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PREFACE

When reading this manual keep 1n mind that the
information contained herein does not cover every
possible contingency which might be met during
the operation. Any operation not described in
this manual should not be attempted with the
control.

The functions and performance as NC machine are
determined by a combination of machine and the
NC control. For operation of your NC machine,
the machine tool bulder's manual shall take pri-
ority over this manual.

The 1llustration of machine control station should
be used for your reference in understanding the
function. For detaled array of operator's devices

and names, refer to machine tool builder's manual.

Unless otherwise specified, the following rules
apply to the description of programming exam-
ples shown 1n this manual.

Absolute Zero Point: _Q_

- Reference Zero Point

(Return to referepce zero by manual and auto-
matic return): .é.

+ Dimensions: 1n MM
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1. INTRODUCTION

The YASNAC MX2 is a high-performance CNC for
simultaneously controihng 3 or 4 axes of a machin-
ing center, with emphasis placed on ligh-speed
machiming, unattended automatic operation, or
feedback gauging control.

With the NC logic incorporating 16-bit micropro-
cessors and various LSIs, the YASNAC MXZ 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

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 mterface, and the logic diagram can be
edited easily from the NC operator's station.

2. PROGRMMING

2.1 INPUT FORMAT
2.1.1 INPUT FORMAT
A variabie block format conforming to JIS #8
6313 15 used for YASNAC MXZ.
EXAMPLE

X

Note:

A decimal peint should be omitted 1n actual pro-
gramming, when you make a program including
decimal points, refer to 2.1,3 DECIMAL POINT
PROGRAMMING on page 5.

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, EOB {end of block} code in a pro-
gram example is represented by a semicolon ;).
In actual programming, CR (EIA code) or LF/NL
(IS0 code) should be used instead of the semi-
colon (;}.

# Japanese Industrial Standard

+ 5 3
T | I—
Down to third decimal place n mm

Five digits of mnteger

Si1gn

Table 2.1 shows the input format. Numerals

following the address characters in Table 2.1

indicate the programmable number of digits.

or
inches

Address character: X

+ Metric input format

Q4 N4 G3 a+43 FS S2Z TZ M3 D(H)Z B}
+ Inch input format

04 N4 G3 a+34 F31 S2 T2 M3 D(H)2 B3;

Notes:
- "a" represents X, Y, 2, I, J or K.

- P, 0, R and L are omitted in the above format
because they are used for various meanings.



2.1.1 INPUT FORMAT (CONT'D)

Table 2.1 Input Format

Metric Qutput Inch Input B: Basic
No Address O: Optional
Metric Input| Inch Input | Metric Input| Inch Input P Wplon

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 aas| b + 43 b + 43 b + 43 b + 43 o)
5 Feed /min F40 F31 F50 F31 B
é Feed/min 1/10 F4l F32 F51 F32 B
52 52 B

7 S-function
S5 S5 o
T2 T2 B

8 T-function
T4 T4 O
9 M-function M3 M3 B
10 Tool QOffset No. HZ or D2 H2 or D2 B
11 B-function B3 B3 O
" 12 | Dwell P53 P53 B
13 Program No. designaton B4 P4 B
14 Sequence No. designation P4 Pa B
15 No. of repititions Lg 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
Charscters Meanings B

A Additional rotary axis parallel to X-axis o)
B Additional rotary axis parallel to Y-axis 9]
c Additional rotary axis parallel to Z-axis o]
D Tool radius offset number B, O
E User macro character c
F Feedrate B
G Preparatory function B, O
H Tool length offset number B
1 X-coordinate of arc center B

Radius for circle cutting o
I Y-coordinate of arc center BE. O

Cutting depth for circle cutting '
K Z-coordinate arc center B
L Number of repetitions B, O
M Miscellaneous functions B
N Seguence 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 i?c?ituﬁ cf:;:;;:?igg g}!c;e:irCMar arc ©, B
S Spindle-speed function B
T Tool function B
U Additional linear axis parallel to X-axis o]
v Additional linear axis parallel to Y-axis o
W Additional linear axis parallel to Z-axis 0
X X-coordinate B
Y Y-coordinate B
Z Z-coordinate B




2.1.2 ADDRESS AND FUNCTION CHARACTERS (CONT'D)

Table 2.3 Function Characters

EIA Code ISO Code Meanings Remarks
Blank Nul g:;:::glar; ;;imlfigrg 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 shuft
LC Lower shift
2-4-5 bats ( Control out (Comment start)
2-4-7 bits ) Control in (Comment end} g;‘:;lﬂ
code
+ + Disregarded, User macro operator
- - Minus sign, User macro operator
Dto 9 0to 9 Numerals
atoz Ato Z Address characters, User macro operateor
/ / Optional block skip
Del DEL Disregarded (Including All Mark)
. Decimal point
PZ:??;;Q # Sharp (Variable)
* * Astrisk (Multiplication operator)
= = Equal mark
[ [ Left bracket
] ] Right bracket g;*:;al
o User macro operator code
$ $ User macro operator
e @ User macro operator
? ? User macro operator
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. Tape code (EIA or ISO) can be switched by setting.



2.1.3 DECIMAL POINT PROGRAMMING

Numerals containing a decimal point may be used
as the dimensional 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,I,J7, K, A, B, C,
U, v, w,Q,R

Time word: P
Feed rate word: F

EXAMPLE

[ mm) [inch)
X}5, === X15.000 mm or X15.0000 inches

Y20.5 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}
G04P1. —— Dwell 1.000 sec

Normally, when data without a decimal point 1s
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 I mm (or 1 mch or 1 deg.)}. Refer
to parameter #6019p6).

2,1.4 LABEL SKIiP 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 1s displayed on the CRT in
the MEM (memory) or EDIT (editing) mocde, 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 C* mode, two
blocks of data or up to 4 blocks of data are read
in advance and compensation computing requred
for the next operation is executed. One block can
contain up to 128 characters including EOB.

2.1.6 MULTI-ACTIVE REGISTERS'

For the portion of part programs sandwiched in
between M93 and M92, up to 4 blocks of data are
read mn advance.

M code Meaning
M92 Multi-active register off
M93 Multi-active register on

Note: When power is apphed or the control is
reset, the control 1s in the state of M code
marked with "

Inter-block stoppage can be eliminated when the
program is so made that the automatic operation
time of advance reading of 4 blocks is longer than
processing time of advance reading of next 4
blocks of data.

NOTE"

Advance reading is not made for every 4 blocks
but 15 always ready to be made up to 4 blocks in
M93 mode.



2.2 PROGRAM NUMBER AND SEQUENCE NUMBER
2.2.7 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
employmg 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 1s
placed at the ends of subprograms.

{1
%
<% 010; «---- MOZ;  01234; «-.-. M99; % <

L
y ,
PROGRAM WITH PROGRAM WITH
PROGRAM NO. 10 PROGRAM NO. 1234

ER {or % at ISQ code) is punched on the tape at
the top and end of the program.

NOTES:,

- The blocks for optional block skip such as
IM02;, /M30;, /M99; are not regarded as ends
of programs.

+ To make the reading of M02, M30, and M99 1n-
effective as a program end, and to make the
succeeding ER (EIA) or % (ISO) as a sign of
program ends 15 possible with a parameter
change. (#021p¢)

2.2,2 SEQUENCE NUMBER

Integers consisting of up to 4 digits may be writ-
ten following an address character N as sequence
numbers. )

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 alsoc not using
any sequence number 1s also possible. Generally,
sequential numbers are convenient as sequence
numbers.

When searching for sequence numbers, be sure
to search or specify program numbers before-
hand.

NOTES:

« When 5 or more digits are written as a sequence
number, only the digits up to the 4th from the
traibng end are effective. ‘

- When two or more blocks have the same sequence
number, only one is retrieved and read, and
no more searching 1s 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}*

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" 1s on.

EXAMPLE
/2 N1234 GOl X100 /3 Y200;

When the switch for /2 1s on, the entire block 1s
neglected, and when the switch for /31s on, thus
block 15 read as 1f

N 1234 GO01 Xx100,.
With "1", "1" may be omitted.

NOTES-

- The optional block skipping process 15 executed
while the blocks are read into the buffer resis-
ter. If the blocks have been read, subsequent
switching on is ineffective to skip the blocks.

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

- The optional block skip /2 - /9 1s 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 Coordinate Words

Address Description
Main axes X, Y, Z P?sitign or distance in X, Y or Z coordinate
direction.

A,B,C These coordinate words are treated as commands
4th and 5th in the directions of the 4th and 5Th axes.
axes!. or A, B and C are used for rotary motion, and

U,VvV, w U, V and W are used for parallel motion.

Circular arc increment in ctrcle cutting
Circular (Gl12, G13}
interpolation Generally, radius values of circles.
auxiliary
data 11 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. 5 shows simultaneously controllable
axes.

Table 2.5 Simultaneously Controllable Axes of
Three-axis Control

Simultaneously
controllable axes

Posationing GO0 X, Y and Z axes

inear mmterpola-
L P X, Y and Z axes

2.3.3 SIMULTANEOUSLY CONTROLLABLE AXES
OF FOUR-AXIS CONTROLT

Tahle 2. 6 shows simultaneously controllable
axes,

Table 2.6 Simultaneously Controilable Axes of
Four-axis Control

Simultaneously
controllable axes

X, Y, Z, and o'? axes

Positioning GO0

Linear interpola-

L
tion GO01 X, Y, Z, and o axes

. i (21 (3}
Circular inter- Two axes, XY, YZ, ZX,

tion GO1
Circular inter- Two axes: XY, YZ or ZX
polation G02, GO03 (see Note.)
+
Circle cutting Two axes: X and Y

Glz, G13

Helical interpola-
tion* G02, GO3

Circle in XY-plane and hnear
feed 1n 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
currently effective G codes for plane designation.

(G17 to G19)

For details, refer to 2.9.4 CIRCULAR INTER~-
POLATION (GO02, GO03) on page 24.

polation G02, G0O3

Xl Yal! or ZoV

Circular cutting+t
Gl2, G13

Two axes; X and Y

Hehcal interpola-
tiont G02, GO3

Three axes: circle in XY-
plane and linear feed in Z-
ax1s direction. Refer tc
2.9.5 HELICAL INTERPO-
LATION on page 27.

Manual control

One axis, X, Y, Z, or ot

{1) The « 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
the currently effective G codes for plane desig-

nation (G117 to G19).

For details, refer to

2.9.4 CIRCULAR INTERPOLATION (G02, G03)

on page 24.

(3) For circular interpolation axis a, any one of
linear axes U, V, and W should be designated.



2.3.4 SIMULTANEQUSLY CONTROLLABLE AXES
OF FIVE-AXIS CONTROL?

Table 2.7 shows simultaneously controllable axes.

Table 2.7 Simutaneously Controllable
Axes of Five-axis Control

——

Positioning G0O

Simultaneously
Controllable Axes

X, Y, Z,a and 2 axes

Linear interpola-

tion GO1 X, Y, 2, a and 8 axes

Circular inter-

i
Two axes, XY, YZ, ZX,
polation G002, GO03 ve awes

Xo, Ya, or Za

Circular cutting¥
Gi2, G13

Helical interpola-
tiont G02, GO3

Two axes. X and Y

Three axes: circle in XY-
plane and linear feed 1n Z-
axis direction. Refer to

2 9.5 HELICAL INTERPO-
LATION.

Manual control One axis, X, Y, Z,o%or 8.

(1) Circular interpolation 1s executed only when
the 4th axis 1s lIinear. Circular interpolation
wi]l not function for the 5th axis, 1f it 1s linear
axis.

(2) Manual pulse generator s of l-axis or 3-axis.

2.3.5 3TH AXIS CONTROL™

An additional 4th axis can be incorporated. In
this manual, the 4th axis 1s referred to as a-
axis, and represents any of the 6 axes, A, B, C,
U, V and W.

2.3.5.1 ROTARY AXIS (A, B OR C AXIS)
The rotary axis is defined as follows.

Table 2.8 Rotary Axes for 4th
Axis Control Table

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, 18 referred to as
B-axis.

The unit of output increment and mput increment
for B-axis is "deg." instead of "mm" used with
linear axes. For the other respects, the treat-
ments are the same as those ;n mm. (Metric
system)

Even when inch system 1s selected by parameter,
the values for the B~axis remams "deg." unit,.
The control does not convert B-axis coordinate
commands. However, feedrate command F 1s
converted. (Refer to 2.9.3 LINEAR INTERPO-
LATION)

2.3.5.2 LINEAR AXIS (U, V OR W AXIS)

The linear axes are defined as follows.

Table 2.9 Linear Axes

Linear axas Definition

U-axis Linear axis paralle! 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 etther U, V
or W are indicated by c-axis.

The unit output increment and input mcrement for
C-axis is the same as the other linear axes, X, Y
and Z. No discrimination 1s necessary.

When inch system 15 selected by parameter, mput
values must be in inches for C-axis.

A

Fig. 2.1 4Th Axis in Right-hand
Coordinate System



2.3.6 5TH AXIS CONTRoL
An additional 5th axis can be incorporated. In
this manual, the 5th axis is referred to as G-

axis, and represents any of the 6 axes, A, B, C,
U, Vand W.

2.3.6.1 ROTARY AXIS (A, B OR C AXIS)

The rotary axis is defined as follows.

Table 2.10 Rotary Axes for
5th Axis Control

Rotary axis Definition

A axis Rotary axas parallel to X-axis
B axus 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, 1s referred to as

b-axis.

The unit of cutput increment and input increment
for b-axis 1s "deg." instead of "mm" used with
linear axes. For the other respects, the treat-
ments are the same as those 1n mm. (Metric
system)

Even when inch system is selected by parameter,
the values for the b-axis remamns "deg." umt.
The control does not convert b-axis coordinate
commands. However, feedrate command F is
converted. (Refer to 2.9.3 LINEAR INTERPO-
LATION on page 24.)

2.3.6.2 LINEAR AXIS (U, V OR W AXIS)

The linear axes are defined as follows.

Table 2.11 Linear Axes for
5th Axis Control

The unit output increment and input increment for
C-axis 1s the same as the other linear axes, X, Y

and 2.

No discrimination is necessary.

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

Y
v
» (D
—_——U
~
X
c U
/ ’
W
Z
Fig. 2.2 5ThAxas in Right-hand

Coordinate System

2,3.7 LEAST INPUT INCREMENT AND LEAST
OUTPUT INCREMENT

2.3.7.1 LEAST INPUT INCREMENT

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

2.12.
Table 2.12 Least Input Increment

{#6006D5 = "0.")

Metric input

Linear Axis Rotary Axist

0.001 mm 0.001 deg

0.0001 in 0.001 deg

Inch input

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

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

Linear axis Definition Linear Axis Rotary Axist
U-axus Linear axis parallel to X-axs Metric input 0.001 mm 0.001 deg
V-axis Linear axis parallel to Y-axs Inch mnput 0.001 in. 0.001 deg

—ai ; - Metric input and inch input can be selected by
W-axis Linear axis parallel to Z-axis setting #6001D0.
Note: In this manual, linear axes either U, V

or W are indicated by ¢-axis.



2.3.7.1 LEAST INPUT INCREMENT (CONT'D)
Notes:

- Selection of metric -system or inch system is
made by setting (#6001D0),

- Selection of x 1 or x 10 1s made by param-
eter setting (#6006D5},

Tool offset value must always be written mn 0,001
mm (or 0.0001 inch, or 0.001 degt ), and offset
is possible 1n these units,

In 0.0l mm increment system, the following op-
eration must be made in the unit of 0.01 mm.

- Programming for operation in TAPE mode.
- Write operation m MDI mode.
* Programming for operation in MEMORY mode®.

+ Program editing operation in EDT mode™.

NOTES:

+ If NC tape programmed by 0.001 mm 1s fed in-
to or stored in an equpment set by 0,01 mm
mcrement, the machine will move ten times
the mntended dimensions.

- If the increment system 15 switched when the
contents of NC tape are stored in memory, the
machine will move by ten times or one tenth of
the commanded dimensions.

+ When the stored program 1s punched out on the
tape*, the stored figures are punched out "as
stored” regardiess of switching of the mncre-
ment system.

2.3.7.2 LEAST OUTPUT INCREMENT

Least output increment 1s the mmimum unit of teol
motion. Selection of metric or inch output 1s made
by parameter (#6007D3) setting.

Table 2. 13 Least Qutput Increment

-
Linear axis Rotary axis’

Metric output 0.001 mm 0.001 deg

Inch output 0.0001 in. 0.001 deg

2.3.8 MAXIMUM PROGRAMMABLE DIMENSIONS

Maximum programmable dimensions of move com-
mand are shown below.

Table 2.14 Maximum Programmable Dimensions

Linear axis | Rotary axis™

; + +
Metric | Met¥ic mput | £8388. 607 mm | £8388.607 deg

OUEPME | Inch input | 23302601 . | £8388.607 deg

Inch Metrmic mput | £21307.062 mm | £8388.607 deg

OUPUt | 1hch mput | £838.8607 in. | £8388. 607 deg

In mcremental programming, input values must
not exceed the maximum programmable value.

In absolute programming, move amount of each
axis must not exceed the maximum programmable
value.

Note: The machine may not function properly if
a move command over the maximum programmable
value 1s given. The above maximum program-
mable values also apply to distance command ad-
dresses I, J, K, R, Q in addition to move com-
mand addresses X, Y, Z, o,

The accumulative value must not exceed the maxi-
mum accumulative values shown below.

Table 2.15 Maximum Cumlative Values

Linear axis Rotary axisT

Metric input | #99999.999 mm | * 99999.999 deg

* 9999, 9999 in. * 99999.999% deg

Inch mmput

Listed mnput values do not depend on metric/
inch output system.

2.4 TRAVERSE AND FEED FUNCTIONS
2.4.1 RAPID TRAVERSE RATE
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-
erse rates ciffer among the axes since they are
dependent on the machine specification and are
determined by the machine tocl bulders. The
rapid traverse rates determined by the machine
are set by parameters in advance for individual
axes. When the tool 1s moved in rapid traverse
in two or three axial directions simultaneously,
motions n these axial directions are independent
of each other, and the end points are reached at
different times among these motions. Therefore,
motion paths are normally not straight.

For override rapid traverse rates, Fo, 25%, 50%
and 100% of the basic rapid traverse rates, are
available. Fo 1s a constant feed rate set by a
parameter (#6231).

2.4.1.2 SETTING RANGE OF RAPID TRAVERSE
RATE

For each axis, rapid traverse rates can be set
at some swtable multiple of 7.5 mm/min (or deg/
min} .

The maximum programmable rapid traverse rate

1s 24,000 mm/min. However, respective machine
tocls have their own optimum rapid traverse rates.
Refer to the manual provided by the machine tool
builder.



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 1s as follows

Table 2.16 Programmable Range of Feedrate

\ Format | Feedrate {Feed/mm) range

Metric Metric mput | F40 |F1l.,- F8100. mm/min
output | 1 chinput | F31 |F0.1- F313.0 in./min
locn | Metic mput| F50 |Fl.- F20514. mm/min
output | 1 chimput | 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 G91 {incremental)

G01 X40. Y30. Fs500 ;
With this command,

F =500 = / 3002 + 4002

{mm /min) B X component

Y component .

+X 300 mm/min

400 mm./min

+2

Fig. 2.2

G03 X-+«+ Yoeeeu I.... F200 ;
With this command,

F = 200 =J fX2 + FYZ2

{mm/mn)

CENTER

Fig. 2.4

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

EXAMPLE

with G01 X... Y... Z...- F400 ;

F =400 =\/fX2 + fy2 + fz2

(mm /min)

END POINT

+Z

Fig. 2.5

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

F {(mm/min) = \/fXZ +fY2 + 22 + ol



2,4.2 FEEDRATE (F FUNCTION) {CONT'D)

NOTES:

- 1f FO is programmed, 1t is regarded as a data
error. (alarm code "030)

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

EXAMPLE

F-250 ; «.c.a..n wrong

2.4.3 FEEDRATE 1/10

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

- When parameter #6020 pg or p1 is set to "1,"
the feedrates range becomes as shown below.

Table 2.17 Programmable Range of
1/10 Feedrate

\ Format! Feedrate (Feed/min) range

Mee mpuwt| F41 | F1.0-F8100.0 mmh/mn

Metric
OUtPMY p ok mput | F32 | F0.01- F213.00 1n. /min

Inch Metrc mput| F51 F1.0- F20574.0 mm/mn

output

Inch mput F32 ;| F0.01 - F810.001n. /min

* When parameter #6020 D0 or D1 1s set to "0,"
the feedrate range returns to normal.

2.4.4 F 1-DIGIT PROGRAMMINGT

(1) Specification of a value 1 to 9 that follows
F selects the corresponding preset feedrate.

(2} Set the feedrate of each of F1 to F9 to the
setting number shown in Table 2.18(a).

(3} By operating the manual pulse generator
when F1-DIGIT switch is on, the feedrate of Fl-
digit command currently specified may be in-
creased or decreased. Set the increment or de-
crement value per pulse (Fl-digit multiply) to the
parameters listed i Table 2.1i8(b).

As a result of this operation, the contents of the
setting number of the Fl-digit feedrate are
changed.

(4) Upper Limit of Feedrate

Set the maximum feedrate of Fl-digit designation
to the following parameter. If a value greater
than the usual maximum feedrate (the contents
of #6228) 1s set, 1t is governed by the contents
of #6228,

Table 2.18(a) F Command and

Setting No.

F command g:ff;\gan;;e ef::ﬂr
Fl 1561
FZ #6562
F3 #6563
F4 #6564
F35 #6565
Fb #3566
F? #6567
F8 #6568
F? #6569

Setung "1" = 0.1 mm/mtn

Table 2.18(b) F Command and
Parameter No.

F ¢ommand Parameter No, for
Fl-digit multiply
Fi #6141
F2 #6142
F3 #1a3
F4 #6144
F5 #6145
Fb ¥146
E7 ¥147
F8 #1483
F9 #6149

Setting "1" = 0.1 mm/min/pulse

Table 2.18(c) Parameter No. for
Maxamum Feedrate

Parameter No. Meamng
#6226 Max speed of F1 to F4
#6227 Max speed of F5 to F9
NOTES:

a. When this feature 1s installed, the specitying
1 to 9 mm/min by the usual F function 15 not al-
lowed. Specifying 10 mm/min or more 15 allowed
usuaily.

b. If F01s specified, error "030" wall be caused.

c. When DRY RUN switch 1s on, the rate of dry
Tun 1s assumed,

d. For Fl-digit specification, the feedrate over-
ride feature is invahd.

e. The {eedrate stored in memory 1s retaned
after the power 1s turned off.



2.4.5 AUTOMATIC ACCELERATION AND
DECELERATION

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

2.4.5.1 ACCELERATION AND DECELERATION
OF RAPID TRAVERSE AND MANUAL FEED

In the following operation, the pattern of auto-
matic acceleration and deceleration s linear.

+ Positioming (G00)

- Manual rapid traverse (RAPID)

. Manual continuous feeding (JOG)

. Manual HANDLE feeding (HANDLE)

-

Goa

VELOCITY -

TIME o=
Fig. 2.6

Rapid traverse rate and acceleration {deceleration
constant of rapid traverse rate can be set by
parameter. (#6280 to #6301)

2.4.5.2 ACCELERATION/DECELERATION OF
FEEDRATE

. Automatic acceleration and deceleration of feed

motion (G0l - GO03) are in the exponential mode.

-

Fy

/

Fig. 2.7 Exponential acceleration
deceleration

VELOCITY —w=

TIME ——

- Feedrate time constants are set at 4 msec inter-
vals and feedrate bias 1s set at Zkpps intervals
by parameters. (#6092, #6093)

Note*

The automatic acceleration/deceleration param-
eters are set to the optimum values for the re-
spective machines. Do not change the setting
unless this 15 required for special purposes,

2.5 SPINDLE-SPEED FUNCTION (S-FUNCTION)
2.5.1 5 2-DIGIT PROGRAMMING

The spindle speed 1s specified by two digits fol-
lowing the address S (500 to 599).

For each S code and 1ts corresponding spindle
speed (rpm), refer to the machine tool 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 bulder's
manual.

EXAMPLE
GO0 S11 MO3
+ 5 command
Spindle CW 511 Effective
X Y Z )
GOl Z F
GO0 X--- Y 4 MOS Spindle stop
MO03 ,
X - Y z ; S511 Effective
G0l 2 F
s2z ,
X Y F ) 522 Effective

NOTE The two-dsgit BCD output ts sent to the
machine when S and two-digit command 15 1ssued



2.5.2 S 5-DIGIT PROGRAMMING™T
2.5.2.1 S 5-digit Programming

With five digits written after an address character

s (s[JC3 D, spindle speeds in rpm are

directly commanded.

The programmed speeds become effective upon
the mputting of an S-command-completion-input-
signal (SFIN).

When an $ command 15 programmed i1n 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 tool under consideration, refer to the ma-
chine tool bulder's manual.

The S commands are modal, and when it 15 pro-
grammed once, 1t remains effective until another
command 15 programmed. Even when the spindle
15 stopped by a M05, the S command remains ef-
fective. Therefore, when the spindle starts
agamn with an M03 (or M04), the spindle runs at
the speed specified by the § command.

When the spindle speed 1s to be changed by a
new S command after 1t 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 near 0) 15 determined

by the spindle motor of the machine tool. Refer
to the machine tool bulder’s manual. Do not
program mmnus values as S commands.

+ When the control i1s equupped with the § S-digit
command function, spindle speed overriding
15 possible. That 1s, override speeds between
50 and 120% of the commanded spindle speed
can be obtamned at intervals of 10%.

EXAMPLE
s 1000 MO3
5 SPEED
1000 rpm  SYNCHRCONIZATION
s
|
i "ACTUAL SPINDLE SPEED
1
: lS‘!ART
A4 t
T—-— COMPLETION OF
M COMMAND
START OF
TEE BLOCK

Fig. 2.8

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

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

Tog

Tool number

The figures used for the designation of tool 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 simultaneously,
or

- the T command 15 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 1s 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 4DIGITH PROGRAMMING

Four digits following the address T specifies the
tool number.

T OO0

Tool number

+ Leading zeros may be omitted.

- This toel code 1s the same as the T 2-dagit
codes, except for the increased number of
digits.



..

2.7 TOOL COMPENSATION
2.7.1 OUTLINE OF TOOL COMPENSATION

The tool compensation function is in the following
three modes.

- Tool length compensation

This function is for compensating the differences
in tool length, and is effective mn the Z axis di~
rection. Specified length compensation becomes
effective from the block in which G43 or G44 is
programmed together with an H code. It is
cancelled with HO0 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. It is effective in the X, Y, and
Z (4th and 5tht) axis directions. It is effec-
tive only for the block 1n which G45 - G481s
programmed together.

- Tool radius compensation C™ (for compensating
for tool radius effects with complicated machin-
mg contours)

This function 1s for compensating for the tool
radius effect with any given machining contours.
It 15 effective n X-Y, ¥-Z, and Z-X planes.

It becomes effective from the moment G4l, 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.

The following number of offset values can be
stored in the tool offset memory.

Cffset Value Storage
Basic 99
Optional 299

The setting range of offset values 1s as follows.

-~

Linear axis Rotary axist

Metric mput{ 0 - £999.999 mm | 0~ % 999.999 deg

Inch input |0 - £99.999%1nch| 0- * 999.999 deg

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

For the procedures of storing values mmto mem-

ory, refer to 4,3.5 DISPLAYING AND WRITING
OF TOOL OFFSET DATA on page 137.

2,7.3 H- AND D-FUNCTION {H, D CODES}

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

=

Tool offset
number

| I———

The tool offset numbers 01 through 99 directly
correspond to the 99 offset-value memory num-
bers. That 1s, when certain numbers are des-
1gnated, the corresponding offset values stored
in the offset memories will be used to offset the
tools.

Tool offset numbers 00 (HO0 or D00} have differ-
ent meanings depending on the respective offset
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 cffset, Tool radius
compensation

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



2.7.3 H- AND D-FUNCTION (H, D CODES) (CONT'D)

However, for programming ease, it 15 recommend-
ed to divide the numbers into H code part and
D code part.

H codes: HO1 te H30
D codes: D31 to D99

Table 2.19 H or D Code and Offset Number

Offset method G code H or D code Offset value memory
G43
No. Offset value
Tool length offset G44 H @--‘._‘___ o1
G49 02
03
G45 04
Tool position offset G46
G47
D
oas El El\
9%
Tool dia. compensa- G40 97
tion C G4l 98
{Intersection com- 5 99
puting system) G4

2.8 MISCELLANEOUS FUNCTIONS (M-FUNCTION)

The miscellaneous function 1s specified with the
address M and maximum three digits. The function
of each M code (MO0 to M89) 1s determined by
the machine, except for several M codes. Refer
to the machine tool builder's manual for the func-
tion of M codes except for the following M codes
concerned with the control.

2.8.1 M CODES FOR STOP (M00, M01, M02, M30)
- MO0 (Program Stop)

This code, when given in automatic operation
mode, stops the automatic operation after the

the automatic operation after the commands in
the block containing M0Z2 have been completed.
Although the control 1s reset 1n most cases,
the details are determined by the machine. Re-
fer to the machine tool bulder’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, 1n 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.

commands 1n the block containing M0Q have NOTES:

been completed and M0O R signal 1s fed. The
program may be continued by pressing the
CYCLE START button.

