to the punched
program number.

Verification by the operation of "Oxxxx VER"
regards the punched information as the in-
formation on the keyed-in program number.
Hence, when verifying a tape containing
program numbers, no program number should
be keyed in.

Verifying a tape containing multiple part
programs

Multiple part programs punched in a single

tape are continuously verified by the follow-
ing operations:
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Select the BEDIT mode.,
Depress the PROG tuncton key.

Set the part program tape to the tape read-
er.

Depress the RESET key.

Depress the VER key.

When M02, M30, or M99 is read, the tape
reader does not stop but all the part pro-
grams are continuously verified up to %
code. When the verification is completed,
the tape reader stops at the position of %
code.



4.8.4 SUMMARY OF EDITING OPERATION

. Edit |3¥2tem) Func~
Operation Lock Sul:‘i(:;:h Mode tion Procedure
Storing from NC operator's panel ) Parameter number -
ks keyboard Data =+
f.E‘; Storing from tape (Note 4} (Note 6) 1 RESET ~+ IN
PRM
@
E Punch out (Note 3) EDIT + [oUT
Matching with tape (Note 4) [RESET| - [VER
Storing from NC operator's panel Setting number -
keyboard Data -+
& Storing from tape 1 SET he
ke
3 | Punch out EDIT RESET] +
Matching with tape RESET| =~
Storing from NC operator's panel Qffset number + [cURrs0OR
Storing ! Offect number [cuRsoRr]
< Storing from tape RESET| ~ EE
% | Punch out EDIT| OF5 | 'RESET] +
&)
Matching with tape IRESETI + {VER
Clear of all offsets {o] + -9999 -
- ' 0| + Program number -+
Storing érom NC operator's pancl OFF I%:peaf. of egd.it opeation "addition
keyboar of address data"
Tape with number -
One part | O OFF RESET
Storing PYORYam | Tapne without OFF RESET| + O] » Program
from number O number -+
tape All part programs on tape OFF RESET{ -+ E] + -9999 -
Addition to registered part
program OFF RESET| + | NEXT| =
: RESET| -+ E)] + Program
Desi ted t '————J
E‘,ﬂ]ch esignated part program EDIT! PROG | mumber =+
All part programs + @ + -9999 -
Tape with number
Match- | One part] o RESET| ~
ing PTOEram v '1.pe without [rESET] + [0l > Program
E with number O (Note 1) number -+ JVER
;c?n tape All part programs on tape hd
3 Modify of address data CURSOR] (Set to address data to
5 (Note 2) OFF be modified) + Address data
& -
CURSOR] {Set to address data
?gdtofz?ddress data OFF just before addition} + Ad-
Edit ote dress data -+
Delete of one address data OFF ggﬁfﬁidgsei to-_EaFJ{;l;l;Ess data to
{CURSOR] (Set to address data at
I()ﬁ(lize ;)( one black : OFF head of block to be deleted) =+
+ [ERASE

Address search

ﬁﬁﬁE Address data to be searched -

EDIT

+ Program number to be
Designated part ogram ¥ EDIT iPROG @
Clear & bart prog oF searched <+ | ERASE
All part programs on tape | OFF LRV LD B i-ll_(f'_\_.‘;l-:'

Notes:
1. Stering ot a part program having a program 4. If the tape contains setting information.

number different from program number ¢ 1t is also stored and matched at the same

on tape is pertormed by the same operation time.

as lor "tape without program number 0."

2. Within the limit of 32 characters, addition
of multiple address data and the change to
une address data are permuited.

3. Setting 1s punched out at the same time.

5. When the cursor to the address data 1n
the middle of a block und EQB and ERASE
keys are depressed, the data following
the cursur positien 1s deleted.

6. When data has heen stored from a param-
eter tape, turn the power on and off.
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5. TAPE READER

5.1 TAPE READER COMPARTMENT

5,1.1 TAPE FEED SWITCH AND SYSTEM NO.
SWITCH

These switches are located above the tape reader
and are accessible when the tape reader door is
opened.

- TAPE FEED switch

This is a spring return type switch for man-
ually feeding the tape forward and backward.
When the switch lever is pushed to the F {for-
ward) direction, the tape moves forward, or
{rom right to left, and when it is pushed to
the R (reverse) direction, the tape moves in
the reverse direction. However, during an
automatic or manual operation cycle, and while
the tape guide is pushed up, this switch is
ineffective. The tape feeder is stopped when
the control reads % code.

SYSTEM
PARAMETER
CHECK
LOAD
TEST 1
TEST I}

[T I TR

I

SYSTEM NO. SWITCH

Fig. 5.1

SYSTEM No. Switch

Normally, this switch is not to be manipulated
by the user. During ordinary NC operations,
the switch should be in the ¢ position. For
writing parameters, it should be set at "1."
For details, refer to 4.1.13 TAPE FEED AND
SYSTEM NO. SWITCHES.

5.1.2 TAPE READER

Light Source
As the light source, and LED is used. It re-

quires no maintenance except for daily cleaning.

- Tape Reading Head and Tape Feeder

In the tape rcading head, phototransistors are
built in under a glass window. Since dust and

scratches on the glass window are liable to
cause reading errors, it should be cleaned
periodically, and handled with care. Refer to
8.1 ROUTINE INSPECTION SCHEDULE.
Located in the center is the tape feed sprock-
et, for engaging the feed holes of the part
program tape.

+ Tape Guide

For [eeding a tape through the tape reader,

push up the tape guide release magnet under

the reading head to raise the tape guide, pass

the tape over the reading head, and then, push
down the tape guide gently. While the tape guidei:
lifted, cycle start in the TAPE mode cannot be
made, and the TAPE FEED switch is ineffective.
The sprocket is freed from the feed hceles so

that the tape can be pulled freely in both di-
rections.

LIGHT SOURCE
/

® f f ®
TAPE

CUIDE
TAPE
READING
FEAD AND
TAPE
FEEDER
) O
@ ®
TAPE GUILE
. roRwARp  RELEASTNG MAGNET
0 000 QOO0OCO00
2 852888888ece
8800000000000 FEED HOLES
000000C000000

00000000 000LO00 0000000000
O Co00000QO0C0O
0 O000000C00000
0Q000Q00O000Q0

FRONT ————=> REVERSE

Fig. 5.2

5.1.3 TAPE TUMBLE BOX

The tape tumble box is installed under the tape
reader.



To facilitate tape removal from the tumble box,

a piece of braided nylon tape is laid in the tum-
ble box covering its entire interior space. As
the part program tape is piled up on the nylon
tape as it is dropped into the tumble box, the
entire part program tape comes out of the tumble
box when the nylon tape is pulled up.

When the two screws at the bottom of the tape
tumble box are unscrewed, the lower part of the
box opens to permit tape removal downward.
Clean the interior of the tape tumble box period-
ically, in accordance with 8.1 ROUTINE INSPEC-
TION SCHEDULE,

NOTE:

The unit type housing is not provided with this
tape tumble box.

POLYESTER TAPE

Y ;:l (-
i f 'ii
i ," 1 i ' i
§ It H
i !
i\ :
4 ,f
A ;!
A -
s S
E L
TAPE OUTLET

Fig., 5.2. . Tape tumble box

TAPE READING
(FORWARD)

5.2 TAPE REELS T
5.2.1 TAPE REELS
One of the following two types of tape readers

designed for use with tape reels are available as
options.

Tape reel g;el Note
A 6" reel 6" For 80 m part

program tape

For 180 m part
program tape

B | 8" reel 8"

Note: These tape lengths are for 0.108 mm
thick tape.

5.2.2 HANDLING 6-INCH TAPE REELS

When the tape is not in use, and when mounting
and dismounting the tape, be sure to arrest the
tension arms by the tension arm rest. While the
tension arms are in the arrested positions, the
reel motor is switched off, and the reels are free.

Mount the tape as follows.

1. Pull the reel lock pawl on the right reel spin-
dle to the horizontal position, and dismount
the reel from the spindle.

2. Insert the trailing end of the punched part
program tape into the slit in the hub of the
right reel, and wind the tape on the reel,

TAPE REWINDING
(REVERSE)

TENSION ARM REST

&' TAPE REEL

ENSION ARM

Fig. 5.3
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5.2.1 TAPE REELS (CONT'D)

6" TAPE REEL -
NC TAPE
i
REEL {’ l |-I
=
LOCK PaWL — 22271 -1% N
s REFEL NOTCH
REMOVE ——
MOUNT —
Fig. 5.4
3. Mount a reel with a tape wound on it on the 5.2.3 HANDLING 8-INCH TAPE REELS
right reel shaft, align the reel lock slot with
the reel lock pawl, and push the lock pawl When the tape is not in use, and when mounting
to the vertical position to lock the reel to the and dismounting the tape, be sure to switch off
shaft. the power supply switch. In this condition, the

reel motor is switched off, and the reels are free.
4. Pull the tape approximately 1 m out of the

reel, and pass it through the tape reader. Names and the functions of members are as follows.

5. Wind the free end of the tape on the left reel - Power supply switch
in the same way as 1 through 3, and mount
the reel on the left reel shaft. At this time,
wind the tape at least 3 turns to eliminate
any possibility of slipring loose.

When this switch is turned on, the tape reels
are ready to operate.

Guide rollers

6. Holding the reel with hand to prevent slacken- They guide the tape in rewinding and in fer-
ing of the tape, free the tension arm from ward feeding.
the tension arm rest, and lower- it gently.
The broken lines in Fig. 5.2.2.1 show the - Tension arm

tt . . . : .
correctly set tape In conjunction with the guide rollers, the len-

sion arms give proper tension to the tape and

: hl
Now, the tape can be moved and wound smoothly climinate slack.

in either directions in the automatic operation

mode or by the manipulation of the TAPE FEED .
Tension arm stopper

switch.
While no tape is mounted on the tape reader,
NOTES: the tension arms rest on these stoppers.
When dismounting the tape reel, observe the - 8" tape reel

following two points. In a tape reel 8" in diameter, a part program

(1) Hold the reel to be removed by hand, and tape approximately 180 m in length can be

iet the tension arm be arrested by the wound.

tension arm rest.

. . Reel hub

(2) Push up the tape guide of the tape reading

head beforehand. The reel hubs are mounted on the reel spindle,

and serves to receive and arrest tape reels on
- Start operation only after making sure that them.

the reel lock pawl is engaged in the lock slot
in the reel.
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REEL MOTOR
POWER SWITCH

8" TAPE REEL

/

/REEL HUB

\ TENSION ARM
STOPPER

J

\ INSTRUCTION PLATE
FOR SETTING TAPE

Fig. 5.5
2.
3.
q
\\\\‘REEL STOPPER PIN 4.
REEL-HUB LOCK PAWL
REEL SPINDLE 5.
Fig. 5.6 6.

- Tape threading graphic plate
This plate shows the tape threading route

graphically. ..
Thread the part program tape as follows. 8
1. Holding the right reel with one hand, turn
the reel hub until the pawl is aligned with
the reel groove, and dismount the outside
reel flange, the tape bobbin, and the inside 9.

reel flange from the tape hub.

- 151 -

Nom N

GUIDE TENSION ARM
ROLLER

Insert the trailing end of the part program
tape in the slit in the tape bobbin, and wind
the tape on it. (When a tape bobbin without
a slit is used, fasten the tape end to the
bobbin with adhesive tape.)

Turn the reel hub until the lock pawl is align-
ed with the stop pin. (See Fig. 5.2.3.2)

Mount the inside reel flange on the reel hub,
aligning the groove in the flange with the
lock pawl on the reel hub.

Mount the reel bobbin with a part program
tape wound on it on the inside reel flange.

Mount the outside reel flange, aligning the
notch in the flange with the lock pawl, and
turn the lock pawl until it is brought between
the two notches on the inside reel flange.

Unwind the part program tape approximately
1.5 m.

Thread the tape through the right guide
rollers and the tension arm to the tape
reader.

Wind the leading end of the tape on the left
ree]l in the same way as 1 through 6.

In this case, wind the tape 2 to 3 turns on
the tape bobbin and make sure that the tape
does not slip loose when pulled.



5.2.3 HANDLING 8-INCH TAPE REELS (CONT'D)

REEL HUB

REEL REEL
STOPPER LOCK
PIN PAWL

A
=

INSIDE
REEL

TAPE CORE 1T OUTSIDE
{:—_--__—‘ REEL BAIL
I
O
- — — i
b
— B :
]
AL

NC TAPE
i

CORE NOTCH

Fig. 5.7 Tape Mounting Procedure

-

e

BNV

Fig. 5.8 Mounted Tape Reel with Tape
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10.

11.

12,

Thread the tape through the left guide roll-
ers and the tension arm, as shown in the
tape threading graphic plate.

Turn the two reels by hand and bring the
tension arms to a middle position between

the guide rollers and the tension arm stopper.

Now, the tape reels and the part program
tape have been properly mounted as shown
in Fig. 5.2.3.1.

Turn the power supply switch on,

The tension arms may move momentarily, but
become stable scon. Now, the tape can he
driven smoothly in both directions in the
automatic operation mode and by the mani-
pulation of the TAPE FEED switch.

- 183 -

NOTES:

- While the part program tape is not in usc, keep
the power supply switch turned off,

Before dismounting the loaded tape reels, be
sure to do the following.

{1} Turn off the power supply switch,
(2) Release the tape from the tension arms.

(3) Push up the tape guide away fromthe tape
reader.

* While the power supply switch is on, do not
turn the tape reels by hand, etc.



5.2.3 HANDLING 8- INCH TAPE REELS (CONT'D)

or- Dis
op- TIONAL -
MODE SELECT SINGLE TIONAL BLOCK pry LAY OFF
CYCLE FEED . LOCK
START HOLD BLOCK STOP SKIP  RUN ‘a' iy
o o ® @
[::] [:]1 OFF OFF OFF  OFF
MIRROR IMAGE
MANUAL AXTS OVERRIDE
ABSOLUTE X ¥ CANCEL
OFF OFF  OFF
MANUAL
HANDLE PULSE RAPID TRAVERSE  FEEDRATE
HANDLET AXIST RATE OVERRIDE  OVERRIDE
MULTIPLY
X100 50
X1 1000 2i7,f\V 100 "
1 X10,000 0 (u' % {ul
X100,000
’ 0’ 2 <200
. - REFERENCE POINTT
EMERGENCY _ 106 . JOG FEEDRATE N
STOP Y +Y +7 X Y Z
O g O i
L_—J_T__l__J

5
= @

Fig. 6.1
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6. MACHINE CONTROL STATION

6.1 SWITCHING UNITS ON THE CONTROL STATION

Fig. 6.1.0 shows the layout of switching units on
the control station. For details, refer to the ma-
chine tool builder's manual.

6.1.1 MODE SELECT SWITCH

This switch gives the operator a choice among
the following eight modes of operation (RAPID,
JOG, STEP, HANDLE, TAPE, MDI, MEM, EDT).
RAPID, JOG, and HANDLE modes are called
manual operation mode, and TAPE, MDI, and
MEM, automatic-operation mode in this manual.

RAPID: Allows the tool to traverse rapidly or
return to reference zero by manual operation.

JOG: Allows the tool to feed continuously by
manual operation. Feedrate is set by JOG
FEEDRATE switch.

STEP: Allows the tool to feed manually by step
each time JOG pushbutton is depressed.

HANDLET: Allows the tool to feed by operating
the manual pulse generatort.

TAPE: Automatically controls the system from
NC tape.

MDI: Allows the operator to insert up to 10
blocks of data through the DATA keyboard and
control the system automatically with the data.

MEM: Automatically controls the system with the
stored part program.,

EDT: Stores the part program into memory and
edit the part program.

CYCLE FEED
EART ;:;LD TAPE

L) O

Fig. 6.2

6.1.2 CYCLE START PUSHBUTTON AND LAMP

Depress this pushbutton to start the system in
the automatic operation mode (TAPE, MDI and
MEM). The CYCLE START indicating lamp lights
when automatic operation starts. Depress it again
to start the operation after temporary stop by
operating FEED HOLD pushbutton or MODE SE-
LECT switch.

6.1.3 FEED HOLD PUSHBUTTON AND LAMP

When the FEED HOLD pushbutton is depressed
during automatic operation, the feedrate is de-
creased immediately and machine motion is stop-
ped. Feedhold is not active during tapping by
G84, however, it functions during positioning
before tapping. Depressing the FEED HOLD .
pushbutton during dwell by G04 works on com-
pletion of the current block.

1f it is depressed while M-, S-, T or Bl-func-
tion without move command is being executed,
the FEED HOLD lamp will light, but these func-
tions will be continued until finished. On com-
pletien of the function, the lamp goes off and
machine operation is stopped. Depress the CY-
CLE START pushbutton to resume the operation
after temporary stop by operating FEED HOLD
pushbutton.

FEED HOLD lamp is automatically illuminatedwhen
the machine stops temporarily during canned cy-
clesif SINGLE BLOCK switch is set on.

6.1.4 EMERGENCY STOP PUSHBUTTON

Depress this pushbutton to immediately stop all
machine movement in an emergency. The servo
power is turned off and the machine is stopped
immediately by dynamic brake. The NC ALARM

lamp lights and alarm code"330"and "310¢"arc displayed

To recover the system from an emergency stop
after the cause has been removed, take the fol-
lowing procedure.

1. Turn the EMERGENCY STOP pushbuiton
clockwise to release the locking.

2. Depress the RESET key. Alarm code "330"
is deleted from page.

3. Turn on the servo power again by depress-
ing POWER ON pushbutton. NC ALARM
LAMP is extinguished and READY lamp lights
up.

EMERGENCY STOQFP

Fig. 6.3
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6.1.5 HANDLE DIALT (MANUAL
PULSE GENERATOR)

The dial is used as a manual pulse generator to
feed the tool manually with the MODE SELECT
switch set to the HANDLE., HANDLE operation
is effective for an axis. Procedure of HANDLE
operation is as follows:

1. -Set the MODE SELECT switch to the HANDLE.

2. Select the axis to be operated with HANDLE
AXIS select switch.

3. Set the move amount per graduation of the
dial by setting MANUAL PULSE MULTIPLY
switch.

4. Rotate the dial to move the selected axis.

Turning it clockwise causes the axis to move
in the plus direction. The axis moves in the

minus direction by turning it counterclock-
wise.

MANUAL
PULSE MULTIPLY

X100

X104 X1000
xl X10000

X100000

6.1.6 HANDLE AXIS SELECT SWIiTCHT

This switch is used to select an axis to be opar-
ated. For operation of the switch, see 6.1.9
Handle Dial”.

6.1.7 MANUAL PULSE MULTIPLY SELECT
SWITCHT

This switch is used to:

. Select the value from Table 6.1. correspond-
ing to a single graduation of the HANDLE dial
in the HANDLE mede.

. Select the move amount (1 step) from Table
6.2 corresponding to each depression of JCG
pushbutton in the STEP mode.

Fig. 6.4

Table 6.1 Selection of Move Amount

in the HANDLE Mode
Metric Inch Rotating AngleT

% 1 0.001 mm/ $.0001 inch/ 0.001 deg/

graduation graduation graduation

0.0t mm{ 0.001 inch/ 0,01 deg!/
x 10 graduation graduation graduation
x 100 0.1 mm/ 0.01 inch/ 0.1 deg!/
x 10000 graduation graduation graduation
x 100000

Table 6.2 Selection of Move Amount in the STEP Mode

Metric Inch Rotating AngleT
x 1 0.001 mm/step 0.0001 inch/step | 0.001 deg/step
x 10 0.01 mm/step 0.001 inch/step 0.01 deg/step
=x 100 0.1 mm/step 0.01 inch/step 0.1 deg/step
x 1000 1.0 mm/step 0.1 inch/step 1.0 deg/step
x 10000 10.0 mm/step 1.0 inch/step 10.0 deg/step
x 100000 100.0 mm/step 10.0 inch/step 100.0 deg/step
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6.1.8 HANDLE DIALS FOR SIMULTANEOUS
CONTROL OF UP TO THREE AXES™T

When a manual pulse generator is connected for
each axis, the tool can be manually moved along
selected three of the four axes (X, Y, Z and o)
simultaneously.

}. The tool move distance per graduation of the
HANDLE dial for the manual pulse generator
is determined by the MANUAL PULSE MUL-
TIPLY switch (Table 6.1.7,1}. This switch
is effective on all the three axes,

. Set the mode select switch to HANDLE, and
turn the HANDLE dials for the desired axes
in the positive or negative direction,

X-AXTS Y-AXIS Z-AXTS

MANUAL
PULSE MULTIPLY

X100
X10 X1000
xl @XIOOOO

X100000

Fig. 6.5

6.1.9 JOGC PUSHBUTTONS

This pushbutton is used to feed the tool manually.

- With any of pushbuttons +X, -X, +Y, -Y, +Z,
or ~Z {(+a, -0}t held in the RAPID mode, the

axis can be moved rapidly until the button is
released.

- These pushbuttons move the tool at the speed
set by JOG FEEDRATE switch in the JOG mode.

- Each time the pushbutton is depressed in the
STEP mode, the tool is moved by the value per
step set by MANUAL PULSE MULTIPLY select
switch., Maximum feedrate per step is deter-
mined by parameter # "6222,"

NOTE: JOG pushbuttons work on all axes.

H00¢C
OO oo

6.1.10 JOC FEEDRATE SWITCH

The JOG FEEDRATE switch is used to select the
jog feedrate in the JOG mode. Up to 32 steps of
feedrate can be specified. Jog feedrate depends
on the machine tool. For definite values, refer
to the machine tool builder's manual, See Table
6.1.10. The JOG feedrate can be preset by
parameters #6233 to 6264,

RAPTD TRAVERSE

JOG FEEDRATE RATE OVERRIDE

0 100
A 2 ;
N, () *

0

3000
MM/MIN
Fig. 6.7
6.1,11 RAPID TRAVERSE RATE OVERRIDE

SWITCH

This switch is used to adjust the traverse rate
by F0, 25, 50 and 100%. 100% Rate is the rapid
traverse rate set by parameter #6280 to 6283.
The switch is effective both in autematic opera-
tion including GO0 command and in manual opera-
tion (RAPID mode). Fg is set by parameter
#6231,

6.1.12 FEEDRATE OVERRIDE SWITCH

In the automatic operation mode (TAPE, MEM,
MDI), this switch is used to adjust the feedrate

by 10% from 0 to 200% of the programmed feedrate

specified with an F function at whatever position
the switch may be set. Feed during tapping by
G74 and G33 follows F command. Where OVER-
RIDE CANCEL switch is set on, the tool will be
moved at the programmed fecdrate hy I¥ code
regardless of switch setting,
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6.1.12 FEEDRATE OVERRIDE SWITCH (CONT'D)

Table 6.3 Jog Feedrate

Step Parameter No. mm /min Step Parameter No. | mm/min
0 #6233 0 16 #6249 100
1 #6234 1 17 #6250 120
2 #6235 2 18 #6251 150
3 #6236 4 19 #6252 200
4 #6237 6 20 #6253 250
5 #6238 8 21 #6254 300
6 #6239 10 22 #6255 400
7 #6240 12 23 #6256 500
8 #6241 15 24 #6257 600
9 #6242 20 25 #6258 800

10 #6243 25 26 #6259 1000
11 #6244 30 27 #6260 1200
12 #6245 40 28 #6261 1500
13 #6246 50 29 #6262 2000
14 #6247 60 30 #6263 2500
15 #6248 80 31 #6264 3000
Notes:

- Jog feedrate depends on the machine tool.

For definite values, refer to the machine tool builder's manual.

- Feedrate of the fourth axis™, if provided. is shown by deg/min.
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Table 6.4 FEEDRATE OVERRIDE

STEP % STEP %
0 0 11 110
1 10 12 120
2 20 13 130
3 30 14 140
4 40 15 150
5 50 16 160
b 60 17 170
7 70 18 180
8 80 19 190
9 90 21 200
10 100
OVERRIDE
CANCEL
FEEDRATE
OVERRIDE

0 2007  Fig. 6.8

6.7.13 FEEDRATE OVERRIDE CANCEL SWITCH

Turning on the OVERRIDE CANCEL switch pre-

vents the function of FEEDRATE OVERRIDE switch.

6.1.14 SPINDLE SPEED OVERRIDE SWITCHT

1. With this switch, the current spindle speed
can be changed to an override speed which
is set at 10% intervals between 50 and 120%
of the current spindle speed.

2. During the tapping cycle by G74 and G33
under the command of G84, the spindle speed
may selectively be made independent of this
switch, remaining at the speed set by an §

code. This selection is made with the param-
eter #6007p2.

SPINDLE-SPEED
OVERRIDE T

90

]”)T“\azoz
50 ll!l

Fig. 6.9

6.1.15 MANUAL REFERENCE POINT RETURN
swiTcHt

This switch is for bringing the tool back to the
reference point manually.

For its operation method, refer to 6.2.1 MAN-
UAL RETURN TO REFERENCE POINT.

6.1.16 REFERENCE POINT LAMPST

These lamps indicate that the tool is positioned
on the reference point. They light when the tool
is brought to the reference point through the
manual or automatic return to reference point
(G28), or by the reference point return check
(G27), and goes out as the tool moves away from
the reference point by a subsequent operation.

ZERO POSITIONT
X Y Z &

o oog -
REFERENCE POINT SINGLE
RETURN BLOCK
OFF OFF
Fig. 6.10

6.1.17 SINGLE BLOCK SWITCH

Turning on this switch permits individual block-
by-block operation. Turning on this switch after
finishing the current block in the autematic oper-
ation mode, the machine stops. A block of data
is executed each time the CYCLE START push-
button is activated.

6.1.18 OPTIONAL STOP SWITCH

This switch is to execute M01 command in auto-
matic operation mode (TAPE, MEM or MDI),

When the switch is on, the program stops on
completion of the block including M0l command,
while CYCLE START pushbutton remains illu-
minated. When the control catches FIN signal,
the light is extinguished. To restart the pro-
gram, depress the CYCLE START button. When
the switch is off, M0l command is ignored.

Operation of the switch is not effective for the
block being executed. During the automatic ‘op-
eration, the switch acts for the next block.

6.1.19 OPTIONAL BLOCK SKIP SWITCH

This switch selects whether the data in blocks
including a "/" is disregarded or not.

1. While the switch is on, all the commands in
a block programmed after a "/" are neglected.
However, block data appearing before the
“I" remains effective.
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6.1.19 OPTIONAL BLOCK SKIP SWITCH
(CONT'D)

2. While this switch is off, blocks including a
ti"oare executed along with other blocks.
This switch is ineffective on the block under
execution and blocks stored in the advance-
reading buffer. When this switch is turned
on during an automatic operation cycle, it
works on the block read after the switching
on has occured.

NOTES:

4. The two commands "/ and "/1" are equivalent.

b. With the control provided with the optional
block skip B function®, 8 independent blocks
can be skipped with the switching of the

switches corresponding to "/2" through "/9."

6.1.20 DRY RUN SWITCH

Turning on the DRY RUN switch in the TAPE,
MDI or MEM mode causes the tool to move at the
speed selected by the JOG FEEDRATE switch,
ignoring all programmed F-functions. F com-
mands can be displayed as they are programmed.
This switch may be used to check the program.

Rapid traverse (G00) rate for dry run operation
can be set by setting parameter # "6006p2."

Parameter Rapid Traverse at

# "6006p2" Dry Run Operation
ngn Rapid traverse rate*
"3t Jog feedrate

* The tool moves at the traverse rate
set by RAPID TRAVERSE RATE
OVERRIDE switch if provided.

NOTES:

Switching the DRY RUN switch during auto-
matic operation becomes effective on the current
biock. Switching it in mm/rev mode' or during
tapping becomes effective on the next block.

Rapid traverse rate override is kept effective
during dry run operation.

During tapping. the set speed when tapping
starts will be kept. It cannot be changed by
JOG operation during dry run operation.

DRY
RUN

@

OFF

Fig. 6.11

6.1.21 DISPLAY LOCK/MACHINE LOCK SWITCH
This switch functions to stop updating the posi-
tion display, or to stop meve command pulses to
the servos. This switch cannot be sct unless the
machine is stopped at block end or temporarily
stopped by FEEDHOLD pushbutton.

LOCK MODE
OFF
DISPLAY q//;fhi\\/ MACHINE
LOCK LOCK
Fig. 6.12

”OFF”

Usual operation is made at "OFF" position in both
manual and automatic operation. The machine
and the position display operate according to the
command by automatic operation or manual opera-
tion.

"“DISPLAY LOCK"

This position is used to exclude the axis move-
ment value from the position display. Cu-rent
position display is not updated, though the ma-
chine moves.

"MACHINE LOCK"

Setting the switch at MACHINE LOCK inhibits
axis movement including Zero Return. The po-
sition display is updated. M-, $-, and T-func-
tions are executed. This position is selected to
preset the display or to check the tape data.

6.1.22 Z-AXIS FEED NEGLECT SWITCH

The switch is used for dry run operation or draw-
ing-check operation on the X-Y plane. Turning
on the switch causes the Z-axis in MACHINE
LOCK condition. The Z-axis movement is in-
hibited, though the position display is updated.

Operate the switch when the machine is stopped.-
That is, the switch does not function except when
the machine is stopped at the block end by SIN-
GLE BLOCK switch or temporarily stopped by
FEED HOLD pushbutton.
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6.1.23 M-FUNCTION LOCK SWITCH
{(AUXILIARY FUNCTION LOCK)

« When the M~FUNCTION LOCK switch is on, it
ignores the M, S, T, and Bt commands. To
check the tape data, the operation by the switch
is used in combination with MACHINE LOCK
function.

AUXILIARY
FUNCTION
LOCK

@

OFF
Fig. 6.13

- The following M codes are executed even if the
switch is set on. .

- MO0, MO01, MO2, M30
Both its decoded signals and its BCD codes
are sent out to the machine.’

- M90 to M99
BCD code is not sent out.

Turning on the M-FUNCTION LOCK switch
during automatic operation becomes effective

on the block after the next block of the current
block.

.1.24 MANUAL ABSOLUTE SWITCH

- When MANUAL ABSOLUTE SWITCH is on,

When automatic operation is restarted after in-
terrupted by manual operation, the tool per-
forms the rest of the command in the interrupted
block from the end point of manual operation.
The tool moves in parallel with the path speci-
fied by the program.

When the command of the next block is G00 or
G01, the tool moves automatically to the tar-
get coordinate specified by the program. Then
the operation is performed according to block
of data.

When the command of the next block is G0Z or
GO03 (circular interpolation}, the interpolation
is performed in parallel with programmed com-
mand. The tool automatically returns to the
tarpet coordinate when GO0 or GO0l is command-
ed after the circular interpolation.

ACTUAL MOVEMENT

MANUAL
OPERATL TRAVEL TO TARGET
o COORD INATE SPECIFIED
,‘Y,-‘ ~ BY PROGRAM COMMAND
Y
~ GOO OR GOl COMMAND
-7 CIRCULAR ~
INTERPOLATION
TEMPORA)
STOP
(FEED HOLD)
Fig. 6.14

« When MANUAL ABSOLUTE switch is off.

After the automatic operation is interrupted by
manual operation, the coordinate system is
shifted, and the tool performs the rest of the
travel commands in parallel with programmed
moves.

ACTUAL MOVEMENT
TAPE COMMAKND

REST OF
TRAVEL COMMAND

omuncm >’
~ CIRGY

INTERPOIAIION

mmmv STOP ——
(FFED HOLD)

GO0 CR GOl COMMAND

MANUAL
ABSOLUTE

.9

OFF

Fig. 6.15 Tool Movement with
MANUAL ABSOLUTE Switch Off

The parallel shift is reset by executing Refer-
ence Zero Return manually, automatically by
G28, or operating the RESET key. The com-
mand value is forced to change to the current
position. Thus the shift value is reset.

6.1.25 MIRROR IMAGE AX!S SELECTOR SWITCH

MIRROR IMAGE AXIS switch selects the axis
whose motion is reversed for programmed opera-
tions.

To select the mirror image axis with this switch
as well as setting function, set the data of set-
ting # "6000pg-p3" to 0.

Turn on the MIRROR IMAGE AXIS switch of the
axis to which Mirror Image function is assigned.
The motion of the selected mirror image axis is
set up at M95 command is given until M94 is
commanded. For details, see 2.8.5.

NOTE: During the M95 (Mirror Image ON) mode,
never operate the MIRROR IMAGE AXIS switch.

MIRROR IMAGE

axtst

X Y

OFF  OFF

] Fig. 6.16
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6.1.26 TOOL LENGTH MEASUREMENT PUSH-
BUTTON AND LAMPT

Use the WRITE button to automatically store the
amount of Z-axis move manually made between
"home-position” and "base-position” directly in
the tool offset memory. For operating procedure,

refer to 6.2.3 Automatic Tool Length Measurement ™

TOOL LENGTH

MEASUREMENTY
r N
MEASURE-  WRITE &
MENT RETRACT
3
Fig. 6.17

6.1.27 START LOCK INPUT (OR SWITCH) T

When the START LOCK is on, CYCLE START
pushbutton does not function. Use the START
LOCK input to prevent operating the machine in
abnormal condition during automatic operation.
The input may be used as on/off switch on con-
trol station for machine.

EDIT
YASNAC LOCK
START STLK START
LOCK 1 | T —F “+ LOCK
OFF

Fig. 6.18

6.1.28 EDIT LOCK SWITCH"

Turning on the EDIT LOCK switch prevents the
function of ERS, INS, ALT, and EOB keys, and
storing from NC tape. When editing is made with
EDIT LOCK switch turned on, "EDIT LOCK"
{lickers on the CRT displav,

6.1.29 AXIS INTERLOCK INPUT

The control is provided with AXIS INTERLOCK
input for each axis to prevent axis motion.

Interlocking an axis in feed motion causes the

axis to slow down to a stop. When the interlock
is released, the axis motion finishes the inter-
rupted block and proceeds to the next.

Interlocking one of the two or three axes being
simultaneously interpolated disables the irnter-
polation.

YASNAC

AXI1S
INTER-
LOCK

ITY AXIS
0 Oo—+Y INTERLOCK

-
D__
[ —es—
[1—

et

Fig. 6.19

6.1.30 EXTERNAL DECELERATION INPUT
SIGNALS

In order to eliminate the danger of high speed
contact at speed end caused by erroncous motion
commands, limit switches for originating ¢xternal
deceleration input signals may be installed at
selected points.

1. During rapid traverse (G00#) and manual
operation

When the limit switch is tripped by tke tool
movement, the traverse speed is decelerated
in the tripping direction to a level se by
the parameter #6340. In the direction oppo-
site to the tripping direction, the original
speed remains unchanged.

2. During motion at feedrate {G9%4)

While the limit switch is being trippec, the
tool moves at a speed set by the parameter
#6341, If the feedrate set by the F command
is lower than the rate set by the parameter,
the original feedrate remains unchanged.
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Set the mode select switeh to RAPID or JOG.

. 2. Manually move the tool to a position some
v a0 ! distance away from the reference point.
-= RN When the tool is within the range A shown
: SPEED SET BY PARAMETER below, it can be brought back to the refer-
I #6340 ence point in the normal way, as described
F COMMAND | SPEED SET BY PARAMETER below.
- N #6341
,
= 3. Turn on the REFERENCE POINT RETURN
¢ t(x) switch.
g TRAVERSE RATE CLAMP LIMIT SWITCH 4. Keep the JOG button for the return direction
STRRATED depressed. The tool starts to move as in the
RELEASED | normal manual control, but the speed is de-
celerated at the deceleration point, and the
motion stops automatically at the reference
point.
Fig. 6,20
5. Then, the REFERENCE POINT lamp for the
relevant axis lights.
/ DECELERATION POINT
YASNAC TEDCX RATI0 TRAVERSE RATE
C[(————pa—{+x v (#6280 - #6283)APPROACH SPEED 1
(#6310 - #6313)
-EDCX X APPROACH SPEED 2
D | (#6316 - #6319)
! RAVERSE DISTANCE
[ O A G % ! (#6304 - #6307)
TRAVERSE TRAVERSE : l SPEED SEQUENCE
! g
RATE ] “EDCY o =¥ RATE T hog " Q
CLAMP CLAMP t [
WIDTH . —DECEL LS SICNAL
LIMIT +EDCZ 7 LIMIT ! Y
SWITCH I 29 | SWITCH "—_"\:
—-EDCZ _————
D -7 J”UUUUL”__ ZEROPOINT SIGNAL
]
D +EDCO "y AREA A i AREA B
% + 1
- TDC €
L E} |91 Fig, 6,22
NOTES:
Fig. 6.21 a. As long as the power supply is turned on,
either the manual or the automatic return to
Notes: reference point can be initiated, regardless
. . . L. of the tool position, but the tool will not re-
i. "Ijhe external decelerajt}on .functlon is ineffec- turn to the reference point accurately if the
tive on feedra_te specified in mm per revolu- tool is started from a point in the area B, Be
tion of the spindle (mm/rev). sure to bring the tool into the area A before
ii. It is also ineffective on the HANDLE feed. initiating a manual or automatic return motion.
b. Once the tool is returned to the reference

6.2 OPERATION PROCEDURE

6.2.1 MANUAL RETURN TO REFERENCE POINT
With thisx function, the tool is returned to the

reference point manually. The procedure is as
follows.
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peint, the point C is stored, and if the refer-
ence return motion is initiated from a point in
the area B, this is regarded as an error. Start
the reference return motion from a positionin
the area A.



6.2.1 MANUAL RETURN TO REFERENCE POINT
{(CONT'D)

c. Once the tool is returned to the reference
point, it can not be further moved in the same
direction unless the REFERENCE POINT RE-
TURN switch is turned off.

d. While the MACHINE LOCK swiich is on, the
reference point return function is ineffective.

e. Do not return the tool to the reference point
by the manual reference point return func-
tion, while the buffer is loaded with blocks
read in advance of execution, because the
stored motion data will be erased by the
reference point return motion.

+
JOG REFERENCE POINT
I}
+Y +Z +4 X Y Z 4

[——_—]DBGGQ

REFERENCE POINT
-y -7 -

D D D RETURN

WA
]

Fig. 6.2,1.2

6.2.2 AUTOMATIC COORDINATE SYSTEM
SETTINGT

with this function, a new coordinate system is
set up automatically upon the return of the tool
to the reference point by the manual reference
point return function. The coordinates of the
new origin are preset with the following param-
eters. The coordinate system set up by this
function is equivalent to the ones set up by G92.

1. Parameters for metric system
Parameter Meaning
#6636 X coordinate
#6637 Y coordinate
#6638 Z coordinate
#6639 4th coordinate

2. Parameters for inch system

Parameter Meaning
#6630 X coordinate
#6631 Y coordinate
#6632 Z coordinate
#6633 4th coordinate

3. Axis can be selected by parameter #6015 for
both metric and inch systems.

4, Upon the return of the tool to the reference
poini by the manual reference point return
function {(G28), when the controlled axis is
the 4th or 5th axis of the rotary axis (A, B,
or C), a new coordinate system is set up
automatically in the same way as mentioned

above.
Upon Tool Basic 4th, 5th 4th, 5th
Return to Axis Axis Axis
Reference Point{ X, Y, Z U, v, W A, B, C
Manual O O D
Automatic X X o

(O: When parameter #6015 Dn = 1, the automatic
coordinate sysiem setting is effective,

%x: Ewven if #6015 setting is 0 or 1 the automatic
coordinate system setting will not be

performed.

5. Restrictions for automatic coordinate system
setting by G28

When automatic coordinate system setting G28
is executed on rotary axis, the tool is returned
to the nearest reference point [ 360° x n{n:
integer), if first reference point is 0°}. At
this time, the display shows the current value

of 360° x n.
ued at this value.

Operation should not be contin-
For operation, current

value display should be set up automatically
to the desired value.

NOTE:

If GI8 command {automatic coordinate systam
setting) is used during operation on the work
coordinate system (G54 to G59 commands), basic
coordinate system shifts.
coordinate system, which is commanded by G54 to
(G59 and set on the basic ceoordinate system, o,

shifts alsao.
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As a result, wo-k

Refer to 2.9.25, Work Coordinate
System Setting (G52 to G59).



6.2.3 AUTOMATIC TOOL LENGTH MEASURE-
MENT T

When a tool mounted on the spindle is manually
brought to a position where the tool tip makes
contact with the reference surface for Z-axis,

and the WRITE & RETRACT button is pushed,
the following operations are performed by the

control.

a. The distance between the set Z-axis home
position and the reference surface is stored
automatically in the memory having the cur-
rently specified correction number.

The difference between tool touch position
and base position can be set by parameter.

b. Increase the correction number by 1, in pre-
paration for the next writing.

¢. Return the tool to the Z-axis home position.
1. Measuring method

a. Mount a tool on the spindle, and move it to
a Z-axis position which is to be set as the
home position. Any position may be set as
the home position, but for facilitating tool
changing process, the tool changing position
may be set up as the home position.

b. Select the manual operation mede (RAPID,
JOG, HANDLE or STEP) using MODE SE-
LECT switch.

<. Push the function key |OFS{.

The offset number specified previously and
related data are displayed.

d. The page covering tool offset values speci-
fied the tool offset number keyed in will be

shown. The specified number is shown by
cursor

e. Push the MEASUREMENT button when the
motion stops. MEASUREMENT lamp lights
and the current position of Z-axis will be
set as home position.

{The button is effective only in the manual

operation mode and while the key is
selected,

TOOL LENGTH MEASUREMENT!

r —
MEASURE- WRITE&
MENT RETRACT
e I
Fig. 6.24
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MOVE
MEAS-
URE-
MENT
(M)

_? HOME POSITION

'RETRACTLION
|

[ TOOL TOUCH POSITION

\bBASE POSITION (B)
T

OL
LENGTH

WORKPIECE

MEASUREMENT
BLOCKGAGE SETTING #6507

Fig. 6.25

Home position is the point where measure-
ment starts. Measurement is made with the
point temporarily determined as coordinate

0.

Note:
dinate 0, reset the position referring to
4,3.4,]. Measurement after resetting will
be made in the offset mode.

To display the home position as coor-

Set the tool to the tool touch position by

controlling Z-axis manually. Tool touch po-
sition is the position specified arbitrarily
based on the base position {machine work-
piece surface). The difference between tool
touch position and base position is set in
advance in setting #6507 ("1" = input unit).
The difference is regarded as thickness of
block gage. Write it in plus value.

=X X]

-

FTTIIY

alalalalalalals
e o b o) A o

WRITE & RETRACT

PUSHBOTTONR

WHERE TOOL LENGTH
MEASUREMENT BIAS
#6507=10.000 MM

Fig., 6.26

The figure above shows the value in the
offset number 05.



6.2.3 AUTOMATIC TOOL LENGTH MEASURE-
MENTT (CONT'D)

g.

Depress the WRITE & RETRACT button.
The control executes the following operation.

1. The control stores the difference between
home position and base position, that is,
move measurement value (ML) as the
value specified by the offset number.

ML = (-Z1) - (B)

ii. The tool automatically returns in the Z-
direction to the home position in rapid
traverse.

iii, The tool offset number is increased by
one in preparation for next writing of
offset value.

{When it is H99, HO1 is designated.)

Exchange the tool with a next tool by manual
operation or by MDI operation. Even when
the MDI mode is switched on, the MEASURE-
MENT lamp remains lighted. Return to the
MANUAL mode afterwards.

Repeat the processes f. through h. to store
all the required offset values.

Push the MEASUREMENT kev.

The MEASUREMENT lamp goes out, and the
automatic writing function is turned off.
The length measuring data also disappears
from the CRT,

NOTES:

In this automatic writing mode, the mea-
sured values are stored in the absolute
values. ’

- When the home position is different from
the tool change position, the new tool may
be brought to the reference surface di-
rectly without first returning to the home
position. Once the home position has been
set up by the use of the MEASUREMENT
key, repositioning to the home position is
not necessary.

- When the WRITE & RETRACT key is push-
ed with HOO designated as the tool offset
number, the tool offset number is changed
to HO! but no writing nor tool return is
performed. When the key is pushed again,
the tool offset value is written under HO1
in the normal manner.

REMAINING
DISTANCE

3.

iii.
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Operation for measuring remaining distance
{(Parameter #603%n4 = "1")

The following threc methods are possible in
addition to the method described above.

Whereas the move measurement value My,
(Fig. 6.2.3.2) is written as a tool offset
value, the remaining distance Ry, is written
when the parameter #6039n4 is set to "L."

The botiom level which is used as a base of
calculating remaining distance can be set by
setting #6508 (bottom level setting, | = input
unit)., Writing operation is the same ac
described in step 1.

Rp =-(A - ML)

HOME POSITICN

TCOL LENGTH
MEASUREMENT
BIAS (B) #6507

BASE POSITICN
+~<BOTTOM LEVEL
SETTING (A)
#6508

BOTTOM LEVEL

—r./

WORKPTECE

Fig. 6.27

The following method is possibie with NC
control station.

Instead of the MEASUREMENT key, depress
the POS and PAGE key to select the page of
POSITION [UNiVERSAL].

Reset the display by depressing Z and ORG
keys. This means that home position is set
to "0."

Return the function mode to offset by de-
pressing OFS key.

Instead of the WRITE & RETRACT key, de-
press the NEXT, Z, WR keys in that order.

This executes automatic writing of the same
tool offset measured as written in step 1.
The Z-axis, however, will not return to
home position.

. In this measurement operation, parame‘er

#6039p4 (move measurement value/rem:zin-
ing distance switching} is effective.
Storing either one of the values is deter-
mined by paramecter.



6.2.4 PROGRAM RESTARTT

Machining may be restarted from the block that
follows the one for which the sequence number
was specified. This restart is useful when re-
placing the broken tool or taking over the ma-
chining operation from the last work shift.

TOOL_RETRACTED POSITION
(OPERATION FOR PROGRAM

RESTART WILL BE MADE

HERE)
| Dt -
: RETRAC-
1 TION
MANUAL
RESTART QPERATION
SEARCHING BLOCK i

X~ oO
FOR PROGRAM

RESTART MACHINING INTERX&UPTED

POINT (FEED HOLD, etc)

Program restart is of either type P or type 3,
depending on whether the change of the coor-
dinate system before or after the restart is per-
mitted.

6.2.4.1 PROGRAM RESTART OF TYPE P

In type P, the program is restarted assuming that
the change of coordinate system before and after
the restart will not occur. Therefore, this type
is used after the replacement of the tool broken
during operation, for example.

Operation Procedure

When the tool is broken during machining
operation, the automatic operation may be re-
started in the following procedure:

(1) Press FEED HOLD button to stop the oper-
ation and make the tool escape.