- M01 (Qptional Stop)

M0l performs the same function as program
stop MO0 whenever the OPTIONAL STOP switch
is on. When the OPTIONAL STOP switch 1s off,
the MO code 1s disregarded.

+ M02 (End-of-Program)

M02 is used at the end of program. When given
in automatic operation mode, this code stops

- When M00, M0l, M0Z or M30 1s given, it pre-

vents the contral from reading ahead the next
block of nformation. The single decoded signal
1s fed in addition to the 2-digit BCD output for
M codes.

+ Whether M00, MO01, M02 or M30 executes spin~

dle stop, coclant off or some other executions,
refer to the machine tool builder's manual.

- Whether the control 15 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) 1s wired for "ON" or not.

Refer to the machine tool builder's manual.



2.8.2 M CODES FOR INTERNAL PROCESSING
{M90 TO M199) L

¥

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.

M90t: Program interrupt off

M91*: Program interrupt on

M92': Multi-active register off

M93f: Multi-active register on

M94: Mirror mmage off

M95: Mirror image on

M96t: Tool radius compensation C:
circular path mode

M97t: 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/OFE
{m31, monyt

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

M code Meaning
M90 Program interrupt function OFF
M91 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 Y.

During the time from this command to an M90
command, whenever a program interruption
signal is received, the program under execu-
tion is interrupted (if the machine 1s in motion,
1t 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 mterrupt func-
tion is cancelled,

2.8.4 MULTI-ACTIVE REGISTERS ON/OFF
(M93, M92) T

M code I Meaning
M92 l M

ulti-active register OFF

M93 Multi-active register ON

Note: When power is applied or the control 1s
reset, the control is 1n the state of M code
marked thh1 .

+ M93:

During the time from this command to M%2, the
control assumes the 4 blocks-advance-reading
mode. Namely, up to 4 blocks of data are read
m advance for the following operation.

Inter-block stoppage can be eliminated when
the program i1s so made that the operation time
of advance reading of 4 blocks 1s longer than
processing time of advance reading of next 4
blocks of data.

< M92:

This command cancels 4 blocks-advance-reading
mode,

NOTE: In tool radius compensation C mode, the
blocks without move command can be contained{up to
two blocks). Under this condition, 6 blocks, in-
cluding the two blocks, may be read in advance.

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

M code Meaning

M94 N

Mirror image OFF

M95 Mirror image ON

Note: When power 1s apphed or the control is
reset, the control 15 in the state of M code
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 power supply
is turned on, M94 (QFF) is in effect.

- The axis on which mirror image is to be effect-
ed 1s specified by setting #6000pg to p3 (or
mirror image axis designation switch.? For
this procedure, refer to 6.1.25 MIRROR IMAGE
AXIS SELECT OR SWITCH on page 173,

-17 =



2.8.5 MIRROR IMAGE-ON/OFF (M95, M34)
(CONT'D)

+ When M95 is given, the subsequent biocks will
control the machine in mirror-image fashion,

that 1s, movements 1n the specified coordinate
direction will be reversed.

Y

|
o——--o\ l

X AXIS MIRROR
IMAGE ON

Fig. 2. %

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

- When M9% is given, mirror image effect will be
cancelled on the subsequent blocks. Mirror
image operation must be started and cancelled
at the same position.

NOTES:

+ When G28 or G29is used to change tools or for
ending machining processes, make sure to can-
cel the mirror image effect by means of M9%4,

If mirror image effect 1s not cancelled when G28
or G29is given, an error "058" is shown.

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

- 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 1s reset, it will be in M94

mode.



2.8.5 MIRROR IMAGE.ON/OFF (M95, M3U) (CONT'D])

EXAMPLE
+Y
X AXIS MIRROR IMAGE ON 100 PROGRAMMED COMMAND
| i
' 1
L. Al 40 | A
4
7
// L
/
1’/ -20 1
-120 -80 \ -40  ISTAR 20 40 60 120
\ POINT]
\\
~— __—--0_.40 -
PATH BY CORRECT PATH
ERRONEOUS
CANCELLING
N0l G92 X0 YO0 ;
NOZ M3 ;0 e Mirror umage on.
N03 G90 GOl X40. Y40. F300 =
NO04 Xiz2e.
NO5 Y100.
NO6 X40.
NO7 Y40. ; <:' If "M94 :" is programmed here,
NO8 X0 YO0 the tool moves on the dotted line.
NO9 M9 ; .- Correct mirror image off.
N10 X20. Y-40. ;
N1l X60.

Fig. 2.10

+X



2.8.6 CIRCULAR PATH MODE ONIOFFJ_ ON TOOL
RADIUS COMPENSATION C (M97, M96)T

M code Meanmng

MS%6 Tool radius compensation circular
path ON.

Toel radius compensation circular
M97 path OFF.
(Execution of intersection point)

Note: When power 1s applied or the control 1s
reset, the control is in the state of M code
marked w1th1 .

* In the G41 or G42 cutter radius compensation
mode, when M9 1s given, the tool moves along
a circular path around a corner with an angle
of 1809 or larger. In the M97 mode, the tool
does not move along a circular path at the
corner, but moves along two intersecting
straight lines intersecting at a calculated in-
tersecting point shifted from the programmed
contour by the tool radius.

M96 MODE M97 MODE
BATH AR INTERSECTION

PROGRAMMED
CONTOUR

Fig. 2.11

* M9 and M97 are modal. When the power is
turned on, M96 takes effect.

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

G0l X+--Y¥...; Effective from
the corner of
(GO1) X-.. Y-.- MY ; these 2 blocks

GOL Xovv Your Fovv Effechive from
M96 (or M97) ; the corner of
(GO1) Xev- Y.u. these 2 blocks

2.8.7 SUBROUTINE PROGRAM (M98, M99)

With this function, cail of subroutine programs
which have been numbered and stored in advance
1s made and executed as many times as desired.

- The following M codes are used for this function.

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

* Call of subroutine program (M98)

M98 P... L... ;

With this command, call of the subroutine pro-
gram with the number specified after P ismade
and 1s executed number of times specified after
L. When no L code 1s programmed, the sub-
routine is executed once.

Subroutine programs can be nested up 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 1n advance.

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

: Automatic return command from subroutine pro-

gram

M99 ;

At the end of subroutine programs, M99 1s
written 1n a block of its own. When M99 is
commanded 1n the subroutine program which
has been called by M98, the execution of the
main program 1s automatically restarted at the
block immediately following the M98 block.



2.8.7 SUBROUTINE PROCRAM (M98, M93) (CONT'D)
EXAMPLE

Call of subroutine program and execution of 1t
are made in the sequence shown below.

Main program
/\/
0100 ;

NOOl GO0 ...
NOO2Z M98 P200 L3 ;
NOO3 ...

N004 M98 P200 ;
NOO5 ...

—

- Special use of M99

M99 P... ;

With 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 2 sequence No. specified by
the P code.

NOTES:

- If the program number specified by the P code
is not found, this 1s 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 1s 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 contrcl 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

0200 ,

v

b NGOl .-»
1

: NQOZ ...

NG5O0 M99

’_\//

Three umes{

Table 2.20 Typical Examples of
M Codes for Machine

M code Meanings Remarks

MO03 Spindle forward

running
MO4 Spindle reverse M03 and M04 are

running not switchable.

MO05 (stop) must
M05 ) dle st
pmale stop be intermediated.

M08 Coolant on
MQ9 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 MISCELLANEOQUS FUNCTION
(B-FUNCTION)*

B-function and T 4-digit” commands cannot be
used stmultaneously.

Three digits following the address B give index
table positions.



2.8.9 2ZND MISCELLANEQOUS FUNCTION
(B-FUNCTION]}T (CONT'D)

The actual index positions corresponding to the
respective B codes depend on the machine tool
bulder. For this, refer to the specifications of
the machine teol builder. When a B-function 1s
given together with a move command 1n one block,

- the B command 1s executed sumultaneocusly 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 i1s given,
it remans effective until another B-command 1s
given,

NOTES:

- B function standard interface 1s in 3-digit BCD
output,

- With MDI operation on NC panel, "B" 1s used to
specify address for B codes. Therefore, when
the contrel has B-function, the 4th and 5th
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 belenging
to the division B are included in the basic spe-
cifications.

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

The G codes in the * group are non-medal, 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 15 effective.

The G codes belonging to the * group can not
be programmed twice or more 1n a block. They
must be programmed only once in a block of its
own.

* When a G code belonging to the 01 group 1s com-

manded during a canned cycle (G73, G74, G76,
G77 and GB81 through G89), the canned cycle 1s
canceled and these codes in the group 09 be-
comes G80,

' When the RESET key 1s depressed during the

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

G40 or G80 which cancels 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.

\

G43, G44, G49|G00, GO1, G60

Combination G code

G45 - G48 GO0, GO1, GD2, C03, G&D

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

Group Initial state Parameter
01 GO0 or GOL #6005D2
03 G90 or G91 #6005D0
05 G9% or G95 #6005D1
08 G43, G44 or G49 #6005D3, D4

. G codes 1n 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 CROUPS (CONT'D)
vl
Table 2.21 Last of G codes
G B. Basic G B- Basie
code Groug Function O: Optionai code Group Function Q. Optional
GO0 Positioning B Shiit to work cecordinate
GOTY Linear interpolation B G54 system | o
Circular interpolation G55 Shift to work coordinate o
G02 | 43 | €W, Hehcal mterpola- B, O system 2
tion CW 56 Shift to work coordinate o
Circular interpolation G 12 |.System 3
Go03 CCW, Helical interpola- B, O 657 Shift to work coordinate 0
tion CCW system 4
G04 Dwell B cs8 Shift to werk coordinate o
G06 Positioning i error B system 5
_ detect off mode Gs9 Shift to work coordinate 0
G09 Exact stop B system 6
* Tool offset value and Goo 01 | Unidirectional approach [s)
G1l0 work coordinate, Shift- B, O Gal i3 Exact stop mode B
value modification GCod | Exact stop mode cancel B
Gi2 Circle cutting CW Q G65 « | Non-modal call of user 0
GI3 Circle cutting CCW [o] macro
GI7Y XY planc designation B G6b Modal call of user macro 0
Gl8 | 02 | ZX plane designation B Go7 Y 14 | Modal call of user macro o
Gl9 YZ plane designation B cancel
G20 06 Inch input designation [s] G70 Bolt hole circle [e]
G2l Metric input designation [o] Gl * | Arc [e]
G227 4 [Stored stroke limit ON 0 G72 | Line-at-angle o]
G23 Stored stroke it OFF { O G73 Canned cyele 10 ]
Ga5] = Program copy 0 G7d | Canned cycle 11 [¢]
Ga7 Reference point check €] G76 Canned cycle T2 2]
c28 Automatic return to o G77 Canned cycle 13 9]
reference point GB0Y 09 [ Canned cycle cancel [8]
G29 » Return from reference o csi Canned cycle 1, Qutput o
point | for external motion
G30 Return to 2nd, 3rd, o G82 | Canned cycle 2 [¢]
4th reference point G83 Canned cycele 3 [o]
G31 Skip function C G84 Canned cycle 4 O
G36 Automatic_centering 8] GE5 | Canned cycle 5 [¢]
G37 - Automatic centering Q GB6 09 Canned cycle o [s]
G3g Z-axis reference sur- 0 GB87 Canned cycle 7 ]
face offset GEB Canned cycle 8 [¢]
G40 Tool radius compensa- o Gaj Canned cycle 9 o]
tion cancel G9D‘ Absclute command 3
G41 07 Tool radius compensa- o 03 designation
tion, leit G91 y Incremental command B
Gaz Tool radius compensa- o designation
tion, right G9z s« | Programming of absolute B
c43 Tool length compensa- B zero point
tion, plus direction 98 Return to initial point o
Ga4 08 Tool length compensa- B 1g | for canned cycles
tion, muinus direction G99 Return to point R for o
G49 ) Tool length compensa~- B canned cycles
tion, cancel G100 High-speed cutting cancel [=]
G45 Tocl position offset, B High-speed cutting in
extension GLOL| (4 sequential processing o]
G46 Tool position offset, B mode ON
retraction G102 High-speed cutting in o
c47 * Tocl position offset, B processing mode ON
double extension Tool register
G48 Tool position oifset, B G122 start o
double retraction 17 [ Tool register 1
G50 15 | Scahng OFF o] G123 d g Tool hfe o}
ToL | Scaling ON 0 AL control
G52 12 Retfurn to base coordi- o G124 * Tool register (o)
nate system cancel
* Temporary shift to ma-
G33 chine coordinate system 0
Notes

1. The G codes in the * group are non-modal,
and are effective only for the block in which
they are commanded. They cannot be pro-

grammed twice or more 1n a block.

They must

be programmed only once 1n a block of 1ts own.

2. The codes marked with "8 1s automatically
selected at power on or reset.



2.9.2 POSITIONING (G00, GOS6)

GO0 X--- Y.or Zoo- (ot ..8) ;
{where c and §=4A, B, C, U, V, or W)

With this command, the tool 15 sent to the speci-
fied position in rapid traverse motions along the
3 axes (5 axes®) simultanecusly If any of the

coordinate positions 1s 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 manuai.

Motions 1n the respective axis directions are mn-
dependent each other, and therefore, the result-
ant tool path 18 not necessarily straight. When
programming tool positioning commands, take
care to avord the possibility of tool and workpiece
interference.

EXAMPLE
G0> X40. Y 40. 240. '

Y
404
0 X
40.
40,
Z
Rapid traverse rate
X axis: 8 m/min
Y axis 8 m/mm
Z ax1s: 4 m/min
Fig. 2.12

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

Error detect OFF positioning (G06)
GO06 X--+ Y--- Z.-. {of---8...)

With this command, the same positioning motions
are imitiated as with a G00 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 QOFF mode
(Note). Therefore, the tool path at the corner
1s rounded.

GO06 15 2 non modal G code belonging to the *
group, and therefore, 1t 1s effective only in
which it 1s programmed.

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 1s detected by the con-
trol With this command, therefore the corner
of the workpiece 1s machmed sharp.

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

2.9.3 LINEAR INTERPOLATION (GO01)

GOl X--. Y... Z... (of-..8...0) F...
where a and 3=A, B, C, U, V, or W

With this command, the tool is moved simultane-
ously in the three (fivet) axial directions result-
ing i a hinear motion. When a certain axis 1s
missing 1n the command, the tool does not move
in the axial direction of that axis.

Feedrate 15 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 = JFXZ + Fy2 + Fz2 + Fol+ FB2

(where Fx, Fy are feedrate in the X, Y...

directions.)

The end point can be programmed either in ab-
solute coordinates or in incremental values with
G90 or G91 respectively. (Refer to 2 9.31

Absolute/Incremental Programming (G9%0, G91)).

If no F code 1s given m the block containing the
GO0l or in preceding blecks, the bleck constitutes
an error "030 "

EXAMPLE
GOl X40. Y40. Z40. F100 ;
Y
40l 100 mm/min
RESULTANT
FEEDRATE
P
A FEEDRATE)
0 X
40,
40.
Z
Fig. 2.13

Where the optional 4th or 5th axis 1s a rotary
axis {A, B or C}, for the same F code, the
feedrates 1n the basic three axis directions

(X, Y and Z}, and the rotary axis feedrate are
as indicated.



2.9.3 LINEAR INTERPOLATION (G01) {CONT'D)

Table 2.22 Minimum F Command Unit

In mmimum F command unit

F-function :
Feedrate of basic
three axes Feedrate of rotary axes )
Metric | Metric input Fa0 1 mm/mn 1 deg/min
Output| y,ch input | F3l 0.1 in./min 2.54 deg/mmn
Inch Metric input | F50 1 mm/min 0.3937 deg/min
output Inch input F3l 0.1 1n. /min 1 deg/mn

Note: Feedrate of lnear 4th axis as the same as that of basic three axes.

2.9.4 CIRCULAR INTERPOLATION (G02, GO03)

With the following commands, the tool 1s control- ZX, or YZ plane, at a tangential speed specified
led along the specified circular pathes on the XY, by the F code.

GO02 R. .
XY plane G17 003} X--- Y'”{I--- J} Foo'r

Go02 R.-- .

ZX plane G18 {GOB AR €Rp {K I. } F...
R
J

Goz2 .
YZ plane G19 {GOB} Y-.. Z{ K. } F... ;

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

G02: Clockwise

G03;: Counter-clockwise

\;oz \coz \coz
GA co} cﬁ
FA

X Y
XY plane ZX plane YZ plane
(G17) {G18) (G19)
Fig. 2.14



2.9.84 CIRCULAR INTERPOLATION (G02, c03)
(CONT'D)

When circular interpolation {G02, G03) is ta be

programmed, usually, the plane of interpolation
should be specaified in advance with G17, G18 or
G19.

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

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

EXAMPLE

CGl7 G90 GO03 X15 Y40. 1-30. J-10. F150 ;
(a) Absolute command with (G90)

END POINT

START

pensation {G41, G42). If no selection 1s made to
the contrary, XY plane {G17) 1s selected auto-
matically immediately after the switching of the
power supply.

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

G17 G91 GO3 X-40. Y20. I-30. J-10, F150;

(b) Incremental command

L =40,

ao.—lﬂ‘_\

GO3
20.
20. END POINT |

=l

CENTER_ =~ G:_ 10.

| S—

-30.

* 15, 55. X

Fig. 2.15

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

G17 GO0Z X--- Y-.. Rteev F.oo. ;

-

In this case,

when R > 0, a circular arc with the center an-
gle less than 180°, and

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

END POINT

; 180" OR BELOW
Y

"R
START POINT
Fig. 2.1¢6

— 26 —



Gl17 GO02(G03) I... 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 1s possible in the Xa , Za , and

the interpolation 1s executed only once. Yo planes in addition to the XY, YX, and ZY
planes (where a=1U, V, or W)

Yo

G02 R.-- .
Z a plane Gl8 {603}2---&-- {K I } F..-

Go2
Xo plane G17 {603 } X..-

2
—
Tm
o

Yo plane G119 {ggg }Y o .- ? X.. } Feoo
NOTE: // &
. G17 602 X-.- {f‘ J} Fevr % ? &

Ng 1
cannot be performed on the axes including represented by "<

rotary 4th axis.
Circular pathes covering two or more quadrants

Where address characters for the 4th axis is -°

missing as In the above command, the XY plane The end point i

is automatically selected. Circular interpolation ne P ;
\"\

can be programmed 1n a single block. A com-

o

plete closed circle can also be programmed. S %

EXAMPFLE & //
2.18

G00 X0 YO ; . Fig. 2.1
G02 X0 YO I10.J0 F100

When the end point is programmed in the hatch-
. complete circle

ed areas shown above, no alarm state 1s creat-
ed, but the tool will keep on rotating.
Especially when tool compensation 15 apphed,
coordinate values of the point and the center
must be programmed accurately.

Y

G02 2.9.5 HELICAL INTERPOLATION (G02, c03)*

X A circular interpelation on a certain plane, and
10. 20. a linear interpolation along an axis not included
in that plane can be executed in synchroniza-

tion, and this combined interpelation is called
helical interpolation.

Fig. 2.17

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

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



2.9.5 HELICAL INTERPOLATION (G02, G03)*
{CONT'D)

Command format

{a) For XY plane G17 {gg§ Xeoo Y...
{b) For ZX plane G18 {ggg} Zoao Xo-
(c) For YZ plane G1l9 {ggg Yeor Z--n
{d) For Xaplane G17 {ggg Xt -
{e} For Zaplane G18 {ggg Qe
(f} For Yo plane G19 {ggg o

Where o is one of the linear 4th axes U, V, or
W. If no 4th axis 1s programmed in (d), {e),
and (f), they are regarded as equal to {a), (b)
and {(c).

EXAMPLE
z
90, END POINT
{1100 ¥
R |
) F=10
100,
x’ \STAR'I‘ POINT
G17 GO03 X0 Y100, R100. Z90. F1l0. ;
Fig. 2,19

NOTES:
+ The circular arc should be within 360°,

+ As long as above note {a) 15 satisfied, the
start and end pomnts can be taken at any time.

- The feedrate F means the tangential speed on
the plane of circular mterpolation. There-
fore, the speed {F'} in the direction of hnear
interpolation 1s as follows.

{

- {x

{

{
{

o ?_Z'Z.'.

(Length covered by linear interpolation)

Rtz Eel
R 1. }Y(a) F-eo
};‘ .. } X (o) F--r
DUV S TP T
E 1..}Y" F.. :
K_} X... F.. :

2.9.6 DWELL (Go04)

Go4 P---

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

Dwell 1s programmed as an independent block.

The maximum length of time which can be desig-
nated with address P 1s as follows.

Format | Dwell time (P programmable range)

P53 0 - 99999.999 sec

The value does not depend on metric/inch mput
or metric/inch 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 (C09, G61, G64)

- Exact stop (G09)

When a block containing G09 15 executed, the
program advances to the next block after com-

F'=F x
{Length of circular path)

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

pleting a block in the Error Detect On mode
(Note a). This function 1s used when sharp
corners are desired. GO09 is non-modal, and is
effective only in the block in which 1t 15 con-
tained.



- 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 15 for cancelling the effect of
G61.

NOTES:

- In the Error Detect On mode, the program pro-

ceeds to the next block only after the number

of servo delay pulses 1s found to have decreas-

ed below a permissible hmt 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 15 called

"Error Detect Off" mode.

- For rapid traverse, the Error Detect On and

Off modes are controlied only by G00 and G046,

and not 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.

{1} Designation of tool offset value (G10)

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

When Gl0 15 commanded 1n the G90 mode, R 1s
regarded as an absolute value.

When G10 1s commanded in the G91 mode, R is
regarded as an mmcremental value.

{2) Changing work coordinate system™

(a) Corresponding to G54 through G59, separate
work coordinate systems are set up as setting
data in advance.

G10 Q2 Pn X-++ Y- Y J

.ﬂ.

{where Q2 15 used to discriminate from tool
offset value designation and a means to set up
a work coordinate system. Pm{m=1 to 6)
corresponds to the work coordinate system m
to be set up.)

For Pl... G54
For P2-.. G55
For Pé6--- G59 corresponds.

With the above command, data of any desired
work coordinate system can be changed.

(b) For the work coordinate system setting B
specification, change the setting of the work
cocordidnate system by specifying G100 Q2 Pm
Jn X...Y...Z...{a,,.8...);. {In specifies Jl to
J6. The meaning of Q2 and Pm 1s the same as
mentioned in {a}.)

2.9.9 CIRCLE CUTTING (G12, ¢13)?

This 1s a canned cycle which includes a complete
sertes of movements for machining a circle in a

single block.

It includes the following functions.

+ Format

G12(Gl3) I.-.. D-..

TAR'I‘/

INT

I-(D) (b}
I

Fig. 2.20

- Designation of rapid traverse section R

G12 (G13) I... R... D... F.-. ,

with this command, a circular bore 1s machined
as shown below. Numerals following an address
character R specifies rapid traverse sections.



2.9.9 CIRCLE CUTTING (12, 613} (CONT'D)}

Y Tool path

Ly,
By

Gl3: @%H (4) (3) 2) —@
o) Tool (D) represents a set value of tool radius
—— compensation.
o @
4 % G12: Clockwise (CW)
! N

4
/r : CCwW
gg‘%ﬁ% \\@ Gl13: Counterclockwise ( )
S I: Radius of fimished circle
o (incremental value with sign}
2/ R: Rapid traverse section

N

\\%

{incremental value with sign)

/' /R=(D}
// - D) D: Tool radius compensation No.
I F: Cutting feed rate
Fig. 2.21
+ Automatic calculation of rapid traverse section - Commanding repeated circle designation
G12(G13) 1I-.- J--» D.-. F... ; G12(G13) I+ D... L-.. Feur
With this command, when depth of cut (incre- With this command, the circular bore surface
mental) 1s designated by numerals following an can be executed L times.
address character J in place of R, the tool
rapid traverse section within which the tool - Commanding spiral cirele Q, K
can move at rapid traverse rate without making .
contact with the stock is calculated automatical- Gl2(G13) I.-. D--- Koor Q.ov Feoo
ly. J is programmed without 2 plus or minus sign. With this command, the tool 15 moved along a

spiral before finally fimishing a circular hole,
as shown below. For the sake of simplification,
¥-AXIS the diagram shows the tool path with a zero
; radius (D = 0). @ (radius increment) must be
programmed without sign.

FINISH
oot T
e
X-AX1S
Q: RADIUS
INCREMENT

RAPID TRAVERSE
AUTOMATICALLY
" CALCULATED

N

an

I
Fig. 2.22

—/

NOTES: 7/
I

K

K = RADIUS OF
FINISHED CIRCLE

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

Fig. 2.23



Y . "I‘ool1 path
4¢Zé/ c12: O—@O——O)—E—®
@/" 613 O——D——2—Q)

v
% @Eii
)
&y
-.-._.-//
N
b

Tool (D) represents a set value of tool radius
compensation.
: w
Vs START G12: Clockwise(CW)
/ POINT
7 % Q,- G13: Counterclockwise (CCW)
g -
7 @ I: Radius of finished circle

\ {mcremental value with sign)
4%777\ R: Rapid traverse section

R-(D) {incremental value with sign)
I
(D)’ I-(D) D: Toeol radius compensation value
I
Fig. 2.24
. 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 programmmg G12(G13), always specify a
nation and spiral circle can be commanded in tool radius compensation number D, If this s
combinationn as shown below. not specified, the tool moves without radius
G12(G13) I... D... R... (or J...) K... compensation.
Qeer Lewe Feer EXAMPLE
NOTES: . GO0 Z-40.;
+ Ci i i the XY .
Circle cutting is possible only on the plane 612 150. R40. D10 F300 , D10 = 10.0mm
» The tocl speed 1n the rapid traverse section 1s 600 Z4d0. :

set by parameter #6225.

- With a circle cutting command (G12, G13), the
tool 1s 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
use of signs for I, J, K and D codes, motions
in the - direction of X-axis (symmetrical with {a)
respect to Y-axis) can be commanded. In Fig.
2.24, signs of I, R and (D) are minus. How-
ever, cutting in the Y-axis direction 1s impos-
sible.

- I,J, K, R, @ and L codes in circle cutting com-
mand are effective only in the bleck containing

-

—

them. 30
- The radius I of finished circle and the rapid +X . : fo'm
traverse section R are subject to the following
restriction. When values not in conformity
with the restriction are programmed, this 1s
Fig. 2.25

regarded as an error.
IR -a|<|1-d]



2.9.9 CIRCLE CUTTING (G122, G13) The XY plane {Gl7) is selected when the power

(CONT'D) 1s turned on.
. GOO Z- 40.;
2.9, TRIC DE BY
G13 I-50. J7. D15 F300; D15 = -8.0 mm (o5 g i [METRIC DESIGNATION BY G cODE
GO0 Z40. ;

Unit of input data are selectively specified by the
followmng G codes between metric and inch.

G code Input unit
8.0 TOOL RADIUS G20 Inch
7.0 DEPTH OF CUT
G2l Metric

| These G codes are programmed at the leading end
/) of a block of 1ts own. If one of these G codes are

-7 commanded, the unmits of all the following motions

' are changed afterwards.

© subsequent programs

b= AUTOMATICALLY COMPUTED - tool offset values
RAPID TRAVERSE SECTION - part of setting parameters

50 + part of manual movements

displays

NOTES.

Fig. 2.26 - When G20 or GZ1 1s commanded, the setting of
mch/metric selection 1s changed. Therefore,
the state of G20/G21 at the time of power ap-

2.9.10 PLANE DESIGNATION {G17, G18, G19) plication depends on the setting by parameter
#6001 DO.
The plane for making circular interpolation and
tool radius compensation 1s designated by G codes EXAMPLE
G17/G18/G19. /\
Gl7: XY plane ER
CGl18. ZX plane
Gl9: YZ plane CR
. 01234 ;
When the 4th axis™ of hnear axis is selected, G20 : Inch mput designation

the followvang planes are newly added.

G17: XY plane or Xo plane
G18: ZX plane or Za plane __/‘—__-"\\J

G19: YZ plane or Yo plane

a means U, V or W axis, * When G20/G21 selection 1s commanded in the

The move command in each axis can be program- ﬁ;ﬁgram, take the following procedure before-

med regardless of the plane designation by G17/ )

G18/G19. A. When work coordinate system (G54 to G59)
is used, return it to base coordinate sys-

For example, if

Gl7 2.-- B. Cancel all tool compensation command.
is designated, motion 1s on Z axis {G4l to G48)

tem.

The plane for making tool radius compensation by
command G4l or G42 1s univocally determined by

Gl7, G18 or G19. It 1s not possible to designate

compensation plane including the fourth axis of

rotary axis.



- Take the following procedure after the command

of G20/G21 selection. R

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

B. In principle, make the display reset cpera-

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/G2]1 must be commanded after modifying
the tool offset values.

Processing in
G21 {Metric)

Stored off-
set values

Processmg
G20 (Inch)

15000 —f— 1.5000 15,000 mm

2.9.12A STORED STROKE LIMIT (622, ¢zt

This function 15 for checking the current tool
postition during manual or automatic operation
for entry into the prohibited area specified by
parameters or by G22. If the tool enters a pro-
hibited area, machine operation is stopped and
an error sign 1s displayed.

1st prohibited area (stored stroke lhmit 1}

The area outside the area specified by a param-

eter 15 a prohtbited area. Generally, this can

be used as a substitute of overtravel checking

function. Upper hmit pointA, and lower limit
point B are specified by parameters.