{2) Replace the broken tool and perform the
associated chores. Change the tool offset, if
required.

{(3) Turn on PROGRAM RESTART switch on the
machine control station.

(4) Press PROG function key to display the
part program being executed. Take note of the
sequence number of the block immediately before
the block on which the feed-hold operation was
performed.

{(5) Set the head of the part program as follows:

a. In memory mode

Set memory mode, key-in the program number

(Oxxxx) to be restarted, and press

CURSOR
¥

b. In tape mode

key.

Set tape mode and set the head of the tape to the
tape reader.

CURSOR
¥

in this order. The sequence number is the one

that was taken note of in step (4),

While making the setups for program restart, the

control searches for the block of the specified

sequence number. If the same sequence number

appears repeatedly, the nth sequence number may

be specified,

(6) KeyinP, sequence number, and

PO0D040123
l-_.__...._JL_,l__J
LOW-ORDER 4 DIGITS:

SEQUENCE NO.

HIGH-ORDER 4 DIGITS:
NQ. OF TIMES

For example, the nth sequence number may be
called in a subprogram for which L times of ex-
ecution is specified. For the sequence number
that appears first, the high-order 4 digits may
be omitted. In this case, the leading zero of the
sequence number may also be omitted.

{7} When the search is completed, the CRT
screen automatically displays the program restart
information.

(PROGRAM RETURN 00001 N0O125
{(UNIVERSAL) M 03 33 10 06 45

X 100, 000 613 kA kdk ok ok
Y- 200,000
Z 300, 000
A 45,000

{INCREMENT) M COUNT (0006)

X- 258.774

Y 483.123 T 001% 0025
Z- 182,347 5 0500

A 73.442 B 0000

L PRN RDY
v

Fig. 6.28 Display of Program
Restart Information
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6.2.4.1 PROGRAM RESTART QOF TYPE P (CONT'D)

a. Position (UNIVERSAL) indicates the position
of machining restart., Normally, this position is
the start point of the block on which the feed-
hold operation was performed.

b. Position (INCREMENT) indicates the distance
from the current tool position to the machining
restart position.

c. The M codes and the number of M codes
designated (M COUNT) from the head of the pro-
gram to the block of the specified sequence num-
ber are displayed. However, if the number of
designated M codes exceeds 35, the 35 M codes

as counted from the specified block are displayed.

d. The two last T codes specified up to the
designated block are displayed.

e. The last S code specified up to the designated
block is displayed.

f. The last B code specified up to the designated
block is displayed.

Note: The M codes and T codes are displayed in
the order in which they were specified. The
code displayed last is nearest the designated
block.

{8) Turn off PROGRAM RESTART switch on the
machine control station.

(9) Look at the displayed program restart infor-
mation and specify the M, T, §, or B code
necessary for the restart as shown below:

a. Set MDI mode.
b. Press PROG {unction key.

¢. Key-in the necessary M, T, S, or B code and
depress WR key.

d. Press CYCLE START button.

¢. Press POS function key and check the dis-
play of program restart information.

{10) Set the original operation mode (memory
or tape mode).

(11) Depress CYCLE START button.

The tcol moves to the machining restart position,
axis by axis; that is, the 4th axis, X-axis, Y-
axis, and Z-axis, in this order. Then, the
automatic operation restarts from the head of
the block {on which the feed-hold operation was
performed) that follows the block of the desig~
nated sequence number,

6.2.4.2 PROGRAM RESTART OF TYPE Q

If the coordinate system is changed by ary of the
following operations performed after the inter-
ruption automatic operation, use the program
restart of type Q:

(1) The machine power was turned off.
{2) G92 is specified by MDI operation.

(3) The setting of work coordinate system is
specified.

(4) The automatic setting of work coordinate
system was specified by reference-point return,

(5) ORG key was pressed.

Operational Procedure

The automatic operation interrupted by any of
the above operations may be resumed using the
following procedure:

(1) When the machine power is turned on after
the interruption of machining, perform the nec-
essary operations such as reference-point return.

(2) Manuaily move the tool to the start paint (of
machining} of the part program. Change the
tool offset amount if necessary.

(3) Turn on PROGRAM RESTART switch on the
machine control station.

(4) Press PROG function key to display “he part
program (being executed). Record the saquence
number of the block immediately before the block
to be restarted.

(5) Set the head of the part program as follows:

a. In memory mode

Set memory mode, key-in the program number
CURSOR
¥

(Oxxxx) to be restarted, and depress

key.

b. In tape mode

Set tape mode and set the head of the tape to
the tape reader.

CURSOR
¥

in this order. The sequence number is the one

that was taken note of in step (4).

While making the setups for program restart, the

machine searches the block of the specified seq-

uence number. If the same sequence number

appears repeatedly, the nth sequence number

may be specified.

{6) Key-in Q, sequence number, and
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Q00040123
t.____u_‘:n
LOW-ORDER 4 DIGITS:

SEQUENCE NO.

HIGH-ORDER 4 DIGITS:
NUMBER OF TIMES

For example, the nth sequence number may be
called in a subprogram for which L times of exe-
cution was specified. For the sequence number
that appears first, the high-order 4 digits may
be omitted. In this case, the leading zero of
the sequence number may also be omitted.

(7) When the search is cempleted, the CRT
screen automatically displays the program restart
information.

(8) Turn off PROGRAM RESTART switch.

(9) Look at the displayed program restart infor-
mation and specify the M, T, S, or B code re-
quired for the restart in MDI mode.

(10} Set the original operation mode {memory or
tape mode).

{11) Depress CYCLE START button,

The tocl moves to the machining restart position,
axis by axis; that is, the 4th axis, X-axis, Y-
axis, and Z-axis, in this order. Then, the auto-
matic operation restarts from the head of the block
(on which the feed-hold operation was performed)
that follows the block of the desighated sequence
number,

CONSIDERATIONS AND REMARKS

(1) Before depressing CYCLE START button to
restart the program execution, check to see if
the axis-by-axis tool movement (the 4th axis,
X-axis, Y-axis, and Z-axis, in this order) inter-
feres with the work or any part of the machine.
If the tool is found interfering, correct the tool
position manually.

(2) In both types P and Q, the tool which is
moving to the machining restart position axis-by-
axis may be single-block-stopped after the com-
pletion of the movement for each axis. Even if
the incremental shift amount is "0," the single-
block stop is performed when SINGLE BLOCK
switch is on. When the single-block stop is per-
formed, however, the intervention of MDI oper-
ation is not allowed. Manual intervention is
possible, But, if a manual intervention is per-
formed on the axis which has already returned,
it will not return to the machining restart posi-
tion again.

(3) During the search operation for program
restart, set the switches on the machine control
station to the state before commanding program
restart. Otherwise, the former position cannot
be reached.

{4) When a feed-hold operation was performed
during the search operation for program restart,
or a reset operation was performed during or after
the search operation, perform the operations all
over again.

(5) When PROGRAM RESTART switch is on, the
operation of CYCLE START button is ignored.

{6) Whether it is before or after machining, each
manual operation should be performed with MAN-
UAL ABSOLUTE switch on and MACHINE LOCK
switch off.

{7) In any of the following situations, the tool
cannot return to the correct position:

a. A manual operation was performed with MAN-
UAL ABSOLUTE switch off.

b. A manual operation was performed with MA-
CHINE LOCK switch on.

¢. The search operation for program restart was
performed with MACHINE LOCK switch on and
then this switch was turned off.

d. A manual intervention was performed during
the axis shift to the return position.

(8) In type P, any of the following operations
performed in the time between the discontinuation
of machining and the search operation for pro-
gram restart will cause an error:

a. The setting of coordinate system was speci-
fied.

ERROR -+ 121 PRTN ERROR (G§2)
b. The setting of work coordinate system was
specified.

ERROR --- 122 PRTN ERROR (G54 - G59)

¢. The coordinate system was modified by
operation ORG key.

ERROR --- 123 PRTN ERROR (ORG)

In type P, the correct program restart is made
possible only for the blocks that follow the one
for which the coordinate-system setting was per-
formed last before the discontinuation of machin-
ing.

(9) If the designated block is not found, an
error will be caused.

ERROR -+ 120 PRTN ERROR (NOQOT FOUND)
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6.2.5 PLAYBACK FUNCTIONT

The current axis position during movement can
be stored as command value in the part program.
This function is permitted in the PLAYBACK
mode when PLAYBACK switch is turned on in
manual operation mode.

To turn on PLAYBACK mode, activate the PLAY-
BACK switch on the machine control station or
set #000 D5 at "1." Procedure for storing pro-
gram in the PLAYBACK mode is as follows.

(1) Set the control in the manual operation mode
(RAPID, JOG, STEP, or HANDLE).

(2) Turn on the PLAYBACK switch.

(3) Depress the PROG key of function keys.
The CRT screen shows the contents of part pro-
gram number O plus 4 digits and the current
value at the bottom.

(4) Register the new program number after
address Q. To register 01234, for example, key
-in 0, 1, 2, 3, 4 and depress the WR key.

The numbers are displayed as they are keyed-in.
See Fig.

-
PROG (PLAYBACK) 00001 N0010
0000} ;

NOODl G92 X140 Y100 Z30;

NOD02 GO0 S1200 T0202 MO3;
NO0O3  GA4l;

NO004 X0 Z500;

NO0005 GOl Z0 F20;

NOOOG  X2000;

NO0O7  Z-2000;

NOOGs  Y2000;

NOO09  X3000 Y4000;

POS X 1234, 567 Y2345, 678
(UNIV) Z-2345, 789

LSK RDY

Fig. 6,29
PROG(PLAYBACK) 01234 NOO10
01234;

G00X 1234, 567 LSK RDY

EDIT BUFFER REGISTER

Fig. 6.30

(%) Move the axis to the position which will be
written as command.

(6) Depress the address key for the axis whose
position is written.

{7) Depress the WR key.

The displayed current value is the commanc.
value of the seclected address. Key-in the
numerical data before depressing the WR key,
and the total amount of keyed-in value plus cur-
rent value will be the new command value.

NOTE: The current value in POSITION (UNL-
VERSAL) is displayed by depressing the PROG
key in the PLAYBACK mode. It is the same
display as that shown in POSITION (UNIVERSAL)
by depressing the POS key.

(8) Write-in the value, except for axis, by a
block of data in the same way as writing in the
EDIT mode. (See 4.6 EDIT.)

(9) Depress the EOB key.

(10) Depress the WSRT key.
A block of data is stored in the part program.

(11) Repeat steps (5} through (10} until the

desired data is written.

(12) Key-in M02; or M30; at the end of the
part program.

NOTES:

1. The part program stored in the PLAYEACK
operation can be edited in both PLAYBACEK and
EDIT modes. Position data stored in the
PLAYBAGCK operation can be edited {deletion,
insertion, alteration).

2. The current value in POSITION (UNIVERSAL)
can be written-in using the WR key.

3. Part programs made by PLAYBACK operation
and the ones made by writing operation are the
same. Maximum capacity of part program is the

total of both programs.

4. When the parameter #6006 D5 (ten times the
input) is "1," data written through the keyboard
will be multiplied by ten.

Ex. At the current position X1.000, keying-in
¥, I, O, and depressing the WR key will store
the vaiue X1.10600.

5. MDI operation cannot be intervened during
compensation C in the PLAYBACK mode. If the
Cycle Start pushbutton is depressed in the
PLAYBACK mode, message "PLAYBACK LOCK,"
will be displayed. With PLAYBACK switch
turned off, MDI operation can function.
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Writing Operation

Y

l

‘l) (700,100¢0.600)
;

1
1; : )
iy 1= E 11200,800.600

’I
L ’/
o A~ oot
X
Al 1778
(400,200, L7 1700,200.300)

py
W NO0Q2
€ (700,200,600

Fig. 6.31

Data of positioning at point A is stored in the
part program. The block after point A is
stored in the PLAYBACK mode.

A. Procedure of changing current position
data using G00 when machine was moved from
point A to peint B. Sequence No. for this data
block is NO0OOL.

(1) Key-in N, 0, 0, 0, 1.
Do not depress the WR key.
"INPUT ERROR"

If depressed,
will appear on the screen,

(2) Xey-in G, 0, 0.

C.

Procedure for storing current position data

using GO0 when machine was moved from point

C to point D.

Sequence No. for this data block

is N0003.

(1) Key-in N, 0, 0, 0, 3.

{2) Key-in G, 0, 0.

(3) Depress the WR key after Y.
(4} Depress the EOB key.

(5) Depress the INSRT key.

Then, block of N0O0G3 GO0 Y1.000;

will be stored

in the part program.

D.

Procedure of storing current position data

for three axes simultaneously when machine was
moved from point A to point D with linear inter-
polation Sequence No. for the data block is
NOO04,

(1) Key-in N, 0, 0, 0, 4.

(2) Key-in G, 0, 1.

(3) Depress the WR key after X.
(4) Depress the WR key after Y.
(5) Depress the WR key after Z.
{6) Key-in F, 1, 0, 0.

(7) Depress the EOB key.

(8) Depress the INSRT key.

(3) Depress WR key after X.
(4) Depress the EOB key.
(5) Depress the INSRT key.

Then, block of N0O0O01 GO0O X0.700; will be
stored in the part program,

B.

Procedure for storing current position data

using GO01, F02 when machine was moved from

point B to point C.

Sequence No, for this

data block is N0O0QZ.

(n

Key-in N, 0, 0, 0, 2.

(2) Key-in G, 0, 1.

(3) Depress the WR key after Z.
(4) Key-in F, 2, 0.

(5} Depress the EOB key.

(6) Depress the INSRT key.

Then block of NO002Z GO1Z 0.600F20;

will be

stored in the part program.

Then block of NGO04 GO1 X0.700 Y1.000 Z0. 600
F100; will be stored in the part program.

E. When the machine current position is at
point D {700, 1000, 600) with start at A, [oliow
the procedure to store the current position data
using the position data of point D when the
machine is moved from point A to peint E (1200,

800, 600},

Key-in the incremental value for each axis when
machine moves from point D to point E.
Sequence No. for this data block is N0005.
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6.2.5 PLAYBACK FUNCTION (CONT'D)

PROG(PLAYBACK) O0010N0000

Q0010;

G911 G28 X0 YO Z0;

G92 X9 YO Z0;

G906 GO0 X0.4 YO0.2 Z0.3;

N0001 GO0 X0.700;

NO00Z GOl Z0.600 F20;

NG003 GO0 Y1.000;

NO0004 GO1 X0,700 Y1.000 Z0,600 F100;

POS X .700 Y1.000

(UNIV) Z 600

NG005 G01X0.5 RDY

Fig. 6.32 BY DEPRESSING WR KEY,

POSITION X IS ADDED TO
THE KEYED-IN VALUE.

PROG(PLAYBACK) O0010N0000

©0010;

G91 G28 X0 YO 20;

G92 X0 YO Z0;

G90 GO0 X0.4 Y¥0.2 Z0.3;

NOGO1 GO0 X0.700;

N000Z2 GOI Z0.600 F20;

NO0O3 GO0 Y1.000;

NOO04 GOl X0.700 Y1.000 20,600 F100;

POS X 700 Y1.000

(UNTV) Z .600

N0Q05 GO1 X1.200 RDY
Fig. 6.33

{1} Key-in N, 0, 0, 0, 5.

(2) Key-in G, 0, 1.

(3) Depress the WR key after keying-in X0.5.
(4) Depress the WR key after keying-in Y-0.2
(5) Depress the WR key after keying-in Z.

(6) Key-in F, 1, 0, 0.

(7) Depress the EOB key.

(8) Depress the INSRT key.

Then, block of N0OQO05 GOl X1.200 Y0.800 Z0.600
F0.600 F100; will be stored in the part program.
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7. OPERATION PROCEDURE

7.1 INSPECTION BEFORE TURNING ON POWER

Make sure that the front and rear doors of the
control are firmly closed. The control employs a
totally-enclosed, dustproof enclosure to shut out
surrounding air. If the door is open, lock it

by turning two door lockers with a large screw-
driver. In addition, inspect the machine refer-
ring to the machine tool builder's manual.

7.2 TURNING ON POWER

to Gheelk Lo nee that the main power is supplied
fur the control.

2. Depress the POWER ON pushbutton on the op-
erator's panel, and the control power is sup-
plied and then the cooling fans will start run-
ning. Make sure that air blows out from
the exhaust ports of the upper side of the
control,

3. Depress the POWER ON pushbutton again to
turn on the servo power supply. When the
machine is ready to operate, READY lamp
lights.

4. Ii READY lamp does not light, detect and
eliminate the cause according to the alarm

code displayed. Refer to 4.3.12 DISPLAY-
ING ALARM CODE,

7.3 MANUAL OPERATION

When the MODE SELECT switch or: the machine
control station is set to RAPID, JOG, STEP

or HANDLE position, the machine can be oper-
ated manually.

Operation in RAPID Mode
1. Set MODE SELECT switch to RAPID,

2. Select the speed using RAPID TRAVERSE
RATE OVERRIDE switch.

Speed setting range: 100% - 50% - 25% - FO

3. Push JOG button to select the axis and direc-
tion of movement. The machine moves at the

specified speed while the JOG button depressed.

# Manual operation is defined as the operation
in RAPID, JOG, STEP, or HANDLE.

Operation in JOG Mode
1. Set MODE SELECT switch to JOG.

2. Adjust the feedrate to the desired setting
with JOG FEEDRATE switch (Up to 32 steps).

3. Push JOG button to select the axis and direc-

tion of movement. The machine moves at the
specified speed while the JOG button depressed.

Operation in STEP Mode
1. Set MODE SELECT switch to STEP.

2. Select the move amount per step using MAN-
UAL PULSE MULTIPLY switch.

(Move amount setting range)

Metric: 0,001 - 0,01 - 0.1 - 1.0 - 10.0-100.0
mm /step

Inch: 0.0001 - 0.001 - 0.01 - 0.1 - 1,0-10.0
: inch/step

3. Depress JOG button to select the axis and
direction of movement. The machine moves
by the move amount per step each time the
button is depressed.

Operation in HANDLE Modet

The control with HANDLE dial® can permit the
operation described bhelow,

1. Set MODE SELECT switch to HANDLE.
2. Select the axis with HANDLE AXIS switch.

3. Select the move amount of the machine cor-
responding to one scale of HANDLE dial using
MANUAL PULSE MULTIPLY switch.

Metric:” 0,001 - 0.01 - 0.1
(mm per graduation)
Inch: 0.0001 - 0.001 - 0.01
(inch per graduation)
NOTE: "X1000" or “X10000" is regarded as
"X100."

Rotate HANDLE dia],

Turning the dial clockwise:
The machine moves in the positive direction.

Turning the dial counterclockwise:
The machine moves in the regative direction,
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7.4 PREPARATION FOR STORED LEADSCRE ERROR
COMPENSATION AND STORED STROKE LIMIT *

Return to Reference Point

With an NC equipped with the stored leadscrew
error compensation or the stored stroke limit func-
tions, cither of the following two reference point
return motions must be performed after switching
on the power supply and before starting automatic
operation.

a. Manual return to reference point (See 6.2.1)

b. Execute G91 G28 X0 YO0 Z¢
mode.

; in the MDI

This procedure is to teach the reference point
to the control, since doing so is necessary be-
cause both pitch error compensation and stored
stroke check are performed with reference to
the reference point.

Checking Parameter #6006,

When the control is equipped with the pitch error
compensation function or the stored stroke limit
function, set this parameter to "1." With the
parameter #6006p1] set to "1," a return to the
reference point is required before starting cycles,
alarm codes {001 - 004 "reference point return
incomplete®) are displayed, if the CYCLE START
key is pushed without making a reference point
return immediately after turning on the power
supply. Be sure to perform the operation for
return to reference point.

7.5 PREPARATION FOR AUTOMATIC OPERATION

The machine must be positioned properly accord-
ing to the part program prior to the start of auto-
matic operation. After positioning the absolute
coordinate system for the machining must be set
properly by manual operation or programming.

1. When G92 is not programmed in a tape or
memory.

Return the machine manually to the refer-
ence point.

{Refer to 6.2.1 MANUAL RETURN TO
REFERENCE POINT.}

The G92 command according to the part pro-
gram should be executed by MDI.

G922 X--- Y... Z---
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REFERFNCE
AERQ

+X

ABSOLUTE ZERO POINT (0O, Q)

Fig. 7.1

If "G92 X0 YO0 20 ;" setting is required,
the coordinate of each axis can be set to
"0" easily using ORG kevy.

Refer to 4.1.9 ORG KEY.

EXAMPLE

EOR ;

N1l GO0 X... Y... 7 ... .
Fig. 7.2

When G92 is programmed in a tape or mem-
ory.

When the program requires G92 to be execut-
ed at the reference zero, return the machine
to the reference point by manual return to
reference point to reference zero.

EXAMPLE:
EOR :
NI G92 X... Y... 7...

Fig. 7.3
When G28 and G92 are programmed.

When the program begins with G28 and with
G28 and G92, move the machine manually in-
to the area where return to reference point
can be performed.



EXAMPLE:

EOR ;
N1 G28 X--+ Y-eu Z--»
N2 G892 X-+r Y.u.o Z--o-y

Fig. 7.4

7.6 OPERATION IN TAPE AND MEMORY MODE

1.

Make sure that NC ALARM lamp is not illu-
minated. If illuminated, detect and eliminate
the cause by the indication of alarm code.
Refer to 4.3,12 DISPLAYING ALARM CODE.

Check and correct the stored offset values,
and then put the machine in the correct start
point.

Set the switches on the control station of
machine to the proper positions.

. MODE SELECT switch

- SINGLE BLOCK toggle switch

- RAPID TRAVERSE RATE OVERRIDE
switch

. MANUAL ABSOLUTE toggle switch

. OPTIONAL BLOCK SKIP toggle switch

. OPTIONAL STOP (M01) toggle switch

- DRY RUN toggle switch

. FEEDRATE OVERRIDE & JOG FEEDRATE

switch

Set the punched tape onto the tape reader.
In MEM mode, this opration is not required.

Depress RESET key on the control station.
Then LABEL SKIP lamp will be illuminated
and the memory will be rewound.

Depress CYCLE START button to give a Cy~
cle Start to the system.

When the Feed Hold is required for the ma-

chine during the system operation, depress
FEED HOLD button.

If the unexpected event occurs in the system,

immediately depress EMERGENCY STOP push-
button.

7.7 MANUAL OPERATION INTERRUPTING
AUTOMATIC OPERATION

L.

Stop the automatic operation temporarily by
depressing FEED HOLD pushbutton or by
setting SINGLE BLOCK switch to ON position.

Record the current positions of each axis on
a paper using the current position display
operation.

Set MODE SELECT switch to manual opera-
tion mode (HANDLE, JOG or RAPID), and
the machine can be manually operated.

Return the machine manually to the recorded
positions.

Set MODE SELECT switch to the interrupted
automatic-mode (TAPE, MDI or MEM).

Depress CYCLE START pushbutton, and the
machine will resume the automatic operation.

NOTES:

. Where MODE SELECT switch is changed with-
out depressing FEED HOLD pushbutton. '

a.

When the automatic-mode (TAPE, MDI or
MEM) is changed to the manual-mode (HAN-
DLE, JOG or RAPID), the machine rapidly
slows down and stops.

. When the automatic-modes are changed the

machine is stopped at the block end.

.- Where the machine is restarted by depressing
CYCLE START button, the tool path shifted due
to manual operation will be changed by ON-OFF
operation of MANUAL ABSOLUTE switch.

Refer to 6.1.24 MANUAL ABSOLUTE SWITCH.

In manual operation mode, when the CYCLE
START button is depressed after wiring F, M,
S, T or Bt code by use of the same procedure
as that of MDI operation, the command becomes
effective and is executed as soon as written.

This procedure
active buffer.

is used to add new data to an
However, MO0, MO1, MD2, M30

and M90 to M99 cannot be written.

7.8 AUTOMATIC OPERATION IN MDI MODE

1.

2,
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Set MODE SELECT switch to MD1 position.

Write up to 10 blocks of data by MDI opera-
tion, and execute by pressing CYCLE START.
Refer to 4.3,3 Writing in Blocks and Display-
ing Contents by MDI.

Depress CYCLE START button, and automat-
ic operation can be executed in MDI mode.



7.9 MDI OPERATION INTERRUPTING AUTOMATIC
OPERATION

To modify the block data after interrupting op-
eration in TAPE or MEM mode, the following op-
eration should be done after interrupting the

- Writing data by MDI should not be periormed

in canned cycle modes (G73, GT4, G76, G77,
G81 to G89). The machine may not operate
properiy.

- Excepting in tool radius compensation and can-

operation.

1.

Turn on SINGLE BLOCK switch, and the op-
eration is interrupted after the completion
of the block being executed. At the same
time, the next blocks of data may be read in
advance.

2. Display the data on CRT DISPLAY according
to 4.3.2 DISPLAY OF COMMAND DATA, and
check it.

3. Set MODE SELECT switch to MDI operation.

4. Write the data referring to 4.3.3 Writing
in Blocks and Displaying Contents by MDI.
Execute the data by depressing the CYCLE
START button,

5. Set back MODE SELECT switch to the inter-
rupted automatic mode {TAPE or MEM).

6. Return SINGLE BLOCK switch to OFF posi-
tion.

7. Depress CYCLE START button, and TAPE
or MEM operation can be continued.

NOTES:

Writing data by MDI cannot be executed in tool
radius compensation modes (G4l1, G42) because
two — four blocks are read ahead.

In manual operation mode, when the CYCLE
START button is depressed after writing F, M,
S, T or Bt code by use of the same procedure
as that of MDI operation, the command becomes
efiective and is executed as soon as written,
This procedure is used to add a new data to an
active buffer. However, M00, M01, M02, M30
and M%) to M99 cannot be written.
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ned cycle modes, MDI operation is possible,

7.10 PREPARATION FOR TURNING OFF POWER

1.

Make sure that the machine is at standby and
CYCLE START lamp is extinguished.

Check to see that NC ALARM is not indicated
on CRT. TIf alarm is displayed, detect the
causes of displayed alarm code and eliminate
them. Refer to 4.3.12 DISPLAYING ALARM
CODE.

Inspect the machine referring to the machine
tool builder's manual.

7.11 TURNING OFF POWER

1.

Depress EMERGENCY STOP pushbutton to
turn off the servo power supply.

Depress POWER OFF pushbutton on the op-
erator's panel to turn off the controt power

supply.

Cut off the main power supply from the con-
trol. .



Check of
PREPARATION closing of NC door (:)
Inspection of
machine
SETTING OF - MODE SELECT
APPLYING : EgWER“?N on SWITCHES ON - SINGLE BLOCK,
POWER SUPPLY 3 ”gegsTgn) MACHINE CONTROL ete.
°p STATION
heck of READ
Check o Y lamp on RESET on
CHECK OF - RAPID CYCLE START on
MANUAL - JOG
OPERATION STEP
+ HANDLE
b ————— 9 FEED HOLD or
. Manual : SINGLE BLOCK on
RETURN TO 2$e£;gi°“:
REFERENCE i INTERVENTION OF
ZERO I MANUAL OPERATION
|
Leadscrew |
compensation, }

CYCLE START on

stored stroke
limit ON/OFF -‘l

PREPARATTON
FOR AUTOMATIC
OPERATIQN

]
f
NC tape setting
CYCLE START on

SINGLE BLOCK on
* Positioning to
starting position |

: INTERVENTION OF
MDI

STORING AND
EDITING NC
TAPE, PROGRAM
NO. SFARCH

ﬁ}—- Check if NC ALARM is indicated.

CHECK OF
TOOL POSI-
TION OFFSET,

®

{ M02/M30 ) Completion of
machining

. Check if
PREPARATION FOR| . cyCLE START off

POWER SUPPLY OFF| ., NC alarm off

EMERGENCY STOP on
POWER SUPPLY OFF|  and then

POWER OFF on

Fig. 7.4 Operating Procedure
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8. MAINTENANCE

8.1 ROUTINE INSPECTION SCHEDULE

ments to be observed for maintenance according

to time in order to keep the equipment in opti-
The following table shows the minimum require- mum condition for extended period.

Table 8.1.0 Inspection Schedule

b g
9 ?la?
Ttems Frequency S g |Sg Remarks
[ @
Sw (s
e
i di . : ;
Cleaning of reading Daily Including light source part.
head
Tape Cleaning of tape
reader tumble box Weekly

Lubricating of tension

arm shaft end As required

Tight closing the

C 10]010]0

Dai
doors aily
Control
panel Checking for ‘loose fit
and gaps of side plates} Monthly
and worn door gaskets
Vibration and noise Daily Feel' by _hand, z}nd do the
audible inspection.
Motor contamination .
Inspect visually.
and breakage Daily or
Clearance of ventila- as required Inspect mainly spindle DC
Servomotor tion openings motor.
and DC
molor for Burned spots, cracks, Check the length of
spindle wear, and pressure brushes.

of brushes

Every

Roughened commutia- three months

tor surface

Dirt in interior of
motor

Check dark bar, threading
and grooving of commutator.

Clean with compressed air.

Battery Daily

OO0 0 100

O

See if alarm for BATTERY
is displayed on CRT screen.

Except for those checks which can be and made

For this, turning off the power supply by

with the NG energized, such as checks for pushing the POWER OFF button on the NC oper-
external cieanliness for vibration and for noise, ator's panel is not sufficient, because after this

be sure to turn off the power supply to the putton is pushed, still several areas in the hous-
NC before starting to undertake routine main- ing are energized, and are potentially dangerous.

tainance service.
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8.1.1 TAPE READER

1. Cleaning head of tape reader

A. Remove tape rubbish and dust on the glass
with a blower brush. If the glass is stained
with oil or oily dust, wipe it using a gauze
or soft cloth with absolute alcohol. Also
clean the tape guide and the tape retainer.

B. Remove the dust, if any, on LED (light
source) with a blower brush.

2. Cleaning of tape tumble box

A. Clean the polyester leading tape with a
clean, soft cloth.

Remove the tape outlet cover (See Fig.
5.1.3) by loosening two mounting screws
and clean the bottom of the tape tumble
box with c¢loth or brush.

1. Lubricating of tension arm shaftt

For the control with 6 inch. or 8inch diam-
eter reels, lubricate the shaft end of tension
arm, when the tension arm does not move
smoothly.

O

LUBRICATING

Q

TENSION ARM

N

(In the case of 8 inches diameter reel)

Fig. 8.1

NOTE: When trouble occurs in feeding or
winding tape with 8 inch  diameter reels,
open the front door and brush away dust”’

around the photo-coupler by using a blower
brush.

8.1.2 CONTROL PANEL

The control panel is a dustproof, sheet-steel en-
closure with gasketed doors.

A. Front and rear doors of the control should
be shut tightly, even if the control is not
operating.

B. When inspecting the control with the door
open, upon completion of inspection,lock the
door by turning two door locks with the key
attached to the control panel. Turning di-
rection of door locks is as follows.

QPEN POSITION

| \CLOSED
Y CLOSED
POSITTON

CLOSED

POSTTION
D

CLOSE

OPEN POSITION

With the door
lock on right
side of the
door.

With the door
lock on left
side of the
door.

Fig. 8.2

NOTE: If the optional door interlocking switch
is provided, opening the door shuts off the
main power supply and stops all operations.

C. Check gaskets on the rims of front and rear
doors.

D. See if the inside of enclosure is dusty.
Clean it, if necessary.

E. Check for any cpening in the door base with
the doors shut tightly.

8.1.3 SERVOMOTOR AND DCMOTOR FOR
SPINDLE

1. Vibration and noise.

Vibration can be checked by resting the
hand on the motors, and for noise, using a
listening stick is recommended. If any ab-
normality is found, contact maintenance per-
sonnel immediately.

2. Motor contamination and impairment.

Check the motor exterior visually. If dirt
or damage should be observed, inspect the
motor by removing the machine cover. Re-
fer to the machine tool builder's manual.
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8.1.3 SERVOMOTOR AND DC MOTOR FOR
SPINDLE (CONT'D)

3. Clearance of ventilation window blockage

Check the ventilation window aof DC spindle
motor. If it is clogged with dust or dirt, in-
spect DC spindle motor removing the machine
cover. PRefer to the machine tool builder's
manual.

Inspection of commutators and brushes is essen-
tial for maintaining the excellent performance of
the control. Inspection work to be executed is
described in the following three items.

Quarterly Inspection of Commutators and
Brushes

The carbon dust from brushes, accumulated
arcund the commutator, inside the motor, may
cause motor troubles such as the layer short of
armature and the flashover of commutator. In
the worst case, it may lead to fatal damage. To
avoid this, be sure to have an inspection on the
commutators and brushes at least every three
months.

Be sure to turn off the power supply to the
NC before starting to check the brushes and
motor interior.

For this, turning the circuit breaker on the
power supply unit (DCP UNIT) for the servo con-
trol unit {CPCR-MR-K) off is not sufficient. To
prevent electric shocks and shorting, be sure
to shut off the supply of power to the NC.

4. Carbon brushes

A. Under normal operating conditions, brush

wears by 2 to 4 mm per 1000 operating hours.

1f wear is excessive, check to see if oil has
contaminated commutator surface, or if ab-
normal overcurrent flow through motor
circuit.

B. When brush length becomes shorter than
those shown below, replace the brush with

a new one.
Minertia motor junior series: 6 mm or below

DC motor for spindle: 17 mm or below

C. If either of brush, or pigtail is kroken,
brush assembly must be replaced as a whole

unit.
B
_
PICTALL
Fig. B.3
NOTE: When replacing the brush assembly,

consult the company.

5. Commutator surface

A. Visually check surface roughness of the
commutator through inspection window.

Aflter 100 to 200 operating hours, the com-
mutator should take on a polished light
brown or chocolate color. The motor has
developed an ideal commutator film and nzeds
no attention other than to be kept clean.

B. See if a blackened bar, threading {(or groov-
ing) is on the commutator. If any of the
above is observed, investigate the cause of
trouble.

Threading or grooving on the commutator
surface may be due to toc small motor lead.
Blackened bar is a result of carbon dust in
commutator slots, or accidentally produced
sparkings. If the carbon dust is a cause
of blackened bar, wipe the commutator with
a clean dry cloth to smooth the surface. If
sparking occurs, contact the maintenance
representative.

6. Motor inside (dirty)

A. Visually check the motor interior through
inspection windoew.

The dried carbon dust will not affect motor
running, but it is recommended that the
inner parts such as commutator, brush-
holders and brushes be cleaned with a d-y
compressed air (air pressure: 2-4 kglcm?),

B. Where oily carbon dust exists inside the mo-
tor due to poor oil seal or defective enclo-
sure, contact Yaskawa.

7. Servomotor with oil seal

As the life expectancy of oil seal and brush
is 5000 hours {about five years), the inspec-
tion and maintenance by the company should
be done every 5 years. If possible, yearly
inspection taking less than 8 hours is recom-
mended.

8.1.4 BATTERY

Make sure that "BAT" or "A/B" on the right-low
position of CRT screen is not displayed. If it is
displayed, inform maintenance personnel. The
battery must be replaced with a new one within a
month.

The control with a bubble memory board (optional}
docs not require a battery.
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8.2 BATTERY REPLACEMENT

The battery is used as power source for memory
in order to prevent programming data stored in
memory, such as parameter, tool offset and part
program from erasing. 8.

When the battery is discharged after a long period
of use, "BAT" or "A/B" is blinked on CRT screen 9.
to give warning for replacement. On such occa-

Where the control is provided with a door
interlock switch, push it back in place
since power cannot be turned on with the
door open.

Tightly close the front door.

Depress POWER ON pushbutton.

L
sions, the battery must be replaced within 30 10.  Make sure thaftf "BAT" or "A/B" on CRT
days. When replacing, never remove the old screen goes olt.
battery with power off, otherwise the data stored
in memory may be cleared.
MEMORY BOARD, TYPE JANCD-MMO1C
R i P d
eplacing Procedure JZ/

1. Depress POWER OFF pushbutton on the oper- — o)

ator's station, 1LED

2CN

2. Open the front door of the control. The bat- 3CNE===2

tery of the memory(printed circuit) board can

be seen on the CPU module which is mounted

on rear of the front door. ggg“gg%gg“ws
3. Depress POWER ON pushbutton. Where the H

control is equipped with a door interlock ;

switch, pull it out by hand. The power can 6605

be turned , with th . BAT

on, with the door open ATTERY %HREAD THE LEAD
) o HROUGH THE GAP

4. Check to see if 1LED on memory board is illu- OF BATTERY CLAMP,

minated. Fig. 8.2.1 shows the arrangement

of LED and the battery, If illuminated, re-

place the battery "660S" with new one.

Fig. 8.4 Arrangement of LED and Battery
6605 -+ Type: JZNC-GBAO2 NOTES:

5. With the control power turned on, connect L.

the receptacles of the new battery in to the

plugs (1CN or 2CN) on memory circuit beard,

and LED will be turned off. See Fig. 8.2.1.

If LED is still illuminated, it is due to the 2.
improper insertion of battery connectors, or
defective battery.

IMPORTANT: Two plug stations, 1CN and

2CN (or 2CN and 3CN) are connected together 3.
with common leads. When an cold battery is
replaced with a new one, connect the new

battery first to the plug staticn not occupi-

ed, then remove the receptacles of the old

battery.

6. Depress POWER OFF pushbutton.

Remove the mounting screw of old battery,
and then replace the battery with new one.
In this case, pass the battery lead through
gaps between the battery and the battery
clamp, and use care not to contact the lead
with memory circuit board.
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While battery is being replaced, exercise ut-
most care to prevent contaminants from en-

tering the control, and accomplish the work
as quickly as possible.

Use special care to prevent water, oil, or
dust, to adhere to the devices (printed cir-
cuit board, connectors, cahles, etc.} inside
the control.

Never leave any screws or washers in the
control.

MEMORY BOARD, TYPE JANCD-MMO1C

BATALM
1LED
2CN
3CN EEEg

MOUNTING SCREWS
;‘OR BATTERY

),

BATTERY
THREAD THE LEAD
THROUGH THE GAP

OF BATTERY CLAMP.

Fig. 8.5 New Battery Mounted

5605




8.3 POWER CIRCUIT BREAKER AND FUSES

The power circuit breaker and fuses are provid-
eel for the safety ol the control:  a power cir-
cuit breaker and four Tuses arc in the compos-
ite control power supply unit; two fuses in the
power input unit; a fuse and circuit breaker

in the servo control power unit. If the break-
er trips or the fuses are blown off, consult the
maintenance personnel.

8.3.1 CIRCUIT BREAKER OF COMPOSITE CON-
TROL POWER SUPPLY UNIT

The breaker trips due to overload of composite
control power supply unit. Reset the control
according to the following procedure. Sce Fig.
8.3.2 Breaker and Fuses of Composite Control
Power Supply Unit.

1. Inspect for the cause of overload, and remove,
if any.

2. When the breaker trips, ON-OFF lever of the
breaker is in OFF position. Put the lever in
ON position.

3. Depress POWER OFF pushbutton on the op-
erator's station. Reset the control and then
turn on the power.

4. If the breaker trips again, contact Yaskawa.

8.3.2 FUSES OF COMPOSITE CONTROL POWER
SUPPLY UNIT

If any of the fuses are blown, all power supplies
arc turncd off. Reset the control according to
the following, procedure.

1. Remove the bBlown {use that s indicated with
white mark coming on the fuse casing window.

2. Inspect for the cause of failure in the control
power supply, I/0 interface and servo unit,
and remove, if any.

3. Replace the blown fuse with new one.
4. Depress POWER OFF pushbutton on tha op-
erator's station to reset the control and then

turn on the power.

5. If the fuse is blown again, contact Yaskawa.

WHITE MARK
WHEN BLOWN

lll@//

INPUT REAKER FU‘;E
VOLTAGE
TERMINALS

2leleel &

—————————— OFF
7.5A

Fig. 8.6 Breaker and Fuses of Composite
Control Power Supply Unit
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8.3,3 FUSES OF POWER INPUT UNIT

If any of the glass-tube fuses are blown, all
power supplies are turned off and 1LED of the
power closing unit goes off. To reset the con-
trol, use the following procedure.

1. Turn off all power supplies by putting mold-
ed-case circuit breaker in OFF position.
Never touch the unit until the breaker is
turned off,

2. Inspect for the cause of trouble, and remove,
if any.

3. Replace the blown fuse with new one.

4. Make sure that 1LED goes on when the break-
er is turned on.

5. Turn on the power.

6. If the fuse is blown again, contact Yaskawa,

2FU o

— YO
O -0

1LED GLASS~TUBE

FUSES

)

Fig. 8.7 Fuses of Power Closing Unit

8.3.4 FUSE FOR SERVO CONTROL POWER
UNIT

1
When the servo contro! power unit {(called DCP
unit hereinafter) is overloaded due to short-cir-
cuiting of control unit power line, etc., the
fuse for DCP is blown-out. The "POWER" Led
will be extinguished to indicate that the fuse
is blown. Take the following measure for the
blown-out fuse.

(1} Depress the POWER OFF button to turn
off the power supply, and then, depress it
again to turn off the power to NC,

{2) Find the cause of the fuse blowing, and
climinate it.

{3) Replace the blown fuse with the new one
of the same rating.

(1} Depress the POWER ON button to turn on
the power for NC and depress it again to turn
on the servo power., Check to be sure that
"POWER" Led lights up.
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(5) If the fuse is blown off again, contact our
service personnel.

NOTE: DCP unit size will differ with the ca-
pacity of 10 A, 15 A, 30 A, 60 A.

/DCP UNIT

‘POWER”
LED

GLASS
TUBE
’////// FUSE .

&) X

T~ McB

8.3.5 CIRCUIT BREAKER FOR SERVO CONTROL

When the DCP unit is overloaded through the
shorting of the output circuit, faults of the
DCP unit itself, etc., this circuit breaker trips
to disconnect the main circuit.

In this case, an alarm "350:0L" is displayed
on the CRT. {350:0L may be displayed also by
other causes.) When this circuit breaker is trip-
ped to the OFF state, take the following measure.

(1) Push the POWER OFF button to turn off the
power supply, and then, stop the supply of
power to NC.

(2) Find the cause of the tripping of the circuit
breaker, and eliminate it.

(3) Push up the breaker lever to the ON posi-
tion.

{4) Supply power to NC, and then, push the
POWER ON button twice.

The servo circuit is energized, and is ready
for operation.

(5) 1If the circuit breaker is tripped again,
notify our service department.

NOTE: When the circuit breaker is manually turn-
ed off under power, not turning off avtomatically
by overloading, the alarm "310: SERVO QFF" is
displayed on the CRT. The DCP unit can be
brought to the operating conditions by the same
measures as above, also in this case.



8.4 THERMAL OVERLOAD RELAY OF SERVO UNIT

The servo control unit has the function of de-
tecting the following alarm states.

Alarm No.

331(X) 332(Y) 333(2)
334(4)

Fuse (main circuit)
blown

361(X) 352(Y) 353(Z)

. Overload 354(4)

391(X) 392(Y) 393(2)

. TG error 394(4)

8.4.1 FUSE BLOWING (Alarm MNo. 331, 332)
When the main circuit of the servo control unit is
shorted or when the servo control unit itself be-
comes faulty, the fuse in the unit will be blown,
and the following alarm Nos. will be displayed on
the CRT.

331: FUSE(X) for X-axis
332: FUSE(Y} for Y-axis
333: FUSE(Z) for Z-axis
334: FUSE{4) for 4Th axis

When a fuse is blown, and the alarm No. 331
or 332 is displayed, do not attempt to take mea-
sures, bul the user should immediately notify
our service department.

8.4.2 OVERLOAD {ALARM NO. 3531, 352}

The servo contlrol unit is provided with electronic
thermai relays respectively and independently for
the X and Z axes, and they trip under the follow-
ing conditions.

- Programs involving excessively heavy culs
are executed.

- Programs involving excessively {requent speed
changes are executed.

- Frictions in the machine system become abnor-
mally large.

wWhen the electronic thermal relay trips, the
servo power supply is turned off, and the follow-
ing alarm Nos. are displayed on the CRT.

351: OL(X) --. X-axis overload
352:  OL(Y) . Y-axis overload
353: OL(Z) ... Z-axis overload
354: OL(4) 4Th axis overload

when this is the case, take the following
measures.

(1} Push the POWER OFF button to turn off
the power supply, and then, stop the sup-
ply of power to NC.

(2) Find the cause of the overloading. For
example, the cause may be eliminated through
modifications of the part program, or by
the elimination of abnormally large load on
the machine.

(3} Supply power to the NC, and push the
POWER ON button to turn on the power
supply and make the system ready for
operation. However, since the servo motor
requires approximately 30 minutes to zool
down after being overloaded to the extent
of tripping the electronic thermal relay,
wait at least 30 minutes before starting to
cperate NC.

(4) If the electronic thermal relay trips, notify
our service department.

B.4.3 TG ERROR {(ALARM NO. 391, 392}
The servo control unit can detect the following
alarm states.

- Wire breaking in the tachometer generator (TG)
or overspeeding

+ Main circuit overcurrent
+ Main circuit overvoltage

When any of these faults occurs, the follow-
ing alarm Nos. will be displayed on the CRT.

391: TG ERROR (X)
392: TG ERROR (Z)
393: TG ERROR (Z)
394: TG ERROR (4)

When this is the case, take the following
measures.

{1) Push the POWER OFF button to turn off the
power supply, and then,stop the supply of
power to NC.

(2) Find the cause of the alarms, and eliminate
it. In this case, if the fault conditions are
reported to our service department, we will
be able to give advice on troubleshooting.

(3} Resupply power to NC, and then, push the
POWER ON button to make the unit ready
for operation.

(4) If TG ERROR is displayed again, notify our
service department.
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8.5 OTHERS

Those special housing type controls, with which
all the power sequence control circuits are con-
verted to the NG area, are sometimes provided
with MCBs which can be turned on and off exter-
nally.

Generally, when these MCBs are turned off,
the power supply to the NC is stopped. For de-
tails, refer to the manual of the machine tool
builders.

8.6 TROUBLE CAUSES AND REMEDIES

8.6.1 ON-LINE DIAGNOSTICS

On-line diagnostics are implemented to locate a
trouble quickly and protect the machine against
malfunctions. Shown below are the dieplyying

furictlons executed by the control being on-line
and machining.

Display of three-digit alarm code including a
code showing an axis in error.

- Display of four-digit status code including a
function code showing M, S, T, V, DWL.

: Input/output signal display

These displays can be made at any time, while
the machine is in automatic operation, or at stand-
by.