15T PROHIBITED AREA
/ Al(Xa, Ya, za)

e

NN

s
S
Bi(Xb, Yb, Z6) "

Fig. 2.27

- 2nd prohibited area (Stored stroke limit 2)

The boundary of the 2nd prohibited area 1s
specified by a parameter setting or by G22.
The 1nside or the outside of the boundary can
selectively be made a prohibited area by means
of parameter setting.

G22 X- - ¥eei Zovr I Jevs Keon

N AN s

C point D pomnt
Upper limit Lower limit

with this command, the checking of the 2nd
prohibited area 1s started, and with G23 ;,
the check function is cleared.

ZND PROHIBITED AREA Ax(X, ¥, )
-~ vy
/
/
s Z
A -
~ /
rd
P
Ba(I, J, X)
Where 2nd prohibited
area is ocutside.
Az, Y, )

S

-

R //
.7 28D PROHIBITEI/
L~ AREA
7 /
B:(I,J,K)
Where Z2nd prohibited
area 15 inside.
Fig. 2.28
Y



2.9.12A STORED STROKE LIMIT (G22, G23)
(CONT'D)

Table 2.23 Setting of Stored Strocke Limit for Each Axis

X Y A Division
iltsetdp::e}:b_ Point % o0 Foeor fos02 Parameter
Point B: #6606 #6607 #6608
2nd prolb- | Peint A2 #6510 #6511 #6512
1ted area Pomnt B2 0513 514 Py Setting

Note: Point A sets plus value of boundary line on the machine
coordinate system and point B sets minus value.

* The parameters for specifying the inside and

the outside of the 2nd prohibited area are as
follows.

#007D0 Meaning
"o Inside prohibition
i Outside prolubition

* The Znd prohibited area checking function can

also be turned on and off with the following
setting number.

#001p1 Meaning
g 2nd prohibited area
check; off
o 2nd prohibited area
check, on

NOTES:

.

The 1st and the 2nd prolubited area can be
specified overlapping each other,

- Boundary lines are included in the prohibited

areas.

- All the prolbited areas become effective after

a manual return to reference peint or a return
to reference point by G28 after turning on
the power supply.

if the tool 1s 1n the prohibited area at the time
when the prohibited area becomes effective,
thus 1s immediately regarded as an error. In
this case, turn off the 2nd prohibited area by
the setting of the setting number, and either
rewrite the data or move the tool out of the
prolubited area manually.

- If an alarm state 1s created by the entry of the
tool into the prohibited area, the tool can move
only in the returming direction.

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

' The stored stroke limit checking function may
selectively be used or disused during a machine
lock operation by the setting of the setting
#001D5,

2.9.12B PROGRAM COPY' (G25)

(1) The command G25P wropr R ogr w L
+ve.; , executes L times any program from
sequence p2 of program pl to sequence g2 of

program ql,
G25: Program copy G code
P: pl; First O number
p¢; First sequence number (N)
Q: gl; Last 0 (pl=ql)
q2; Last sequence

Each will be commanded with four digits, The
leading zerces of p2 and g2 cannot be omitted.

L: Number of repet:tions (One time 1f omitted)

(2) Although the G25 command can be given by
tape, MDI or memory operation, it wil be ne-
cessary to store the program to be copied in the
memory. When sequence numbers are emphasized,
the first sequence number will become effective.

(3) The G25 command may also be used again
in the program being copied. This is called
multiple program copying and 1s possible up
to a maximum of four levels. However, error
"042" wall occur if four levels are exceeded,

@ Level Ist Leve| ind Levet 3rd Level

fnh Level



{4) Program copying can be commanded in a fixed
cycle (G70 to G72, G73, G76, G81 tc’; Ga9).

(5) Simple jump command "M99" can be used in
the program bemg copled by the G25 command.
It is the same as the M99 function commanded
in the main program.

NOTES:

{a) Error "042" will occur if the total number
of levels called by G256 and M98 exceeds four
when used 1mn a subprogram.

(b) If G25 is used during a user macro call
(G65, G66), up to four separate levels are possible.

{c) Since the sequence number specified by address
p2 and q2 will be searched from the first number
of each program, care will be required not to
duplicate the sequence numbers. If duplicated,
the first sequence number will become effective.

(d) In command G25 P{pl) (p2) Q (ql) (q2)

L ...;, the following errors will occur.

Error "041" when pl cannot be searched
Error "041" when p2 cannot be searched
Error "040" when pl and gl are not the same

(e) If a reset operation for errors or an M30/M02
reset occurs when executing command G253,
execution will return to the beginning of the
called program of the OL level.

TAPE OR MEMORY -_) r MEMORY

(f) If a P or Q command is less than four digits,
it will be considered a sequence number and
the program sequence number will be searched.

(g} The leading zeros in both commnads P and
Q) can be omitted. However, for five digits or
more, the lower four digits will be considered
the sequence number.

(h) If M98 or M99 15 commanded in the G25 block,
error "040" will occur.

(1) Since M99 will have prority if it 15 in the
block (End block of G25) specified by g2 of
G25, the command will return to the beginning
of the program being executed. Do not command
M99 in the block specified by q2.

{;} The 0 (ql) at the end of the Q command can
be omitted. When omitted, 1t will automatically
be considered to be the same as the leading 0
of the P command.

(k) A program copy command in a fixed cycle
cannot be commanded in the same block with the
fixed cycle command. If commanded, G code
error "021" will occur.

Reset operation
calls the beginning
of the memory.

—--
1
00001; N10Q-=mmm—mmmnm; ' N20G==v-mmm e ; N300umemmmmer==}
3 N 1
NGl G92---=----; ' ! I !
[ I
: N110 M99 PK10, : ; !
I ! ! 1
] | H |
‘ ! || N2zo M98 P400; !
N10 : SIMPLE N120 t 1 |
I 1
G25 P100 Q150; [ JUMP G25 P200 Q250; RESET| | '
: (Note} i : |
I
! N140mmmmmmmmmmn; ' i
] ! 1 1
i H 1 1
t ) ! :
N15Q=>er=mm-mmmy N25Q---—~—————- 3 N380 M99;
0 Level 1st Level ind Level 3rd Level

Program No. Q0001 Program No. 00001

Program No. Q00001 Program No. Q0400

Note: Always use the program number in the P
command when commanding from a tape.

Example: N10G25 Pgr]_.‘0100 Q1550; Prograrﬁ number




2,9.12B PROGRAM COPY (G25)(CONT'D)

TAPE OR MEMORY MEMORY

NOOI N100

/ N120

NOl10 G25 P010100 G25 P00110200

:3010150: Q00110250,

| |

1 |

I {

I i

! t

| I

! i

0 Level 1lst Level
Program No. 0050 Program No. 000

Note:

Rest operation
calls the beginming of
program No. set at Level 0.

N200 N300

N225 M98 P65;

N250 N400 M99;
Znd Level 3rd Level
Program Ne. 0011 Program No. (065

1. M98 can be used in a program copied with
G25. Four levels may not be exceeded even

when using G25 with M98,

2. Care should be taken when jumping to a
different L level with M99 since execution will
become endless with no means of escape.

2.9.13 REFERENCE POINT CHECK (27} 7T

This function is for checking the correct return
of the tool to the reference point after performing
a cycle of operation 1n accordance with a program
which starts at the reference paint and ends at
the reference point.

G27 X+ Yeor Z... {a*..0) ;

With this command, the tool moves towards the
specified position along the three axes (4 axes™)
simultaneously but independently, and after the
arrival at the specified point, the point 1s check-
ed for the conformity to the reference pomnt. If
any of the axes 1s omitted 1n the command, the
tool does not move 1n that axis and no check 1s
made mn that axis.

If the pomnt 1s 1n conformity with the reference
point, the reference point return lamp hghts.
If the tool 15 correctly in the reference point in
all the axes, automatic operation is performed
further, but if the tool 15 not in the reference
point even in cne axis, this is regarded as an
error (alarm 241 - 244 display), and the auto-
matic operation 1s interrupted. (Cycle start
lamp goes off.)

If G27 is commanded mn the tool offset mode, the
tool return point 1s also offset. Cancel the tool
offset mode when commanding G27.



Reference point as meant here is a fixed point
relative to the machine to which the tocl returns
by the manual reference point return motion or
by G28 automatic reference point return motion.
Refer to 6.1.15 MANUAL REFERENCE POINT
RETURN SWITCH on page 170. The mirror image
function can be applied to the G27 command.

To aveid non-conformity errors, clear the mirror
unage mode with M94 (Mirror image off) before
commanding G27.

2.9.14 AUTOMATIC RETURN TO REFERENCE
POINT {(c28}%

G28 X.-- Y... Z... {at...p..0)

With this command, the tool is sent back to the
reference point. The tool moves towards the
specified points in rapid traverse, and automati-
cally stops at the reference point.

The tool moves simultaneously in up to 3 axes (4
axesT). However, the tool will not move in the
direction of the axis for which a coordinate in-
struction 1s omitted.

EXAMPLE

G288 X+.+vv Yoo Zo-e

z
, ¢ REFERENCE ZERO POINT
C
- - ‘,) - Z AXIS
= - RETURN TO REFERENCE
A\' \ ZERO
- INTERIM
z 25THT | POSITIONING POINT
- Y AXIS DECELERATION LS
+ :

Fig. 2.29

"Return to reference point" involves the same
series of motions as the manual return to refer-
ence point,

NOTES:

- If G28 is commanded in the tool radius compen-
sation mode (G41l, G42) or mm a canned cycle,
this 1s regarded as an input error "024."

- If G28 is commanded 1n the Mirror Image mode
{(M95), tlus constitutes an input error "058."

+ The tool position offset command 1s not cancel-
led by GZ8. Make 1t a point to cancel it before
commanding G28. If G28is given in the tool
position offset mode, the tocl motion by the
succeeding program becomes as described be-
low. Care should be taken.

A. When the succeeding program 1s made 1n the
ineremental mode:
Tool moves by the amount of incremental
value from the reference point. The tool
cifset 1s not effective,

B. When the succeeding preogram 1s made in the
absolute mode:
Tool moves to the position which is speci-
fied by absolute value and tool offset value,

C. When G29is given immediately after the
Ges.
By G29 command, the tool moves to the off-
set interim positioning point and the suc-
ceeding motion is made according to the
1item A and B.

- When returning the tool to the reference point
for the first time after turming on the power
supply, pay attention to the tool position.
Refer to 6.2.1 MANUAL RETURN TO REFER-
ENCE POINT™,

Return to reference point 1n rapid traverse

In addition to the above " Automatic Return to
Reference Point," "Rapid Traverse Return to
Reference Point" function may be incorporated in
the contrel. With thns function, the motion se-
quence is as follows.

- After positioning at an interim positioning point
B, the tool directly moves to the reference
point in rapid traverse. The returnming timeis
shorter than that with the ordinary return to
reference in which deceleration LSs are used 1n
all the axes.

- With the "Rapid Traverse Return to Reference
Point," point B may not necessarily be within
the reference point return possible area.

- 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
the turnming on of the power supply.

- Rapid traverse return to reference point is ef-
fective only with G28. Manual return motions
are not changed by 1t.

- Where a 4th axis 15 used, when no command is
given for the 4th axis in a G28 command, and
when the tool has been returned to the refer-
erice point in the X, Y, and Z axes, the tool
moves to the reference point in the rap:id trav-
erse return mode. If a command for the 4th
axis is included in the command, the tool re-
turns to the reference point 1n the ordinary
return mode, unless the return motions 1n all
the 4 axes have been completed.



2.9.15 RETURN FROM REFERENCE ZERQ (G29)*

This code 1s used to return the tool to 1ts original
positon after return to reference zero by auto-
matic return to reference zero, along the same
path.

G28 Y... Z... Pont A B - C
— (Reference zero pomnt)
Point B
G29 Y:-r Z-.. PointC - B -+ D
————
Point D
C
l (REFERENCE ZERC POINT)
|
; RETURN TC REFERENCE ZERD
B(INTERIM POSITIONING
- POINT
D o I
’l
d
A

Fig. 2.30

When G29 1s programmed, 1t is not necessary to
consider the distance between point B and C in
the program. Particularly when an incremental
mstruction 1s used, this 1s effective for return-
ing teol to the orignal position, after returning
to reference zero.

Movement of C + B and of B + D 1s made at rap-
1d traverse rate simultaneously along three axes
{simultaneously five axes’) by G29. However, in
an axis for which a coordinate instruction was
omitted, the tool will not move.

If G28 1s programmed a number of ttmes, 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
N2l G9C¢ ; X ¥ 7
N2Z G28 Z10, Y20, ; — (0, 20, , 10. )
N23 G28 X30. H - {30, , 20, , 10, )
[N24 G29 x-40. v-s0.
LEqual to GO0 X30. v20. e
the two =
blocks GO0 X-40. Y-50.

EXAMPLE 2

N3l
N32
N33
N34
N35

G9l

Gz8 2.

G28 X20, Y40. ;
M06 ;

G29 X40. Y-40.

Fig. 2.31

NOTES:

- An input error "024" occurs 1f G29 15 program-
med in tool radius compensation mode (G41,
G42) or during canned cycle mode (G73, G74,
G76, G77, G81 to GBY9).

- An mput error "059" occurs if G291s given
without execution of G28 after the control 1s
turned on

- In principle, cancel tool offset before program-
ming G28 or G29. If they are programmed when
offset 15 also effective, interim pesitioning
pownt B will alse be offset, and the tool passes
pomnt B',

e' (REFERENCE ZERO POINT)
/

OFFSET AMOUNT

’ (INTERIM POSITIONING
o POINT)

Fig. 2.32



- An input error "058" occurs if G2915 given dur-
ing mirror image (M95}.

- The following command or operation must not
be taken because interim positioning point B of
G28 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 M%4 which
cancels mirror image at the different peoint
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... Y--- Z... {at...8..0

{where Pn = P2, P3, P4)

with this command, the tool first moves to an mn-
terim positioning point, and then, moves to the
2nd, 3rd or 4th reference point.

P2: 2nd reference point When P 1s omitted,
the tool moves to
the 2nd reference
point,

FP3: 3rd reference pont

P4: 4tk reference pomnt

If any axis of the coordinate instruction is omit-~
ted 1in the command, the tool remains motionless
1n the direction of that axis.

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

EXAMPLE

The tool returns to the
3rd reference point
moving 1n the X and Y
directions.

G30 P3 X30. X50.; ---

NOTES:

. Three items except the last one in NOTES of
2.9.14 AUTOMATIC RETURN TO REFERENCE
POINT {G28)t on page 37, 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 i1s renew-
ed on the axis designated by G30.

2.9.17 SKIP FUNCTION (G31)7

G31 X.+or Y.or Zoos (ateo g0 ) Foor g

With tlus command, a special linear interpelation
is commanded. During the interpolation movement
under the command of this program, whenever a
skip signal is inputted, the interpolation 1s 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. G31 is non-modal.
EXAMPLE
N10OO G90 G31 X100. Y50.;
N200 GO0l XB0. Y15,
SKIP SIGNAL IS
INPUTTED HERE
(100., 50
T

) —— ACTUAL MOTION
o / PATH

t __— MOTION WITHOUT
/ SKIP SIGNAL

/
50., 2
¢ % (80., 15)
X
Fig. 2.33

When G31 block 15 executed without a skip signal
being inputted, the machine stops at the end of
the biock, and the alarm code "087" is displayed.

Feedrate of the tool is set for G31 blocks selec-
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.



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

2,9.17 SKIP FUNCTION(G31} (CONT'D)

#6552 --- storing X coordinate value
#6553 .. stormng Y coordinate value
#6554 +.. storing Z coordinate value

#6555 --- storing 4th coordinate value (1) '
#6556 ... storing 5th coordinate value [ I3 |
These data can be treated as coordinate data in 1 b T 2 /4 |
user macros. 2 J & G36 f
. . . 7
When a skip signal is not given in spite the exe- ;: N i —jé WORKPIECE
cution of G31 by setting (#6004D0), the program g 637 | 7
moves oni to the next block automatically. A —t 2
L
2.9.18 AUTOMATIC CENTERING FUNCTION a c a-b
(G36, c3ant = =5  CENTER
With this function, the spindle is aligned with (I, J, I', I = Incremental value)
the center line of the machined bore, with a touch F
1g. 2.34
sensor.
NOTES:

+ G366 I.-.-{orJ--.) F--- ;

. - Wh 3
With this command, the spindle moves in the X en no contact signal 1s obtamed during the

movement through the specified incremental

(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 point 1s stored
with the function of G37. Then, the spindle
returns to the start point in rapid traverse.

distances I {or J) and I' (or J'}, this consti-
tutes an error.

* When I and J are programmed together 1n a

block of G36 or G37, this constitutes and error.

* When G36 or G37 15 commanded in the tool

radius compensation C mode or mn a canned

- ‘. - s II - n LY .
G37 1 (orJ ) F ; cycle, this command 15 treated as an error "024."

With this command, the spindle moves in the X
(or Y ) 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 rapd traverse.



EXAMPLE A: Automatic bore centering

®

MO06 T10 ;

Go0 X.

Zooe

G99l Xr ;

G IiF... ;

X-2r ;

G37TI-i,

Xr ;

Yr ;
G36 Jj;
Y-2r ;
G37 J-§;
¥Yr ;

G92 X0 20 ;

ve Yoo

PO

HEE )

Selection of touch sensor

Positioning in X and ¥
axes to virtual center

Motion in Z dwrection 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

Note:

r > R is assumed 1n the program.

Fig. 2.35

EXAMPLE B: Automatic cuter diameter

M6 T10 ;

GO0 X--- Y---

@ G601 Xr ;

@Z—z;

3) G36I-1 F--

@Zz;
@]{—Zr:

® z-z ;

LI g——)

Selection of touch sensor

Positioning in X and ¥
axes to virtual center

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 virtual
diameter-2r in X direc-

tion

Motion i Z direction to
measurable position

& a631h; Automatic centering (2)
in X direction

Zz ; Retraction 1n Z direction

@ Xr ; Completion of centering
in X direction :

Yr
Similar automatic center-
g in Y direction

Yr ;

G92 X0 YO, Setting the automatically
obtained center point as
the coordinate (@,0) point

P _.®.._ —_—— -0 @
, oJ_ - Tl

® ® @ TF@

\ 77 77 F 7 77 / DRE
C---/w RKPIECE R /~ -
z Y4 i
XY TABLE

X

Note:

Fig.

r <R 15 assumed in the program.

2. 36



2.9.19 Z-AXIS REFERENCE SURFACE OFFSET
(c3gt

With this function, the tool 1s offset in the Z di-

rection automatically for obtaining accurate dimen-

sion relative to a reference surface, with a touch
sensor.

© G38 K--. Feee

With this command, the spindle moves in the

Z direction at a speed F, and stops when the
touch sensor gives out a contact signal. Then,
d = k - g 1s calculated, and the spindle returns
through g - d in rapid traverse, where k is a
value specified by K and g 1s the distance from
the start point to the contact point.

s
=
4=
s

k: TINCREMENTAL DISTANCE

Fig. 2.37

NOTES:

- If no contact signal is received during the trav-

el through the specified incremental distance k,
an error "087" 1s caused.

- When G38 1s commanded 1n the tool compensation

C mode, or in a canned cycle, this 1s regarded
as an error "024."

EXAMPLE
M06 T11 ; Selection of touch sensor
@ G691 GO0 z-z ; — Approach to the measur-
ing peint in Z direction
(@ G38 K-k F--- ; — Z reference surface

compensation

Return to the offset
position in the Z
direction

@Zz;

G92 20 ; Setting of Z coordinate

origin at this pomnt

. g should be larger than d. If g 1s equal to or

smaller than d, 1t causes an alarm "088.,"

T
ol TW
\ {

&)
o |

1.

k f
TN 77777
WORKPYECE
Fig. 2.38

2.9.20 TOOL RADIUS COMPENSATION C
(G40, Gu1, ca2)+

It is possible to specify the radius of the tool and
to cause automatic tool path offset by this value.
Store the offset value (tool radius value} in the
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.

1. Designation of compensation direction and
of D code

Tool radius compensation C 1s programmed
with G41, G42 and is cancelled by G40,

G4l and G42 indicate the directions of tool
offset with respect to the direction of move-
ment.

Table 2.24 G codes of Toel Radius
Compensation C

G code | Group Meaning
G40 07 Cancellation of tool radius
compensation C
Tool radius compensation
G4l 07 C, left
G4z 07 Tool.radius compensation
C, right

Note: When the power is turned on, G40 is
effective.

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 contaiming G41, G42 or in a preced-
ing block. If D00 1s commanded, tool radius
will be regarded as "0."



o

G41 (LEFT)

TOOL

PROGRAMMING,

G42 (RIGHT)

Fig. 2.39

Switching between G41 and G4Z can be made
Details will be

in the compensation mode.

given in item 5 below.

Designation of compensating plane

The plane in which tool radius compensation

is made 1s designated by G17, G18, G19.

They are G codes of 02 group. The XY plane
{G17) is m effect at the, time power is turned

on.

Table 2.25 G Coodes for Designation

of Planes
G code Group Meaning
G17 02 XY plane
G1l8 02 ZX plane
G19 02 YZ plane

Note: When the power 1s 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.
It is not possible to apply tool radius compen-
sation in a plane including the fourth axist,

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

normal line at the start peoint of the block

If no coordinate
mstruction 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 G00
or G0l for a G code in group A. An mput
error (alarm code "026) occurs if a G code
other than G00, GO0l is programmed.

immediately after G41{G42).

EXAMPLE A

(2}

(b)

Gl17 G01 F... ;

G41(G42)

X-..

Deee Xeoo Yeuo

»

TOOL, G40

N G4l
N
N ALY
AN

Gz.z/ N

b
By 1a] o

o |

PROGRAMMED PATH

Gl7 GO1 F... ;

G41(G42)

G02 X...

De-v Xeeso Yorn :

Yoo Jewe 3

TOOL, G40

CENTER

Fig. 2.40



2.9.20 TOOL RADIUS COMPENSATION C (G40, G41, G42) T (CONT'D)

EXAMPLE B
(¢} GI7 GOl F-.-. ;
G41(G42) D---
X Y- H
G02 X--+ Y.-. J ;

CENTER

Fig. 2.41

Pay attention to the fact that offset 1s made
on the normal line to the program hne deter-
mined by the block after G41(G42) at the
start pomnt in all of the examples (a) to (d)
above. When the movement on the compen-
sation plane is not programmed 1n the bleck
after G41(G42}, the next one block 1s read A
ahead and the compensation start with the
block. The blocks without move command
can be programmed continucusly up to two.
Input error occurs if move commands on the
compensation plane are not programmed 1n
more than three blocks.

When compensation entry is programmed in
the GO0 mode, posttioning movement 1s 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 1s
programmed by G41, G42, the tool moves along
the offset path until the instruction G40 is
given.

(d} G17 GOl ¢..
G41(G42) D... ;

Go2 X--. ¥... J.. ,

CENTER

As calculation of the path 1s automatically
made by the control, designate only the
shape of the workpiece in the program. The
tool path 1s controlled as follows depending
on the angle between blocks.

Inside corner (180° or less)-
Intersection computing type

Fig. 2.42



Outside corner {over 180°):
Circular path type (in the case of M%)

CIRCULAR

/¢ ARC
/
-~

PRl N

Fig. 2.43

In this case, movement of circular path is
inciuded in the former block.

Code M97 can be used to machine the cutside
corner by the intersection computation, de-
pending on the work. Refer to 2.8.6 CIR-
CULAR PATH MODE ON/OFF ON TOCL RA-
DIUS COMPENSATION C (M97, M96) on page
20 for details.

M9% ... Tool radius compensation circular
path ON

M97 -+- Tool radius compensation circular
path OFF (execution of intersection
computation)

Normally, M9 is used for thus operation,
however, when there 1s a possibility of an
"overcut” in cutting special shapes with the
M9, M97 should be used.

C. Movement in GO0 mode

The instruction GO0 positions tools independ-
ently along each axis toward the final offset
position. Care should be taken on the cutter
path.

Goo

GO0 OR
GOl

(In M96 mode)

Fig. 2.44



2.9.20 TOOL RADIUS COMPENSATION C (G40, G41, c42}t (CONT'D)

D.

Shape requiring care

Do not program a wedge shape having an
accute angle.

(a} Wrong

The intersection is
located at a far point

M97

Increase
the angle.

M97

Fig.

Command involving no movement in compen-
sation mode

The contrcl normally reads i advance two
blocks during tool radius compensation mode
and computes the tool path. If either of
these blocks give no coordinate mstructions
such as G04 (dwell), the control reads the
block further ahead and makes computing,

Where the tocl cannot
enter the wedge shape,

| the intersection point

is located on the opposite
side.

97 (b} Correct

¥

—— =TT~ Program a path allowing

the entry of the tool.

2,45

The blocks with no coordinate mstructions
can be processed continuously up to two
blocks. When coordinate instructions are
missing 1in three or more blocks, tocl radius
compensation becomes impossible and accurate
tool path cannot be obtained. Therefore, in

a2 program where G4l or G42 1s used, ensure
that, after them, three or more blocks without
movement command plane will not follow.



EXAMPLE

G17 GOl G4l X--- Y-«- D--» Feev ;

Xeoso Y.uu H
Xeve Youur
G04 P1000 ; Blocks without movement
Xeeo Y . in compensation plane.
R {When these blocks are withun
two, machining 1s made smoothly.)
e Yo

' ——
z. :

Y- H
X Y-- 3

G40 X-+- Y-oo-

+ If no movement instruction 1s programmed in
three continuous blocks, offset in the block
immediate before them is made on the normal
lIine at the end point. Where movement in the
compensation plane cannot be programmed in

three or more continuous blocks for retracting
in the third axis or the hike, and offsetting on
the normal line is not satisfactory, a dummy
block can be inserted by I, J or K,

EXAMPLE
NOO1 G17 GO01 G4l X- Y- ser Feee
N00Z2 X---
XY plane
NO1¢ X-.- X
1
NO11 I.- ; Dummy block NOIZ:;NOI‘)
l
NO012 Z... f
) Z axis f
3 blocks) |
NO19 Z... ; or above {
ettt A
| NO20 X--. Y... ; F]=="=—===== 4 X
e -
. XY plane
N029 X Yoo 3
NO30 G40 X-..- Y... ; Fig. 2.46

— 47 —



2,9.20 TOOL RADIUS COMPENSATION C I: Dummy for X axis

+ 1

(G40, G41, G42)T (CONT'D) command Programmed in
The dummy block 15 not programmed for actual J: Dummy for Y axis Incremental
movement but it only provides data requred command values
for tool radius compensation computation. In K: Dummy for Z axis
the example indicated above, an instruction command
that is the same as the first block {N020) of )
restarted movement of the XY plane after move- If Xeoo Y.-. of NOZD‘ 1s 1n absolute ‘values in
ment of Z axis is programmed as a dummy by the above example, give an instruction by con-
Iand J. I, J and K are used as the addresses verting mto incremental values.
of this dummy instruction, and they correspond Note: Make a dummy block as follows if the
to X, 'Y, Z axes respgctwely. Swtably use object of the dummy block is circular
them in accordance with the plane designation. interpolation.

EXAMPLE

NO050 GO1 X--- Y... , i CENTER

NO521| NO59 -
NO051 GO1 I(b) J(-a) ; — Dummy block o Ib
NQ&82 Z.--
- N050

N053 2z ' Z axis Y

N039 Z-... ;

NO&0 GO3 X..- ¥... I{a}) J(b) ; —— Circular

interpolation X
NO61 GO0l X--. Y-.. ,
Fig. 2.47

This is, insert a linear dummy block that gives 6. Switching between G41 and G42 in compensa-
the tangential direction at the start pont of tion mode
the circular interpolation program bleck as
shown above. Exercise care with the sign In this compensation mode, direct switching
of the dummy block data depending on the between G4l and G42 1s possible without mak-
shape of the circle. The tool stops at point A ing cancellation with G40,
by the dummy block in preparation for the
next circular command. EXAMPLE

N1l0 G17 GO0l F... ;
N1l G41(G42) D.--. ;

.

N20 GOl X--- Y... Foe.

[ N2l G42(G41) X--- Y... ;I——BI k of
> Doy BLOCK L Stchn

X switching

N22 Xeoo
Fig. 2.48



G42 N22

(b) G4z + g4l

(2) G41 -+ G412
(M9 mode)

Fig, 2.49

Note: The movement identical to what 15 shown
above is alsc obtained when block N21 1s
split into two blocks as follows.

G42 {(G41) ;

Xeoo ¥YV.o.. H

BLOCK READ AFTER
CHANGE OF TOOL
RADIUS VALUE

7. Change of tool radius value in compensation '

mode I ~
e d }-

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

8. Method of cancellation of compensation

G40 1s the command for cancelling too] radius
compensation C and for pPositioning or feed-

ing the tool to just programmed end peint.

In this case, the tool moves to a point on the Fig. 2.50
normal line at the end point of the block im-~

mediately before the block contaiming G40,

Therefore, no portion will be left unmachined
even when a cancellation with sharp angle is
programmed. Because G40 accompanies can-
celling movement, program 1t in the GO0 or
GO0l mode like G41, G42. An input error "027"
occurs 1f group A other than G00, GO02 is used.