8,6.2 ALARM CODES AND REMEDIES

Where "ALM" or "A/B" on CRT screen is blinking
and the machine stops, depress the ALM key,
Then alarm code and message will be displayed

on CRT screen. Alarm codes "8o0," "g10," "g20,"
“830" and "840" are displayed as soon as the co-
rresponding error occurs.

For the remedies for trouble causes represented
by alarm codes, see APPENDIX § LIST OF ALARM
CODES on the last part of this manual.

8.6.3 INPUT/OUTPUT SICNALS

To clear up the causes indicated by alarm
codes, check the input/output signals on
the CRT screen,

Inputfoutput signals are divided in:o standard
and custom-built ones, and displayed by specify-
ing the corresponding diagnostic number with
keys on the operator's station,

Standard signals are included in every type of
YASNAC MX1., Custom-built signals are pro-
vided for optional machine interface equipped
with some type of YASNAC controls.

YASNAC MX1
S :_ _____
1
'Relay
Basic
togte [ TSP Henary) Ponel
on
Processing !
Part 3\Eipu Signals IHﬂchine
151de
"
e o
YASNAC MX1
QPTION
Basic
Logic ut signals| Optiomal
Processing Machine
Part And3T t>] Interface
- .
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8.6.3 INPUT/OUTPUT SIGNALS (CONT'D)

To display input/output signals, proceed as fol-
lows.

1.

Depress the DGN key.

A page containing the diagnostic number spec-
ified previously occurs on the CRT screen.
The input/output signals are shown in "1,"
"0" and hexadecimal digit.

"i": contact close

"0": contact open

Key-in the diagnostic number to be displayed.
Depress the cursor or key to page the
keyved-in diagnostic number on the screen.

By depressing the cursor CUEELSOR key,

a cursor on the screen moves to the next
diagnostic number (line). When down to
the last lower line, the next page is dis-
played on the screen.

1\
CURS0OR
the cursor moves to the previous line.
When up to the most upper line, the pre-
vious page is displayed.

By depressing the cursor key,

- By depressing the page PAE'E key, the
next page appears on the screen.
By depressing the page PA+GE key, the
previous page appears.
' NG b o
y
& L4 .

Fig. 8.9 Example of Input/Qutput
Signal Display

8.6.4 BEFORE MAINTENANCE CALL

If the cause of trouble cannot be found by using
alarm codes or 1/0 signals (described in 8.6.1to
8.6.3), or correct action for the trouble zannot

be taken. record the following items, and notify
the company as soon as possible.

« Alarm codes and the accompanying data with
them.

The types and characteristics of the troubles.

+ The operational procedures just before the
trouble occured and number of applied tape.

Whether the trouble recurs each time, the op-
eration is repeated after depressing the RESET
key.

- Date and time when the trouble occurec.

- Name of the discoverer of the trouble and the
operator.

If trouble occurs, keep the control in the same
condition until it can be checked by your Yaskawa
representative. If the situation permits, avoid
turning off control power, or depressing POWER
OFF button.
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APPENDIX -1 LIST OF SETTING NUMBERS

Setting numbers are classified in the following
three groups:

Table 1.1

Setting number Group

No. 6000 to 6004 Setting by bit

No. 6200 to 6219 Setting by word

No. 6500 to 6599 Setting by double words

Appendix table 1-2 lists setting numbers and
their functions.
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SKET

Table 1.2 List of Setting Numbers
T
SET NO. D7 D6 D5 D4 D3 | Dz D] Do
i
'I‘II"":ISO ‘I'Il‘l":ON Y1t INY T1MLINY 1M INY M INY
#6000 O':EIa _ yUOU:OFF | o) “OUiNOEM_ {U0";NORM_ | M0":NORM | M0":MORM
TAPE CODE ~ | TV CRECK . 7 v S
MIRROR TMACE
IIl":GN l'lll:ON II1II:0N "l":ON |Illl:0N "}N:ON Irl":ON "l":INCH Refer to
#6001 | 0U:OFF _ | VO'GOFF_ | MOM:QFp | UOV:OFE _ | UOUIOFF _ JUOTIOFE | MOU:OFF | MOUaMM o p, .
BUZZER FIA/IS0 STORED Z-AXIS ABS EDT SECOND INPUT 0%606
ON/OFF AUTO- STROKE E | | 1ocK STORED UNIT D3
RECOGNITION AT MLK INTEENAL SWLTCH STROKE
10N "1V :0N T1TION I 0N 10N 17 :0N REAFTTY "TTIOR Ref
go002 | OU:ORF_ _ § °0"s0FF _ _ | 10":QFE | "0"IOFF _ | "OT:OFF _ ["0T:OFE _ | "0":OFF__ | QU:OFF | fott e
AFL MLK OFT DRN 30T DLK 'S’I'g'f SBK D3+
N LO e
INTERNAL §WITCHES
08 0y 02 01 Iig Is I I
#6003 R it Rttty frieiieertodbion i EE B s SR [y
"'Q000" : | FACIT "0000": | PTR
"QOo01": | $10-1 »0001": | s10-1
"1:: 10K
T T e R B el ri e el B B B 0" :ERROR
MO SKIP
SIGNALS AT
63l
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SET

SET NO.

Set
value

Functions SET NO

Set
value

Functions

#6200

BD—l] BREAK POINT

#6201

-2 SEQUENCE No.

#6202

#6203

#6204

#6205

#6206

_ #6207

#6208

#6209

#6210

G76/77 DWELL TIME "1"=1 msec

#6211

G73(8)=0.001mm (0.001inch)

#6212

#6213

G83(8)=0,001mm (0.0001inch)

#6214

#6215

#6216

#6217

#6218

#6219
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SET Table 1.2 List of Setting Numbers {Gont'd)
st ne 50 Functions SET Noj Set Func tions
D M value value
#6500 SCALLING MULTI numerator #6540 X\
#6501 ‘ SCALING MULTI denominator #6341 Y kl\'L‘RR COORDINATE SYSTEM S
#6502 £6542 z [ css
#6503 #6543 4
#6504 #6544
#6505 #6545
#6506 G76/77 ﬁgg]ﬂE‘,NATlON "1"=0,001deg| #6546 X\
#6507 TLM BIAS VALUE #6547 Y | WORK COORDINATE SYSTEM 6
#6508 TLM DISTANCE TO ZERO POINT #6548 z {659
#6509 #6549 47
#6510 X| STORED STROKE LIMIT 2 #6550
#6511 Y} Gc22 #6551
#6512 z] (+) SIDE BOUNDARY VALUE #6552 X
#6513 X #6553 Y LCOORDINATE VALUES WHEN SKIP
#6514 v | 622 #6554 z [ SIGNAL 15 ON
#6515 z) (<) SIDE BOUNDARY VALUE #6555 47
#6516 X) #6556
#6517 ¥ \WORK COORDINATE SYSTEM 1 #6557
#6518 z( c54 #6558
#6519 4) #6559
#6520 #6560 FO FEED\
#6521 #6561 F1 FEED
#6522 x\ #6562 F2 FEED
#6523 vl\wORK COORDINATE SYSTEM 2 #6563 F3 FEED
#6524 z { 655 #6564 F4 FEED{ F1-DIGIT COMMAND
#6525 4) #6565 F5 FEED b "1" = 0.1 mm/min
#6526 #6566 F6 FEED
#6527 #6567 F7 FEED
#6528 X\ #6568 F& FEED
#6529 Y\\WORK COORDINATE SYSTEM 3 #6569 F9 FEED
#6530 7.{ 656 §6570
#6531 4) #6571
#6532 #6572
#6533 #6573
#6534 %) #6574
#6535 Y KNORK COORDINATE SYSTEM 4 #6575
#6536 z {67 #6576
#6537 i) #6577
#6538 #6578
#6539 #6579
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SET

SET NO

Set

“{value

Functions

BET NO

Set
value

Functions

#6580

#6581

#6582

#6583

#6584

#6585

#6586

#6587

#6588

#6589

#6590

#6391

#6592

#6593

#6594

#6595

#6596

#6597

#6598

#6599
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APPENDIX -2 LIST OF PARAMETER NUMBERS

Parameter numbers are classified in the following
five groups:

Table 2.1
Parameter number Group
#6005 to #6049 Setting by bit
#6050 to #6199 Setting by byte
#6220 to #6399 Setting by word
#6600 to #6699 Setting by double words
#7000 to #7095 Setting by byte for sequencer

Optimum data of parameters have been sat accord-
ing to machine performance and applications. For
any modification of parameter data, consult the
machine tool builder.

Data pertaining to parameters #6033 to #6049 must
not be modified, for they have been incorporated
as part of the system.
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PARAMETER NUMBERS AND THEIR CONTENTS

I #6005—l

&

Dy |D5JD4

e 5]

| #e00s |

[P7 |6 {25 [p4] 03] 02

| 2o

Dq

Dg

Ds

Stores the H code for reset, G92 and G28.

Sets the H code to HOO0 for reset, G92
and GZ28,

Stores the G code in the 01 group for
reset.

Sets the G cede in the 01 group to GOO
for reset.

Allows the current value display (uni-
versal) to be preset by the coordinate
system seeeing command G92.

At this time, the key is capable

of Zero Setup.

Keeps the current value display (uni-
versal) from being preset by the coor-
dinate system setting command G92.

At this time, the key is incapable

of Zero Setup.

Status of G codes at power on.

Initial status

Sets the G code in the 08 group tc G44
on power application.

Sets the G code in the 08 group to G43
on power application.

Sets the G code in the 08 group to G49
on power application.

Dy

Dy

Sets the G code in the 01
on power application.

group to G0l

Sets the G code in the 01 group to GO0
on power application.

Sets the G code in'the 05 group to G95
on power application.

Sets the G code in the 05
on power application.

group to G94

Sets the G code in the 05 group to G91
on power application.

Sets the G code in the 05 group to G90
on power application.

D7, Dg Signs of S4-digit analog (SDA) output

D7 D¢ Sign
1 1 Minus Plus
0 Plus Minus
0 1 Minus Minus
0 0 Plus Plus
SINV signal off|SINV signal on

D5 1: Sets the least input increment to 0.0] mm
(or 0.001 in., 0.01 deg.).

0: Sets the least input increment to 0.001
mm (or 0.000% in., 0.001 deg.).

D4 1: Checks to see if the spindle speed match
signal (SAGR) is off upon transition
from a rapid traverse block to a cutting
feed block.

0: Provides no check on the spindle speed
match signal (SAGR}.

D3 1: Enables the internal toggle switches.

0: Disables the internal toggle switches.

D2 1: Enables dry run in response to the
rapid traverse command.

0: Disables dry run in response to the
rapid traverse command.

D 1: Causes an alarm {"001-004") upon cycle
start when reference point return is
not made after power application.

0: Causes no alarm.
NOTE: Set "1" when pitch error compensa-
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PARAMETER NUMBERS AND THEIR CONTENTS
{CONT'D)

#6007 Dg Dgq { D3 | D2 bo

D& 1. Employs the newly entered tool compen-

sation value in place of the old value.

0: Adds the newly entered tool compensa-

tion value to the soterd value to establish

another offset.

D4 1: Provides output during rewinding.

0: Provides no output during rewinding.

D3 1: Sets the least increment to 0.0001 in.

0: Sets the least increment to 0.001 mm.

D, 1: Makes the spindle override 100% during
tapping.
0: Does not make the spindle override 100%
during tapping.
Dg 1: Establishes the 2nd prohibited area of
the stored stroke limit outside the
boundary.

0: Establishes the 2nd prohibited area of

the stored stroke limit inside the
boundary .

(o] |

eoos | [ ] 1 1]

D1 l1: Does not clear the common variables

of #100 through #149.

0: Clears the common variables of #100
through #149.

Note: Some contrels are not provided with
the parameter #6008,
I I I B E S EN )

D3. D2, D1. Do

Specify the start direction of backlash com-
pensation on the 4th-, 2-, Y- and X-axes,
respectively, upon power application.

1: Minus direction

0: Plus direction

#bomw { l ng

DZlDl Doi

D3, Dy, D}, Dg

Specify the direction of reference point re-
turn on the 4th-, Z-, Y- and X-axes,
respectively.

11 Minus direction

0: Plus direction

NOTE: The specification is effective for an
axis with #6016 at "1."
#6012 i l I ] I D3i D2 | Dll Do

D3, D2, D, By

Specify whether or not the plus-direction
external deceleration signal is effective on
the 4th-, Z-, Y- and X-axes, resgpectively.

1: Makes the plus-direction external
deceleration signal effective.

0: Makes the plus-direction external
deceleration signal ineffective.

| w013 | 4] l

D3, D3, D3, Dy

JD3| Dzi Dl] Do

Specify whether or not the minus-direction
external deceleration signal is effective on
the 4th-, Z-, Y- and X-axes, respectively.

1: Makes the minus direction external de~
celeration signal effective.

0: Makes the minus direction external de-
celeration signal ineffective.

Lo | [ L1 |

D3, Dz, D], Dg

Specify the direction of the G60 uridirection
approach upper limit on the 4th-, Z-, Y- an
X axes, respectively.

BERD

1: Minus direction

0: Plus direction

NOTE: The approach upper limit us set witk
#6062 to #6065,
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#6015 l Di| Dz | Dy | Do #6018 |D7 I Dg I Ds] Dq’ I Dle1 IDO—I
D3, Dy, Py, Dy D7 1: Provides dwell at hole bottom in the can-
, ned cycles of G76 and G77.
Specify whether or not the automatic coor- . .
dinate system setting is effective on the 0: Does not provide dwell at hole bottom in
dth-, Z-, Y- and X-axes, respectively. the canned cycles of G76 and G77.
1: Effective NOTE: The dwell time is set with #6210.
0: Ineffective Dg 1: Establishes M03 for G74 and M04 for GB84
) . . . as the M code for output at hole bottom
NOTE: The agtomatlc. coordinate system is in the canned cycles of G74 and G84,
established with the following
parameters: 0: Reverses the M code in effect before the
. canned cycles for output al hole bottom
Metric system; #6636 - #6639 in the canned cycle of GT74 and G84.
Inch svstem; #6630 - #6633
Before N
canned cyele Hole bottom
; M03 —1— M04
#6016 Dy | Dz | D1 | Do | M04 — 1 e MO03
D> D NOTE: This specification is effective when
D3, D2. P1. Po D4 = 0 in #6018,
Specify whether or not reférence point re-
turn is effective on the 4th-, Z-, Y- and X- Dg 1: Rotates the spindle forward and in
axes, respectively. : reverse, outputting M05 at hole bottom
l1: Makes reference point return effective. in the canned cycles of G74 and G84.
0: Makes reference point return ineffective. 0: Rotates the spindle forward and in
reverse, noet outputting M05 at hole
bottom in the canned cycles of G74
and GB84.
#6017 D71 Dgj Ds| Dg| D3|DZ D1 JDo
NOTE: This specification is effective when
D4 = 0 in #6018,
D7 - Do Dy 1: Outputs a read-only signal (S5P, SRV,
. 0S5) in the canned cycles.
Specify whether or not a hole is te be made _
on channels 8-1, respectively, in a code 0: Outputs the M code in the canned cycles.
corresponding to symbo!l "#" (used with user
macra) in the EIA code. Dz 1: Causes the X and Y movement in the
canned cycles to follow the G code in
1:  Hole group 01 {(G02 and GO03 regarded as
0: No hole Go1).
Example: 0: Causes the X and Y movement in the
D7 - Do = 01001001 canned cycles to stay in rapid traverse.
The code with holes on channels 7, 4 af‘d ! Dy 1: OQutputs the FMF signal twice in a can-
is considered equivatent to symbol "#" in the ned cycle.
El1A code. No code for use by the unit can
be set. 0: Qutputs the FMF signal once in a cun-
ned cycle,
NOTE: The specification of D7 - Dg =00000000
assumes that symbol "#" is not used Do 1: Outputs the external operation signal
in the EIA code. EF at the end of positioning by G8l
{G81 being external operation function).
0: Does not output the external operation
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PARAMETER NUMBERS AND THEIR CONTENTS D
(CONT'D)
#6019 b5 | Dy { D:lf)l ”fl}
Dy
Dy 1: Enables dry run at thread-cutiing (G33).

D4 1: Employs the feedrate set in paramcter
#6232 for the skip function command
{(G3D).
¢: Employs the F code command as the
feedrate for the skip function command
(G31).
D2, Dy
Specify the tool shift direction in the can-
ned cycles of G76 and G77 (effective when
#6019 = 0).
D2 D1 Shift direction
1 ! -Y
1 0 Y
0 1 -X
0 0 +X
Ug 1 Allows the tool shift direction in the

0: Disables dry run at thread-cutting (G33).

canned cycles of G76 and G77 to be
specified in sciting #6506 (speciliable
in the +X direction in increments of
0.001; the shift being cutling feed).

Allows the tool shift direction in the
canned cycles of G76 and G77 to be
specified in D2 and D) of parameter
#6019 (specifiable only axially}.

I
#0020

1)3

D2

L i ]

o T [ [o0]

sets P14 (infrev.) for the feed per
revolution in the inch system.

Sets F13 (infrev.) for the feed per
revolution in the inch system.

Sets F23 (mm/rev.) for the feed per
revolution in the metric system.

Sels F22 (mm/rev.) for the feed per
revolution in the metric system.

Sets F32 {mm/min.) for the {eed per
minute in the melric system.

Sets F31 {mm/min.} for the feed per
minute in the tnch system.

Sets F51 (mm/min.) for the feed per
minute in the metric system.

Sets FS0 (mm/min.} for the feed per
minute in the metric system.

EETH e B

Dy 1: Employs the value following address Q
or N as the program number (speciable
in one block).

0: Employs the value following address O
as the program number.

Dy 1: Considers M02, M30 and M99 as the
program end when machining data is
stored into memory.

(: Does not consider M0Z, M30 and MY9
as the program end when machining
data is stored into memory.

#6023 Dg Da |D3 D2 ]Dl I Do ‘

D¢ 1: Enables the additional axis to ignore
signal 4NG. ‘

0: Disables the additional axis to ignore
signal 4NG.

Dg-bo

Set the address for pan-out and CRT dis-
play on the additional axis.

Address Dy D3 D2 D} Lo
A 0 0 0 0 1
B 0 0 0 1 0
c 0 0 0 L L
U 1 0 1 0 P
v 1 0 ) 1 3
W 1 0 1 1 )
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#6026 D5 | D4y | D3| Dz Dy| Do

ESENENEREIED

#6027 l l

#6026, #6027:
Deoes not allow the control code (DC1 -
DC4) io be used on the 1/0 device.

0: Alows the control code (DC1 - DC4) to
be used on the I/0O device.

Dg 1:

Dg 1:
0: Employs 1 stop bit on the I1/O device.

Employs 2 stop bits on the 1/0 device.

D3 - Do
Baud rate setting

Baud rate

50
100
110
150
200
300
600
1200
2400
4800
9600

w
o

ocC|lo|loc] Of N

—
=3 =i
=]

1

»—dl—-l—'OOOOOOOQU
~loeloi-|—|lo|le|—|~|lc|a]l D

D | = O~ | O~ | O = S|

1
1
1
0
0
0

NOTE: #6026 provides the setting on 1/0 device
1 {SIO-1) and #6027 on 1/0 device 2 (SI0O-2).
For #6028, #6029, see YASNAC MX1 OPERATOR'S
MANUAL ADDENDUM section 6. 3.

D¢ D4 Do

[ #6030 D7

Provides an additional axis control
module.

D7 1:

0: Does not provide an additional axis
control module.
Dg 1: Causes the system to filter the spindle
PG reference point signal before read-
ing it.
0: Allows the system to read the spindle
PG reference point signal as it is.

D4 1: Enables the axis interlock function.

0: Disables the axis interlock function.

Dg 1: Enables data output with DIAGNOSE.
0: Disables data output with DIAGNQOSE.

Con] LT [ T[]

Dz, D1, Dy

Specify whether or not the direct-in signals
INZ, IN1 and INO are effective, respectively.

1: Effective with signal "0"
0: Effective with signal "1"

#6032 La| D1| Dg

D2, Dj, Dy

Specify whether or not the direct-in signals
IN2Z, IN] and INO are effective, respectively.

1: Ineffective

0: Effective

] #aoso] l (X _axiz) —l
#6051 {Y-axis}
#6052 (Z-axis)

o] |

#6050 to #6053:

(4th-axis) ]

Specify the backlash compensation, respec-
tively, on the X-, Y-, Z- and 4th-axes
(setting range: 0-255; "1" = least output
increment) .
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(CONT'D)

T ] [ o ] [ || T |

hr 6057 1 ( (Y -axis) [ l #bom_J L (Y_—fim

u,cwj r (Z-axis) ] #6070 (Z-axis) ]
#6059 (4th-axis) l r #6071 ! r {4th-axis)

#6056 to #6059:

Specify the position error offset, respec-
tively, on the X-, Y-, Z- and 4th-axes
(setling range: 0 - 2557 "1" = least output
increment). The standard setting is 32.

#6068 to 6071:

Qutput in pitch error offset pulses the pitch
error compensation times each magnification
specification, respectively, for the X-, Y-,
7- and 4th axes. The setting range is 1 to
3, and "1" represents a magnification of 1.

X-axi 60?4J ( (X-axis) t

[ #(;O(JZJ r {X-axis) ] U axis
H6003 {Y-axis} #6075 | r {Y-axis) I
#6064 (Z-axis) ] E%O-”) ’ (Z-axis)

anm \ (4th-axis) [ $6077 r (4th-axis) I

46062 to #6065

Specily the overtravel, respectively . on the
X-., Y-, 7Z- and 4th-axes in unidirectional
approach (GoD: setting range: 0 - 255;

"IN - east input inerement)

#6074 to #6077:

Causes an alarm "34+" when a position devi-
ation exceeding the critical servo error value
is detected respectively, on the X-, Y-, Z~

and 4th axes.
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Setting formula: n = 16 x ——

b
Standard setting: 16 (b = ¢}

b; D/A saturation value (pulse count)
sel in #6080 - #6083

¢; Critical servo error value
(pulse count)

SPEED COMMAND

ERROR VALUE C
________ (PULSE COUNT)
! i

)\ l 4Lfii-f~> POSITION
\\ DEVIATION

D/A RESOLUTION

a (PULSE COUNT)

D/A SATURATION
VALUE b (PULSE
COUNT)

Fig. 3.3.6.1

CRITICAI, SERVO

UbOBO | L (X-axis)

[ #6031__] | (Y-axis) |

[ #GUB{)—I L ~ {)E'_l_‘-(l‘-x)

Cwnw ] [ R

i |
L

(4lh—axisj

#6086 to #6089:

Specify the PG pulse magnification and D/A

resolution, respectively, for the X-, v-

and 4th-axes.

Setting formula: nl + n2

A

(1) PG pulse magnification value n}

[ #6082 ] L ’ : (Z-axis)

#6083 (4th-axis)

#6080 to #6083:

Specify the D/A saturation value, respectively,
for the X-, Y-, Z- and 4th axes.

Setting formula: 2{7tn) = p
b: D/A saturation value (pulse count)

NOTE: "n" is set.

Standard setting: - 6 (b = 8192 pulses)
NQTE: Make the setting so that b = a.

a: D/A resolution (pulse count)

PG pulse magnification nl
x 1 64
X 2 80
x 4 112
x 8 48

(2) D/A resolution value n2
D/A resolution a n2

(pulse count)

32768 pulses 14
16384 pulses 13
8192 pulses 12
4096 pulses 11

Standard value:
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#6092

Il

e —

specifies the exponential function acceler-
ation/deceleration time constant for cutting
feed (common to all axes}.

t

The setting formula is: "p" = i 1

where, t: time constant(ms), specifiable in
units of 4 ms

#6093 r

Specifies the exponential function acceler-
ation/deceleration speed bias for cutting
feed {common to all axes).

Il1I| = 2 kpps'

#6094 {X-axis)

#6095 (Y-axis}

{Z-axis)

#6096

#6097

w
4]
~
jugt
=

o]

#6094 to #6097:

Specify the reference point return method,
rcspectivcly, for the X-, Y-, Z- angd 4th-
axes.

Mt oof N2 signal
enahbled

O
O

N7Z signal employed

"Reference point O
pulse usel

Paramcter sctting 64 48 32

standard setting: 64

s

Specifies the "rapid traverse section” for

a "relurning semicircle” by the proportionate
semicircle radius in circle cutting (G12, G13).
Setting range: 0 - 10 (x 10%)
Examples:

1. A setting of 0 creates a rapid traverse
section automatically computed by the
program command values.

[aS]

A setting of 10 (= 100%) makes the entire
"returning semicircle” into a "rapid
traverse section.”

r #6107 I [

Specifies the number of manual pulse gener-
ators.

Setting range: 1 - 3

#6120 G-1
#6121 G-2
#6122 L G-3
T
C
] [ ]
#6126 r G-7
#6127 r G-8
r =]
H(:IZ‘)I l’; G-10

#6120 to #6129:

Specify up to 10 G codes for calling user
macros.
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#6130 M-1

#6220 i

#6131 [ M-2

#GISZJ M-3

#6133 ] r M-4

E6130 to #6133:

Specify up to 4 M codes for calling user
macros.

Setting range: 03 - 29, 31 - 89

NOTE: MO00, M0l, M02, M30 and M90 - M99
cannot be called by user macros.

#6134

1: Allows the T code to call a user macro.

0: Does not allow the T code to call a user
macro.

[ #6141 —I [

| #1e2 |

| #6143 [

K6144 l

#6145

[em] |

#6147

#6148 r

#6149

#6141 to #6149:°

Specify the feedrate change for one incre-
ment on a manual pulse generator, for Fl to
F9, respectively, of Fl-digit designation.

Setting: "1" = 0.1 mm/min.

Specifies the interval from the time, M, 5,
T and B codes are transmitted until the
time MF, SF, TF and BF are transmitted.

Setting: "1" = 1 ms

r #6221 ] [

Specifies the interval from gear output
(GRH, GRL} unit SF transmission when an
55-digit designation is added.

Setting: "1" =1 ms

(o] [

Specify the maximum handle feedrate, which
is common to the linear axes (X, Y, Z, U,
v, W).

Setting: "1" = 7.5 mm/min.

NOTE: The settings for the rotary axes
(A, B, C) are made with #6348.

r#6223 l I

Specifies the tool shift speed for canned
cycles of G76 and G77.

Setting: "1" = 1 mm/min.

"NOTE: This specification is effective when

#6019Dg = 1.

I1f #6019Dg = 0, rapid traverse is
is effective regardless of this pa-
rameter specification.

#6224

Specifies the delay time for checking the
spindle speed reaching signal (SAGR).

Setting: "1" =1 ms
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PARAMETER NUMBERS AND THEIR CONTENTS

{(CONT'D)

Setting: "1" = 0.001 mm {metric system)

"1" = 0.0001 in. (inch system)

#6225

Specities the feedrate for the rapid traverse
section in circle cutting {G12, G13).

Setting: "1" = 1 mm/min.

|

ay

L

oY T

—

[ #6227 ] [

#6226, #6227

Specify the maximum feedrate for Fl-digit

designation.

Settings "1" = 1 mm/min.

NOTE: The maximum feedrate for F1-F4
commands is set in #6226 and that
for F5-F9 commands in #6227. Any
feedrates increased on manual pulse

generators are bunched into these
sellings.

; Fig. 3.3.6.2

—I The corner arc setting is ignored when:
AX 2 #6230
Ay £ #6230

Standard setting = 5

Cer] |

Spectfies the Fg speed for rapid traverse
override.

Setti;lg: "1" = 7.5 mm/min.

[ #6228 1 |

Specifies the maximum cutting feedrate for
the linear axes (X, ¥, Z, U, V, W).

[ #6232 l (

Specifies the feedrate in the skip function

Setting: "1" = 1 mm/min. (G3D).
Setting: “1" = | mm/min.
NOTE: This setting is effective when
229 i 1 parameter #6019D4 = 1.

Spectfies the maximum cutting feedrate for
the rotary axes (A, B, C).

Setting: "1" = 1 mm/min.

NOTE: Any cutting feedrates greater than

those set in #0228 and #6229 arce bunched
inte those scttings,

#6233 l 1

{ {

[ weaes ||

#6233 to #6264

Con ] |

When a circuiar path is drawn in teol radius
compensation outside a corner approaching
1807, the movement follows on a very small
circular arc. In this, arc movement is con-
sidered to affect the workpiece surflace
machining, this parameter is used to sot
the critical arc value.

' Specify the feedrate for the respectjve
positions on the jog feedrate select switch.

Setting: "1" = 1 mm/min.
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Typical settings

Table 3.3.6 Typtcal Settings

[ #6265 ] r 7#7‘1

mm fmin
. Continuous i :
Switch Parameter The manual feedrates set in paramecters
position manual feedrate #6233 to #6264 can ecach be reduced to a
Number | Setting | #6250 = 0 | #6265 =10 tenth of the original setting. This applies
to the settings on all switch positions lower
0 #6233 0 0 0 than the value specified in this paramecter
1 #6234 1 0.1 #6265.
2 #6235 Z 2 0.2 Setting: 0 - 31 (switch position)
3 #6236 4 4 0.4
4 #6237 [ 6 0.6
5 #6238 8 8 0.8
6 | #6239 10 10 1.0 #6266 I
7 #6240 12 12 1.2
8 #6241 15 15 1.5 #6267 | [ ]
9 #6242 20 20 2.0
10 | #6243 25 25 25 | #6268 |
11 #6244 30 30 30
12| #6245 40 40 40 #269 | |
13 #6246 50 50 50
14 #6247 60 60 60
#6266 to #6269:
15 #6248 80 80 80
16 #6249 100 100 100 Specify the spindle speed upper limit, re-
7 spectively, for gears 1, 2, 3 and 4 (speci-
! #6250 120 120 120 fiable only in S5-digit designation).
18 #6251 150 150 150 :
Setting: 0 - 9999 (rpm)
19 #6252 200 200 200
20 #6253 250 250 250
21 #6254 300 300 300
22 #6255 400 400 400 r“m l l’
23 #6256 500 500 500
24 #6257 600 600 600 Specifies the speed command output value
25 #6258 800 800 800 to the spindle motor when a gear shift (GRO)
26 #6259 1000 1000 1000 input is entered (specifiable only in 55-digit
27 #6260 1200 1200 1200 designation). The setting formula is:
28 #6261 1500 1500 1500 Gear shift spindle motor speed 22767
29 #6262 2000 2000 2000 Maximum speed of spindle motor
30 | #6263 | 2500 2500 | 2500 (command = 10 V)
31 #6264 3000 3000 3000

Setting range: 0 - 32767
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PARAMETER NUMBERS AND THEIR CONTENTS

(CONT'D)

[ §6,271

I ‘ #6276 ] l
|

] i #6277 ]

1 #6273

l | #6278 l r

|
E
|
|

I #6274

RN

| [ ] |

#6271 to #627

4:

Specify the maximum speed of the spindle,
for gears 1, 2, 3 and 4 each
sciected by an input signal (Speci[iab]c in

respectively,

55-digit designation).

Set the spindle speed

applicable when the speed command voltage

is 10 V.

Setting range:

SN MOTOR
SP] LI LOMMANT

TN

0 - 99999 (rpm)

1
Al

SPINDLE

L

Lmvu L— LN
- honT -- RhIRR
Jin

rut?

Fig. 3.3.6.3

'_ﬁi____i

SPLED [RTM}
1l 2T

7 LA

#6276 to #6279:

Specify the minimum speed of the spindie,
respectively, for gears 1, 2, 3 and 4 each
selected by an input signal (specifiable in
55-digit designation).

Setting range: 0 - 99999 (rpm)

#6280 I | {X-axis;

[ weast || Franist |
| #6282 I l (Z-axis)ﬁl

| #6281 {4th-axis)

#6280 to #6283

Specify the rapid traverse rate, respectively,
on the X-, Y-, Z- and 4th-axes.

Setting: "1" = 7.5 mm/min.

#6275

L

Specifies the spindle motor speced in effect
when o spindie orientation {SOR) input is
entered (specifiable in $5-digit designation).

Selling range:

0 - 99999 (rpm)
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[Twzes | | (x-axis) |
[Cheasr || (Y-axis) |
[ ] | o]
(o] | i

#6286 to #6289:

Specify the first-stage time constant in linear
acceleration/deceleration, respectively, on
the X-, Y-, Z- and 4th-axes.

Setting: "1" = 125/8 (mm/sec?)

- FEEDRATE

{RAPID TRAV-
ERSE RATE)

#6280
16283

#6292 P #6298
#6295 #6301
(SWITCHOVER
SPEED)
#6286
#6289

TIME

Fig. 3.3.6.4

{ #6292 l ‘ {(X-axis} ‘

(Y-axis) J
r#6294 I I | {Z-axis) J

#6295 , (4th-axis)

#6292 to #6295:

Specify the second-stage time constant
switchover speed in linear acceleration/
deceleration, respectively, on the X-, Y-,
Z- and 4th-axes.

Setting: "1" = 7.5 mm/min.

l L #6306 l [
: l #6307_]

(X-axis) —]

(4th-axis) ]

#6298 to #6301:

Specify the second-stage time constant in
linear acceleration/deceleration, respective-
ly, on the X-, Y-, Z- and 4th-axes.

Setting: "“1" = 125/8 (mm/sec?)

I #6304

l #6305 |

L 7 ) (Y—axis)j

l {4th-axis) ‘}

#6304 to #6307:

Specify the traverse distance for reference
point return, respectively, on the X-, Y-,
Z- and 4th-axes.

Setting: "1" = 0,001 mm

| w30 | | (Kaxis) |
o || (v-axis) |
o] [ o]
Con] | e

#6310 to #6313:

Smecify the approach speed 1 for reference
point return, respectively, on the X-, Y-,
Z--and 4dth-axes.

Setting: "1" = 7.5 mm/min.
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(CONT'D}

)

i

1

|

E
&
2.
L

{ #6328

46316 ’— (X-axis)

i #0317 | i (Y-axis)

r #6329

i #6318 j 17
#6319 ‘7

#6316 to #6319:

|
!
}
(4th-axis) |

Specify the approach speed 2 for reference
point return, respectively, on the X-, Y-,
Z- and 4th-axes.

Setting: "1" = 7.5 mm/min.

NOTE: The parameters associated with
reference point return operations
are as follows:

DECELERATION POINT

RATIO TRAVERSE RATE

(#6280 - #62B3)APPROACH SPEED 1

#6310 - #6313)
APPROACH SPEED 2
(#6316 - #6319)
VERSE DISTANCE
(#6304 - #6307)

SPEED SEQUENCE

- -_n.ﬂ_ﬂM_n_ﬂ___—— ZEROPOINT SIGNAL

+
AREA A . AREA B
c

Fig. 3.3.6.5

o

Reference point return direction:
#6010 Do - D3

- Reference peint return enabled /disabled:
#6016 Dg - D3

(X-axis) ‘

(Y-axis)

#6322 [

#6323

#6324

#6325 (4th-axis)

#6322 to #6325:

(7-axis) |

H

Specily the number of the start pont for
pitch error compensation, respectively, on
the X-, Y-, Z- and 4th-axes.

Sotting: 0~ 51

—
-

#6330 (Z-axis) ]
l #6331 (4th-axis)

#7328 to #6331;

Specify the number of the start point for
pitch error compensation, respectively, on
the X-, Y-, Z- and 4th-axes.

Setting: 0 - 511

#6334 to #6337:

Specify the reference point for pitch error
compensation, respectively, on the X-, Y-,
Z- and 4th-axes.

Setting: 0 - 511

r#6340 l r

Specifies the external deceleration speed for
rapid traverse.

Setting: “1" = 7.5 mm/min. (common to ali
axes)

I #6341 l

Specifies the external deceleration speed for
cutting feed.

Setting: "1" = 1 mm/min. {common to all
axes)
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46342 (X-axis) [wse0s | | (X-axis) |
[ #6343 (Y-axis}) [ #6607 l __ {Y-axis)
[ #6344 (Z-axis) [MT r (Z-axis) 1
#6345 (4th-axis) [—#66—09_ { 4th—am

#6342 to #6345:

Specify the offset in external workpiece
coordinate system shift, respectively, on
the X-, Y-, Z- and 4th-axes.

Setting: 1 = 0,001 mm

NOTE: Usudlly, these parameters are

#6606 to #6609:

Specify the minus direction boundary value
for stored stroke limit 1, respectively, on
the X-, Y-, Z- and 4th-axes.

Setting: "1" = 0.001 mm

automatically set from the machine #6612 [ (X-axis)
tool side through the external data
input function. I #6613 ] (Y-axis) ‘}
] #6614 ] { (Z-axis) ]
#6348
#6615 (4th-axis)

Specifies the maximum speed for handle feed
on the rotary axes (A, B, C).

Setting: "1" = 7.5 mm/min.

l #6600 ] (X-axis)
#6601 {Y-axis)

[ #eaoz] l {Z-axis)
#6603 ] " {4th-axis)

#6600 to #6603

Specify the plus direction boundary value
for stored stroke limit 1, respectively, on
the X, Y-, Z- and 4th-axes.

Setting: "1" = 0.001 mm

#6612 to #6615:

Specify the distance between the first and
the second reference point, respectively,
on the X-, Y-, Z- and 4th-axes.

[ #6618 1 [ (;;(is)

|

l #6619 I (Y-axis) T
] #6620 ] [ (Z-axis} ]
l #6621 -| i (4th-axis) ]

#6618 to #6621:

Specify the distance between the first and
the third reference point, respectively, on
the X-, Y-, Z- and 4th-axes.
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PARAMETER NUMBERS AND THEIR CONTENTS

{CONT'D)

| woo2s | [

|

Lo o ]

#6626

#6627

#6624 to #6627

Specify the distance between the first and
the fourth reference point, respectively, on
the X-, Y-, Z- and 4th-axes.

Setting: "1" = 0.00] mm

#6642 l lﬁ (X-ax's)
[#6643 r (Y-axis) ]

l #6644 J (Z-axis)

[ #664541 (4th-axis) l

#6642 to #6645

Specify the compensation interval in pitch
error compensation, respectively, on the
X-, Y-, Z- and 4th-axes.

Setting: "1" = 0,001 mm (metric output)
1" = 0.0001 in, {inch output}

#6630 (X-axis)

Coween || (Y-axis) |

[wesz || (z-axis) | [ sooo | | (numter 0)
i) ]

#6630 to #6633 K (numter 511

Specify the value for automatic coordinate
system setting at the time of inch input,
respectively, on the X-, Y-, Z-, and 4th-
axes. A desired value should be sel in
inches for the distance between the first
reference point and the reference point of
the coordinate system to be established.

Setting: "1" = 0.0001 in.

(o] | ]
i || i

] | e
] | ]

#6636 to #6639

Specify the value for autematic coordinate
system setting at the time of melric input,
respectively, on the X-, Y-, Z- and 4th-
axes. A desired value should be set in
millimeters for the distance between the
[irst reference point and the reference point
of the coordinate system Lo be established.

Setting: "1¥ = 0.001 mm
NOTE: EKach sctting is effective only for an
axis with parameter #6015 at "1."

#8000 to #8511

Specify the respective values of pitch error
compensation.

Setting: 0 - *15 (output increment)

NOTE: Parameters #6322 to #6339 determine
specific combinations of settings and
axes.
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APPENDIX ~3 STORED LEADSCREW ERROR COMPENSATION

This functien automatically compensates for lead-

screw error on each axis according to the compen-
sation data set by parameter and is effective after
completion of reference point return.
sation data are made on the distances between the
reference point on each axis and specified points.

X, Y, Z and 4th axes
(including rotary axis)

512 Max.

Compensation axes:

No. of correction points:
Compensation base point: Reference point
Compensation interval: 6000 Pulses or more

Absolute fincremental
(Set by Parameter #6039p2)

Data setting system:

Compensation value:

Minimum compensation unit: 1 pulse (least out~
put increment)
X13 max,

15 pulses max,

Compensation multiplication:
One-time-compensation value:
{Compensation multiplication)

The compen-

Note 1:

Regardless of absolute/incremental setting, the
difference between neighboring compensation
values should be (15 pulses x compensation mul-
tiplication) and below,

Note 2:

Maximum set value in case of absolute setting is
+127 pulses. Compensation multiplication is taken
on this value,

Note 3:

No. of correction points on each axis can be
arbitrary as far as the total compensation points
are within 512,

Note 4:

Where the 4th axis is a rotary axis, operation is
possible within 200 revolutions maximum,

Table 3.1
Axis Parameter # Functions
Compensation interval Xtoao #6642 to #6645 6000 OR MORE
"1" = 1 pulse
Absolute/incremental #6039 2 0" = Incremental setting
setting switchable 11" = Absolute setting
Compensation reference Xtoo #6334 to #6337
nao. Value of parameter # of
. R compensation on each
Compensation max point Xtoa #6322 to #6325 point minus 8000 will be
written
Compensation min point X toa #6328 to #6331
Compensation value on Xtoa #8000 to #3511 -15 to +15 (Incremental
each point setting)
1" =1 pulse
Compensation multiplica- X toa #6068 to #6071 0to 3
tion "t = IX
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The figure below shows the example of writing

the data for X axis.

COMPENSATION INTERVAL

J//’[ 6000 PULSES (= 6 MM)

REFERENCE
POINT LEADSCREW ERROR
MEASURED
+
0 = — | . xmxs
ABSOLUTE
-1 0 o 0 +2 42 “— SET AMOUNT
1 0 o0 o +1 0 €— INCREMENTAL
I ] l ] SET AMOUNT
| S
l \L \L 1 N
COMENSATION
# 8000 |8001|8002|8003 8008| 8009 PARAMETERS

I




In the above figure,

Compensation interval: 6000 pulses
Absoclute/incremental: Incremental
Compensation multiplication: x 1

Compensation point on X axis: 100 points

Each parameter is set as follows:

PARAMETER OF
COMPENSATION AMOUNT
ON EACH POINT “
5
COMPENSATION BASE NUMBER / #8000 -1 o
#6334 1 #8001 <
#8002 0
COMPENSATION MINIMUM POINT
#8003 0
#6328 0
#8004 +1
COMPENSATION MAXIMUM POINT #8005 0
X AXIS <
#6322 99 _J #3006 0 B
#8007 0 E
COMPENSATION TI
SATION MULTIPLICATION 78008 ” <
#6068 1 o
#8009 0 %
=
COMPENSATION INTERVAL #8010 g
#6642 6000 5 a
—
ABSOLUTE /INCREMENTAL SETTING 18098
#6339D2 0 ]
#8099
#8100
[4p]
—
e
i
bl
/—__\\________

Fig. 3.2
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To use the 4th axis as the rotary axis, follow the

rules shown below in addition to the rules for gg;ﬁ;ﬁ?ggn NO
setting X-, Y-, and Z-axes. AND MLE COR- .
MAX CORRECTING #3150
PORATION POLNT
. POINT 0, (1
(1) Compensation Interval
#8157
The compensation interval should be more than 0, (-6)
6000 pulses and the quotient obtained by divid- #8151
ing 360000 by the compensation interval become 1, (D 45000
a positive integer. PULES
8156 #8152
(2) Compensation Amount at Reference Point 6, (1) 2, (1)
The compensation amount to be set to the refer-
ence point should be as follows:
a. Absolute setting ... "0V #8155 45153
b. Incremental setting --- "0" 5, (D 3, (D
#8154
In the case of incremental setting, set such a 4. (1)
value for the compensation amount at compen- i
sation maximum peint, that the sum of the com- OFFSET AMOUNT
pensation amount ‘of each point becomes "0." ggiT:EgREMENTAL
{3) Sample Writing OFFSET AMOUNT
L . FOR ABSOLUTE
If the compensation interval is 45000 pulses (one
rotation divided by 8) as shown below, set the
parameters as follows.
Offset parameter at
. each point
Offsct reference No. Parameter Absplute Incr:emen'tal
setting setting
#6337 150
#8150 0 0
Offset min point #8151 1 1
4th axis of J #6331 150 #8152 2 ! _
rotary axis _ #8153 3 1
QOffset max point
— #8154 4 1
Offset multiplication #8156 b 1
factor #8157 0 -6
#6071 1
Offsetl point
#6645 45000
L
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APPENDIX - 4 LIST OF STANDARD INPUT/OUTPUT SIGNALS

Table 4.1 shows standard input/output signals.
For custom-built signals depending on the sys-
tem, refer to the list of 1/O signals provided on
the system.