2.3.20 TOOL RADIUS COMPENSATION C (G40, GUu1, cu2)t (CoNT'D)

EXAMPLE A

{a) G41 (G42) (b) G41 (G42)
G0t X... F... ; G02 X+ Y-uo I Jeor
G40 X... Y... G0l G40 X... Y---

TOOL  cap TOOL G40

Y
X 6
CENTER
Fig. 2.51
EXAMPLE B
(¢) G4l (G42) (d} G4l (G42)
: GOZ Xeoo Yeeouo Tewe Jeun :
G0l G40 ;
CENTER
CENTER
Fig. 2.52

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.



9.

Cautions and remarks in tool radius compen-
sation C

A. Maximum programmable value (Refer to
Table 2.3.6.1) is not changed even 1n tool
radius compensation C.

B. Programmed shapes that produce input
errors
Input error "045" occurs with the follow-
mmg programmed shapes.

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

Programmed arc radiusr +5

< tool radius d

TOOL

{(a) Inside compensation (b)

error error

Outside compensation
is correctly made
even when r < d

Fig. 2.53

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

Inside compensation

NO INTERSECTION

TOOL

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

Fig. 2.54

{3} When reversing command or an angle close
to reversing command 1s programmed in
M97 (Qutside Corner Circular Arc Point
Off} mode.

{a) Reversing command R

H

Case of linear
command
B < 11.7° s

9

Note: With the
circular arc com—
mand, tangent angle
8 alone is insuffi-
clent.

(b) Command close
to reversing

Fig. 2.55

In M%6 mode, all of the above shapes are
correctly compensated.



2.9.20 TOOL RADIUS COMPENSATION C (GU0, G41, cu2)T (CONT'D)

C. Input errors occur when the fellowing G
codes are programmed in the compensa-
tion mode.

Prohibited G codes

G codes producing Gl2, G13 (G17 to G19)

input errors G28, G29
G73, G74, G76, G77
G8l to G8%9
G92

* If a "reset operation" 1s performed in the
compensation mode, compensation 1s can-
celled and G40 remains.

D. Tool radius compensation C 1s apphed to
the movement path offset by tool length
offset and tool position offset. However,
in principle, avoid applying compensation
C to the path using tool position offset
for compensation of tool radius.

E. When programmmng G41, G42 and G40, GO0
or GOl and an F code should be program-
med 1n the same block or i1n a preceding
block.

F. An mnput error occurs if a G code, Gl17 to
Gl9 of plane designation for changing the
compensation plane 1s programmed during
compensation.

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 1s also possible
on circular interpolation by radius R des-
ignation.

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

J. Compensation is applied to the projection
to the compensation plane designated by
G117, G18 or G19 when simultaneous move-
ment along three axes {ftve axes' maximum)
is programmed 1n compensation mode.

— 52 —

COMPLETING POSITION
OF PULSE DISTRIBY-
TION QUT OF THE

COMPENSATION PLANE.

COMPENSATION
PLANE AN -
4 ~ ’ ~
M97 M96
Fig. 2.56

. Input error "046" occurs when circular in-

terpolation is programmed cut of the plane
designated by G17, G18 or G169.

Offset position may be temporar:ly modified
by programming a dummy block using ad-
dresses 1, T,

{G42)

N100 GO0l X- . Y...
N101 I... J... ,
N102 Xooo

DUMMY BLOCK USING
I, J CODES: N101

Fig. 2.57



M. Advance reading of blocks 15 prolubited

when M00, MOl (M02, M30) commands are
given, and compensation 1s usually inter-
rupted. Continuation of correct compen-
sation is secured by programming I, J, K
in a dummy block immediately before MO0,
MOl to avoid interruption.

(G41)

N200 GO1 X.-- Y-- ;

N201 I... J... ; |w—— Command
. movement
Nz02 MOO data N203
using I, J
N203 Xeeo Youo |,

. Up to 99 radius values can be stored in the
offset memory in total for the tocl radius
compensation, together with the values for
other compensation. Make designation by

a2 D code. The maximum programmable value
of tool radius compensation 1s ¥999, 999 mm
{or $99.9999 inch).

. Overcut occurs if compensation is program-
med on a step less than the tool radius mn
M9 mode. Keep this in mind. Although
undersize cut occurs with the G97 mode, 1t
1s better than overcut with the M9 mode

UNDERSIZE
CUT

{b) M97 mode

OVERCUT

{a) M96 mode

Fig. 2.58

Even mn M9 mode, the tool moves directly
toward point B without making circular path,
if both AX and AY are smaller than a fixed
value as shown below. The fixed value 1n
this case is the value set by parameter
(#6230).

MOVEMENT
OF TOOL
PROGRAMMING
ax Sy
AY £°Y

Y v: Set value of
parameter #6230

Fig. 2.59

10. Intervention of MDI operation 1n compensation
mode

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

11. Intervention te active buffer in compensation
mode

The data given below can be programmed in
the compensation mode of G4l or G42 with
procedures 1dentical 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, T and B* codes

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

When the CYCLE START button is pushed in
the RAPID or JOG mode after programming,
the instructions are immediately executed and
signals such as BCD ocutput are sent out.
Automatic operation can be resumed when
CYCLE START 1s made after returning to the
original automatic operation mode.

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

MO00, MO01, M02, M30, M90 to M199



2.9.20 TOOL RADIUS COMPENSATION C
(G40, &1, Gu2)T (CONT'D} ® L)

EXAMPLE A
<
it
]
=
+¥
+X
/
START POINT
z- Qutside cutting Inside cutting
Gul P G42
@G?_{ Gal z-25. _ Incremental, Z axis @ J-20. ~——= Dummy bleck (for modi-
F150 ; lowering fying offset position)
@Gl? {G01) F300 ; ~—— XY plane designation, @ 225. , —— Z axus Two blocks
feed command elevation | without move-
ment on the
®G41 D21 ; ~— Tool radius compensation MO1 ; —— Optional designated
start command with tool stop plane
offset No. 21
- @ G42 (GO1) X130. Switching of direction of
@YMO. ; =w————1 Qffset to a pomnt on the ¥90. FZ000; compensation(left + right)
normal line of start point
of thus block. Z-25. F150 ; — Z axis lowering

(®x30. vao. : @  y-10. F300 ;)
(6)Go2 x100. 150. X-60.
(DGo1 X30. ¥-40. .| Outer Cuttng Y30.
(& v-100. ; G02 X80. 140. , | Inner Cutting
@x-10. @) coiy-30. ,
(19 Go3 X-80. RS0, ;1R designation circular @  x-60. ; ]

arc
@ Y30. , ——= Offset to a pownt on the

@Gﬂl X-70. ; p normal line of end pomnt
of this biock

Z25, ; ——— Z axis elevation

@ G40 (G01) X-60. Compensation cancel
Y-120. F2000 ; command

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

Fig. 2. 60



EXAMPLE B

30-

+X

(G40)
GSl Go1

G17
G42
Goz

GOl

Go2

GOl

Go2

G40 <01

OOOLEPONROOAOO®

Z2-25. F150 ;
F300 ;

D20 ¥X20. ;
X-20. vy-20.
X-40. H
Y30,
X80.
Y-30.
X-40. ;
X-20. Y20. J20. H
X20.

225.

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

varies with the tool radius,

An inner cutting case

with zero double cutting allowance regardless of the
cutter radius 1s shown in EXAMPLE B,

Fig. 2. 61



2.9.21 TOOL LENGTH COMPENSATION
(C43, Gu4, c49)

The tool length compensation function 1s 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 1n the following format.

A. (G01)
G43(G44y Z.. H- . ,

With this command, the tool moves towards
the Z coordinate position which 1s

the sum of (or difference between) the H
value and the Z value. As the result, the
tool point 1s displaced from the specified

Z-coordinate position by the distance spec-

ified by the H code.

B. (GOL) Z... ;
G43(G44) H... ;
With this command, the tool 1s shifted by
the distance specified by the G code
C. G43(G44) Z... H...
H... ; vees {2}

With the command (2), the too] 1s shifted
by the difference between the previous
tool offset value and the new tocl offset
value.

- When G43, G44 and G49 are to be commanded,
the accompanying 01 group G codes must be
GO0, GO1 or G60. When GO2 or G03 is used,
this is regarded as an error.

« Direction of shaft

The direction of tool shift is determined by the
sign of tool offset value as programmed 1n the
H code and by the G code used.

Sign of tool offset value

Positive Negative

G43 Plus direction Minus direction

G44 Minus direction Plus direction




EXAMPLE

H10 ... Offset value: -3.90
H1l1 ... Offset value: 4.0

CRT display including offset value

(Z direction only)

N101 G92 20 ; 0.000
N1l¢2 G900 GO0 X1.0 Y2.0 ; 0.000
N1:03 G43 2Z-20. Hl0 , -23.000
N104 GO1 2Z-30. F1l000 ; -33.000

N105 GO0 Z0 HO0 ; 0.000

N201 GO0 X-2.0 ¥-2.0 ;

N202 G44 2-30. H11 -34.000

N203 GOl Z-40. F1000 ; -44.000

N204 GO0 Z0 HOO : ' 0 000
NOTES:

- When the tool offset value is changed by the
MDI function while programs in the offset
mode 1s in execution, the change 1s effective
from the block contamning D code.

- The tool position offset function or the tool
radius compensation function is effective on
the tool which 1s already offset by the tool
length compensation function.

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

ACTUAL
TOOL
POSITION
PROGRAMMED Jﬁl —=20.000
TOOL POSITION' . -23.000
7 7 s
z 4
Pometi— =30.000
R .
U -33.000
ACTUAL
TOOL
POSITION
PROGRAM w__i%\ggi;____ -30,000
TOOL POSITION ' .- -34.000
Iy s
7
s -40.000

Sl 40,000

- When a G92 command involving the Z axis 1s

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

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.



2,9.22 TOOL POSITION OFFSET {GU45 TO G48)

Tool position offset A is for extending or reduc-

ing the movement value designated in the program

by the values in the tool offset memory, and 1s

mainly used for tool radius compensation for

square patterns. Therefore, this function 1s not
requred with controls equpped with G40, G41,

G42 {tool radius compensation C). 3.

1. G codes of tool position offset

G code|Group Meaning

G45 * Extension

G46 * Reduction

G47 * Expansion by double

Extension or reduction 1s made only in the
block 1n which G45 to G48 are programmed
and movements in other blocks are unaffect-
ed. Therefore, to restore extended or re-
duced values to the original program values,
an extension or reduction in the opposite
direction must be programmed eventually.

Make program command by incremental de-
signation (G91) for the sake of making the
above operation clear. When the command is
given by absolute designation (G9%0), exten-
sionn and reduction are made along the direc-
tion of movement to the movement value from
the end pomnt of the preceding block, to the
command target point. That 1s, extension
and reduction are made to the incremental
movement amount. The programming may
become complicated.

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
medal, they may be omitted if the same D
2. G45 to G48 extend and reduce the movement code 1s used, Store the tool radius value in
value programmed in the block, 1n the direc- the tool offset value memory.
tion of movement by the tool offset value.
EXAMPLE
G91
@® Goo G46 X..- Y... DO , c e Reduction
@ G0l G47 Y... (DO1) F... ; - .. Extension by double
€] G47 X-.. (DO} , . Extension by double
@ G47 Y... (DO0O1) ; <. Extension by double
@ G47 X... (D01} ; s Extension by double
® G600 G46 X... Y... (DOI) ; - .. Reduction

Y ____.__Af_____t
PROGRAMMING
Fig. 2.62
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5. Extension and reduction

Extension or reduction is determined by the G46 X10. DIO , D10 = 20.
sign of the tool offset value designated by a
D code in addition to the G code.

10. (COMMAND)

Sign of tool offset value 20.

Positive Negative E A
G45 Extension Reduction

END POINT START POINT
G46é Reduction Extension (TOOL MOVEMENT)
G47 Extension by Reduction by
| _double double Fig. 2.65
G48 Reduction by Extension by
double double 7. The above applies to X and Y axes, but G45

to G48 may also be programmed to Z axis in

Note: In general, tool offset value should
the same manner.

be "positive."

6. Values of extension and reduction §. Application to circular interpolation

1f I, J, K are programmed in the block with

A. Programmed mncremental move values are s
G45 to G48, extension or reduction is made
e:f:ftentdedl or redx;cec: by tl:; de51glnated tool respectively in the same directions as X, Y,
ofiset values or by twice thewr values. Z. Therefore, tool radius compensation 15
G9l GO0 G47 X60. D10 ; D0 = 20. possible with 1/4 eircle, 3/4 or full circle.
G91
60. (COMMAND) 40. (EXTENSION 3Y DOUBLE) G45 G02 X50. ¥50. 150. DI .
100.
START END
POINT POINT MOVEMENT CF
(TOOL MOVEMENT) TOOL \/,——"?
: - f——— EXTENSION OF Y*:
Fig. 2.63 e - 20,

PROGRAMMING

EXTENSION OF X:

B. Where extension or reduction is applied to
an axis in the preceding block and the start

pomnt has already been offset, the total move- Y
ment value 15 identical to that described a-
bove, but the distance 1s measured from the
offset start point. ES?ﬁ"f 50. (I)
with an instruction same as that described X EXTENSION OF IL:
above: 20.
Fig. 2.66
{COMMAND) 40. (EXTENSION BY DOUBLE} In practice, correct radius compensation of
=== circular arc is made 1f an offset 1s applhied
To00 in the preceding block.
' END POINT
(TOOL MOVEMENT) G91 GOl F-.- ;
Offset value by preceding block G4b X--. Y... D10 ,
Fig. 2.64 G45 Y..-

G45 Q02 X+« Y.:o:r ... H

Note: Where the tool offset value 15 larger
i than the programmed movement value, G0l X
the direction of movement may be re- o
versed when extension or reduction
1s appled.

>




2.9.22 TOOL POSITION OFFSET (G45 TO Gu8)
{CONT'D)

CENTER

PROGRAMMING

START POINT

Note. When 1t 15 necessary to program 1/2
caircle, assemble them using 1/4 circle.

Fig. 2.67

Fig. 2.68

9. When programming G45 to G48, the G code of
01 group can be given together in the same
block. An input error occcurs if mstruction
1s given with other G codes.

10. When only movement by offset in the incre-

mental designation {G91) 1s requred, pro-
gram "0" as the axis movement mstruction.
G9l GO1 G45 X0 Y0 D10 F...

Movement is made 1n the positive
direction along both X and Y axis
by the offset value with D10.

G91 GO0 G46 X0 D11 ;

Movement 1s made 1n the negative
direction along X axis by the off-
set value with D11,

It 15 meaningless to give a sign to "0."

NOTES:
- When G45 to G48 are programmed as the simui-

taneous movement instruction along two axes,
extension or reduction 1s made 1n the two axes.
Overcut or undersize cut will occur 1f this 1s

appled to cutting. Keep this in mind. (Fig 2.9.23.

Even when the offset value 15 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 apphed 1n ad-

dition to the tool length offset.

Mirror image can be applied to tool position off-
set. That 1s, it 1s possible to perform symmet-
rical cutting with this offset applied.

- Tool position offset 1s independent of G codes

(G1l7/G18/G19) of plane designation.

- G45 to G48 can not be programmed 1n the can-

ned cycles mode, An mput error will occur if
this 1s programmed.

+ If G92 1s programmed in the offset mode, pro-

gramming of absolute zero point 1s made after
the offset value 1s canceled from the designated
axes. In principle, program G92 after return-
ing the offset value to the original value by
programmmng extension or reduction in the
opposite direction.

Durmg automatic operation, the offset distance
in each axis from the programmed end point by
tool position offset can be displayed Refer to
4.3.2.3 DISPLAY OF TOOL OFFSET STATE:
COMMAND (OFFSET).

-

f



EXAMPLE A

50.

—

30.

70.

30R

..

-t:j__J

9

(&)

40.

w

©

d
POINT
40.

e —— A e e e g 7eri e i

140.

+X

POROPOCPRIDPEOEE

GI1

G45
G45

G4é
G46

Go1
G46
G45
G0z
GOl

G48

G47
G47
G4b
Go3
GO0l
GA7
G46

Z-25.
X40.
Y 70.
X30.
X 30.
Y-50.
X50.
Y50.
X70.
Y-60.
X0
X-40.
Y0
X-140-
X-40.
Z25.

F150
Y 40.

Y 30.

Fig. 2.49

Y-40.

Y-40.

D10 F300

130.

J-40.



2.9,22 TOOL POSITION OFFSET (G45 TO Gu8)
(CONT'D)

EXAMPLE B

50,
&

=
-~
et
0
4

i
t
N [}
s o
l
i
]
I
!
‘O; @®® ‘
i e
STARTI 30. 70.

G91 CO01 F300
G46 X30. vY40. D15 ,
G45 X70.
G45 G03 Xd40. Y40. J40.
G45 GO03 X-40. Y40. I-40.
G46 GO1 X-20.
Y50
G45 X-50.
G45 GO03 X-50. Y-50. J-50.
G446 GO1 YO ;
X50.
Y-20. ;
G46 X-30. Y-40.

OOLCEERROEEEE ©

Fig. 2.70



2.9.23 SCALING FUNCTION (G50, c51) 7 Example

6500 = 3, #6501 = 100
With this function, workpiece contours program- Where setting #63
med by part programs can be enlarged or reduced

3
i = =0.03¢t
at any desired scale . Multiplication factor 106~ imes

Multiphication should not exceed the enlarging
The following G codes are used for this functon. and reducing range.

When I, J, or K is programmed in the G51 com-
mand, scaling functions on the axis designated:

G code Group Meaming I... X-axis, J... Y-axis, K... Z-axis.
b | Scalbng will work only on the axis selected by I,
G50 15 Scaling OFF J, or K.
G51 15 Scaling ON Example
Note: When power 15 applied or the control 1s G51 1100 JO FO.8
reset, the control is in the state of G code
marked with™Y. With this command, scaling will work on X- and

Y-axis and not on Z-axis

© G5l Lo Jeer Keeo Peee g Where the work coordinate system 1s specified,I ,

With this command, the program 1s executed on J, and K 1n the G5l block designates the distance
an enairged or reduced scale with the scale between coordinate system zero point and scaling
ratio specified by P, and the center of scahng center.
specified by I, J, and K.
Example Y N1 G92 X0 YO _;
- G50; d 1 1 ; ;
command cancels the scaling mode ] N2 GO0 G90 X200. Y100. :
- The enlarging and reducing scales can be se- N3 G51 1200.J200. ,
lected wrthin the following range. 400 ;
SCALING
Enlargng and reducing range | 0.000001-9% 999999 200 % = CENTER
When no scale ratio 1s specified 1n the program, B
the ratio set by parameter #6500 becomes effec~ —T 1T T T 7T %
tive as the scale ratio. 200, 400,  600.  B0O.

Command unit for Pi1s 1 = 0.000001.
When P command includes decimal number, num- 92

bers after decimal paint are regarded as six- 34

N1l G54

v

digat numbers. N2 GO0 G90 X200. Y100. ;
Work - 400 N3 G51 1200, J200, ;

Example Coordinate 400 — _ :
P0.999999 0.999 Shatt A ' . SCALING

. . 999 t Shuft Amount !
2.0 2times (200, 100) =] 2007 ¥ =" CENTER
P2 0.000002 time 200 - N2
When P (designating multiplication) 1s omitted, A W A T I
multiplication is determined by setting #6500 and r ] 2?0' | '“]m' | 6?0' l X
#6501. 200, 400, 600.  800.

#6500 Fig. 2.71

Multiplication = —J5o—
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 1s executed on a single
axis, an alarm occurs at circular command be-
cause scaling cannot work according to aircular
command.



2.9.23 SCALING FUNCTION (G50, G51) Ge8, G29, G30, G31, G36, G37, G3B8, G53, G92

(CONT'D) - Scaling (G51) command cannot be given during
tool radius compensation C.
- Block commands G5t I... J... K .. P...
and G5%, should be programmed independently.
If X, Y and Z commands coincide in the same

« Alarm codes for scaling are listed below.

b . i .
lock, an alarm will occur Table 2.26 Alarm Codes for Scaling
- When the scale ratio of one or more is program-
med, the resultant command value should not Alarm Code Causes
exceed the maximum.
_ 050 G50 and G51 blocks not
- Scale ratio 0 cannot be commanded. If com commanded 1ndependently.
manded, an alarm wall occur.
- Scaling is not effective on compensation value. . Multiplication factor set as 0.
U 1
+ Canned cycles cannot be executed with scaling nusable G code commanded
ded 7o axi If ne i d- 051 during scaling
cgmmar;_e onc1 axis. sdca mlg is com;rgan . Scaling function working on
ed on axllsi uring canned cycle execution, Z-axis during canned cycle.
an alarm will occur. . Scabng (G51) commanded
- When operation is reset (reset pushbutton, during compensation C.

M0Z, M30 command), scaling is turned off.

- Display of command and position will show the + Scaling should always be commanded by G51

values of command and position after scaling 1s and G50 as a pair. Commanding G51 during
finished. scaling mode 1s 1gnored.

- The following Gcodes cannot be commanded
during scaling. If commanded, an alarm will
occur.



Work coordinate system

When any of the G codes G54 through G59

is commanded, a cocrdinate system with the
origin shifted by the amount set by the set-
ting numbers corresponding to that G code
is set up. The coordinate systems set up

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

2.9.24A WORK COORDINATE SYSTEM SETTING A B.
{G52 to g59) T

Six types of work coordinate systems correspond-
ing to six G codes, G54 through G359, are avail-
able for selective use.

+ There are three types of coordinate systems as
follows.

A. Basic coordinate system

This 1s the basic coordinate system to be

set up by G92, by the CRIGIN key, or by
the automatic coordinate system setting func-
tion. When the power supply is turned on,
until any of these actions will be made, the

coordinate systems can be used.

. Machine coordinate system

This is a coordinate system which 1s fixed

o

to the machine, and 1s set up when the tool
is returned to the reference point. This
coordinate system has its (0, 0, 0) point at
the reference point.

tool position at the time of turning on is
treated as the temporary coordinate origin
pant.

- The setting number for setting the shift amounts
for G codes from G54 to G59 are as follows.

Table 2.27 Work Coordinate System Setting A

G code Coordinate system X Y Z o
G54 Work coordinate system 1 #6516 #6517 #6518 #6519
G55 Work coordinate system 2 #6522 #5523 #6524 #5265
G56 Work coordinate system 3 #6528 #6529 #6530 #6531
G57 Work coordinate system 4 #6534 #6535 #6536 #6537
Gh8 Work coordinate system 5 #6540 #6541 #6542 #6543
G59 Work coordinate system 6 #6546 #6547 #6548 #6549
+ Setting up work coordinate systems (G54 to
G59) EXAMPLE
G54 (G55, G56, G57, G58 or G59); N1 G900 X100. Y200. ,
When this ommand 1s given, from that time on, N2 G54 ;
the tool will be controlled by the work coordi- N3 X100, Y300. -
nate system. ’
N4 X300. YZ00. ,
- Returning to basic coordinate system (G52) N5 G52
GS2Z; N6 X0 YO ;
With this command, the currently effective
work coordinate system 1s cancelled, and the
basic coordinate system becomes effective again.
Y
w00l ol 2 SHIFT AMOUNT FOR WORK
) . COORDINATE SYSTEM 1
- Temporary shift to positions on machine coordi- - (200., 100.)
nate system 300.0 1 20 ’
(G90) G53 GO0 %-.-. Y.-- Z.+- 3 200 lg
With this command, the tool 15 shufted to the . L L WORK COORDINATE
position (X, Y, Z) on the machine coordinate 100 ke 100. 260, 300. 400. 500. 600.  SYSTEM (1)
system only in this block. G53 is a non-modal w. BASIC COORDINATE
G code. 100. 200 300. 400.500. 600. 700. 800. . SYSTEM

X

Fig. 2.72



2.9.24 A WORK COORDINATE SYSTEM SETTING A

(G52 to G59}) (CONT'D)

EXAMPLE {Reference program)
N1 G92 X200. YIOO. ,
N3 G54 G90 X100. Y200. ;

N4 G53 X300 Y100. ;

REFERENCE ZERO

MACHINE
XM COORDINATE
SYSTEM
X-w WORK COORDINATE SYSTEM

4
f
/024 TO 659 / G53 _ BASIC

Xy COORDINATE

N5 X300. YO ; SYSTEM
N6 G52 ABSOLUTE ZERN
N7 X0 YO ;
Fig. 2.73
800. 700 500
700. }- 600 400 SHIFT AMOUNT OF WORK
COORDINATE SYSTEM 1
600. | 500 300 (300., 300)
" N3
300. + 400 200f
400. - 300.F 100f
N4, N5 ! WORK
300. |- 200. L L & L L L COORDINATE
100. 00 00. 400. 500. 600. 700.800. gygTM 1
200. 100
N3 MACHINE
100. L NL I ) 1 L l | ! l COORDINATE
200. 300- 400. 500. 600. 70G. 800.900. SYSTEM
Ne @ ! : I A I i ] i ! L BASIC
100. 200. 300. 400. 500. 600. 700.800. 900.1000.1100. COORDINATE
SYSTEM
Fig. 2.74

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 TOCL OFFSET VALUE
DESIGNATICN (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.

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 conditiens. If these conditions are
not satisfied, the commands are regarded as
errors.

(1} The mirror image function is not used.

(2) No canned cycle 1s 1n use and no tool com-
pensation C 1s in use.

{3) If a 01 group G code 15 used, 1t 1= GOO,
G01 or G60 and nothing else.



. If a G53 command 15 executed with the machine

lock function on, the current value displayed
changes sequentially until the command value
corresponding to the machine lock function 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 15 execut-
ed with the machine lock functon off, correct
positioning is achieved as programmed, even
when the machine lock function is switched on
and off before that block.

G53 commands should be given in the G90 mode.
If they are given 1n the G91 mode, the command
values are regarded as G90 mode values.

When work coordinate systems are to be changed
with any of the G54 through G59 commands, the
program should be written so that a new coor-
dinate system will be set up 1n the G9) mode
and the basic coordinate system will be reset

in the G90 mode.

- If a G53 command is given while the tool length
compensation or tool position offset function 1s
on, the tool offset value 1s deleted tempo-
rarily. Generally, when giving-a G53 command,
the tool length compensation and teool position
offset commands should be canceled in advance.

- When any of the commands G54 through G59

is miven,while the tecel length compensation or
tool position offset command 1s on, the compen-
sation remains effective. Generally, when any
of the commands G54 through G59:s to be given,
the tool length compensation or tool position
offset command should be canceled in advance.

G43 Z0 HO1 ; COM Z100.
G54 ;
G90 Z1000 ; .{. COM Z1100,

Z 1300.1n incremental shaft

Z = 1300.
HO1 = 100.

G54 shift:

Offset:

- If G92 is given during execution on the work
coordinate system set up by G54 through G59,
G54 through G59 or the basic coordinate sys-
tem is shifted so that the current position s
to be a shifted position by G92, G92 should
not be used in G54 to G59 modes in general.

2.9.24B WORK COORDINATE SYSTEM SETTING B
(G52 to G59)1

(1) Outline of work coordinate system-setting
expansion

Up to 30 types of work coordinate systems can
be set with the expansion of the work coordinate
systems of specafication A (6 types) by using
commands J1 to J5 at the same time as G54 to
G59. The expanded area will be set by #6700
-#6771.

The five axes X,Y,Z,a,8 can be set since G54
to G59 and G54J1 to G59J1 are the same. In
commands J2 to J5, only three axes X,Y,Z can
be set but the 4th and 5th axes cannot be set.

(2) Setting numbers for specifying work coor-
dinate system shift

Table 2.28 Work Coordinate System Setting B

X Y z a 8
G54(J1) #6516 #6517 #6518 | #6519 | #6520
J2 #6700 #6701 | #6702
I3 #6718 #6719 | #6720
J4 6736 | #6737 | #6738
J5 #6754 | #6755 | #6756
G55(J1) #6522 #6523 | #6524 | #6525 #6526
J2 #6703 #6704 | #6705
J3 #6721 #6722 | #6723
Ja #6739 | #6740 | %674l
J5 #6757 | #6758 | #6759
G56(J1) #6528 | #6529 | #6530 | #6531 | #6532
Jz #6706 #6707 | #6708
J3 #6724 | #6725 | #s726
J4 #6742 #6743 | #6744
J5 %6760 | #6761 | #6762
G37(J1) #6534 #6535 #6536 #6537 #6518
J2 6709 | #6710 | #6711
J3 #6727 #6728 | #6729
J4 #6745 £6746 #6747
J5 #6763 #6764 #6765
G58(J1) #6540 #6541 | #6542 | #6543 | #6544
Je #6712 #6713 | #6714
I3 #6730 | #6731 #6732
J4 #6748 | #6749 #6750
JS #6766 | B6TET | #6768
G59(J1) #6546 | #6547 | #6548 | #6549 #6550
Jz #6715 #6716 | #6717
J3 #6733 | #6732 | #6735
Ja #6751 #6752 | #6753
Js #6769 | #6770 | #6771

(3) Setting comment display

If this function 1s added, comments will be dis-
played as shown below. This display will be
possible if the 4th axis or 5th axis of G54(J1)to
G59(J1) 15 provided.