DISPLAY

D7 D6 D5 D4 D3 D2 D1 Do

o

Contact open Contact closed
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Table 4-1 List of Standard Input Signals

D, Dy D, D, D, D, D, D,
300 [ eor e | b v |s | w [ a4 ]owrr ]
EDIT ~ MEMORY MDI  TAPE STEP  HANDLE MANUAL RAPTD
FEED TRAVERSE
#1301 | ovc | wmovz [ rovi | ovie |ove | ovs | ovz | ovi |
OVERRIDE .
CANCEL RAPID TRAVFRSE FEEDRATE OVERRIDE

RATE QVERRIDE

#1302 [ ~a |+ [ -z ] T | x [ = l
JOB PB
#1303 [ sec | sen | sea [ovie |ovs  Jave [avz Javi |
AY
SPINDLE SPEED MANUAL FEEDRATE OVERRIDE
OVERRIDE
#1304 [ DRS [ MP4 l MP2 | MP1 I Hox J HZ ’ HY | HX 1
DISPLAY ,
RESET ' - Vv
HANDLE PULSE MULTIPLY HANDLE AXTS
#1305 (_AFL E MLEK [ OPT l DRN IBDT 1 DLK [ | SBK I
M- MACHINE OPTIONAL DRY  BLOCK DISPLAY SINGLE
FUNCTION LOCK  STOP RUN  DELETE LOCK BLOCK
LOCK
#1woe | sex | m | rer | Tua lzev | epmk | sp | st ]
PROGRAM F1-  RETRACT TIMIN ZERO EDIT FEED CYCLE
RESTART DICIT RETURN  LOCK HOLD START
#1307 | PLNT [ ANG | ABS | JMI | MIZ ] MIY ] MIX |
PROGRAM Z-AXIS MANUAL Ny
INTER- LOCK  ABSOLUTE MTRROR TMAGE
#1308 [ 9BDT 4 8BDT [ 7BDT I 6BDT ESBDT | 4BDT | 3BDT | ZBD l

~

SPECIAL BLOCK DELETE

#1309 | j v | ] l | I |

4TH
AXIS
NEGLECT
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D, Dg D, D, D, D, D, D,

#1310 | | | ] | 260 12z [ 2y | 2mx ]
"SECOND HANDLE AXIS SELECT

#1312 IELYBK ] | | ] ! [Exct  TEsco |

PLAYBACK EXT STROKE CHECK SELECTION

nes T T T T T T [
PO S U A S S R S

nas ] ] | L L]

#1316 [ EFIN [ FIN |an I EOP IEI_{S ] EXEC | STLK |MRD
COMMAND MST FXTERNAL END  EXTERNAL EXTERNAL CYCLE  FUNCTION
CYCLE COMPLE- REWIND PRO- RESET  TIME START  PREP

TION GRAM COUNT COMPLETED

#1317 |S-INV_[S-FIN | *s-STP [SAcR _ |SoR | GrB  Jora fest |

SPINDLE S FIN SPINDLE SPINDLE “———v———' CEAR
REVERSE COINCI- INDEXING  GEAR SHIFT
DENCE SELECTION

#1318 | ERR2 | Erg ]ERRO | ] | EXOUT IEXVER iEXINJ
DEC TO IMMEDI- SINGLE EXTERNAL EXTERNAL EXTERNAL
STOP  ATE BLOCK OUTPUT  COLLATION INPUT

STOP STOP
#1319 [ ‘Lo |*+la  *-LZ | %1z [ %Ly [oeLy |+-Lx L x|
W
OVERTRAVEL
#1320 L | I | l *TTo E*ITZ I*ITY l *ITX I
A\

hd
AXIS INTERLOCK

#1321 [*—Ena| #+EDa | *-EDZ | *+EDZ | *-EDY [ #+epy [*-EDX [remDx |

A4
EXTERNAL DECELERATION

#1322 | [ | | !*svéFa | xsvorz | #svory [ssvorx |
SERVO OFF
#1323 [z [ ute | vis [ utd | I3 | vz | wmi [ UI0 ]
= USER 'MACRO
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#1200

#1201

#1202

#1216

#1217

#1218

#1219

#1220

#1221

#1222

#1223

D

Table 4.2 List of Standard Qutput Signals

D D

D D D D D

7 6 5 4 3 2 1 0
M
J 30 [ MO2 | MO1 | M00 | DEN | op | s | st |
POSETION- FEED- TEMPO- CYCLE
ING COM~ ING  RARY  START
PLETED STOP
| 2ZPq | 22PZ | 2ZPY | 2ZPX ] 1zpul 1ZPZ. | 1ZPY | 12PX
SECOND REFERENCE POINT LAMP FIRST REFERENCE POINT LAMP
I 47Pat 1 42P7 | 4ZPY | 4ZPX l BZPaI 3zpi'| 3ZPY ! 7,PX ]
- N
FOURTH REFERENCE POINT TAMP THIRD REFERENCE POINT LAMP

[28/128 [ 17 /724 | 6 /722 | 5 /121 | v4sris [13/104 |12/112 [T /111 ]

AV

~—

T FUNCTION BINARY/BCD OUTPUT

[T16/T4ﬂT15/T441TI4/fZE]T13/T411T12/T38‘T11/T34!T10/T32[T9/T31

A4

T FUNCTION BINARY/BCD OUTPUT

‘ TAP [ MO4S | TLMO Icsos ] EREND {ESEND ] RST | AL ]
TAPPING SPINDLE TOOL  CHANNED EXTERNAL EXTERNAL RESET ALARM
LENGTH CYCLE DATA DATA
MEASURE- INPUT  INPUT
MENT COMPLET- COMPLET-
ED ED
| srv | sse | er | EF S [ TF I SF | M 1
SPINDLE SPINDLE MF  EXTERNAL B- - . M-
REVERSE STOP OPERA-  FUNC- FUNC- FUNC-  FUNC-
\ TION TION TION  TION FION
FOR CANNED CYCLE
1 SE8 | 557441 SB6 ] SBS | SBA | SB3 | SB2 l SB1

.

S-FUNCTION BINARY OUTPUT

l J_§B12 Jﬁ SB11 I SB10 | SB9

VT

S—-FUNCTION BINARY OUTPUT

| M8

B M6

| M5 Tﬁgﬁz' | M3 | M2 | M J

{ 0s _1_ EDTS

M-FUNCTION BINARY/BCD OUTPUT

ORIENTA- EDITING INPUT

TLON

ERROR

1 LER 4{ 4NGC l AUTO I MAN | RDY l RWD
4TH AUTO- MANUAL PREPARA- REWIND
AXIS  MATIC T1ON
NEBLECT COMPLETED
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D D

D D 3 2

7 6 D

D

5 4

D, Dy

#1224 rSDASI spa7 | spa6 | spas | spas | soa3 | spaz | spat |
~ .

—
SPINDLE OPERATION COMMAND

#1225 [ SDA16 | SDA1S " spat4 | spat3 [ spat2 | spatt | spato | spag J

©
SPINDLE OPERATION COMMAND

#1232 [ 88/828] B1/B24] B6/B22| B5/B21 | B4/B18 [B3/B14 |B2/812 | B1/B11]

B FUNCTION BINARY/BCD OUTEUT

#1233 [816/548]B15/844 [B14/B42 | B13/B41 [B12/B38 [B11/B34 |B10/832 | BY/B31

v—
B FUNCTION BIBARY/BCD OUTPUT

23 [ s28 | sz [ s22 | s [ s18 | s14

]s1 2/GRH ]51 1/GRL |

S FUNCTION BCD OUTPUT

LOW- KIGH-
SPEED SPEED
GEAR GEAR

#1235 [ s4s | sas | se2 | sa1 | s38 | s34 | sw | s; |
S FUNCITON 'BCD OUTPUT
m2ss [ w | w | uvs | w | v | vz | w | w |
USER MACRO
#237 [ws | ws o3 Jwe Jun [ wo | v | ws !
USERVMACRO
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Table 4.2 List of Standard Output Signals (Cont'd)

D7 D6 D5 Dl& D3 D2 D1 DO
#1280 [ 0 [ 0 | 0 [ R | F N3 SN2 SN1 _1
TAPE FEED SWITCH SYSTEM NO. SWITCH
#1281 i ] l ON-PB | OLD l SVALM l ESP i QHT l
POWER OVERLOAD SERVO EMER- OVERHEAT
ON ALARM GENCY
SWITCH STOP
282 | 1mp7 [ wmee | twes | 1mes | 1mes | smp2 | 1wt | tweo |
HANDLE PULSE
#1283 [_ EXT ] 0 I RSTS | RST4 \ RST3 ] RST? I RST1 ] RSTO 1
EXTERNAL DISPL‘:AY RESET PUSHBUTTON
#1284 | svoN | neD | ] ] [ | [ ]
SERVO  NC
POWER READY
ON
m28s | 0 0 o | o [ o ] o] ol o |
A zal
CONSTANTS ™1"
#1286 | 0 o | o | o | o | ol o [ o |
'l
CONSTANTS "'0"
#1287 o | o | o [ o |sea | serz | seov | skox |
SERVO 'READY
#1288 | ALMX | PGALX [SMCALX TGALX | SDALX | oOLX ] FUX ISRDYX ]
X—-AX1S PG DIS— SERVO TG ALARM OVER- FUSE SERVO
ALARM  CONNEC- ERROR  SIGNAL LOAD  BLOWN  REACY
TI0¥
X-AXIS SERVO UNIT MONITOR
#1289 | Ay | poaLy [sMcaLy | TeaLy |spaLy | oLy | Py [sRovy
Y-AXTS PG DIS- SERVO TG ALARM OVER- FUSE  SERVO
ALARM  CONNEC- ERROR  SLCNAL LOAD  BLOWN  READY
TION
—
Y-AXIS SERVO UNIT MONITOR
#1290 | Az | poarz |smcarz [tcaz [spauz | oz | ruz [seovz |
Z-AXIS PG DIS- SERVO TG ALARM OVER- FUSE  SERVO
ALARM  CONNEC- ERROR  SIGNAL LOAD  BLOWN READY

TION

W

Z-AX1S SERVO UNIT MONITOR
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D7 D6 D5 DA D3 D2 D1 DO

#1291 fiALMa l PGALQl ‘ SMCALul TGALc ‘ SDALx l OLo l Fla L SRDYG I
4TH PG DIS- SERVO TG ALARM  OVER- FUSE SERVOQ
AXIS CONNEC-  ERROR SICNAL LOAD BLOWN  READY

ALARM  TION
N\

v
o—AXIS SERVO UNIT MONITOR

M | | l | l I [

1293 [ | [ [ zxec [ assc | EDTLXC | ] |

Z-A¥IS MANUAL EDIT
NEG- ABSOLUTE LOCK

LECT
#1204 [ AFLC | MLKC | OPTC | DRNC | BIDC | DLKC | STLKC | SBKC ]
AUX FUNC- MACHINE OPTION- DRY OPTIONAL DISPLAY START  SINGLE
TION LOCK LOCK  NAL  RUN BLOCK  LOCK  LOCK  BLOCK
STOP SKIP
p2os | ] | eLBkc | [wioc | mizc | mrvc | wixc |
PLAYBACK a z b X

e

v
MIRROR IMAGE AXIS
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APPENDIX -5 LIST OF ALARM CODES

Table 5.1
Alarm No, Spindle Operation Type of Alarm
000 to 099 Stop at block end Tape format error alarm
100 1o 399 Stop at block end Macro, operation, external input/
i oulput error, sequence error {1)
200 {0 299 Decelerate to stop Ove_r.travel, reference point return,
: positioning, machine ready
300 to 399 Decelerate to stop E‘cér’v?{,pémergency stop, overload
400 to 499 Decelerate to stop Sequence error (2)
500 to 599 Immediate stop Sequence error {3)
600 to 699 Segquencer message
700 1o 799
800 to 899 NC system stop CPU error, RAM error, ROM error
300 to 999 _ Off-line error
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Table 5-2 List of Alarm Codes (Cont'd)

Code Causes Code Causes
000 | POWER OFF 014 | PROG ERROR {"-," "0")
SETTING THE PARAMETER SIGN "-." "0" NOT CORRECTLY USED
REQUIRING TURNING OFF POWER
001 | ZR UNREADY (X) 015 | PROG ERROR (UNUSABLE CH)
REFERENCE POINT RETURN NOT UNUSABLE GHARACTER PROGRAMMED IN
COMPLETED X INSIGNIFICANT DATA AREA
002 | ZR UNREADY (Y) 016 | PROG ERROR (UNUSABLE AXIS)
REFERENCE POINT RETURN NOT DEFINED AS ADDITIONAL AXIS OR
COMPLETED Y B-FUNCTION
003 | ZR UNREADY (Z) 017| PROG ERROR {8 DIGITS)
_______________________________________________________ e e e e e ot T Y " e S S A . —— o —————
REFERENGE POINT RETURN NOT INPUT DATA OVERFLOW (MODE THAN 8
COMPLETED Z CHARACTERS)
004 | ZR UNREADY (4) 020 | PROG ERROR (G)
REFERENCE POINT RETURN NOT UNUSABLE G CODE OR G CODE NOT
COMPLETED. INCLUDED IN OPTIONS PROGRAMMED
005 | ZR UNREADY (5) 021 | PROG ERROR (G)
REFERENCE POINT RETURN NOT G CODE IN 1, 4, * GROUP PROGRAMMED
COMPLETED. SIMULTANEOUSLY IN A BLOCK
010 | TH ERROR 022, PROG ERROR (G02/03, G43/44)
TAPE HORIZONTAL PARTY G43, G44 COMMANDED IN CIRCULAR
ERROR INTERPOLATION MODE (G02, G030
i
0l1| TV ERROR 023 PROG ERROR (C)
TAPE VERTICAL PARITY ERROR UNUSABLE G CODE COMMANDED IN
CANNED CYCLE
012 | OVERFLOW (128CH) 024! PROG ERROR (G, G41/42)
BUFFER CAPACITY OVERFLOW IN A UNUSABLE CODE COMMANDED DURING
BLOCK (128 CHARACTERS) COMPENSATION MODE
013 | PROG ERROR (NO ADDRESS) 025]. PROG ERROR (G70/71/72)
TTTTTITADDRESE PLUS NO DAT A AND NE I | T e T e T T
ADDRESS COMMANDED. OR NO ADDRESS G70 ggDGéigog‘MANDED EXCEPT IN
PLUS DATA CAN LES
NOTES:

1. No move command in three blocks in series
at G41 (G42) command.

2, MO0 commanded when rise.

3. Rise at circular interpolation block.
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Table 5-2 List of Alarm Codes (Cont 'd)

Code Causes Code Causes
026 | PROG ERROR (G41/42) 038 | PROG ERROR (P, G10)

“" " "1 RISE FRROR AT COMPENSATION C (COMMAND [ | e o~
RISE ERROR AT COMPEN (COMM . TOOL LARGE P WHEN WORK COORDINATE
WHICH CANNOT BE ACCOMODATED COR SYSTEN 18 PROGE A TORK
REGTLY IN COMPENSATION G MODE)SEE NOTES uT

027 | PROG ERROR (G41/42) 040 | PROG ERROR (M98, G65/66)
ERROR AT COMPENSATION C (ERROR T NOT PROGRAMMED IN M98, G5, Go, C2.
- FR ¢ IN NO. IN GZ5MODE.
IN CIRCULAR INTERPOLATION MODE) G25 AND M98/M99 PROGRAMMED SIMULTANEOUSLY.
030 | PROG ERROR (F) 041 | PROG ERROR (M08/09, G65/66)
____________ _"_"""""""““"""_""""“""F"__f’_ﬁ(_)_c}_ﬁ_A-l\I—N_(_)—."(TS_E_QfJ'E—NC—E"ﬁC—)'.')'N—(ST""'
NO F-COMMAND IN FEED COMMAND FOUND WHEN PROGRAM IS CALLED BY
M98, G65, Géb, G25, G, M, T
031 | PROG ERROR (R = 0) 042 | PROG ERROR (M98, NEST)
GIRCLE WITH RADIUS 0 COMMANDED SUBPROGRAM (G25) OR MACRO CALL
IN CIRCULAR ARC COMMAND FIVE-NESTED. ‘ ’
032 | PROG ERROR (G02/03) 043 | PROG ERROR {G75)
COMMANDS ON THREE AXES IN CIRULAR UNUSABLE ADDRESS COMMANDED IN
ARC COMMAND WITHOUT HELICAL OPTION G75. -
033 | PROG ERROR (G02/03) 044 | PROG ERROR (G12/13)
COMMARDS ON MORE THAN FOUR AXES IN CIR- IN GIRCLE CUTTING, PROGRAMMED RADI-
CULAR ARC PLANE WHOSE ARC CANNOT BE US R IS SMALLER THAN COMPENSATION D
SELECTED FROM THE COMMAND LER 1 NSA .
034 | PROG ERROR (G02/03) 045 | CAL ERROR (G41/42)
CIRCULAR ARG R DESIGNATION ERROR
035 | PROG ERROR (D, H) 046 | PROG ERROR (G41/42)

TTTTY TO0 LARGE NO. OF H OR D CODE FOR 1~ ] IN COMPENSATION € MODE, CIRCULAR
TOOL RADIUS COMPENSATION AND TOOL ARC OUTSIDE OF COMPENSATION PLANE
LENGTH COMPENSATION PROGRAMMED . ‘

93 | PROG ERROR (P, G10) 047 | PROG ERROR (G41/42)
oy N D ROCRAM COMPENSATION PLANE CHANGED DURING
COMPENSATION C MODE '
-INPUT
037 | PROG ERROR (P, G10) 048 | PROG ERROR (G41/42)

TOOL LARGE R WHEN WORK CCORDINATE

SYSTEM IS PROGRAM-INPUT

INTERSECTION POINT NOT OBTAINED BY
INTERSECTION COMPUTATION
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Table 5-2 List of Alarm Codes (Cont'd)

Code Causes Code Causes
049 |PROG ERROR (G41/42) 070 | PROG ERROR (M02/30/99)

______ F—_-.___—_.__—_—.--——.--———---...-. - - P S o ot ey ks - ———— e - - —
REVERSE OR ALMOST REVERSE COM- MEMORY QPERATION FINISH COMMAND
MANDED IN M97 MODE NOT GIVEN

050 |SCALING ERROR 075 | RS232C

TV UNUSABLE G CODE (GYZ, U28 L0 G0, | [ T T T s s e s s s em o
G36 TO G138, G70 TO G72} IN SCALING RS232C INTERFACE DISAGREEMENT OF
MODE. NO. OF BITS AND NO. OF BAUD RATES

051 | SCALING ERROR 076 | RS232C
ERROR IN G51 AND G50 BLOCK DATA TRANSMISSION FAILURE
FORMAT. SCALING FAGTOR ZERO. THROUGH RS232C INTERFACE
055 PROG ERROR (M, S, T, B) 077 | R5232C

TTTTTTIM, 8, T, B COMMANDS TN THE BLOCR T 7710 CHARACTERA MORE HAVE BEEN READ ™~
IN WHICH M, S, T, B CODE CANNOT IN AFTER STOP CODE HAS BEEN TRANS-
BE COMMANDED MITTED THROQUGH RS232C INTERFACE

056. | PROG ERROR (AXIS) 080 | PROG ERROR (G0, G22/23)
AXIS COMMAND IN G04, G20, AND G10, G22, AND G23 COMMANDED WITH
G21 BLOCKS AXIS DATA
058 |MIRROR IMAGE (G28) 084 | MIRROR IMAGE (G36/37/38)
G28 COMMANDED DURING MIRROR MIRROR IMAGE IS ON WITH G36 TO
IMAGE G38
059 | ZR UNREADY 085 | PROG ERROR (G36/37)
G28 NOT COMPLETED ON THE AXIS WHIGH HAS | | commmnt prim mvm 1 11 ot apemmom e s 7=
G329 COMMAND OR REFERENGE POINT COMMAND QF I (J) ON MORE THAN ONE
RETURN NOT COMPLETED ON THE AXIS AXIS AT G36 (G37)
066 RESET UN READY (AFTER EDITING) 086 | PROG ERROR (G 38)
COMMAND OTHER THAN K AT G38
067 087 | PROG ERROR (G31/36/37/38)
POWER TURNED OFF DURING WRITING | |- TOUCH SWITCH NOT ON WHEN MOTION
MEMORY REACHES AT END POINT BY G31, G36
TO G38 COMMANDS
068 088 | PROG ERROR (G36/37/38)

EDITING BEING EXECUTED IN THE
EDIT INIIIBIT AREA

TOUCH SWITCH CALCULATION ERROR
AT G36 TO G38 COMMANDS
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Table 5-2 List of Alarm Codes (Cent 'd)

Code Causes Code Causes

100 | CAL ERROR (FIXED POINT) 111 | MACRO ERROR (MOVE G66-M99)
MAGNITUDE OF FIXED POINT DATA MOVE COMMAND IN M99 FINISHING COM-
EXCEEDING UPPER LIMIT MAND OF MACRO CALLED BY Gob.

101 | CAL ERROR (FLOATING) 114 | MACRO ERROR (DO-FORMAT)
EXPONENT OF FLOATING POINT DATA NO. OF DOs AND ENDs NOT THE SAME.
EXCEEDING ALLOWABLE RANGE

102 | CAL ERROR (DIVISION) 115 | MACRO ERROR ([ | UNMACH)
CALCULATION DIVISOR ZERO OR NO. OF LEFT BRACKETS AND RIGHT
OVERFLOW ERROR. BRAGKETS NOT THE SAME.

103 | CAL ERROR (SQUARE ROOT) 116 | MAGRG ERROR (DO-END NO.)

ROOT VALUE IS A NEGATIVE CONDITION 1<n< 3
(-} NOT ESTABLISHED IN DOn.

104 | PROG ERROR (DOUBLE ADD) 117
SAME ADDRESS REPEATED IN ‘A
BLOCK.

105 | MACRO ERROR (CONSTANT) 118 | MACRO ERROR (GOTO N)

CONSTANTS USABLE IN USER MACRO CONDITION 0 <n< 9999 NOT ESTABLISHED
EXCEEDING THE LIMIT. OR NO SEQUENCE NO. IN GO TO n.

107 | MACRO ERROR {(FORMAT) 120 | PRTN ERROR (NOT FOUND)

ERROR IN THE FORMAT AND SEQUENGE NO. NOT FOUND IN PART
EQUATION. PROGRAM.

108 | MACRO ERROR (UNDEFIN # NO) 121 | PRTN ERROR (G92)

UNDEFINED VARIABLE NO. G92 COMMANDED THROUGH MDI OPER-
DESIGNATED. ATION DURING PROGRAM RESTART.

109 | MACRO ERROR (#NO NOT LEFT) 122 | PRTN ERROR (G54-G59)
ig%%%g@??uﬁrﬁgﬁl?ﬁf&;’ _‘”‘HP:QSLE G54 TO G59 COMMANDED THROUGH MDI
A S EOUATION. OPERATION DURING PROGRAM EESTART.

110 | MACRO ERROR ([ 15 LIMIT) 123 | PRTN ERROR (ORG)

MULTIPLE LAYERS OF PARENTHESES
EXCEEDING THE UPPER LIMIT (5).

DEPRESSING THE ORG BUTTON DURING
PROGRAM RESTART.
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Table 5-2 List of Alarm Codes (Cont 'd)

Code Causes Code Causes
124 | PRTN ERROR (MDI MOVE) 145
AXIS OPERATED BY MDI AFTER
PROGRAM RESTART
130 | EXT DATA 146 | PROG ERROR (G100)
——————————————————————— ———— ——— o - -—— ———-v——-k—————n—-—---———————ﬂn—--—-—--——————————-u—--_—._
DATA ERROR IN A GROUP DATA HIGH-SPEED CUTTING COMMAND G101
OR G102 NOT CANCELLED BY G100.
131 | EXT MESSAGE 147 | PROG ERROR (PARAMETER ON)
O A NS SRR ™| acueran oo o s 20 40
P R EARED. HIGH-SPEED CUTTING COMMAND.
132 | EXT MESSAGE 170 | MEM ERROR (OFS)
NO CORRESPONDING ALARM NO. WHEN TOOL OFFSET TOATAL CHECK ERROR
EXTERNAL ALARM MESSAGE IS CLEARED.
133 | EXT MESSAGE 172 | MEM ERROR (SET)
NO CORRESPONDING ALARM NO. WHEN SETTING AREA TOTAL CHECK ERROR
EXTERNAL ALARM MESSAGE IS CLEARED.
140 | PROG ERRROR (P NG) 173 | MEM ERROR (PRM)
=~ NG ARTS COMMAND IN HIGH-SPEED | T [ o T e FRROR
R L ROGRAM AT HIGH-SPEED PARAMETER AREA TOTAL CHECK ERROR
CUTTING COMMAND.
141 | PROG ERROR (FILE OVER) 179 | OVER TEMP
TTTTTTING T OF BIOERS IN REGISTERED T T T S T i e
PROGRAM EXCEEDING THE SPECIFIED i‘;‘ggL INSIDE TEMPERATURE TGO
VALUE IN HIGH-SPEED CUTTING.
142 | PROG ERROR (G00/G01/G02) 180 | SEQ ERROR
~TTTT G CODE OTHER THAN G 00, GOL, GOZ-AND G03 OR Nt
M, S, T CODE COMMANDED IN REGISTERED PRO SEQUENCE ERROR (1)
GRAM AT HIGH- SPEED CUTTING COMMAND.
143 181 | SEQ ERROR
SEQUENCE ERROR (1)
144 |PROG ERROR {G101/G100) 182 | SEQ ERROR

ADDRESS OTHER THAN P COMMANDED IN
G100, G101, G102 BLOCK.

SEQUENCE ERROR (1)
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Table 5-2 List of Alarm Codes (Cont'd)

Code Causes Code Causes
183 SEQ ERROR 193 SEQ ERROR
SEQUENCE ERROR (L) ! SEQUENCE ERROR (1)
184 SEQ ERROR 194 SEQ ERROR
SEQUENCE ERROR (1) SEQUENCE ERROR (1)
185 SEQ ERROR 195 SEQ ERROR
SEQUENCE ERROR (1) SEQUENCE ERROR (1}
186 SEQ ERROR 196 SEQ ERROR
SEQUENCE ERROR (1) SEQUENCE ERROR (U
187 SEQ ERROR 197 SEQ ERROR
SEQUENCE ERROR (1) SEQUENCE ERROR (1)
188 SEQ ERROR 198 SEQ ERROR
SEQUENCE ERROR (1) SEQUENCE ERROR (1}
189 SEQQ ERROR 199 SEQ ERROR
SEQUENCE ERROR (1) SEQUENCE ERROR (1)
190 SEQ ERROR 201 QT (X)
SEQUENCE ERROR (1) OVERTRAVEL X
191 SEQ ERROR 202 OT (Y)
SEQUENCE ERROR (1) OVERTRAVEL Y
192 SEQ ERROR 203 OT (Z)
! SEQUENCE ERROR (1) QVERTRAVEL Z
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Table 5-2 List of Alarm Codes (Cont'd)

Code Causes Code Causes
204 | OT {4) 223 | s-0T2 (Z)
OVERTRAVEL 4 STORED STROKE LIMIT SECOND AREA
(OUTSIDE INHIBIT) 2
205 | OT (5) 224 | S-OT2 (4)
OVERTRAVEL 5 STORED STROKE LIMIT SECOND AREA
{(OUTSIDE INHIBIT) 4
211 | S-0T1 (X) 230 | TOOL BROKEN
STORED STROKE LIMIT FIRST AREA X AT BROKEN TOOL DETECTION BY G3Z2,
33, Z-AXIS MOVES TO THE SET POSITION
BUT SENS (T) INPUT NOT TURNED ON.
212 | 8-0T1 (Y) 231 | ZR ERROR-AREA (X)
STORED STROKE LIMIT FIRST AREA Y REFERENCE POINT RETURN AREA ERROR
X
213 | S-0T1 (Z) 232 | ZR ERROR-AREA (Y)
STORED STROKE LIMIT FIRST AREA Z REFERENCE POINT RETURN AREA ERROR
Y
214 ;| §-0OT1 (4) 233 | ZR ERROR-AREA (Z)
STORED STROKE LIMIT FIRST AREA 4 REFERENCE PQINT RETURN AREA ERROR
y/
215 | $-OT1 (5) 234 | ZR ERROR-AREA (4)
STORED STROKE LIMIT 18T AREA 5 REFERENCE POINT RETURN AREA ERROR
4
220 | $-OT2 (INSIDE) 235 | ZR ERROR-AREA (5)
STORED STROKE LIMIT SECOND AREA REFIE}\ENCE_E&_N_{ ‘ﬁﬁ_{ﬂgﬁ_ﬁﬁﬂﬁc_)—;{__s _____
(INSIDE INHIBIT)
221 | 5-0OT2 (X} 241 | ZR ERROR-POS (X)
STORED STROKE LIMIT SECOND AREA REFERENCE POINT RETURN AREA ERROR
(OUTSIDE INHIBIT) X X
222 | 8-0T2 (V) 242 | ZR ERROR-POS (Y)
STORED STROKE LIMIT SECOND AREA REFERENCE POINT RETURN AREA ERROR
{OUTSIDE INHIBIT) Y ¥
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Tabie 5-2 List of Alarm Codes {(Cont 'd)

Code Causes Code Causes

243 | ZR ERROR-POS (Z) 274 | P-SET ERROR (4)
REFERENGE POINT RETURN AREA P SET ERROR 4
ERROR Z

244 | ZR ERROR-POS (4} 275 | P-SET ERROR (5)
REFERENCE POINT RETURN AREA PROGCRAM SET ERROR 5
ERROR 4

245 | ZR ERROR-POS (5) 280 | MACH UNREADY
REFERENCE POINT RETURN MACH RDY OFF 77
POSITION ERROR 5.

250 | $-0T3-5 (INSIDE) 310 | SERVO POWER NOT SUPPLIED
STORED STROKE LIMIT 3RD, 4TH, SERVO POWER NOT SUPPLIED
5TH AREA INSIDE PROHIBITED.

251 | S-OT3-5 (X) 320 | NC UNREADY
STORED STROKE LIMIT 3RD, 4TH, NC UNREADY P SET UNREADY
5TH AREA OUTSIDE PROHIBITED X.

252 | S-OT3-5 (¥) 330 | EMERGENCY STOP
STORED STROKE LIMIT 3RD, 4TH, EMERGENCY STOP
5TH AREA OUTSIDE PROHIBITED Y.

253 1 S-OT3-5 (2Z) 331 | FUSE (X)
STORED STROKE LIMIT 3RD, 4TH, FUSE BLOWN X } )
5TH AREA OUTSIDE PROHIBITED Z.

271 | P-SET ERROR (X) 332 | FUSE (Y)
P SET ERROR X FUSE BLOWN Y

272 | P-SET ERROR (Y) 333 | FUSE (Z)
P SET ERROR Y FUSE BLOWN Z

273 | P-SET FRROR (Z) 334 | FUSE (4)
P SET ERROR Z FUSE BLOWN 4
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Table 5-2 List of Alarm Codes (Cont'd)

Code Causes Code Causes

335 | FUSE (5) 355 | OL (5)
FUSE BLOWN 5 QVERLOAD (1) 5

341 | SERVO ERROR (X) 357 i OL (OTHERS)
SERVO ERROR X OVERLOAD (2)

342 | SERVO ERROR (Y) 361 | PG ERROR (X)
SERVO ERROR Y PG ERRCR X

343 | SERVO ERROR (2Z) 362 | PG ERROR (Y)
SERV(C ERROR Z PG ERROR Y

344 | SERVO ERROR (4) 363 | PG ERROR (Z)
SERVO ERROR 4 PG ERROR Z

345 { SERVO ERROR (5) 364 | PG ERROR (4)
SERVO ERROR 5 PG ERROR 4

351 | OL (X) 365 | PG ERROR (5)
OVERLOAD (1) X PG ERROCR 5

352 | OL (Y) 371 | FG ERROR (X)
OVERLOAD (1} ¥ FG ERROR X

353 ; oL (Z) 372 | FG ERROR (Y)
OVERLOAD (1) Z FG ERROR Y

354 [ OL (&) 373 | FG ERROR (Z)
OVERLOAD (1) 4 FG ERROR Z
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Table 5-2 List of Alarm Codes (Cont 'd)

Code Causes Code Causes
174 FG ERROR (4) 394 TG ERROR (4)
FG ERROR 4 TG LEAD DISCONNECTION
375 FG ERROR (5) 395 TG ERROR (5)
FG ERROR 5 TG LEAD DISCONNECTION
381 RPG ERROR (X} 400 SEQ ERROR
RPG ERROR X SEQUENCE ERROR (2)
382 | RPG ERROR (Y) 419 | SEQ ERROR
RPG ERROR Y SEQUENCE ERROR (2)
383 RPG ERROR (2Z) 300 SEQ ERROR
RPG ERROR Z SEQUENCE ERROR (3)
384 RPG ERROR (4) 519 SEQ ERROR
RPG ERROR 4 SEQUENCE ERROR (3}
385 RPG ERROR 5 800 MEM ERROR
PROGRAM ERROR 5 BUBBLE FAILURE
INPUT/OUTPUT FAILURE
391 TG ERROR (X} 801 MEM ERROR
TG LEAD DISCONNECTION BUBBLE FAILURE
INITIAL ERROR
392 TG ERROR (Y) B02 MEM ERROR
TG LEAD DISCONNECTION BUBBLE FAILURE
UNDEFINED COMMAND
393 TG ERROR (Z) 803 MEM ERROR
TG LEAD DISCONNECTION BUBBLE FAILURE
TRANSFER MISSING
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Table 5-2 List of Alarm Codes (Cont'd)

Code Causes Code Causes
804 MEM ERROR
BUBBLE FAILURE PARITY ERROR
805 | MEM ERROR
BUBBLE FAILURE NO MARKER
806 MEM ERROR
BUBBLE FAILURE MANY DEFECT LOOPS
810 RAM ERROR
RAM CHECK ERROR
820 § ROM ERROR
ROM CHECK ERROQOR
830 CPU ERROR
CPU ERROR (1)
840 CPU ERROR

CPU ERROR (2)

910 | TAPE MEM ERROR
MEMORY VERIFYING ERROR
{(OFF-LINE)

920 | TAPE ERROR
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APPENDIX - 6 LIST OF ADDRESS CHARACTERS

Table 6.1 List of Address Characters

é(}jl;lrests s Meanings B: Basic
racte O: Optional
A Additional rotary axis parallel to X-axis 9]
B Additional rotary axis parallel to Y-axis o
C Additional rotary axis parallel to Z-axis o}
D Tool radius offset number B, O
E User macro character O
F Feedrate B
G Preparatory function B, O
H Tool length offset number B
I X-coordinate of arc center B
Radius for circle cutting o]
7 Y -coordinate of arc center B O
Cutting depth for circle cutting 4
K Z-coordinate arc center B
L Number of repetitions B, O
M Miscellaneous functions B
N Sequence number B
0 Program number B
P Dwell time, Program No. and sequence No. B
designation in subprogram o;
Q Depth of cut, shift of canned cycles O
R Po'm‘t R forA cann.ed cyclesA o B
Radius designation of a circular arc
S Spindle-speed function B
T Tool function B
U Additional linear axis parallel to X-axis (0]
A Additional linear axis parallel to Y-axis Q
W Additional linear axis parallel to Z-axis O
X X-coordinate B
Y Y -coordinate B
Z Z-coordinate B
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Table 6.2 Function Characters

EIA Code 1SO Code Meanings Remarks
Blank Nut gxl';:;g;r;;;gn:;lci;%t data area in EIA
BS BS Disregarded
Tab HT Disregarded
CR LF/NL End of Block (EOB)
CR Disregarded
SP 5P Space
ER % Rewind stop
uc Upper shift
LC Lower shift
2-4-5 bits ( Control out {Comment start)
EIA:
2-4-7 bits ) Control in (Comment end} Special
code
+ + Disregarded, User macro operator
- - Minus sign, User macro operator
Oto 9 0to 9 Numerals
atoz Ato Z Address characters, User macro operator
/ / Optional block skip
Del DEL Disregarded (Including All Mark)
Decimal point
le;i;r;itger # Sharp (Variable)
* * "Astrisk (Multiplication operator)
= = Equal mark
[ { Left bracket
] ] Right bracket g;:::ial
User macro comment code
$ $ User macro comment
@ @ User macro comment
? | User macro comment
Notes:

1. Characters other than the above cause error in significant data area.
2. Information between Control Out and Control In is ignored as insignificant data.

3.0 Tape code (ETA or 150 can be switehed biv osetting.
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Table (.3  Tanc Code

Ela CODE i 150 CODE
Fels o]l [+]2] CHARACTERS BEREREOEEERD
0 o 0 ' OO o
S S A i A e P T PR B PR P o &
B - Tl Ty TG G e T T >
r RS S I I PR PO I U S T PO Y B S olo
T T T 4 ol oo {-lo
I A I Y B I oS B PSS IR L |olo o |o
B ) 1 11 e B L N 5
ololalo 7 ) o0 o|lQlOolC
T T TR e i 8 ol lojolo]e
B I I3 9 olola|- IS
| ¢y T a A O 0 O
[S3E0) . o b B 119 @]
Tl Talal i olol <« | ¢ olo o 0io
BRI slolT T e D R O
=elal [Hlo] o e E olo «|al [o
“lololGT ol { F o] I8 ¢ [O0]0
1ais sl O[O g G O BEEE
olol 1ole h | H s BIE
I R TREIE ol O
ST e T O ] 0lo o e 8}
15 Tl S K K __O_ Qjn 010
T T U AT e e ’Anl—_—_—*L 0|0 Ol |0
0 o ol TTm M Y Qlo|O 0
- ¥ T ) (;\7 - —:n__v;LIG-—— . 2 Ol OO
1 i o Q) [RERW! Do
' , ] F P } P . o O °
SRae O I 1 ) W e M A W e
O i K o |y Ie] o ]
o I ol 161 o1 Tolo
alal™ T T OO O 2 {0
ol u U ) I3} Ys s}
O] o] . v Tloi o oG]0
olo T TTw olel Toj Jelelojo
AT T . T T [alo] lojole
T T Ty ol ol 3)
L I A I I G
N T A A L I TRienk | oNURL ] ] B
-t } 1T f?'{r}'.'\"" ~1 0 T Bs o5 1 RIE
o 0 P Y Y P O S S TR O I IR I 0
N R O T = T I P 1 Glel lo
i I N B L o[~ o] lo
’7\ ‘é'.' i __ BER o} 1o o Naotes:
1 [ 0l © ©12] 191 1. For characters from # to ?,
: - : ETA codes have not been
B R =y R e 9 agreed upon. In the
— - B present system, for the time
A T A & being, the above provisional
19 O o codes are used.
IR O
= 8 © 8 : 5 8 5 2. EIA code of character # can
-L be designated by the param-
ololojoiol~lolnlo
L8 eter #6017,
Ol |O[O10]» 101010
O 0Q ° Q0
O o |0O]- O
e o _olelol- o] 10
SN 10| [210)» OO0
| Ol0} 1ololelo] 1o
|- j,' O 010
@) (_] I e L) <
i el Te lraion Q1O0]0] =+ |Q{00
1010 Toget Tofe . O] 1012100

|

a8

(o)

o~
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Table 6.4 Tape Format

Metric output Inch input . .
No Address g gaa;}c
Metric input| Inch input| Metric input| Inch input ¢ Optional

1 Program No, Q4 04 B
2 Sequence No. N4 N4 B
3 G function G3 G3 B
. Linear axis a+ 43 a+ 34 a+ 53 a+ 34 B

4 Cordinate
Word Rotary axis| b + 43 b + 43 b + 43 b + 43 o
5 Feed/min F40 F31 F50 F3l B
[ Feed/min 1/10 F41 F32 F51 F32 B
7 Feed/rev F22 F13 F22 Fl3 0
B Feed/rev 1/10 - F23 Fl14 F23 Fl14 0
52 S52 B

9 S-function
55 55 0
T2 T2 B

10 T-function
T4 T4 O
11 M-function M3 M3 B
12 Tool Offset No. HZ2 or D2 HZ or D2 B
13 B-function B3 B3 O
14 Dwell P53 P53 B
15 Program No. designation P4 P4 B
16 Sequence No. designation P4 P4 B
17 No. of repititions L8 L8 B
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Table 6.5 Range of Program Conmands

Metric Output

oo v Ontpant

No Addresa : - . .
Mette bapat Lo B Toprad Motuvn. tagiad iw hlpul
] "oy Number O 1 1o 9999 I to G999 1 to 9999 1 to 9999
2 | Sequence Number N |1 to 9999 1 te 9999 1 to 9999 1 to 9999
3 | G-function G {0 to 199 0 to 199 0 to 199 0 to 199
Coordinate address
4 Linear axis + 8388.607 mm + 330. 2601 in, + 21307.061 mm/| * 838.8607 in.
Rotary axis * §388,607 deg | +8388.607 deg | %£8388.607 deg | + B388,607 deg
Max cumulative value +96999,999 mm | +9999,.99999 in. | + 99999.999 mm | * 9999.99999 in.
. 1 to 8100 0.1 to 313.0 1 to 20574.0 0.1 to 810.0
5 | Feed per minute F . . . . . :
mm /min in. /min mm/min in. fmin
6 Feed per minute 0.1 to 8100.0 0.01 to 313.00 0.1 to 20574.0 | 0.01 to £10.00
1/10 mm /min in. /min mm fmin in. /min
7 | Feed per revolution 0.01 to 99.99 0.000‘1-to 3.936 | 0.01 to 99.99 0.0001 to 3,936
mm {rev in. frev mm [rev in. frev
g |Feed per revolution 0.01 to 99.999 0.001 to 3.9366 | 0.001 to 99.999| 0.0001 to 3.9366
1/10 mm/irev in. frev mm/rev in. {frev
52 |0to 99 0 to 99 0 to 99 0 to 99
9 | 5-function
S5 0 to 99999 0 to 99999 0 to 99999 0 to 99999
T2 |0 to 99 0 to 99 0 to 99 0 to 99
10 T-function
T4 (0 to 9999 0 to 9999 0 to 9999 0 to 9999
11 M-function M |0 to 199 0to 199 ¢ to 199 0 to 199
H |0 to 99 0 to 99 0 to 99 0 to 99
iZ2 | Tool offset No.
D [0 to 99 0 to 99 0 to 99 0 to 99
13 B-function B |0 to 999 0 to 999 0 to 999 0 to 999
1
0 to 99999.999 0 to 99999.999 0 to 99999.999 | 0 to 99999.999
14 Dwell P
sec sec sec sec
|5 | rogram No. P11 to 9999 1 to 9999 1 to 9999 1 to 9999
designation
1 | Sequence No. P |1 to 9999 ! to 9999 1 to 9999 1 to 9999
designation
17 |No. of repetitions L 99999999 99999999 99999999 9999999¢%
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Table 6.6 Range of Data Setting

Metric Qutput

Inch Cutput

Address
Metric Input Inch Input Metric Input | Inch Input
Least i ¢ t 0.001 or 0.0001 or 0,001 or (.0001 or
cast Input ncremen 0.01 mm 0.001 in, 0.0]1 mm 0.00} in,

Max stroke (Distance
from reference point}

1 99999.999 mm

%3937,0078 in.

$9999. 9999 mn.

Tool offset amount &
Tool radius value

0 to

+ 999,999 mm

0 to

*99.9999 in.

0to
1 999. 999 mm

0 to
1 69.9999 in.

Min. feed amount at

STEP /HANDLE 0,001 mm 0.0001 in. 0.001 mm 0.0001 in.

Unit of area | LTOBYaM 0,001 mm 0.0001 in. 0.001 mm 0.0001 in.
A designation

setting for

stored P ter &

stroke limit arameter 0,001 mm 0.0001 in.

setting

Rapid traverse rate

Manual jog speed

Seed at Fo

(7.5 to) 1 to 24,000 mm/min

(0.75 to) 0.1 to 2400.0 in. /min

Max. feedrate

Dry riin speed

1 to 8,100 mm/min

0.1 to 810.0 in. {fmin

Stored leadscrew compen-

sation, stored stroke
limit, and setting area

for 2nd to 4th reference

points

0 to * 9999.999 mm

0 to
+3937,0078 in |

0 to
+9999.9999 in.

Backlash compensation

0 to 255 pulses

0 to 255 pulses

Stored Incremental 0 to 15 pulses 0 to 15 pulses

leadscrew

Compensation | Absolute 0 to 127 pulses 0 to 127 pulses
Note: 1 pulse = least output increment



Table 6.7 List of G Codes

5 IB: Buasl T Roare
cgdc qup\ Funcion g g'l;bt;:n 1 cgdc Group Function g iLj)l:::lltn W
. < 1 . - SRR
GOQ Positioning e B sy Shitt to work coordinate
GOTY Luwar mterpolation + B[ systess | v
Circular interpolation, - Cos "Shift to work coordinate
Go2 0 CwW, Helical interpola- B, O system 2 ©
iijon CW Cs6 Shiff to work coordinate o
Circular interpolation { 12 system 3 ©
Go3 CCW, Helical interpola- B, O IGBT Shiit to work coardinate o
tion CCW system 4
G04 Dwell B | G52 Shift to work coordinate
GOb Positicning in error ; system 5 o
detect off mode —ilzsg Shift to work coerdinate
G09 Exact stop B 1 system 6 ©
* Tool offset vaulue and Gbl 01 Unidirectional approach 8]
G10 work coordinate, Shift- B, O | G61 13 Exact stop mode B
value modification G64 Exact stop mode cancel B
Gl2 Circle cutting CW 8] G65 * Non-modal call of user 0
Gl3 Circle cutti.ng CCW ) | macro
G17 XY planc designation B G6b Modal call of user macro [¢]
G18 02 | ZX plane designation B iG67 14 | Modal call of user macro o
G19 YZ plane designation B : cancel
G20 06 Inch input designation Q HIGT0 Belt hole circle C
G2l Metric input designation [¢] LGTL * 1 Arc O
G22 04 Stored stroke limit ON QO Gi2 Line-at-angle O
G23 Stored stroke limit OFF Q G713 Canned cycle 10 [4)
G27 Reference point check 0 G74 Canned cycle 11 (]
co8 Auftomatic return to o | GT6 Canned cycle 12 4
reference point 1 GTT Canned cycle 13 [§)
G29 * Return from reference o l-GBO Y 09 | Canned cycle cancel Q
point I Canned cycle 1, Output
G130 Return to 2nd, 3rd, I o 681 for external motion ©
) 4th reference point 1 [G82 Canned cycle 2 O
G3l Skip function ) *'GB3 Canned cycle 3 4]
G33 | 01 | Thread cutting ) 1G84 Canned cycle 4 ]
G36 Automatic centering 0 (1G85 Canned cycle 5 Q
G37 ¥ Automatic centering [¢] 1G86 09 Canned cycle 6 [¢]
G38 Z-axis reference sur- o 1G87 Canned cycle 7 Q
face offset 1 1G88 Canned cycle 8 Q
G40 Teol radius compensa- o G389 Canned cycle 9 s}
t 1 "
) '13221 C:;:;_lis compensa- - G99 2555101:;fi:r?mmand b
Gal o7 tion, left © : 03 I = tal d
] v i ncremental comman
G4z T.ool ra‘dius compensa- 0 .:G‘)l designatiqn >
o tion, right coz . Programming of absolute B
43 Tooul length compensa= B . zero point
- ] tion, plus direction 1 Feed per minute
Gad 08 Tool length compensa- 5 1G94 o (mm/min) designation o
’ tion, minus direction | feed N i
o Tool leimn th coml’)cnsa- G95 AR i"-VOl_U“Un_ ©
G49 t g | I B i({rnrt'nh"ev.)‘desqlgna.non
© | |twn, cance eturn to initial point
a5 | Tool positien offset, i B G98 10 for canned cycles ©
o extension . Return fo point R for h
a6 Tool position offset, | G99 canned cycles ©
______ rctracllon_ G100 High—spced cutling cancel D
Ga7 ' Tool position offset, B ‘ High-speed cutting in
double e.xt..ension G101 " sequential processing D
Gas Tool position offset, B ! mode ON
o double retraction lc1o02 High-speed cutting In
G50 Scaling OFF @] H l rocessing mode ON -
pr| 15 . L £
G511 Scaling ON O N
N . 1- otes:
G5e 12 R'(‘turn to base coordi o
i nale system ' i. The G codes in the * group are non-modal,
G53 ' Temporary shilt to ma- o and the effective only for the block in which
chine_coordinate system they are commanded. They cannot be pro-

grammed twice or more in a block. They must
be programmed only once in a block of its own.

2.

selected at power on or reset.
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