— §7 —



2.9.25B WORK COORDINATE SYSTEM SETTING B
(G25 to G59) (CONT'D)

Setting Comment Display

Y
( SETTING 01234 N1234
#6520 -12345678 (G54 )
#6521 0
#6522 0 (G55 X)
#6523 0 (G55 Y)
#6524 0 (G55 2)
#6525 0 (G55 ey
#6526 0 (G55 ' B!
#6527 0 Yo _*
#6528 0 (G56 X)
#6529 12345678 (G56 Y)
LSK RDY
N Y,

Selection of 4th or 5th axis displays any one
of A,B, C, U, V, or W axas.

(4) Work coordinate system setting’
(a) G54 Jn; (n=1, 2, 3, 4, 5)

With this command, subsequent programs wil
cause the tool to move along the work coordinate
system. G54 to G59 are modal commands.

(b) The G54; command and G54 J1; command are
equivalent.

{c) 1f a command 1s a numerical value above J6,
alarm "129" wll result.

{d}) Durmng the J2 to J5 commands, the amount
of shift on the 4th and 5th axes will be 0 and
the basic coordinate system will become effective
again.,

(5) Returning to the basic coordinate system (G52)
{a) G52;

With this command it will be possible to cancel
the currently selected work coordinate and
return to the basic work coordinate system.

(b) G52 is a modal command.

SHIFT AMOUNT FOR

(7) Temporary shift on the machine coordinate
system (G53)

Similar to Specification A, G53 can command a
temporary shift on the machine coordinate system
with the G53 command. G53 is a non-modal G
code.

Example: G53(G90)G00 X...Y...Z...(a...8...);

{8) Changing work coordinate systems with G10

(a) Similar to Specification A, G110 command
corrects the work coordinate system from the
program.

Gl0 Q2 Pm Jn X...Y...Z...(a...8);

This command corrects the specified work coor-
dinate system to be corrected can be specified
by the combination Pm Jn.

Pm ..... selects commands from G54 to G59.
Pl = G54
to to
P6 = G59
Jn ..... selects any of JI to JS.
Example: P2J3..... G55J3

P4J2..... G57J2

(b) Omission of J or specification of JO will be
considered eguivalent to Jl.

(c) Error "038" will occur 1if a wrong numerical
value 1s specified for m or n.

(d) Error "038" will result if the 4th and 5th
axes are commanded when executing commands
J2 to J5.

(9) Work coordinate system shifting in user macro

(a) The amount of work coordinate shifting (and
external work coordinate system corrections) can
be read by using a system variable for the right
element of an arithmetic expression,

{b) The wvalues can be changed by using the
above system variable as the left element.

{¢) The correspondence between the system variable
and the amount of work coordinate shift will appe:
as listed in the following table. Y axes of #2600's
the Z axes of #2700's, the a axes of #2800's and
the B axes of #2900's have the same corresponden
as the X axis, Command G54 to G59 (equivalent
to J1) only in the case of the a and A axes.

100~ 300 WORK COORDINATE SYSTEM
(200, 100)

3004 20

NS
200 100 N6
100} L 1 1 i L WORK CDORDINATE SYSTEM

00, 200. 300. 400 500. 600. G5452
A L 1 1 i 1 L J 1

NT™ “log. 200. 300. 400, 500. 600. 700. 800, EASIC COORDINATE SYSTEM

Nl G92 X0 YO
N2 G90 GO00 X1i00. Y200.:

N3 Gb54J2; Work Coordinate System Shift Amount
N4 X200. Y300;

N5 X400. Y100; #6700 200.

N6 G52 #6701 100.

N7 X0 YO0;



Table 2.29(a)

System Work Coordinate
Vabiables System Shaft Axis
Amount
External Work
#2500 Coordinate system
correction amount
#2?01 G54 (J1)
#2506 G59 (J1)
#2511 Gh4 J2
#2516 G559 J2 X
#2521 G54 J3
#2526 G59 J3
#2531 G54 J4
#2536 Go4 J4
#2541 G54 Jb
#2546 G59 Jb
Table 2.29(b)
System Work Coordinate
System Shift Axis
Variables
Amount
External Work
#2600 Coordinate system
correction amount
#2601 G54 (J1)
#2606 G59 (J)
#2611 G54 J2
#2616 G59 J2 b4
#2621 G54 J3
#2626 G559 J3
#2631 G54 J4
#2636 G54 J5
#2641 G54 J5
#2646 G539 J5

Table 2.29(c)

Sf(stem Work Coordinate
Variables Shift Amount Axis
System
External Work
#2700 Coordinate system
correction amount
#2701 G54 (J1)
#2706 G59 (J1)
#2711 G54 J2
#2716 G59 J2 Z
#2721 G54 J3
#2726 G59 J3
#2731 G54 J4
#2736 G59 J4
#2741 G54 J5
#2746 Gs59 J§
Table 2.29%(d)
System Work Coordinate
Variables Shift Amount Axis
System
External Work
#2800 Coordinate system
correction amount
#2801 G54 (J1) a
#2806 G59 (J1}
Work Coordinate
System ‘
VaZiasles System Shift Axis
Amount
External Work
#2900 Coordinate system
correction amount
#2901 G54 (J1) ¥ii
#2906 G59 (J1)




2.9.24B WORK COORDINATE SYSTEM SETTING B
{G25 to G59} (CONT'D}

(d) Program examples
(i) #116 = #2501;

Command G54(J1) assigns the amount of work
coordinate system shift of the X axis as the co-
mmon variable #116.

(1) #2511 = #4

Command G54 J2 cancels the amount of work
coordinate system shift of the X axis and sets
the contents of local variable #4.

{10) Correction of the work coordinate system
shift by an external mnput

(a)} The amount of work coordinate system shaft
can be corrected by means of an external data
input signal.

{(b) The new amount of shift can be cbtained
by inputting the amount of axis correction from
the outside and adding this to all of the shaft
values from G54(JI) to G59 J5.

For example, mnputting the amount of shift for
the X axis will correct X axis shift amounts
fsor all commands from G54(J1} to G59 J5.

(11) Notes and remarks

(a) The notes in Specification A are also applicable
to Specification B.

(b)Y Use the G54J2 to J5; commands in the GO0
or GO0l mode. Alarm "129" wall result 1f used
in any other mode.

2.9.25 UNIDIRECTIONAL APPROACH (c60)?

This function 1s effective to position the tool at
high accuracy.

G60 X -. Y. z--.(at-.. gy

With this command, the tool moves and stops at
the specified position If the tool approaches
the stop position in the direction specified by
the parameter (#6014), 1t overtravels the stop
position by the amount specified by parameters
(#6062 - #6065) once, and then returns to the
specified position to stop.

— — =— — —— DIRECTION SET BY
PARAMETER

OVER-
_TRAVEL _

STOP
POSITION

Note: When G60 of 01 group is programmed 1n
the canned cycle mode, the canned cycle 1s can-
celled. If G60 is commanded before programming
canned cycle mode, it 1s effective in the canned
cycle.

Fig. 2.76
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2.9.26 HOLE PATTERN CYCLES (G70,cn, c72t

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 1n conjunction
with one of the canned cycles G81 through GB89,
G73, G74, G76 and G77. With this function, the
boit 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).

- Bolt hole cycle (G70)
G710 X--. ¥eooe Iewa Jeeo Loes- H

With this command, the tool 1s 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: Coordmates of the bolt hole cycle, de-
fined either in G90 or G 91 mode.

I is the radius of the bolt 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 1s regarded
positive.

L 1s the number of division of the circumfer-

ence.
For the counter-clockwise sequence, posi~
tive numbers are programmed, and vice

versa.
EXAMPLE
2
3
{1
2< J=20°
(90, 30)
4 ¢ END POINT
5

G8l G98 90 Z-50. R-20. F20 LO ;
G70 X90. Y30. 140. J20. L6 ;
G80 GO0 X0 YO ;

Fig. 2.77

- Arc cycle (GT1)

With this function, when the following command
is given; the tool 1s successively positioned to
L points located on a circular arc with the cen-
ter located at X, Y and with the radius of I,

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

G7t X-++ Yeer Ie.a Jee. K. L---

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 positive numbers

I: Angular position of the first hole, pro-
grammed in 0.001 degrees. Positive
values are used to command counter-
clockwise direction.

K: Angular 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
POINT

Y=30 MM

START
POINT X=70 MM
o—

G8l G98 G90 2Z-50. R-20, F20 LO ;
G71 X70. Y30. 1110, J20, X152 L7 3
G80 GO0 X0 YO ;

Fig. 2.78



2.9.26 HOLE PATTERN CYCLES
(G70, G71, G72) (CONT'D)

- Line at angle cycle {G72)

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

G72 X+++ Yerr Tovr Jeer Lo

]

X, Y: Coordinates of the starting point, either
in G90 or G91 mode
I: Interval 1s programmed in degrees, at
an accuracy of the least input incre-
ment. When I 1s 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
I=25MM
X=70 MM
Y=30MM

G8l G98 G90 z-50. R-20. F20. LO
G72 X70. Y 30. I125. J15.5 Lé ;
G80 GO0 X0 YO

Fig. 2.79

NOTES:

- The machining control of G70, G71 or G72 erds

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 stl] effective, and care must
be taken in programming the subsequent block.
Make 1t a point to cancel the canned cycle by
G8o,

If G70, G71 or G72 command 1s given in the tool
radius compensaion mode (G4l or G42), the
ALARM code wll be displayed.

+ G70, G71 and G72 are non-modal G codes.

- When the hole pattern cycles are to be program-

med with G70, G71 or G72, 1n principle, a can-
ned cycle G73, G74, G76, G77, G81 to G89

should be programmed with L = 0 1n the preced-

ing block, Since L =0, the canned cycle 1s not
executed, but its mode becomes effective.

block with a canned cycle G code.

However G73 and G83 which involve I, J, and
K can not be programmed with G70, G71 or G72
in the same block., When G73 or GE3 is to be
used, erther Q 1s to be used or I, J, and K
should be programmed 1n the preceding block.

G70, G71 or G72 may be programmed in the same

— 72 —

+ Give G70, G71 or G72 command 1 a canned cy-

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



2.9,27 OUTPUT FOR EXTERNAL MOTION
(c80, c81)f

G81 X..- Y.«. Lev- The L number specifies the number of repeated
positioning motions. G8lis 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- GB81 may be used either for this purpose or as a
ing. canned cycle command code, depending on the

setting of the parameter #6018po.

EXAMPLE
G8l ; S R - » -+ External motion function , on
G00 X10, Y20 ; ) .
G91 X10. ;
X10. ;
X10. . External motion signal, output
Y10. ;
X10. ;
X110,
X10. ; -
G80 ;0 e e e e + + + .. External motion function, off

Fig. 2.80



2.9.28 CANNED CYCLES (73, G784, G786, G77,
GC80 TO G89, G98, c99) T

Canned cycles (G73, G74, G76, G77, G80 to G&9,
G98, G99) are simplified programs that contain

specific movements over a number of blocks in

one block.

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

Table 2,30
G code Plunging At hole bottom Retraction Application
G73 Wood pecker - Rapid traverse High speed deep
feed heole drilling
GT74 Feed Spindle forward| Spindle reversing! Reverse tapping
running after after feed
dwell
G76 Feed Spindle index- | Rapid traverse Boring
ing = shift + shift, spindle
start
G77 Spindle index- Dwell Rapid traverse « | Back boring
ing + shft spindle indexing
+ rapid traverse + shift » rapid
+ shift +spindle traverse -«
start =+ feed shift, spindle
start
G80 - - - Cancel
G8l Feed - Rapid traverse Drilling
G82 Feed Dwell Rapid traverse Spot, facing
G83 Wood pecker _ Rapid traverse Deep hole
feed drlling
G84 Feed Spindle revers-| Spindle forward Tapping
ing after dwell | running after
feed
Gas Feed - Feed Borming
G86 Feed Spindle stop Rapid traverse Boring
+ Spindle start
G817 Feed Spindle stop Manual retraction | Boring
+ Spindle start
Gasg Feed Spindle stop Manual retraction | Boring
after dwell + Spindle start
Ga9g Feed Dwell Feed Boring




. Command format.

G code of canned cycle

G--- X#... Y:... Zz.. R...
] N

Cutting feedrate
Number of repeats

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

Dwell at hole bottom

Point R coordinate command

Point Z coordinate command

L Dnling position X, Y coordinate command

Number of repeats is specified by the address
L. Where L is not given, number of repeats
@..? INITIAL POSITION is regarded as "1.”
START i i 1f 01s given for L, only positioning to (X, )
point @ @& - is made. Shift direction of shift of G76, G77

— -

can be made at the intended angle specified
POSITION R by the parameter. (#6019D0)

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

———

Q@

POSITION Z
(HOLE BOTTOM)
G code Meaning
-
Fig. 2.8l G98 Initial level return
G99 P R1
Operations @ through (4) are executed in osition evel return

one cycle with the commands shown above. Note: When power 1s applied or the control is
reset, the control 1s in the state of G code
marked with j

Where parameter #6019D0 is set to 0, the shft
Prilling to Z ¢ direction 1s made 1n the specified direction.
riliing to & poin The direction 1s set as hsted below.

Return to R pont or to imtial pont

Positioning the driiling position (X,Y)

Rapid traverse to R point

GEEO

Bit
Dz D1

Directio
X(+} 0 0
X(-} 0 1
Y(+) 1 ]
Y-} 1 1

Where parameter #6019Dg is set to 1, the shift
direction 15 made at the intended angle. The
shifting angle is set by setting #6506 {1 =0.001
deg).



2.9.28 CANNED CYCLES (73, G754, G76,

G850 TO G89, c98, c99)t (conT'D)}

G717

Tzble 2.31 Canned Cycle

With G99 (recurn to R) ith G98 (return to inirial point)
G73 G73 X... Y... Z... R... Q... L.\, F... ;
(Fixed
pitch) X Ej (x, Y) INITIAL
-7 7 [ poINT
| |
|
I
High - R ~’_1,__4‘ R
speed Q t
deep 4 1 6 ! | 5§
hole Q 1 Q !
L
drilling ’ 5 } 8 :
|
|
? Lo ? L
[ |
I |
§: Sertring data(s21l y §: Setting data Z
G73 G73 X... Y... Z... R... I J... K... L. F... ;
(Varia- @
ble) ___?(X' ¥ 0 INITIAL
1: Initial value POINT
I J: Reducing value I
High K: Final value II
speed R ] R
deep I 4 ) !
hole f 2 I
drilling 1-J | 1-J '
i
T LT |
i
1-27 I - [
4 ' I-2J i |
. | I
K ! X I
§: Setting data (#211) §: Setting data Z
C74 G74 X... ¥Y... Z... R... P... Ly.. F... ;
Q X, ©) @ (X, Y) INITIAL
=== —-—?TPOINT
Reverse | SPINDLE | SPINDLE
tapping /REVERSE ;/ REVERSE
—— R r- R
Z —— Z
SPINDLE FORWARD SPINDLE FORWARD
AFTER DWELL AFTER DWELL

— 75 —



Table 2.31 Canned Cycle {continued)

w

With 99 (return to R)

With G98 (return to initial point)

G76 G76 X.ou. You. Z.o. Reu. Q... Lous Fual
SPINDLE
@ Ej START
X, Y
.._(.._? ! _(E__%é._{., INITIAL
SPINDLE | i POINT
Boring START I
Ay S
I
.. | SHIFT e |  SHIFT
h/ SPEED & 1/ SPEED
#6210 & 3 #6210 2z #6223
DWELL § =Db— 2 PWELL R e=ob— 2
SPINDLE seoooLe /(o]
INDEXING STOF Q INDEXING Q
STOP
¢77 677 X... Y... Z..o. Ree. Qu.. Loo. Fuuw
(X, Y = = INITIAL
~ 2 mp— —mo—— POINT
SHIFT, |
bl
DWELL |,
Back NOT USED o——t 12
boring [ )
i
A -y
md l'
| o
]
SPINDLE 2 Lr—R
ORIENTATION
SPINDLE START
G80 G80 ;
Cancel
G81 681 X... Y... Z.. R... L... F... 3
@__(x Y) Q (X, Y) INITIAL
""‘?—T—Pom'r
Drilling i : f
I
R —R
!
! l
" I
| |
z z




2.9.28 CANNED CYCLES (73, 74, G76, G77

C80 TO G89, G98, C99)T (CONT!

D)
Table 2.31 Canned Cycle (continued)

With G99 (return to R) With G98 (return to initial point)
82 C82 X... Y... Z... R... P... L... F... ;
@ (X, ¥) Q(X. ¥) INITIAL
- 7 - i ' POINT
! |
Spot | :
facing R R
|
i {
| |
|
|
I
'
2 z
DWELL (P) DWELL (P)
G83 G83 X... Y... Z Revo Q.o Lou. Fuuw g
(Fixed @ @
; (X, ¥) (X, Y) INITIAL
pitch) - - 3
li : }  romT
I l |
! ! |
R R
Deep 7T ] e ™
hole Q UL'_._L!_H Q ,f" L
drilling ST e
Q A NS . Q L ! .
. ) | I 2
Q ! i | :
! ! i H
I ) Ql ! t &
i T
t )
t |
. —— . —— Z
6: Setting data (#213) §: Setting data
G83 G83 X... Y... Z... R... L... J... K... L... F ;
{(Variable
pitcn) (X, ¥) _ (X, ¥ INITIAL
|i I: Initial value , | POINT
{ J: Reducing value ! I
lK: Final value i
Deep 17T T R - T 7' R
f
T T
drilling g i IS U S — §
ht : I : ; [7TT i T
1-J | | rf I
e L § 1-J Lt l - i
B 1
1-2..] | { I_EJ ] I
. i ¢ : ! §
J
K | X 1
L7 | S
§: Setting data (#6213) §: Setting data




Table 2.31 Canned C

ycle {continued)

\ With G99 (return to R) with G98 (return to initial point)
G84 G84 X... Y... Z... R... P... L... F... ;
Q (X, Y) @ (X, Y) INITIAL
P SPINDLE ~—-—?—T—' POINT
—T FORWARD -
| | SPINDLE
FORWARD
Tapping }—R —— R
7 — Z
SPINDLE REVERSE SPINDLE REVERSE
AFTER DWELL AFTER DWELL
¢85 |G85 X... Y... Z... R... L... F... ;
Cj (X, ) Q (X, ¥) INITIAL
AR ( - II POINT
§
b
I
Beoring R R
e 2 e 2
G8 {G86 X... Y... Z... R... L... F... ;
SPINDLE
START
[j (X. ) Q (X, Y) /
--= --—9—!— INITIAL
SPINDLE
N
: START . POINT
I
Boring R R
|
l |
] |
| I
z p, ! Z
SPINDLE STOP SPINDLE STOP

—_7G



2,9.28 CANNED CYCLES (73, G74, G76, G77,
G80 TO G89, C98, GI99) (CONT'D}

Table 2.31 Canned Cycle (continued)

With G99 (return to R)

With G98 (return to initial point)

G87 G87 X... Y... Z... Rev. Quee Lovs Four
SPINDLE
START
(:ij (X, ¥) x, v
——— -= INITIAL
| SPINDLE ? I POINT
| START ) :
t
Boring /R R
|
| MaNUaL I MaNuaL
—~~RETRACTION ~ RETRACTION
Z p, yA
SPINDLE STOP SPINDLE STOP
G88 G838 X... Y z R... Poo. L... F...
SPINDLE
START
-———0 ———?—r INITIAL
| SPINDLE ; POINT
_ START :
R R
Boring I
MANUAL MANUAL
~RETRACTION " RETRACTION
i z
SPINDLE 516;’ SPINDLE STOP
AFTER DWELL (P) AFTER DWELL (P)
689 G89 X... Y... Z... R... P.o. Loo. Fuou
[:j (X, ) [::j (X, 1) INITIAL
- -""?_I_POINT
] |
| P
I
___ R l— R
Boring
|z | Z
DWELL (P) DWELL (P)




TN

EXAMPLE

A. G98 G9 GB8l X-.. Y... Z-70.

B. G99 G91 G8 X... Y... Z-70.

®

R-40. F...

>

Return to imtial point, absolute

R-40. F...

.

Return to pont R, incremental

-—-? INITIAL - ? T
g ?- POINT H
0 ] ] - 40
X |
i i LR POINT
’ 1
40 4+-----—= ! R POINT i
| 1 |-70
' I
i
270 doccen ~O-L_ Z POINT )
41z poINT
-z
Fig. 2.82
C. Nl G92 X0 v0 Z0 ; Absolute position
- _— Remarks
N2 G98 G90 GBl X10. YIO0. ¢ = =
Z-50. R-20. F100 —_— -50. -20. Canned cycle start
N3 G91 X20. R-130. . B -50, -30. Change in X, R
N4 Z-50. ——————— - 80. -30. Change in Z
N5 G99 2-40. R-50. —_— -90. -50. Change in R, Z
N6 G80 GO0 250. —_———a Tooclmoves to Z =0 Canned cycle cancel

Newly programmed addresses only are changed
including the case where switching s made from
G90 to GI91 such as N2 + N3 indicated 1n the
above case. As for the non-programmed ad-
dresses, the positions programmed in the earlier
blocks are maintained.

Note:

Smce address P, Q, I, J and K are
modal in canned cycle mode, 1f once
commanded, they are effective until
the canned cycle 15 cancelled.




2.9.28 CANNED CYCLES (73, C74, G786, G77
G80 TO G893, G98, c99)7T (CONT'D)

+ Vanable pitch command (G73, G&3)

In the deep hole drmlling cycles of G73 and GB83,
variable drilling pitch can be programmed with

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

- POINT R
I
' 6
1-J
TTs
1-2J *
I-(n=-1)J li
[ S — - |
’ |
" |y "
Ly éy__.POINT 2K

1 Initial value

and subsequent plunges

J. Reducing value 1n Znd }

K. Final value

K': Final plunge to point Z

k' <K

(a) With G73

(b} With G83

Fig. 2.83

The value of § 15 given by setting (#6211 for
G73, #6213 for GB3).

NOTES:

- Q, I, 7, K are modal during canned cyecle modes
and are effective until the canned cycle is can-
celled. Specify them without signs.

- Variable pitch can also be programmed by ad-
dress Q mnstead of I. Furthermore, when in-
structions Q, I, J, K are given simultaneocusly,
drilling cycle is executed with variable dnilling
pitch with Q as the imtial value.

Q0 must be commanded in the block 1ncluding
modal G code before programming variable pitch
with I, J, and K.

EXAMPLE

G9l G673 X--- Y-.-. T-30. Z-55. Il0..-..
J1. K4. F-..

Drilhing pitch

et POINT R
T
I AR
it
’Tl1'|']|
gt | |
1-J SIARERERY
YReg gt s
Ll I:;:
T
I-2J ::I:E|=
Il ||I
I-(n-1)J A
] |
K rl:
|

i
LPOINT Z

1st plunge 10 mm <

2nd phunge 9 mm

3rd plunge 8 mm

4th plunge 7 mm

S5th plunge 6 mm

6th plunge 5 mm

Tth plunge 4 mm e

8th plunge 4 mm

9th plunge 2 mm <2
Total 55 00 mm <&

Command 1s
given without
51gns

I10.

K4.

K!

Z-55.



NOTES:

* When the canned cycles are executed by turn-

mg 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 point (X, Y)

{2) After positioning to point R

(3) After termunation of each eycle, 1f L
command has been given.

The single block stop after the completion of
canned cycles 18 normal, and the FEED HOLD
lamp does net hght up.

- Be sure to designate the R point and Z pointby

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,2,4, R

- When M, S, T or Bt code is given in the can-

ned cycle, M, 5, T signals'are sent at the first
positioning 1in the block. In general, M, 5, T
should be commanded in their own block.

- An program error "021." occurs when any of

the following G codes are programmed i 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 1n advance.
Cancellation is made when a G code of 01 group
1s programmed during canned cycles.

An independent block of dwell (G04) can be
programmed 1n the middle of the canned cycle
mode. Dwell is executed properly.

An program error "024." occurs when canned
cycles are programmed 1n the tool radius com-
pensation C mode (G41, G42).

- Start of spindle forward or reverse (M03 or

MO04) should be executed by automatic opera-
tion commands before entering canned cycles.
Do not enter into canned cycles after manually
switching the spindle between forward and re-
verse,

G91 G81 X10.

L3,

X20, ;

Execution of subprogram (M98) in canned cycle
mode. In a canned cycie mode, M98 P.-- L... ,
can be programmed to call up subprogram and
the canned cycle is continued 1n 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, 1t resumes the contents.

Note

- Programming consideration of M98 1n 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 from punched tape and the like.)

+ Address L for designation of repetition number

of subprograms 1s nonmodal. But described
below is a special case that the address L is
retained temporarily.

EXAMPLE

R-20. 2Z-30. F100 ;

- The canned cycle 15 not executed
because X, Y, Z, 4 or R 1s not
designated 1n this block.

The L3 is retained.

- The canned cycle G81 15 executed
3 times using the retained L3.
After the execution, the L3 1s
erased,

As mentioned above, address L 1n canned cycle
1s retained until actually executed.

- Changing of R point and Z point

When R 15 commanded instead of 2 during the
execution of canned cycle i1n G91 mode, Z be-
comes incremental value from the new R point.
Care should be taken.

G92 X0 ¥0 20

G9l X... Y... R-5.0

Point R Point 2
2-10.0F ; -5,0 -10.0
X-.- R-7.0 ; -7.0 -12,0
X.-.- 2-3.0 ; -7.0 -10.0
R-4.0Z2-11.0 ; -4,0 -15.0




2.9.28 CANNED CYCLE
G80 TO G89, G98, G99)

EXAMPLE

N10
N1l
N1z
N13
N14
N15
N1ié6
N17
N18

N19

400
N100
N101
N102
N103
N104
N105

N106&

G92
G99 G98
G8l X30.
M98
Goo

TO5

M06
G84 X30.
M98

Goo

G91

X40.
G90 G80

M99

10,4

X0 Y0 Zo

*

Y 40

P100

X0 Yo ;

’

Y40.

P400

X0 Yo ;

;

’

(73, c74, G786, G77,
(CONT'D)

30,

R-20.

R-20.

+X

START POINT

Fig. 2.84

Return te imtial peoint, Absolute

Z-30 F200 , Drilling cycle
Jump to subprogram
Tapper selection
Tool change

Z2-30. F2000 , Tapping cycle

Jump to subprogram (Note)

Subprogram for drilling
position pattern.

— 84 —



2.9.29 ABSOLUTE/INCREMENTAL PROCRAMMING Parameter({ #6005D0)

(G900, C91) Initial state

u 0!! G 90

These G codes are for designating whether the yn 91
movement data following the axms address are in
absolute value or incremental value.

2.9.30 PROGRAMMING OF ABSOLUTE ZERO

- G9 . . . Absolute designation POINT (G92)

In the block including G90 and in the subse-
quent blocks, the movement data which follow
addresses X, Y, 2, (of ) are regarded as

absolute values.

G9% GO0 X..- Y... Z

It 1s necessary to program the absolute zero point
before programming movement command, When an
absolute zero point is programmed, one absolute
coordinate system 1s determined, and all absolute
movement commands programmed thereafter will

Absolute designation move the tool on the programmed coordinate.
- G91 . . . Incremental designation ©G92 Xeer Yeoo Zees (afepnd
R . with this command, the current position of the
In the block including G91 and in the subse- tool 1s programmed 1n the control as absolute
quent blocks, said data area is regarded as coordinate pont (X,Y,Z,at #). That1s, pro-
incremental values. gram the distance (with sign} from the desired
G9 €0l X... Y.-. Z... ; absolute coordinate zero positien (0, 0, 0, 01)
Incremental designation to the current position. In other words, G92
command 15 for designating the position of the
"absolute zero point.”
EXAMPLE
G92 x500. Y300, 2Z400. ;
+Y
o]
Yg

13
Ys /
4

Yl Yt, M -~ -
—— | S X X5 | X4
G91: Incremental Xy
G9C: aAbsoluge | X2
§ —<
Fig. 2.85 Fig. 2.86
+ G90, GY1 are modal G codes of 03 group. + G92 is a G code of non-modal group which is
valid only in the programmed block. It is not
- If both G90 and G91 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 15 valid,
NOTES:
NOTE: - In principle, program G92 in the state where
- The initial state of these G codes when the pow- all tool offset modes are cancelled.
izolossturned on can be designated by parameter + When the power is turned on, the current posi~
DO- tion of the tool 1s set as absolute zero pont (0,

0,0,01). Make sure to reprogram absclute co-
ordinate by G92 before executing the automa-
tic operation.



2.9.30 PROGCRAMMING OF ABSOLUTE ZERO
POINT (G92) (CONT'D)

- The programmed absolute zero point 1s not af-
fected by reset operation. Perform any of the
following operations for resetting the absolute
zero point.

1. Use ORG key (see 4.1.9).

2. Write G92 X0Y0z0aT 0 0 , in MDI mode,
and then execute. )

3. Turn the power off and on again.

Z,9.31 HIGCH-SPEED CUTTING FEATURE
(G100 THROUGH G102)"

In this feature, a division in a part program 1s
designated by a G code and the data processing
of the designated division is performed before
entering the automatic operation mode. This
feature, therefore, eliminates the interblock
stoppage time due to compensation calculation,
providing an uminterrupted machining operation
1f short-distance blocks 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

G1lo0 High-speed cutting cancel

High-speed cutting in sequential pro-

G1ol cessing mode ON

High-speed cutting in memory pro-

2
G10 cessing mode ON

2.9.31.1 High-Speed Cutting In Sequential
Processing Mode (G101)

G101 ;

G100 ;
Every time the above i1s specified, the data pro-
cessing and data registration of this division are
performed. The automatic operation 1s followed by
the registered data. The above command may be
used repeatedly i one part program. However,
the number of blocks in a program between G101;
and G100 ; 15 hmted as shown in the table below,
The part program memory capacity 1s also himited
to 1/2 as shown in the same table.

P R High-Speed Cuttin
g::::nPro Function ON g
No. | Capaaty Part Program | No. of Allowa-
in Usual Memory ble hBIocksdfor
H -5
Operation |Capacity Ctlgttmgpee
1 40 m 20 m 480 blocks
2z 80 m 40 m 672 blocks
3 150 m Pm 1504 blocks
4 320 m 150 m 4064 biocks

2.9.31.2 High-Speed Cutting in Memory Pro-
cessing Mode (G102)

Gl0zZ P
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 15 performed using the register-
ed data. Thereafter, when the same command
given, the automatic operation 1s immediately per-
formed using the registered data. In address P,
designate the registration number of the program
to be registered in memory processing mode. The
registration number 1s of a maximum of 4 digits
(PO through P999%). When P designation 1s omit-
ted, P0O000 1s 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 1s not subjected to the address search
operation. The contents of the program which
was data-processed and registered cannot be
displayed on the CRT screen. The number of
blocks 1n one part program between G102 , and
G100 and the hmits to the part program memory
capacity are as shown in Tabie 2.9.32. 2.

The total number of blocks 1n the maximum of 20
registered high-speed cutting programs should
not exceed the value allowed in Table 2.9.33.2.



2.9.31.3 Restrictions on High-Speed Cutting
Feature o

(1) when the mgh-speed cutting feature 1s made
valid by parameter setting, the part program
memory capacity 15 decreased to about 1/2 {see
Table 7.1.1 and

(2) The program between G101l (or G102}: and
G100 , should follow the restrictions shown be-
low:

a. The addresses that can be specified are as
follows:

O, /(slash}, N, G, X, ¥, 2, 1.1, K, R, D, H,
M, L, F

The 4th-axis address cannot be specified.

b. The G codes that can be specified are as
follows:

GO0, GO1, GO02, G03, GO09, G40 through G42, G43,
G44, G45 through G48, G49, G90, G91

1f any G code other than above 1s specified,
program error "142" wil be caused.

c. The M code that can be specified are as
follows:

M90 through M99

1f any M code other than above 1s 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.

/’-—_ﬁ\__/

N51 G102 PIO ;

G4l ,
——TOOL RADIUS
. COMPENSATION C
. FUNCTIONS
. CORRECTLY.
G40 ;

N105 G100 ;

/'\_/

— 87 —

(2) The tool length compensation and tool pos:i-
tion offset features are not affected by G100
through G102 commands and therefore always
vahd.

(3} The execution of G102 P.-. ; command,
thereafter, needs the use of the data processed
and registered 1n the 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 para.(8) on page 88),

b. If there 1s 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.

(4) Specifying a subprogram (M98) 1s as follows.

\/—“

a P
N100 G102 P2 , /,010 .
M98 P10 L10 ,-] :
N102 G100 , e .
. - M99,
/—\ ___/—-_-—-\
b . - 020,
M98 P20 L5 ; —] N1 G102 P3 ;
S~ N5 G100,
{5} G101 ;
Gglolp... ;
G100 ;

These commands should be specified independently.

{6) 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 15 disabled between these com-
mands.

(7) During the data preocessing 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.



2.%.31.3 Restrictions on High-Speed Cutting
Feature (Cont'd)

See NOTE
\
COMMAND (REG) * 01234 NOD1B
PROGRAM
REG
REG RDY
. v

Note: During data processing and registration,

* 15 displayed to the left of the program number.

With G101 ; command, *1s erased after the com-
pletion of registration, upon which the automatic
operation mode 1s entered. With G102 P ; com-
mand, ¥ remains displayed after the completion
of registration until the registered program 1s
erased.

When a reset operation 1s performed, the data
being registered 1s erased and the reset state
15 provided. If FEED HOLD button 1s depress-
ed or a mode switching operation 1s performed,
the data being registered 1s erased and the
label skip state 1s provided.

(8) The processed and registered program data
15 erased by any of the followmg operations:

a. NEXT key on NC operator's station was
pressed.

b. Address search was performed in MEM or
EDIT mode.

c. Some edit operation was performed e¢ither on
the stored part program or on the hgh-speed
¢utting program.

Note: To change the tool offset amount after
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.

{9) The following parameter setting may invah-
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

D7 =1 :++Disables high-speed cutting function

D7 =0 -- Enables lugh-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, 1n either mode, all the
part programs are erased. If G101l or G102 1s
specified when #6008 D7 = "1," error "147" will
be caused.

(10} The following setting may provide the mode
mn which only data registration 1s performed.

Setting
Number

#6004

D5 =1 --- The high-speed cutting is executed
normally.

n
o

D5 - The high-speed cutting 1s not

executed for G101 , command but
the usual automatic operation 1s
performed. For G102P -- ;
command, only data registration 1is
performed during the usual auto-
matic operation.

This setting may be used for the checking of
programs as follows.

a. Set #6004D35 to 0.

b, Select low-speed feed by FEEDRATE OVER-
RIDE or DRY RUN switch.

¢. Cycie-start the program to be tested includ-

ing G102 P ; through G100 , commands.

The usual automatic operation 1s performed, so

that the tool path can be checked visually. In
some cases, the program may be single-block-
stopped for checking. Upon termination of the
operation, the processed data up to G100; command
has been registered in the machine.

d. Set #6004 D5 to 1.
e. Set the feedrate to the original value.
f. Cycle-start the same program G102 P ,

through G100 ; are immediately executed using
the registered data.



2.9.32 TOOL LIFE CONTROL (G122, G123}

2.9.32.1 Tool Life Controi

The tools are classified into groups and tool
life (usage time, total usages or usage distance)
1s set for each group. This 1s a function to give
commands for tool groups from the part program
and to select the next tool in the same group,
which has been sequentially arranged, when the
fixed life expires.

(1) Maxamum number of tools to be controlled...
. 256 Of the tool numbers from TO01 to T9998, 256
can be registered as tools for tool life control.
If T code commands are given with two digits,
tool numbers from TOl to T99 only can be used.

{2) Number of groups that can be registered
and the number of tools that can be registered
per group.

Maximum number of groups ....... 128

Maximum number of tools per group ...... 16
The maxymum controllable number of tools, however,
15 256,

Note: Different number of tools can be set for
each group such as 12 in group 1, 8 in group 2.

(3) Setting and displaying tool life control data:
The tool numbers used in each tool group and
the tool compensation number, life, total usages,

etc. of each tool can be entered directly from
the operator's panel or can be input from the
part program. The tool life control data can also

be displayed with the OF5] function.

TOOL LIFE CONTROL 01234 N1234

001 Q02 003 004 005 007 009 010
012 014 015 017 Olg& 022 025 030
031 032 033 034 035 042 043 048
051 066 067 068 069 070 072 073
074 075 077 078 079 080 081 082
084 084 085 086 087 088 089 090
091 092 093 085 099 100 101 102
103 104 105 111 122 128 * *

REGISTERED GROUP NO.

RDY
- ./

2.9.33.2 Tool Life Control Data Display

With the function set to , tool life control
data as shown below will be possible by pressing
[BFY] once agamn. The key is a two stage
switch for offset display and tool life control
display.

(1) List of tool life contrel group registrations
Pages 1 and 2 of the tool life control display
shows a list of registered tool groups. Check
the information on these pages for any group
you desire to index.

{2) Tool Life control data dispaly

Page 3 and subsequent pages of the tool lfe
contrel dispaly are the tool lLfe control data
display. Each tool group composes a 2-page

data display screen. Using "group search" will
be convenient to display the desired page.

< Operating sequence of "group search">

(a) Press the key and page to the tool hfe
control display.

(b} Press the [PAGE| key and page to the tool
life control data display.

(c) Key-in the numerical value of the object group.

(d) Press the key. Data display of

the object group will then appear.

GROUP NO. LIFE CLASSIFICATION
¢~ TOOL LIFE CO ROL (01234 N1234 ™\
GROUP 123-1 MINUTES
T-NO H-NO D-NO LIFE USED §STS
T0001 001 o002 300 302 OVR
T0OO11 011 012 400 400 QVR
T0024 100 101 500 153 SKP
T9001 212 214 1000 25
TO0005 023 022 9000 00
T1278 * * 500 0
TQ054 099 00 200 0
[ v } * b fx | o J
TGOL NO TOOL RADIUS TOTAL | UNREGISTERED
COMPENSATION/ USAGES | MARK
NO.
TGOL LENGTH TOOL LIFE  ToOL LIFE
COMPENSATION OVR-LIFE EXPIRED
NO. SKP-SKIPPED TOOL

2.9.32.3 Tool Life Control Data Setting

(1) Setting by key mnput

Writing and correcting of tool life control data
can be performed from the operator's panel.

{a) Sequence of operation

(i) Press the key and page to the tool life
control display.

{(ii} Use the [PAGE] key or group search and
search the group to be rewnritten.

(in1) Since the cursor will be at the first T-NO,
move the cursor to the T-NO by pressing the
key. (The cursor moves horizontally.)

{1v)} Key-in the numerical value.

(v) Press the key. The data at the cursor
position will then be rewritten.

{b) Write of T-NO

If the cursor is placed under a registered T-NO
and a new T-NO is entered, the other data will
be initialized and LIFE = 9999, H-NO and D-NO
will be unregistered (* mark), and USED = 0
STS will be blank. Key-in a numerical value
between 0 - 9998 for the T=NO.



2.9.32.3 Tcol Life Control Date Setting
{CONT'D)

{c) Writing H-NO and D-NO

(i) When a command such as H99% or D999 is given
from the part program, the corrected numbers
stored here will be searched.

(11) As long as nothing in particular 1s written
in H-NO and D-NO, they will be considered
unregistered (* mark).

(1) Unregistered and H-NO = 0 are different.

Although H-NO = 0 and D-NO = 0 are corrections
cancelled, if H(D)}999 is executed in unregistered
state, an error will occur.

{iv) Key-in numerical values from 0 to 299 for
H~-NO and D-NO.

(d) Writing LIFE

(i) The numerical value 9999 will be automatically
written when T-NO is written.

(1) Key-in LIFE with a numerical value between
1 and 9999.
{e) Writing USED .

{1} When T-NQO 1s written as the value of USED,
the numerical value ¢ will also be automatically

written.
(1) In general, start USED from J.

(f) Writing lhfe classification

(i) Press the |[PAGE| key to move the cursor
to the imitial T-NO position and press
The cursor will move to the life c¢lassification

position.

(u) Key-in[OJand [WR] and life classification will
change to MINUTES,

Key-in[1]and [WR]and hfe classification will change
to COUNTS. Key-mandand life classifica-
tion wall change to METERS or FEET.

(iii) Writing of life classification 1s effective
for the group written. Although one group has

two pages, both pages display the same in hife
classification so either page can be written.

{iv) For life classification, key-in the numerical
values "Q" to "2",

(g) Data erasure

Data can be erased by using the key.
A list of data erasure methods 1s shown in the

table below,

Table 2.32 Data Erasure Method

Erasure Type Page Curscr Position | Key-in Data
Erasure of all | All pages Possible at any =199 [9 [9]|[CRG]
groups place.
Erasure of All pages Possible at any XXX
one group place. Group number to
be erased.

Erasure of Page 3 and | T-NO with
T-NO subsequent | data.

pages
Erasure of Page 3 and | STS with data
STS subsequent

pages

{h) NOTE:

(2) Setting with the part program

(i) There are mutual relations in data modification
of LIFE, USED and STS.

When LIFE<USED, OVR s generally lit. If STS
is cleared, USED will also become "0."

{(11) Data correction is possible by key operation
only when the edit lock 1s "open" and not in
automatic operation.

{111) If one group or all groups are erased, the
life classification of the groups concerned will be
initialized to MINUTES.

Tool life control data can be set by executing
a program with the format shown in the table
below.

{a) Tool regeistration G codes (G122/G123)
commands are given in the following form.

G122; ...
Gl123; ......... Ends tool registration

» Starts tool registration

Give commands on toel information to be set in
the section of G122;~G123;.



{b) Data commanding format

Table 2.33 Tool Life Contrel Data: Format

Tape Format Meaming
G122; Tool registration start.
POOC Ia; Commands group No. after P.
Commands hfe classification after 1.
TaaAHOQODOOO|Y Specifies tool No. after T.
Looxx; Specifies tool length compensation
No. after H.
TAAAHCOODDOO| { Specifies tool radius compensation
Lowxx; No. after D.
; J Speaifies tool life{1-9999) after L.
POOOI&;
TAAMHOOODOOCD| Sets new group data.
Loxxx;
Gl23 Tool registration end.

{c) G code (G124) for clearing tool registration
The tool life control data can be cleared by enter-
ing the G124; command. If a command for P 1s
given in the same block as Gi24, one group only
will be erased. (P = 1 to 128)

In other words, by entering. the command
G124P...;, 1t will be possible to erase only the
group specified by P.

NOTES:

(i) All previously registered data will be cancelled
by executing G124;. If command G122 1s entered
without executing G124, the following will result.

(a) If tool numbers have already been registered
previous data will be erased and replaced with
new data., If H and D are omitted in the block

i which T exists, T will change to unrepistered

(* mark).

(b) If tool numbers are unregistered, new data
will be registered in sunple form. If H and D
are omitted 1in the block in which T exists, T
will change to unregistered (* mark}. If L 1s
omitted, L9999 will be stored.

(1) Settings are possible in which "registration
will start after cancelling all previously registered
data 1if command G122; is executed”.
(ii2) The H and D codes can be omitted when not
being used.
(iv) Tool life L will be modal between G122 and
G123 so these commands can be omitted when
setting to the same tool life.
{v) The following life classifications can be setby
specifying I.
I0.... Controlling by time (1 to 9999 minutes)
Il.... Controling by counts (1 to 9999 times)

I2.... Controlling by distance (1 to 9999 inches
1 to 9999 feet)

(vi) Each of the addresses T, H, D, L, P, I
has the following commandable range. Any other
command values will resuit in an error.
0=sT=9998, OsH, Ds299, OsL 9999, 1sPs
128, 0152

(vin) Commands G122 and G123 can be used in
independent blocks.

{vui) Do not enter commands (such as a shift
command) other than tool information in the G122;
... G123; section. {(Alarm will result if such a

command 1s entered.}

(1x) Do not switch over the mode to execute a
manual MDI command while executing G122;. {(Alarm
will result if this 1s attempted.)

{x) If I1s omitted, the life classification originally
specified in that group will remain unchanged.

A cleared group will generally be in the "minutes”
state.

2.9.32.4 EXECUTION OF TOQOL LIFE CONTRCL
{1) Commands with the part program

Tool life control can be performed with commands
from the part program by using the T and H
codes shown in the table below.

Table 2.34 Tool Life Control by Part Program

Tape Format Meaning

T10001, Tool life control ON mode will be set with
, the M06 command of "tool group number +
: 10000. "

TMO06; The tool will be mounted on the main shaift
. with the M(é command and time and distance

count wiil normally start thereafter.

H999; The H-NOQ registered on the tools will be
. selected with the H%99 command.

D999; The D-NO registered on the tools wiil be
' selected with the H999 command.

Dg, Cancel D

HY; Cancel H

T ; Returns to normal T command

@DMO06; The tool on which hfe control 15 being carred
: out with the M06 command will be removed
i from the main shaft and counting of time and
‘ distance will end

M30 Machining ends.

Note:

1. The T code command of the numerical value
of "tool hife group number + 10000" with T10001
to T10128 controls tool hfe and outputs the
T codes registered in that group.

2. The H and D codes of the tool being selected
will be selected by commands H999 and D999
with the tool life control function.

(2} Tool life count

(a) One of the following can be selected with
parameter #6020 on the tool on which life count
is to be performed,

- Counting of a tool in the latest T command
group of the M06 command,

Counting of a tool in the T command group
just prior to the M06 command.



2.9.32.3 Tool Life Control Data Setting
(CONT'D)

(b) Tool life count will not be performed by time,
distance or counts when the "tool life count dis-
regard input" is in ON state,

(c} When tool life 15 set by time

The control will count every second in which the
tool is actually used in the section between @ and
® of the table in para. (1) and, in the cutting
mode. Life count will be increased by 1 each
time one minute is exceeded. However, the time
required for single block stop, feed hold, fast
feed and dual operation wil not be counted.

(d} When teol hfe 1s set by distance

The cutting distance 1s calculated by the interval
(every second) outlined in para.(c) and hfe count
will be increased by "1" each time the distance
exceeds 1 inch or 1 foot.

{e) When tool life is set by count

The count will increase by "L" when the command
T9999L2as; in the section between () and @) of
the table in section (1) 1s executed. 1f L 1s
omitted, L1 will be equivalent.

{f) The count can be increased by "1" only
during the M02/M30 command. However, the
count cannot bhe increased by incorporating
TI999L 2 » o and MO2/M30 in the same program.
Selection of whether to count with T9999Laaa or
M02/M30 must be made with parameter #6020,

{g) The maximum value for USED 1s 9999 so the
count will not go above 9999.

2.9.32.5 Parameters and Settings for Tool Life
Contrel

(1} Settings
#6004 (D6)

Clears life data registered prior to the G122;
command
0: Does not clear 1: Clears

#6204

Specifies group number when resetting for tool
change. However, this 1s only effective when
#6020 D5 1s "0." Setting 1 to 128

(2) Parameters

#6020 D7

Specifies group number for tool change skipping
(TLSKP)

0: Currently specified group

1: External signal (TL1 to TL64)

#6020 Do

Selection of a T command group during an MO06
command.

0: Latest T command

1: Immediately Prior T command

#6020 D5

Group number command for tool change reset
(TLRST)

0: Setting #6204 1: External input (TL1 to TLé4’

#6020 D4
T/M selection when tool life control 1s by count

0: Counts with T9999L can
1: Counts with M02/M30

2.9.32.6 Alarm Code Details on Tool Life Control
(1) Format errors of alarm 125: G122/G123/G1l24

(a) A different address command was made 1n
the G122 or G123 block.

(b) P command was neglected and T command
was made in Gl22.

(¢) A numerical value other than 1SP< 128, 0=
122, 0=T £9998, 0=<L <9999, 0SH=299, and
02D X299 was commanded 1n G122.

{d) Intervened in G122 with a manual MDI.
(2) Alarm 126:

This 15 an error when there 1s an overflow during
execution of a life control data command.,

(a) A command was entered for 257 or more tools.
{b} A command was entered for 17 or more tools
in one group,
(3) Alarm 127:

This is an error m a T5 digit command and a
T9999 command function

(a) When a T5 digit command was executed, the
object group was not registered.

{b) The T9999L acccommand was executed
although the parameter was for a count with
M0O2/M30.

{c} The T9999L aca command was executed although
1t was not a life control classification count.

{4) Alarm 128:

This 1s an error in the T5 digit command and
the H{D} 999 command fuction.

(a) All of the groups were in SKP status when
the T5 digit command was executed.

(b) Tool numbers H-NO and D-NO were found
unregistered (* mark) when executing command
H(D)999.

NQOTE:

(1) Do not rewrite the life control data when
executing hfe contrel,

(2) Even 1f M06 1s executed in manual MDI, lLife
control will not be executed. Do not execute
commands T10001 through T10128 in manual MDI.

(3) If the part program memory capacityis 150 m
or 320 m, use i3 m as the tool life control data.
This will then reduce the part program memory
capacity by that amount.

(4) If OVR and SKP occur at the same time, T-NO
will display SKP on a priority basis.
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2.10 USER MESSAGE DISPLAY'

£

v
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 message?>);

The alarm number should be 3 digits and

one that i1s not used by the control. For the
alarm message, alphanumeric characters may be
used. When this #8000 command 1s executed,

the alarm message 1s displayed and "ALM" flashes
at the bottom of the CRT screen.

~
(_ALARM 00010 NO107

USERS MESSAGE

123: USER ALARM

ALM

Fig. 2.87 Sample Display of
Alarm Message by #8000 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-QUT
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 controi-
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 key and{SHIFT|key, and char-

acter "(" may be entered.

b. Depress key and key, and char-

acter ")" may be entered.

//_.\\\—._

{TEST PROGRAM)

G81 X100 Y100
Z-50 R-25L3 ,

{(DRILL END)

Program
Example

/'—-—.\\__

Message Display by
Control-out and Control-in

PROGRAM (MEM) 01234 NOO018

(TEST PROGRAM)

G81 X100 Y100
Z2-50 R-25L3 ,

{(DRILL 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 1n control-out and control-in less than
32.

3. Nesting of the control-out and control-in is
not allowed.

~

¥,
el TiDw -eh DATH

20 ST

OO )

Fig. 2.88

Characters Enclosed
in Control-Qut and
Control-In (Thick~
Lettered Keys) for
gt CRT



2.11 USER MACRO (G65 AND G66}

Special programs written by the machine buwlder
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 G66
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

——
$ —0%01 ;
Variable
G(‘fr i‘:fit Operation Command
8 Control Command
Designation) ,
L —— — M99,
Main Program Subprogram

T o
N

M98 P1234 ;

)

T T~

However, unhke a subprogram, a user macro
allows:

— M99

(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 requres
complicated computations and deciswons.

The "argument designation” in calling a user
macro body from the main program makes 1t
possible to assign the real numbers to the van-
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."

2,11.1 USER MACRO CALL COMMANDS

A user macro body may be called in the following
five manners:

No. Type of Call Code Remarks
Simple call Gé65
2 [ Modal call G66 |G6T: For cancel.
3 | Call by arbitrary |Gxx
G code
4 | Call by M code M=xx
5 (Callby 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 1s called and is executed L times.
The default value of L 1s }. When the designation
of an argument to the user macro 1s desired,
specify 1t in (argument designation). "Argument
designation” is the assignment of real numbers to
the "local variables" used in the user macro. For
details, see 1.3 ARGUMENT DESIGNATION.

{2) Modal call (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 1s executed, the spec—
1fied macro 1s run L times.

G67 ;

This command cancels the modal ¢zll mode.

(3} Macro call by Arbitary G Code
Gxx (argument designation) ;

This provides the command which is equivalent to
Gb65 P... (argument designation) ;. For Gxx,
ten sets of G codes of GOl 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:

— 94 —



#6120 --- Sets G code which calls the macro of
program number 09%010. -

£

#6121 - - - Sets G code which calls the macro of
program number C9011.

)

#6129 --- Sets G code which calls the macro of
program number 09019,

NOTE* Macro call by arbitrary G code permts
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 ¢all by arbitrary G code.

(4) Macro Call by M Code

G:++ X+ Yo+ 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 M00, M0, MOZ2, M30,M90
through M%9 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 O%002.

#6132 --- Sets M code which calls the macro of
program number 09003,

#6133 -.- Sets M code which calls the macro of
program number 0%004.

NOTE THAT THE MACRO 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-+ X-:v+r Yoo THXXX ;
With this command, the macro of program num-
ber 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 1s handled as a T code.
1 -+ T code designation is handled as a macro

call command to cail 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
common variable #149. NOTE THAT THE ARGU-
MENT DESIGNATION OTHER THAN THIS IS 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 Medal Call

As a subprogram 1s 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 1s disabled for the macre 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 15 ex-
ecuted, the designated macro 1s run. This 1s
also valid for the move command in the macro
called by multiple call. The macros are segquen-
tially executed from the one designated latest.

Sample Program

r——
Géo P9400 ; -

GO0 X10. ]
Gbé PI9500
G000 Z20. , —
G67 ,
G67
GO0 Z30 ; —
09400 ,

(&)
—©
G00 x40. , ———E)
—®

Man Program

Go0 Y50 , — Macro

M99
09500
GO0 Xxe0 ; —
GO0 YT70. ; —
M99,

Macro

The above sample program is executed in the
following order:

®-®-0-0-®+-®-0-0~-®-0-+0



2.11.2 ARCUMENT DESICGNATION

Argument 15 the real value to be assigned to a
variable used 1n the user macro body. Argument
designation, therefore, is the act of assigmng

real values to variables. Argument designation is
of type I and type II, which can be selected as re-
quired.

{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.

Table 2.35 Argument Designation I

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

NHXNECCHBIDEZRY-IMENOOW >

For the address in which no argument need be
designated, the command may be omitted.

Sample Program
# #2  #24 #26

s s +

G65 P9100 L3 A30 B60 X34.8 250.2 ,
|

Argument Designation
Part

(2) Argument Designation [l

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.

Table 2.36 Argument Designation I

Address of Variables in
Argument Designation I User Macro Body

A #1

B #2

C #3

I #4

J1 #5

K1 #6

I2 #7

J2 #8

K2 #9

13 #10
J3 #13
K3 #12
I4 #13
J4 #14
K4 #15
15 #16
J5 #17
K5 #18
16 #19
J6 #20
K6 #21
17 #22
J7 #23
K7 #24
18 #25
J8 #26
K8 #27
I9 #28
J9 #29
K9 #30
I10 #31
J10 #32
K10 #33

The suffixes 1 through 10 to I, J, and K are de-
termined by the order of the designated I, J,
and K combinations.

For the address in which no argument need
be designated, the command may be omitted.

Sample Program

G65P9005A-..B... C--- I «- Jee. Kovr I+ K ..

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 peoint 1s
as shown on the next page.



Table 2.37 Position of Decimal Point Argument

Address in Metric Inch
Argument Designation Input Input
A, C 3¢(2) 3(2)
B {Without B 3-digt 3 (2) 3 (2)
option)
oBE'E::r):)h B 3-digat 0 0
D, H ] 0
E, F {In G94 mode) 0 (1) 1(2)
E, F {In G95 mode) 2 (3) 3 (4)
1,7, K 3(2) 4 (3)
M,S5, T 0 0
Q. R 3(2) 4 (3)
U, v, w 3(2) 4 (3)
X, Y, 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 as designated by
parameter #6020Dg = 1, D2 = 1 for addresses E
and F, and parameter #6006Dg5 = 1 for the other
addresses.

{(4) Considerations in Argument Designation

A. Argument designation types I and II may be
used cencurrently. If the same variable has been
duplicated, the last one 1s vahdated.

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. In G65 and G66 blocks, G65 and G66 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 15 programmed using the com-~
bination of the followtng commands.

(1) variables

A. Local variable {#1 through #33)

B. Common variable (#100 through #559)

C. System variable (#1000 through #5104)

(2) Operation Commands

A. Artthmetical operations {+, -, *, /, ")
B. Functional operations (SIN, COS, ROUND,---)

(3) Control Commands

A. Branch command (IF { qualfication}
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 1s to enable the
programming of a 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 1s
called during execution, the corresponding value
15 searched from the variable area to provide the
address value.

There are three types of variables: local
variable, common variable, and system variable.
Each 1s 1dentifiable 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 Gb6,

(1) Local variables (#1 through #33)

A local variable is the one that is used for each
macro locally, That 1s, when the local variable
1s used, the variablearea{#l through #33) is
independently allocated for each macroc call,
certain values are stored by argument designa-
tion, and the results of operations in macro are
retained.
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Main Program

Argument
Designation

Single-level Macro

e —_— ————
. 09201 09205 ,
_ #1, #2, #3 81
G65 P9201 . : #2
Avve Beve Coen s Gb65 P9205 #_;’
/‘_—-_—_\-___.

ead /writé
Enabled

Double-level 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 1t
is called. Each local variable 1s reset for each
macro call and is registered by argument desig-
nation. The variable not designated becomes
"blank." Each local variable 15 set to "blank"
at the time of power-on and reset operations.

{2) Common Varables (#100 through #149, #500
through #559)

A common variable may be shared by all macros
and through all macros of all nesting levels. That
15, the common variable enables a macro to refer
to the results obtained by another macro.

Common Variable Area

#100 1 4500
Lo
oo
#149 | #559
. !
oK oK oK OK

Single-nlest Double-nest Tripple-nest Quadruple-
nest Macro

Macro Macro Macro

Common variables are divided into the following
two types depending on clear conditions

Local variable area
for duphcate-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 1n some controls 1f
parameter #6008 D1 15 set to "1."

B. #5500 through 559 These common variables
are not cleared at the time of power-on and reset
operations.

The common variables are avaitlable to the
user without restrictions. They cannot be
designated by arguments. Indirectly, however,
they can be designated as follows.

G65 P9008 A- .- ; 09008 ;

#100 = #1

Y

Argument Designation of #1

{3) System Variables

A system variable is the cne whose use 1s umque
to the system. There are following types of sys-
tem variables:

A. Interface input signais ... #1000 through
#1015, #1032~

B. Interface output signals ... #1100 through
#1115, #1132+
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C. Tool offset amount and woxrk coordinate-
system shift amount ... #2001 through #2099
{or #22997), #2500 through #2906%

D. Alarm message display ... #3000

E. Clock ... #3001, #3002

F. Single-block stop and auxihary-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 #3105

Note. The interface mnput and output 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)7

a. When one of system variables #1000 through
#1015 1s specified to the rght-hand of an opera-
tional expression, the on/off state of each of
user-macro-dedicated lé~point input signals 1s
read. The relationships between the input signals
and the system variables are as shown below.

#1007[#1006#1005(#1004|#1003]#1002|#1001[#1000
Uiy UI6| Uls! ULa| UI3| UI2 | UL1 | VIO
27 28 25 24 23 | 2% 21 20
#1015/#1014[#1013[#1012[#1011|#1010(#1009|#1008

UL15| UT14f UT13| UT12] UT13| UL10 | UT19| UI18
215 [ ol | 913 [ 512 | 211 | 910 | 59 |58

v bi
%?ﬁlee Input Signal
1 Contact Closed
0 Contact Open

YASNAC

2 [——1— ui0 35
2* [——r—un 5 B—
22 [O—7— u1z 5 o
2 J——r— u13 5 o
v [——1— vi4 5 o
A UIS 3 o
¢ O ulb o o
27 [ uI? 3 o
22 [J—7— uis o o
2 [} UI19 o o
2t [} U110 o ©
21t ([ uIill o ©
22 [(— uri2 0 O—
23 [k Ull3 & o
2t O UIld o ©
28 [ UIls o o 1S

Each read variable 1s 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 = T #[1000 + i] x 2
1 =0}

Sample Program

IF [ #1015 EQ O] GO TO 100 ;

Bit 215 {UI15) 1s read and, 1f 1t 15 "0," a
branch 1s made to sequence number N100.

#130 = #1032 AND 255

Bits 20 through 27 (UIO 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.



2.11.4 VARIABLES (CONT'D)

B.

Interface Qut

#1115, #1132)T

put Signals (#1100 Through

a. When one of system variables #1100 through
#1115 1s specified to the left-hand of an operation-
al expression, an on or off signal can be sent to
each of user-macro-dedicated lé-point output

signals. The relationships between the output
signals and the system variables are as shown
below:
F1107/#11064#11051# 1104/ #1103}#1102]#1101(#1100
Uo7 | 06 U05 | Uo4 | U03 |U02 | U0l | UOO
27125 | 2% | 2% | 23§22 | 21| p0
#Frrasp s 113l 11 2{# 01 11| #1110 Fr 109141108
U15 [ Ut4 | U13 } U912 | USt |U10 u09 | uos
235 { gl [ 923 | 912 [ 511 | 910 | 59 28
Variable Value Output Signal
1 Contact Closed
0 Contact Op,en
YASNAC
29 S o———— UO00
2! :_o—— uol
2z c & uoz
22 o o Uo3
2" 0 o Uuc4
28 o © Uos
28 Qo Uob
27 0 o Uo7
28 o o uos
29 $¢—&  o——— UQ9
210 ¢+—05 o——— U010
21 o O uolil
212 4—5 o—1— Uol2
213 o o Uo13
218 o O uol14
215 4+4—5 o—1— U015

When 1.0 or 0.0 are substituted in any of #1100
through #1115, the associated output contact 1s
output in the “"closed" or "open'state.

b. When system variable #1132 1s speaified, the
output signals (UQ0 through UO15) that consist

of 16 points (16 bits) are collectively output.

At this time, the decimal positive value substituted
in #1132 is output 1n the form cf binary 1é6-bit
value.

15
#1132 = £ #[1100 + 1] x 2z
=0 '.

1

€. With system variables #1100 through #1132,
the value sent last 1s retained. Hence, when one
of them 1s written to the right-hand of an opera-
tional expression, its value 1s read.

d. Considerations

When any values other than 1.0 or 0.0 are sub-
stituted into one of #1100 through #1115, the
values are handled as follows:

"Blank" is assumed to be "0."
Values other than "blank" and 0 are assumed to
be Ill."

Sample Program

#1107 = #10 ; (#10 = 1.5)

The output stgnal of bit 27 (UO7) 1s output
in the contact (closed) state.

#1132 = (#1132 AND 240) OR (#8 AND 15;)

The output signal of bits 24 through 27 (UO4
through UO7) are output without change and
the contents of local variable #8 are output
to the output signals of bits 20 through 23
(UOQO through UQ3).

{Decimal 240) = 11110000,

(Decimal 15) = 00001111)

C. Tool Offset Amount And Work Coordinate
System Shift Amount (#2001 Through #2299, #2500
Through #2906)

a. When one of system variables #2001 through
#22991s specified to the right-hand of an opera-
tional expression, the tool offset amount can be
read.

b. When one of system variables #2500 through
#2906 is specified to the right-hand of an opera-
tional expression, the work coordinate system
shift amount (and the external work coordinate
system correction amount) can be read.
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c. The relationships between the tool offset
numbers and the system variables are as shown
below

Table 2.38 System Variables
and Tool Offset No.

System Tooi
Variable Offset No.
#2001 01
#2002 02
#2098 98
#2099 99
#2100 100
#2299 299

— 101 —

Tahle 2.39 System Variables and Work
Coordinate System Shift Amount

System Work Coordinate Soindl
Vamnable System Shift Amount pincle
#2500 External work coordinate
#2501 system correction amount
G54 (J1) x
#2506 G59 (J1)
#2600 External work coordinate
42601 system correction amount
. G54 (J1)
. Y
#2606 G59 (J1)
#2700 External work cocrdinate
42701 system correction amount
G54 (J1)
YA
#2706 G59 (J1)
#2800 External work coordinate
#2801 system correction amount
G54 (J1)
. a
#2806 G559 (J1)
#2900 External work coordinate
#2901 system correction amount
G54(J1) B
#2906 G59(J1)

Note: When "work coordinate system setting B"
feature 15 provided, System variables listed n
the table on page 102 can be applied.

{d) When one of the above system wvariables 1s
specified to the left-hand of an operational ex-
pression, 1ts 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-ax1s 15 erased and the contents of
iocal variable #4 are set.
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System Work coordinate
Variables System Shaft Asas
Amount

# 2511 G54 J2

: : X
# 2516 G59 J2
# 2611 G54 J2

: : v
# 2616 G599 J2
# 2711 G54 J2
# 2716 G559 J2
# 2521 G54 J3

: : X
# 2526 G59 J3
# 2621 G54 J3

: : Y
¥ 2626 G59 J3
# 2721 G54 J3

s : z
# 2726 G59%9 J3
# 2531 G54 J4

: : X
# 2536 G59 J4
# 2631 G54 J4

5 : ¥
¥ 2636 G59 J4
# 2731 G54 J4

: : 2
# 2736 G59 J4
# 2541 G54 J5

: E X
# 2546 G59 J5
# 2641 G54 J5

: : Y
# 2646 G59 J5
# 2741 G54 J5

: : z
# 2746 G559 J5

D. Alarm Message Display (#3000)

When a condition to be alarmed occurs in a user
macro program, system varilable #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 contreol-ocut,
The alarm number should be three digits and be
the one that 1s 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

s
ALARM 09100 NO054

USERS MESSAGE

550: MACRO ERROR' DATA OVERFLOW ?

"ALM n

Message display area and
sample display
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b. When RESET key 1s pressed after removal of
the cause of alarm, the message display and the
alarm state can be cleared.

Sample Program

#3000 = 550 (MACRO ERROR DATA OVER-
FLOW)

E. Clock (#3001, #3002)

When system varable #3001 or #3002 for
clock 15 specified, the clock can be read.

System At Count

Variable| TYPe { YMit) poyer-on Condition

#3001 KClock 1|1 ms | Reset to "0" |Always

#3002 LClock 2i1 s Same as When STL
power-off signal 1s on
time

To preset the clock, substitute the value
with this system variable put at the left-hand of
the expression

Sample Program

#3001 = 0 ; ... The clock is preset to value "0."

Restrictions

a. The accuracy of clock 1 1s 8 ms. When
4294968000 msec has been reached, an overflow
occurs, setting the clock to "0."

b. The accuracy of clock 2 1s 8 ms. When

429496800 sec has been reached, an overflow oc-
curs, setting the clock to "0."

Sample Program

Argument designation

Main Program of vanable #1

Gb65 P9351 A5._; «++ Macro to wait for
5 seconds

Macro Program

09351 ,

#3002 = 0 ;

WHILE [#3002 NE #1] DO1 ;
END 1,

M99 ,
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F. Single Block Stop and Auxliary Function
Compietion Wait Control (#3003)

When the value listed in the following table 1s
substituted in system variable #3003, the single
bleck switch can be disabled or the next block
may be entered without waiting for the checking
of the finish signal (FIN) of the auxihary func-
tion (MST)

When the finish signal 1s not waited for, the
distributionend signal (DEN) 1s not transmitted.
In this case, the FIN 1s waited for 1n the block
with the check skip cleared. Hence, when the
FIN :s not waited for, be careful not to speafy
the next auxiliary function.

#3003 Blocingle FIN Signal
0 Vahd Waited
1 Invalid Waited
2 Vahd Not waited
3 Invalid Not waited

G. Feed-Hold, Feedrate-Override, And Exact
-Stop Control (#3004)

When the value listed in the following table 1s
substituted 1n system variable #3004, feed hold,
feedrate override, and exact stop can be made
valid or invald.

#3004 | Feed Hold 53:3;1352 Exact Stop
] Valid Vahd Vahd
1 Invalid Vahd Vahd
2 Valid Invalid Vahd
3 Invalid Invalid Vahd
4 Valid Valid Invahd
5 Invalid Valid Invahd
6 Valid Invalhd Invalid
7 Invahd Invalid Invalid
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Sample Program

Tapping Cycle {(for Incremental Command)

Man Program

G91,
G65 P9601 L.+ R+-v 2.+,
A
LArgument designation
of #26

Argument designation of #18

Macro Program

09601 ;

#3003 =1 , — Single block switch —m—
GO0 Z#18 , invalidated

#3004 = 7 — Feed hold invalidated
P B e e
MO05 ,

|

#3004 = 0,

GO0 z-#18

MO5 ,

MO3 ,

#3003 =0,

M99 ,

H. RSZ232C Data Output (#3100)

When system variable #3100 is specified, messages
and NC internal data can be output to external
equipment via RS232C data input/output inter-
face. If the external equipment 1s a printer,

the above information 1s printed.

a. Qutput of Messages

#3100 = KMessaged}

When this command 1s specified, the message
enclosed by control-in and control-out is output,
via R5232C interface.

Each output message 1s followed by CR/LF
(Carriage Return/Line Feed). Hence, when
#3100 = () 1s specified, only CR/LF is cutput,
which is useful i1n tabulating the punched data.
To output message, enclose 1t by control-in and

control-out.

b. Output of Data

#3100 = { variable »

When this command 1s specified, the value of
the local variable, common varnable, or system

variable at the right-hand 1s output via R5232C
interface as sign and decimal 9-digit data (4
after and 5 before decimal point).

The value 1s rounded out to the fifth digit after
the decimal point. When the value 1s of b digits
or more before the decimal point, the asterisk
is output.

c. The above output 1s performed when system
variable #3100 1s executed in the macro program
It 1s required, therefore, to previously attach
the external equipment such as a printer via
R5232C interface and preset the parameters that
use the interface.

Sample Program

#3100 = { ); ... Carriage return/line feed
#3100 = (TOOL OFFSET 01 AND 02):

#3100 = #2501 ; - .- = 10.000 mm

#3100 = #2502 ; .-+ =-35.524 mm

#3100 = { ),

Printout Data

TOQOL QFFSET 01 AND 02
U 10,000 -

35.524

Two spaces precede signed decimal.

1. Modal Information (#4001 Through #4120)

When one of system variables #4001 through
#4120 1s specified, the modal commands that are
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.

System Variable Modal Information
#4001 G code (group 01)
§ §

#4021 G code (group 21)
#4102 B code

#4107 D code

#4109 F code

#4111 H code

#4113 M code

#4114 Sequence number
#4115 Program number
#4119 S code

#4120 T ceode
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#4001 through #4120 connot be placed to the
left-hand of the operation expression.;

Sample Program

Main Program

G65 P9602 (Argument Designation) ;

Macro Program

GO0
G0l
Go03
G00
G#l
M99

Q9602 ,
#1 = #4001 ,
X -
A
X...

C Y-
. F.o-r
Y...

+

R.--,

H

— G codes (GO0 through
G03) of 01 group are
retained.

G codes of 01 group
are restored,

J. Positional Information (#5001 Through #5105)

When system variables #5001 through #5104
are specified, various positional information can
be obtained.

The unit of the inforpation 1s millimeters or inch-

€5.

Unit

Metric input

0.001 milhmeter

Inch input

0.0001 inch

Deg inputT

0.001 degree

In the user macro body, the "input unit x 10"
feature 1s invalid.

ngﬁgrl’z Positional Information Reahddolzr:nng
#5001 X-axis block end Enabled
position (ABSIO)
#5002 Y-axas block end
position (ABSIO)
#5003 Z-axis block end
position (ABSIO)
#5004 4th block end position
(ABSIO)
#5005 5th block end position

(ABSIO)

System Read D
Va};iable Positional Information eaMov:nng

#5021 X-axis current position| Enabled
(ABSMT)

#5022 Y-axis current position
{ABSMT)

#5023 Z-axis current pesition
(ABSMT)

#5024 4th current position
{ABSMT)

#5025 5th current position
(ABSMT)

#5041 X-axis current position| Enabled
(ABSOT)

#5042 Y-axis current position
(ABSOT)

#5043 Z-axis current position
(ABSOT)

#5044 4th current poesition
(ABSOT)

#5045 5th current position
(ABSOT)

#5061 X-axis skip signal Enabled
position (ABSKP)

#5062 Y-axis skip signal
position (ABSKP)

#5063 Z-axis skip signal
position (ABSKP)

#5064 4th skip signal posi-
tion (ABSKP)

#5065 5th skip signal
position (ABSKP)

#5083 Tool length correction | Enabled
amount

#5101 X-ax1s servo position Enabled(NOtEJ
deflection amount

#5102 Y-axis servo position
deflection amount

#5103 Z-axis serve position
deflection amount

#5104 4th servo pesition
deflection amount

#5105 5th serve position

deflection amount

Note: Reading of #5021 to #5025, #5041 to #5045,
and #5101 to #5105, when commanded during move-
ment, will be performed after completion of the

movement.
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Abbre-

viation ABSIOQ ABSMT | ABSOT | ABSKP

Meaning | End po- |Command|Command |Position
sition of [current xurrent [at which
block im-position |position |skip sig-
mediately](same as |[{same as |[nal did
before. [POS. POS.UNI-{not go on

MACHINHEVERSAL {in G31
display) .ldisplay). | block.

Coordi- | Work Machine Work co- |Work co-

nate coordi- |[coordi- jordinate |ordinate

system nate nate system system
system |system

Tool Not Included [Included

positwon, | included

Tool

length,

Tool -

radius

compen-

sation

Amount

Notes

1. When the skip signal 1s not turned on in G31
block, the skip signal position 1s at the end of
G31 block.

2. The "input unit x 10" feature 1s vald up to
the macro call block (the argument designation
part by G65 or G66) but 1s invalid in the user

macro body.

3. System variables #5001 through #5105 may not
be placed to the left-hand of operational expres-
sion.

Sample Program

The toel 1s positioned to the specified location
{X, Y, 2Z) on machine coordinate system, per-
forms the specified M feature, and returns to
the start point.

Main Program

G65 P03 X. .- Y- - Zoo M---

#24

Macro Program

09603 ;
#1
#2
#3
G9t ;

1

#5001 ,
#5002 ;
#5003 ;

GO0 X [ #24-#5021] v [ #25-#5022);
GO0 z [#26-#5023 ] ;

M#13 ;
GO0 243,
GO0 X#1 v#2 ;
M99 ;
List of Variables
Variable M
No. eanng
#1 to #33| Local variables.
#100 to Common variables (reset to"blank"at
#149 power-off) .
#500 to | Common variables (retained at power-
#559 off}).
#1000 to | Interface tnput signals {each signal
#1015 for each tat).
15
#1032 Interface input signal (Z # I:IUDO + I:I
1=0 x 21),
#1100 to | Interface output signals (each signal
#1115 for each bit).
15
#1132 Interface output signal (I #[1100 + 1]
1=0 * 21).
#2001 to | Tool offset amcunt
#2299
#2500 to | Work coordinate system shift amount,
#2906 external work coordinate system
correction amount.
#3000 Alarm message display.
#3001 Clock 1 (in uruts of 1 ms).
#3002 Clock 2 (1in umits of 1 s).
#3003 Single block stop, auxihary function
complete wait control.
#3004 Feed-hold, feedrate-override, and ex-
act-stop control.
#3100 RS5232C data output (print out feature).
#4001 to | Current value of modal information
#4120 command.
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Variable

No Meaning
#5001 to | End position of immediately~preceding
#5005 block (for each axis}).
#5021 to | Current position of machine coordinate
#5025 system (for each axis).
#5041 to | Current position of POS. UNIVERSAL
#5045 {for each axis).
#5061 to | Position at which G31 skap signal 1s
#5065 turned on (for each axis).
#5083 valid tool length compensation amount.
#5101 to | Servo position deflection amount {for
#5105 each axis)

K. Variable Reprentation

Each var:iable 15 represented 1n a variable number
that follows #.

a. How to designate a number directly:
#100=1, 2, 3,4, )

Sample #10
#130
#2000

b. How to designate an expresslon as a variable
number:

# [{expressxon)]

Sample 4 (4100]
# [#500 + 1]
4 [#20/2]

In the following description, variable #1 may be
replaced with varable #[( expression )]

L. Vanable Reference

a. The value that follows an address may be
replaced by a variable.

When ¢ address> # or (address) -# 1s specified,
the value of the variable or i1ts negative vaiue
(complement, more exactly) 1s made the specified
value of the address.

Sample #30 = 1.0 ;
#101 = 100
#102 = 200 ,
#103 = 300 ;
#140 = 250

G#30 X#101 Y4102 Z-#103 F#140 ,

The above specification is equivalent to the
specification below:

GO0l X100. Y200. z-300. F250

Notes.

(1) Address /, O, and N may not refer to
varables.

Sample {#8, N#100 --

Error.

(2) A variable number may not be replaced with
a variable,.

Sample ##20

8 [#20]

(3) When a variable 15 used as address data,
the values below the least significant
digit are rounded

Sample
(1) When #1 = 45.2346
X#l -- = X45.235 mm {(for mm input)

(11) When #2 = 350.85
F#2 -+ F351 (mm/mn)

(111) When #3 = 5.37672

Error
Correct

G04 P#3 -+ =G04 P5.377 (sec)
(1v) When #4 = 2 7236

M#4 ... =M03

G#4 ...=G03

(4)  value for cach address should not exceed
the maximum programmable value.

(5) The value that follows an address may be
replaced with (expression)

(6) The constant without decimal point enclosed
in brackets[ ]1s assumed to have a decimal point
at :ts end.

M. Undefined Variable

The value of an undefined variable 1s 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 #14% at the
time of power-on and reset operations.

¢. The local variables and common variables
for which the values were not written from MDI
panel.



2.11.4 VARIABLES (CONT'D)

Designation and function of <blank> 1s classified
iy the following two versions A and B. The con-
trol 1s.set for either version. Versions A and B
cannot be changed.

Item Meaning of (Blank}

1 |Concept of "#0"
of {blank}
.Commanding #0 at the
left-hand side of the
equatlon causes alarm.

#0 defined as variables of

. Where #2 15 (blank)}
command #3=#2; means
#3= (blank).

2 | Variable {blank)
1s commanded 1n
the replacement
equation,

. Where #2 1s (blank’
command GO0 x #2; 1s
equivalent to G00x 0
(Address 1s Ignored.)

3 | Variable {(blank)
1s commanded 1n
the part program

. Where #2 15 (blank;
#3 1s 0 @ Condition

"IF #3 EQ #2" 1s not
established.

@ Condition "IF #3 EQ
#2 1s established.

4 { Variable (blank)
15 commanded 1n
the condition of
EQ and NE.

#3=#] #0+#0]
#3=82 * #0;

:g:ﬁ,';(}#:o’ In these com-

§3=5% 40 s mands, #3=0,

#3=2-#0; means #3=2
#3=5/#0; causes alarm.
Biank 1n the repilacement
other than described above
15 treated as "0."

5 { Others

. Condition IF#3 GE#2 1s
established when #2 and #3
are <blank> , or #2 15 0 and
#3 1s <blank> .

. Condition IF #3LT #21s
not established when #2 and
#3 are <blank> , or #2 1s
<blank> , and #3=0.

Blanks 1n
conditions
except EQ
and NE are
treated as 0.

2.11.5 OPERATION COMMANDS

Various operations can be performed between
variabies and between variables and constants.
The operation expression 1s represented in the
form of #1 = {expression), in which ¢expression}
1s a general arithmetic operational expression pro-
duced by combining variables and constants with
operators and functions. The available opeara-
tors and functions are as follows. Instead of

¥ and #hk, constants may be used.

{1) wvariable Definition and Replacement

ho=# Definition, replacement.

ho=## + #k)

-+ Indirect spec:fication

{2} Add- Type Operations

#o= A+ Fk Sum.

o= - #k Difference.

#1 = #H OR #k Logical sum {for each of
32 bits).

#1 = & XOR #k Exclusive logieal sum

(for each of 32 bits).

{3) Multiply-Type Operations

=8k Product
h=# / vk Quotient
# = #) AND #k- Logical product
{for each of 32 bats),
Note In OR, XOR, or AND operation, the

variable value (or constant) 1s converted into
the binary 32-bit egquvalent and the operation
1s performed on each bit

(4) Functions

#=SIN [#] Sine (1n degrees).
h = C0OS [#] ] Cosine (1n degrees).
i = TAN [#]] Tangent (in degrees).
ho= ATAN [ #/8K]
-+ Arctangent (in degrees).
#1 = SQRT I:#]] .-+ Square root.
#1 = ABS [ # ] Absolute value,
# = BIN [#] ] Convert from BCD.
# - BCD [ #]] Convert into BCD.
#i = ROUND ‘:#}] -+ Produce integer by rounding.
M = FIX [#]] Truncate the fractions.
h = FUP [#j:] Raise the fractions to a umt
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{5) Combinations of Qperations

The above operations and functions may be used
in combinations. A functional operatién is per-
formed first. Then, a multiply-type operation is
performed. An add-type operation is performed
last.

ho=# o+ #k ¥ sIN [#e]

D
@

Sample

®

{6} Change of Operational Order by { |

Priority may be given to an operation by enclos-
ing 1t in brackets [ ]. Up to quintuple (five-

hold) nesting of brackets 1s permitted including
those of functional operations.

Sample #1=SIN]:[[#3 v #ic] * 44+ #m] *#‘n}

1D
©)

©

@

®

(7) Considerations for Qperational Commands

A. The constant without decimal point used in
{expression) 1s assumed to have a decimal point
at 1ts end.

B. When used in conditional expression IF or
WHILE, function ROUND truncates the fractions.

C. When used in address data, tunction ROUND
rounds the part below the least sigmificant
digit.

Sample (a)
#10 = 12,3758

When the least significant digit of address
X is 0.001 mm, the following command

GO0 X [ROUND [ #0l];
means

GO00 X12.376 ;
because 8 of 12.3758 1s rounded.

This command is also eguivalent to

GO0 X#10 ;

Usually, ROUND 1s not used as mentioned above;
it 15 used as shown below:

Sample (b)

When ROUND 1s used as follows, the program re-
turns to the start point correctly:

(T) #10 = 12.3758 ; §£?NR§T #HO o #11
@) #11 =13.1236 ;

@) G91 GO0 X410 ,

@ Go1 x#11 F--- ;

G coo x- [ROUND [#10] +ROUND[#11:|]:

O

|

" RETRACTION

This 1s because the data of #10 and #11 in @
and @ blocks are substantially rounded before
being executed.

1f (5 block 1s
@ coo x- [#10+#1 ],

then, the movement 1s made by the following
amount:

x- [ #10 + #11]=x - [12.3758 + 13.1236 ]
X - [25.4994]

x - [25.499]

On the other hand, block movement of
®+® is

X#10 + X#11

13

¥X12.376 + X13.124
X25.500

Hence, the program of@ 1s not correct.

(8) Operational Errors

The data format and the operational errors in the
user macros are as follows.

A. Data Format

The numeric data handled 1in user macros are of
the floating point format

where, M 15 sign + data 52-bit binary,
E 1s sign + data 10-bit binary.

B. Operational Errors

Each time an operation is performed, the follow-
ing error 1s caused and 1s accumulated. The num-
ber of sigmficant digits 1s 15 to 16, which com-
pensates the error sufficiently.
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2.11.6 CONTROL COMMANDS

The commands which control the flow of micro-
program are of the following two types:

A. Branch Command .. IF [(conchtxonal

expressiony} GO TO n ,

B. Repeat Command ... WHITE [(conditional
expression)] DO m ,

(1) Branch Command
A. IF [< cond:itional expressmn)] GO TO n,

1f ¢ conditional expressu:n)of this command 1s
established, a branch 1s made to the block of
sequence number n within the same program.
When a variable or an expression 1s used for n,
the branch destination may be changed. If the
condition 1s not satisfied, the program proceeds
to the next block.

/-—-\"-—-\____.__-——'_'—-__

..fF [( Condltional)] GO TO n,
[ exXpression

' . {Next Block)

Unestablished

Established

Nn - '

/_\_”/.

IF |:< conditional expression )] may be omitted to

provide a simple branch command as shown below:

s

=GO TO n ;
[#]

c

1]

.

m

2

[

E Lennp--.

5]

Conditional expressions are EQ, NE, GT, LT, GE,

and LE They are represented as follows.
Conditional Expression Meaning
n EQ A (1 = #)
h NE § (h 5 #)
n GT 4 (h > #)
h LT # (i < #)
H GE # (h 2 #)
# LE # (H < #)

A constant and {expression) may be used to #
and # A variable and (expression) may be
used for n

Notes

-

1. The sequence number of the destination of
the branch by a branch command must be located
at the head of that block. Otherwise, the data
prior to the sequence number 1s ignored as shown
below -

Branch Destination Seguence No.

< GOl X10. N35 z25. F300 , -- <

t Executed with

this data i1gnored.

2. The reverse branch on the program takes
longer execution time than the forward branch.
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{2) Repeat Command .
"

A. WHILE [ { conditional expression) | DO m;
(m =1, 2 and 3}

END m ;

Wwhile {conditional expression) 1s satisfied, the
blocks between DO m and END m are repeated.

When 1t is unsatisfied, the processing branches
to the block next to END m.

-\"‘-h- : .

B E — WHILE |:<Cond:t1onal DO m,
< Sl - expressmn}]
21a -
R e g
Sls A
w|w @
g\ g
5 END m;

{Block next to END m)

When the specification 1s made omitting WHILE
[ conditinnal expressmn)] . the blocks between
DO m and END m are repeated infimitely. Gen-
erally, this 15 used in the format shown below.

—\/

DO m ,

IF [{Condnlonal GO TO n ;
expression

Repeat

ENDm ;

Loop 15 broken upon establish-
ment of certain condition.
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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 —a—
The value of m, 1, 2, or 3
1s called the identification
number, which 1s used by
END 1 DO and END to call each

other.

DO 2 —=—

END 2 ~=—

3. The same 1dentification 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:

—-__-_ﬂ R —
Do 1, ~GOTO 100 ,
] T
9 ~-GOTO 100 , L DO 1,
-‘% =
e END 1, g -N100 ;
. a
L N100 , END 1 ;
/-"-_-—-—._ /F—._____.

5. Triple DO-loop nesting 1s permitted for each
micro program.

/_-—_—-_‘-—-_-'/ /'__-—‘————/

DO 1 ; DO 1.

DO 2 ; DO 2;

DO 3 ; DO 3 ;

Gb65--- ABC ;| G65--- XYZ ;

END 3 ; END 3 ;

END 2, END 2 ;

END I ; END 1 ;

‘ ——t -

_-_-\____/

Enabled Enabled



2.11.6 CONTROL COMMANDS {CONT'D) (v) DO 1,

6. The codings shown below cause an error:
?

(i) DO 1, —=—
) N700Q- - |, —=——————
, The return destination Do loo :
P may no
DO 1, —=— of END 1 15 unknown. be entered from
. END 1 : outside.
END 1 —J ;
(1) DO 1, —— IF..- GO TO 7000 ,—
: One END 1 1s missing.
END 1 ,— 2.11.7 REGISTRATION OF USER MACROS
; (1) How To Make Registration of User Macros
END 1 ;—— The registration and edit of user macro bodies
? (macro programs) are performed in the same
(1i1) DO 1, —= DO 1 , —=— manner as usual part programs and subprograms.
Hence, there 1s no program size restriction that
Owverlap of DO applies to the user macro bedy only. Part pro-
ranges 1s not DO 2, grams, subprograms, and macro programs may be
? | permitted stored together in the part program memory to
Doz, Rewrite as END 2, its full capacity.
shown right
END 1, '—] (2) Classification of Program Numbers
END 1,
The program numbers are classified into the
following -
END & ,— Program No. Classification
C1l to 07999 | These programs may be register-
{1v) Do 1, ed, erased, or edited without
. restrictions,
Do 2, 08000 to When D4 of #6004 15 set to 1, the
; 08999 registration, erase, and edit of
programs are disabled,
DO 3;
DO 1, —=— .
. — Quadruple nesting.
Max. nexting perm:t-
) ted 1s triple. 09000 to When D7 of #6021 15 set to 1, the
Ei\ID 1 09999 registration, erase, and edit of
' programs are disabled.
END 3 ;
END 2 ;
END 1,
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2.11.8 DIiSPLAY AND WRITE OF LOCAL VARIA-
BLES AND COMMON VARIABLES

Local varables (#1 through #33) and common var-
iables {#100 through #149, #500 through #559)
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.

b. Key-in the variable number and press

CUSOR
+

.,-
key or | cyrsoRr

keyed-in. Ten sets of variable numbers includ-
ing the specaified variable number and their data
are displayed. The data 15 displayed 1n the
signed 8-digit integer part and the 8-digit frac-
tion part.

key. However, # need not be

Macro nesting level
{0: Macre not 1n execution)

SETTING MACRO Q1234 NOO35
LEVEL 0
#0100 -12345678. 12345678
#0101 0 00000001
#0102 3 00000000
#0109

RDY

Sample Display of Common Variables

c. Press

PAGE K +
¥ ®Y °Y | pAGE
display may be scroiled up or down.

key, and the

B. Remarks

a. 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 15 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 +

v | %y °r|cyrsor
ever, # need not be keyed-in. The keyed-m
variable number 1s specified and the cursor 1s
positioried to 1t.

Press key. How-

¢. Key-in the value to be written. Press WR
key. The keyed-in value 1s stored as the data
of the variable number with the cursor positioned.

CURSOR +
d. Press + key or CURSOR key or
+ PAGE
DAGE key or ‘ key to move the cursor.

#1 through #33
#100 through #149]-—Common variables.
#5300 through #559

System variables

e. Repeat operations 1n ¢. and d. to write the
values to the desired variables.

B. Remarks
a2 Common variables can always be changed.

b Local variables may not be written at any
time other than when a macro 1s in execution
Any attempt to do sc 1s invalidated. However,
rewriting of local varables 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
1t 15 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

Local variables.
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2.11.9 CONSIDERATIONS AND REMARKS FOR
USER MACROS (CONT'D)

B. Available Variable Values
+1p*t308

Maximum value

Minimum value x1p-30e

C. Constant Values Usable in { Expression»

%(8 digits above decimal pornt}. (7 digits below

decimal points).

Sample Maxamum value *99999999.9999999
Minimum value 20.0000001

D. Operational Accuracy

Decimal 15 digits significant.

E. Macro Call Maximum Nesting Level

Quadruple {four-hold).

F. Maximum Nesting Level of Repeat Command

Triple (three-hold) for each macro.

G. Repeat Command (DQ) 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 Gb65 and Gb6b 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 1s performed after
the execution of the command (if any) other than
P and L in M98 block,

C. The maxamum nesting level of user macro 1s
quadruple including G65 and G66 calls. That of
subprograms 1s also quadruple but separately.

D. If user macros are specified via the MDI
during automatic operation, the maxtmum nest-
ing level 1s 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 MD| 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 1s
stopped by the single block stop function, any
MDI writing command not related to the macro
may be specified and executed,

(%) Relationship with Address Search

The address search function 1s not permitted to
search for the seguence numbers in the user
macro body.

(5} Relationship with Single Block Switch

A. The operational command and control com-
mand blocks do not single-block stop if the

single block switch 1s turned on. This switch
i1s 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 para.2.11.4, F on page 103)
and setting #6004 D1 mentioned above operate

as shown below:

When Single Bock
Switch 1s on

Setting | System Vari-
#6004 | able #3003

QOperational command,
control command, and
general! commands do
not stop.

D1=20 =lor3

Dl1=0 =0or 2 Operational command and
control command do not
stop. General commands

stop.

D1

il
-
It

lor3 Operational command,
control command. and
general commands do

not stop.

D1 0or 2

1]
s
n

Operational command,
control command, and
general commands stop.
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{6) Relationship with Operational Block skip
FRA

The slash "/" character used in the right-hand
of an operational expression or in brackets

1s assumed to be the operator for quotient.

It does not mean the optional skip.

(7} Setting and Parameter of Program Number
Classification

A. Disabling of Program Registration, Erase,
And Edat

The following setting 1s 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 edit.

D4 =0 -+ Registration, erase, and edit are
enabled.

Parameter
Number

#6021

D7 =1 --. The programs of program numbers
#9000 through #9999 are disabled for registra-
tion, erase, and edit.

D7 =0 ... Registration, erase, and edit are
enabled.

(8) Effects of Reset Operation

A. A reset operation resets all local variables
(#1 through #33) and part of common variables
{#100 through #149) 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.
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(9) Special Codes Usable in User Macro Body

A. The special codes listed below may be used
in the user macro body:

EIA Code ISO Code
Code Use
8[716|514(s1312[1|8|7|6[5(4|e[3]2]1
SP |For comment O (e o O o
For alarm
* ( |message COle| © O Ole
comment
« o | K| | [o] 0| | | Io
+ |add Ry o O Kie| oo
- |Subtract ' ¢ O Koy ©
For comment | O e e COGe| O
{  |Divide o o/ L O QO OO0
# |Varable g:‘:?;nrfatﬁgn O °l PP
* » |Multiply | oe O 1 Qe O
« = |Equal o | | deld | [of Hlodeld
* [ |Bracket(openi3y (O] |0 Oy (| 1O
. ] 1(3:12:1;.?: 0o | o] © ol joded B
$ |For comment [ Ol el O e
e | 5 | 1 lolelodojold] | | e
? | o] 100 oo elleeel
o amal oot olo| 1o | o] Dot
Notes:

1. For the hole pattern of EIA code of the char-
acter attached with an asterisk, the pattern
shown above 1s standard. However, other pat-
terns may be specified by using the following
parameters:

-~

#6110 --- [

#6111 . . ]

#6112 -« * | Hole pattern
#6113 ... = setting parameter
#6114 .-+ (

#6115 ... )

Read the desired hole pattern in the binary
value, convert it into the decimal equivalent,
and set the parameter. For example,

the hele pattern shown below is set as "152":

Bl7i6(5[4]0|31211
C Q|0j>°

When the value of the parameter 1s "0," the
hole pattern listed in the above table 15 pro-
vided.



2.711.9 CONSIDERATIONS AND REMARKS FOR
USER MACROS (CONT'D)

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) 1s out-—
put immediately before.

a. Codes preceded by UC --- #, +, §, 2.

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.

Code Cause

105 MACRO ERROR (CONSTANT)

The number of constants is 1n excess of
the specified range.

106 MACRO ERROR

There are too many G67 cancel codes.

107 MACRO ERROR (FORMAT)

—_————,t—— e Er E e, - e — - =

A format other than expression has an
error.

108 MACRO ERROR (UNDEFIN #NO)

The wvalue not defined as a variable num-
ber 1s designated.

109 MACRQO ERROR (#NO NOT LEFT)
The variable of assignment statement 1s
the one that 1s disabled for assignment.

110 MACRO ERROR { [ ] 5 LIMIT)

The bracket nesting level is in excess of
the upper limit (5).

111 MACRO ERROR (MOVE Gé66 - M99)

A move command 1s specified in the macro
end command M99 called by Géb.

112 MACRO ERROR (5)

The macro call nesting level 1s 1n excess
of the upper limit (4}.

Code Cause

114 MACRQO ERRCR (DO FORMAT)

DO and END are not paired.

115 MACRO ERROR ([ ] UNMATCH)

The format of {expressiony has an error.

116 MACRO ERROR (DO - END NO.)

117 e

118 MACRO ERROR (GO TO N)

GO TO n is not in the range of 0 £ n %
9999.

2.11.11 EXERCISES OF USER MACRO
(1) canned-Cycle G382

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 1t 15 a simple oper-
tion.

S (Student): Where shall we start?
T An example of usual G82 command takes the

following format.
(P1)

G91 ; (--- 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)z

G9l ; o-@-q T

@ GO0 X100. Y50 ; N

@ Goo x-80. , D
3 GOl z-40 F250 , i®

@G04 P3. ; (Dwell) 3| |

®G00 Z-({-80) + (-40)) ; '5)9(" J10
DWELL

®
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S:

First, these moving distanceg may all be T
converted into variabies. RS

They are local variables #1 through #33,
aren't they? But which type of local variable?

Type 1 for small number of variables. This
type allows the use of X, Y, and Z and there- S.
fore makes the argument designation easier

to understand. T:

OK. When type I 15 used, we have the follow-
mg variables:

X100. ¥50. R-80. z-40. p3.0 F250 | ‘P3)
v v v 7 i
$24  #25 K18 #2649

Address P of dwell time cannot be used for
argument designation, can 1t?

No. Use some other address. Then, write
the address U instead of P
P3.0 - U30 | (P3)
v
#21

Using these variables, rewrite the former
program (P2}.

OK.
{(P4)
G9l ; O_#Z_fl_,_i_#?ZS
D GO0 X#24 Y#25 , 45 ?
181
@ GO0 Z#18 ; Lo
® GOl z#26 F#9 ; }
1
@ o4 p#21 ; K26 | !
® GO0 z- [#18 + #26] ; | s
-
DWELL TIME
Is this all right? #20
T:
Sorry, it isn't right. You have forgotten to
specify something in (8), havn't you?
Oh, I should have specified "ROUND." 5:

(P5)

® Goo z- [ROUND [ #18] + ROUND [#26]]; T:

Is this good?
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Yes. Write as follows after the above, and
we have a complete user macro body.

& M99 ;

That's easy.

Then, using G65, create this macro call and
the user macre body in the complete formats.

Let me try 1it.

The macro call command 1s as follows.

(P6)
G91 ;
G65 P9082 X100. Y50. R-80. Z-40.
U3. 0 F250. ;
The nser macro body 1s as follows.
(P7)
09082 ;
GO0 X#24 Y#25 ;
GO0 Z#18 ;
GO01 Z#26 F#9 ,
G04 p#21 ;

G00 z- [RounD [#18] + RounD [#26]] ;
M99

Program number "O%082" of the user macro
1s arbitrary.

That looks QXK.

ek ok ook e F

I think something 1s wrong. With this pro-
gram, I have to specify points R and Z
every time!

That's true. With a usual canned cycle, when
peoints R and Z have been specified once,
their values are retained.

Do you have any trnick to overcome this in
covenience?

I do. In such a case, common variables help.
Using c¢ommon variables, write the macro to
designate the position of points R and 2. U
and F may also be used for the same purpose.



2.11.11 EXERCISES OF USER MACRO (CONT'D) T. Yes. Then, using "IF ... GO TO «--Y com-
mand, change the specification of the tool
return destination.

There 1s one more point to be improved.
Wnite the program so that the group "01" G

S: I've got it! Now, I divide the macro body
into two parts as follows:

(P8) codes before execution may be retained after
09000 ; the execution of this macro. Group "01" G
codes include G@0 through GO03.
#100 = #18 ;
#101 = #26 ; 5. It looks difficult ...
What would you say to the following program?
#102 = #21 ; 3k WoRe you say § program
#103 = #9 ; T: Well done! (P11)
M99 ;
(P9) Macro Call Program
09082 ; G91 G99
GOO x#24 Y#ZS : G65 F9000 R-80. Z-40. U3.0 F250;
GO0 Z#100 , G&5 P9082 X100, Y50.:
G65 P9082 X...Y...,
GOl Z#101 F103 ;
G04 P#102
Go1 z- [rounp (#100] + RounD [#101]]; .
M99 ; G98;
G655 PI082 X...Y...,
and I write macro call as follows.
(P10) User Macro Body (P12}
G91 ,
05000;
G65 P9000 R-80. Zz-40. U3, 0 F250. 3 4100 = #18,
G65 P90G82 X100, Y50. , #101 = #26;
G65 P9082 X++- Y... ; #102 = #21;
’ #103 = #9:
) #104 = 0
T: v d ©9082;
| oVery good 104 = #104 + 1
N #1 = #4001; ... GO to G3
#2 = #4010; ... G98/G99
S+ Wait a minute! This canned cycle always re- GO0 X#24 Y#25;
turns to the initial point. IF[ #104 NE1] GO TO 1;
T: I also overlooked 1t. A program would be IF[ #2 EQ99! GO TO 2;
useless 1f 1t 1s not able to designate the GO0 Z#100;
initial point return (G98) and point-R return N1 GOL Z#101 F#103;
(G99). To solve this problem, use the system GO4 P #102:
variable called "current value of modal in- ’
formation command" to know which state, G%8 IF[ #2 EQ 98] GO TO 2;
or G99, 1s provided, and change the specifi- GO0 7-[ #101]
cation of the tool return destination. GO TO 3;
S$: G98 and G99 belong to group "10." So, I N2 GO0 Z-[ ROUND [ #100] + ROUND [ #101]],
have to use system variable #4010, Is 1t N3 G#1; ... Restore G Code
right? M99,

— 118 —



[j(x. y)
@

POINT R

PCINT Z

09000 (GB82 INITIAL SET)
#100 = #18 ... POINT R
#101 = #26 ... POINT Z

#102 = #21 ... U (DWELL}
#03=4#9 ... F CUTTING
#104 = 0

Q9082

I[ICANNED CYCLES BY G82 |

G CODE READING SET
#104 = #104 + 1

#1 = #4000 .............
#2 = #4010 ...l

POSITIONNING TO
B,C, ... Cp
GO0 X #24 ¥ #25

POSITIONING TO POINT C
GO0 Z#100

G0 - G3
G98/G99

f
CUTTING, DWELL AT
POINT C =D
GO01 Z#101 F#103
G04 P#102

Ga9g
G98/G99
G99

POSITIONING
TO POINT E
GO0 Z — (#101)

POSITIONING
TO POINT A'
GO0 Z —
[ROUND (#100)
+ ROUND (#101)]
]

RESTORE OF G CODE
G #l

JUMP TO THE MAIN PROGRAM

M99
}
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(2) Pocket Miil

A. The cycle for the pocket machining shown
below 1s created by user macros as follow-

(STOCK

+
"<

START
POINT

REMOVAL ALLOWANCE) K
1 mm 'T_T'
1 ~, N N NN
—_
‘ W N N
N = AN
N N
N WIDTH N !
+X N I cuT N
3 Y
K' : & ~ N \‘S
[ I
I
——f
iR —l-}—l mm
N Q{DEPTH OF ONE N (sTock
o i REMOVAL
4 ALLOWANCE)
[
L IR ~ N RS { ~

: KAN
FINISH ALLOKANCE ool oNATED POCKET

B. Macro Call Command

G65P906]1 X+« Y++v 2vvs ReveTov-Je-v K..

where,
X, ¥Y:

T.-. CQ" <D Fous Eee .

The absoclute cocordinate values of the
start point (the lower left position of
the pocket).

The absolute position of the bottom of
the pocket.

The absolute position of rapid traverse
tool return.

X-axis and Y-axis lengths of the pocket
{(unsigned) .

Finish allowance (left-over allowance, un-
signed). Default value is 0.

Cut width rate (designated in %).
Cut width = tool radius x T/100

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.)



2.11.11 EXERCISES OF USER MACRO (CONT'D) N1 GOL Z#32 F#8 .
GOL X#30 F#9

#33 =1,
+ P wHILE [ 433 LE#14] DO 2 ,
1F [#33 EQ#14]GO TO 25
-}—1 mm GOl v [#28 + #33 * #13] F#9 ,
o cut
: ! GO TO 3,
loop
N2 GOl Y [#25 + #5 - #11] ,
N3 IF [#33 AND 1EQ 0] GOTO 4 ;
The stock removal allowance {1 mm) inside the GO1 X#27 ;
finish allowance 1s all cut by a single operation GO TO 5,
in the final process as shown below. Then, the
tool returns to the start point, compieting the N4 GOl X#30 ,
cycle. N5 #33 = #33 + 1 ;
= oy END 2 ;
N ) 7 N GO0 Z#18 ;
N RN IF [ #32 LE429] GO TO 6 ;
N b—LEFT-OVER oo X#27 Y428 ;
J CONVEX 01 [#32 0] [ 4 ]
| ] G Z + 1. F |4 * %8},
\ Fi \./‘) END 1
"/ *
S N6 #11 = £11 - 1.0 ;
STOCK REMOVAL ALLOWANCE e
(I mm WIDE) #28 = $28 - 1.0 ;
#30 = #30 + 1 0 ;
C. User Macro Body #31 = #25 + §5 - #11 zs';?n%l:fal
GO0 X#27 Y#28 ,
09061 , o1 2 # cycle
G :
#10 = # [2000 + #7], - Tool rad:us Ol 2432 F48
GO! X#30F ,
#11 = #6 + 1.0 + #10 ; : #9
Y ;
Blz = 45 - 2 % 411, 1
XH#27
#13 = 2 * #10 X #20/100 ; -.. Cut width #2T
. Y #28 ,
#14 = FUP [#12/#13] ; +++ X-axis cut count -1
. GO0 Z#18 ;
#27 = #24 + #11 ; -+ X, Y coordinates of
Goo e
428 = 425 + #11 5 .- machining start point X#24 Y#25 , Return to start point
G L
#2G = #26 + #b6 ; ... Z-axas coordinates of #15 Restore of G90/GI1
cut bottom M99 ;
#30 = #24 + #4 - #11 ;
#15 = #4003 , --. Read of G90/G91
GS0 ; --- Absolute command
GO0 X427 Y#28 ,
G000 Z#18 ,
#32 = #18 ; --- #32. Cut bottom In execution
Do 1,
#32 = #32 - 17 ;
1F {#32 GT#29]GO TO 1,
#32 = #29 ,
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3. PART PROGRAM TAPE CODING

-
r

3.1 TAPE CODE
3.1.1 TAPE CODE

With this control, both the EIA and the ISO codes
can he used.

EIA code: EIA RS-244-A
IS0 code. ISO 84

Table 3.1.1 shows the EIA and ISO punched tape
formats.

Before starting to program any machining oper-
ation, a decision must be made as to the code to
be used.

3.1.2 EIA/ISO 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. )

wWhen "1" is set with setting #6001pg, the control
15 automatically adapted to the code used for the
part program tape. The control recognmzes the
code used whenit reads the first EOB code 1n the
label 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 code specified by the setting
with #6000p7. That 1s.

when "0" 1s set with #6000p7 -- EIA code
When "1" 15 set with #6000p7 -. ISO code

If the code setting of the control and the code of
the tape are different, alarm code 015 will be
displayed.

NOTE. For punching tapes, the code
must be selected by the setting of #000p7.

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 be designed and
prepared by the user in conformity with the
specifications of the NC,

LABEL PROGRAM NO
ECR EOB
1 J K
ol e X ¥ z - 5 - -
P Q x « T D[S M
; ; :
1 1 1
1 1 [}
1 1 1
1 1 1
1 1 1
| 1 [}
I I i
e | ]

Fig. 3.1 Example of Process Sheet
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PROCES SHEET (CONT'D)

1

3.2.

Table 3.1 Tape Code
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3.2.2 GENERAL PART PROGRAM FORM

sl
Part programs are generally written on tapes in
the following formats.

(EIA code)

ER CR [0 PROGRAM No.| .w- part program —e M30 CR ER
part prog

bt

|
1
(ISO code) :

f

=

LF/NL |0 PROGRAM No | = part program —— M30 LF/NL % §

i

1
|
|
1.

v

EOB code, or'end of block" code

!
1
I
|
L—-—-— or M02

—-EOR code, or "rewind stop" code

Fig.

To facihitate classification and handling of tapes,
any 1dentifying labels may be written at the lead-
mng end of all part program tapes. Since all data
appearmg 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
15 the stopping point of rewinding motion which
15 mitiated by a rewind command

When programs on a part program tape 1s trans-
ferred into the memory, the data between the
first EOB code, following labe! skip, and the
next EOR code 1s transferred.

Therefore, the EOR code at the end should not
be omitted.

3.2.3 CAUTIONS IN PROCRAMMING

- One block ends with an EOB code.
The EOB code is CR in EIA, and LF/NL 1n ISO.
However, in the example programs in this man-
ual, ";" 1s 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 M02 or M30 code 15 read, the NC re-
sets 1tself or rewind the tape (or the memory),
depending on the design of the machine
control.
by the machine tool builder.
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For this, refer to the manual prepared

3.2

- Do not use any characters other than the ad-

dress characters and the function code char-
acters specified 1in 2.1.2 ADDRESS AND FUNC-
TION CHARACTERS.

« When the tape vertical parity check (TV check)

function 15 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, 5P, UC,
LC, and Del should be avoided in the sigmifi-
cant data area.

- The maximum number of characters that can be

written mn a block 15 128, not counting dis-
regard characters such as BS, Tab, SP, UC,
LC and Del.

S . N12 GOO X4000 Z200000 : S
I——- 20 characters = even -———l

(a) Evening up number of characters for TV
check (odd 15 treated as error}

S

!— 128 characters max. /block ——I

S. NQ058 GO3 X.. Z. BS M... F--.

{b) Maximum number of effective characters
that can be written 1n a block

Fig. 3.3



3.2.4 TV CHECK (TAPE VERTICAL PARITY
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, 5P 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 1s on, all blocks containing odd number of
characters are regarded as errors.

#6000Dg = ¢ -. TV check off
#6000pg =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 £0.08 mm, thickness: 0 108 mm) are used.

The color should be black or gray.
Tapes with high transparency tend to cause read-
mg errors, and should not be used.

3.3.2 NC TAPE PUNCH

Part programs written on process sheets are
punched in EIA or ISO codes in paper tape with
a tape puncher.

A part pregram tape should be provided with a
proper length of feed holes at the leading

and the tra:ling ends. For a tape reader using
6" reels, the feed hole length should be at least
70 ¢m, and for a tape reader using 8" reels, 1t

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 operation

3.4 PART PROGRAM TAPE HANDLING

3.4.1 SPLICING 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 sphce
tape should be pasted on one side. (approx.
0.08 mm 1in thickness) Tape splices 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 ahgnment of
the feed holes before use. Do not use rngd in-
dustrial adhesive, and do not make the joint too
thick, as these conditions are conductive to jam-
ming troubles.

GO0 ROCO0 000N
OQPEOLDOCON
00Q00000080N
CUO0QONAQAV0090QaTI0G0
VOO0 CO0CQTA00
LR R RN AILERERREENENEERILANEY]
000D QCO00Q0OY
D00 0d¢ 00000 d xample
C0Q 000 00000
B NBC SPLIGE TAPE
APPROX. > SPLICE | g cuawner
30 M1 TAPE | pyLLY PERFORATED
c T 3 STLVER
NC TAPE

Fig. 3.4 Splicing 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 o1l or cutting flud.

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 9” CRT CHARACTER DISPLAY

4,1 PUSHBUTTONS, LAMPS AND KEYS

Fig. 4.1 shows an overall view of NC operator's
panel with 9" CRT display. The names and func-
tions of operator devices are as follows.

For operation of NC operator's panel with 14"
CRT display, see the instruction manual for NC
Operator's Station with 14" CRT Character Display

{TOE-C843-8.31)

® k2 * L4
f \\ 4 [ FUNC HON h
S R L g MEW DATA
o | B el
= )
d ADDPESS DATA A
> ondRenmEe)|
5]
WKIPIQIR)
o | MSDEDH GBI
\ Elnass
\\ ), ;
o + o ® @

Fig. 4.1 Standard NC Operator’s Station with 9" 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 once to turn on the control
power and depress 1t 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
POWER OFF pushbutton to turn off both the
servo and control powers.

r

POWER

O©F

OCFF

Fig. 4.2

4,1.2 CRT CHARACTER DISPLAY

According to each operation, this display indi-
cates the alpha-numerical data 1n a regular size
(1x1)and, triple-size {3x3) of the regular size.

Braun tube si1ze: 9 inches

Maximum number of characters:
32 characters x 16 lines =
512 characters {at regular size)

Tndicating characters

Numnerals - [0] through @ , G , I
Alphabetic characters - through
L] (EOB}, (slash), etc.

Special code -

e R
f

—
J

32 CHARACTERS
i | 1] H—'

NN
N

o
!
|
i

,.*.
|
A

16 LINES
T

[
L_

Fig. 4.3 Braun Tube

4.1.3 FUNCTION KEYS

The key selects one of eight functions for the
operation of the display and MDI. Pushing a
key makes 1t effective and light up.

( - FM:TI - MEM DATA
oD

EDIT

- - - 3

ADDRESS DATA

(l/'\i A A T B0 1A

&)

FAGE

&

Fig. 4.4

(Alarm ) key

Select this key for display of alarm and status
codes. The function becomes effective when
the power 15 turned on or an alarm occurs.
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{Diagnosis) key-

Select this key for display of input/output
signal status. e

{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.

(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.

. (Offset) key

Select thus 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 N
= [ORNFARC mED

= IXMZOVW @56
Y DU KPQR D23
MEDEDRE @)
BLUEDE @)

Note: Special characters

(Slash) key: For an opticnal block skip
command.

(EOB) key: For the block end command.
On the CRT display, "," is displayed instead of
"EOB. "

Fig. 4.5
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4.1.5 DATA KEYS

These keys consist of 15 keys n total, such as
(8] through 31, {3 (minus) [] €&N] ZHEIFT
[WR] , and can be used for writing-in of such
all numeral values as tool offset value setting
data, parameter data, and so on, 1n addition to
command value.

[ | y

~

DATA

3)(C)
/W)
AR
H =)

U

Note

to key

(minus) key For input of numerical data

£ }{decimal point) key' For mput of decimal poit
(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
@I? <] or (] key makes the display turn into

[*] to [? . , which are written on the

upper left corner of the keys. These special
characters are used in user macro

Fig. 4.6

B.1.6 NEXT KEY

The NEXT key is used for special purpose and
expanding function in display or writing data.
* Writing of optienal in EDIT mode.

* For other special purpose and expanding func-
tion.




B.1.7 PAGE KEYS

The PAGE key 15 used to display the next page
or the previous page when CRT display is re-
garded as page.

For example, when a group of tool offset values
are displayed by OFS key, this key 1s pushed to
display the next group of tool offset values,

which just looks like opening the pages of a book.

- Depressing PAGE key displays the next page.

- Depressin key displays the previous
P 8 lpPAGE b4 play P

page.

. Keeping the PAGE key depressed makes the
page step automatically forward or backward.

h.1.8 CURSOR KEYS
The CURSOR control key 15 used to move the

cursor. For example, when a page of parameter
data are displayed by PRM key.

- Depressing CUPI,SOR key moves the cursor
forward.
- Depressing CUI:SOR key moves the cursor

forward.

- Keeping the cursor control key depressed
makes the cursor move automatically forward
or backward.

QIS

DEEXIG
A=

|

Fig. 4.8

4.1.9 ORG [ORIGIN) KEY

The ORG key 15 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 1s 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
Thesc 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
I
- EDIT
g
Y
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 m the EDT mode.
OUT key
This key is to start outputting various data in
memory through data I/O interface.
- IN key

This key is to start storing various data into
memory through tape reader or data I/O inter-
face.

- VER key

This key 1s to start verifying between memory
data and punched tape data.
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4.1.12 RESET KEY , 4,1.13 TAPE FEED AND SYSTEM NO. SWITCHES

This key resets the control. These switches are mounted above the tape
reader.

« TAPE FEED switch

This is a switch to wind and rewind the tape
™ manually. Setting the switch to F {forward}
JATA causes the tape to feed. To rewind the tape.

a@ set the switch to R {reverse). This switch

is effective, either manually or automatically
T
e

]
DATA } o Q
>Y~TEM
=M 1FAN PARAMETER ﬁegg

S 1
z Te8t 4©»

L3 n

Fig. 4.10

Operations to be executed by this RESET key are: \/
Move command cancel
Buffer regigter clear A
- Alarm code release 1f the cause 1s eliminated
Tool offset cancel
- Auxaliary function cancel
- Label skip function ON e) '®)
- Memory pominter rewind l |

- Sequence number reset

RST signal transmission

Fig. 4.11
G code of A group
Refer to 2.9.1 LIST OF G CODES AND GROUPS. < SYSTEM NO. switch
The following will not be affected by operating the
RESET key. Set the switch at "0" during the usual opera-
tion. Functions of its each setting are as
- Current position values of each axis. follows.
F commands
"o'. SYSTEM

- 5, T and B commands
For usual operation. Writing parameters 1s

Tool offset values, setting data, parameter data prevented.

NOTE: Depressing the RESET key or the re- "1". PARAMETER
mote reset pushbutton is defined as "Reset op-

eration" in this manual. To write parameters. At this position, the

Cycle Start is prevented.
"3": LOAD (For maintenance and test)

To store the maintenance tape into the control.

“4": TEST (0)

The usual operation 1s similar to case of "0"
SYSTEM. Self-diagnostics of the memory con-
tents and checking of reference zero return
position are omitted.
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4.2 POWER ON/OfF OPERATION
£.2.1 TURNINGC ON POWER

Check the machine before turning on power, re-
ferring to the machine tool bulder's manual for
details. Operations after completion of preinspec-
tions are as follows.

* Depress the POWER ON pushbutton to turn on
the control power The mnternal timer will be
read mn about two seconds. Then the servo
power is ready for turning on, which :s shown
by alarm code "310."

- Depress the POWER ON pushbutton again to
.turn on the servo power. The NRD (NC READ-
Y) signal 1s sent out when the NC power 1s
normally supplied.

- When the NRD signal turns on the machine
power, and the MRD (MACHINE READY) sig-
nal returns back to the control, the READY
lamp will be ht,

POWER ON POWER ON

APPROX,

' 2 SECONDS

CONTROL POWER

I
|
] NRD (NC READY)
|
J

\ SERVO POWER

J\ NRD (NC READY)
L

T \ MACHINE POWER

MRD (MACHINE READY)

I

[R.EADY LAMP

)
]
|
|
]
T
I
|
|
¥
1

ALARM CODE “310" ('280Y BLANK

Fig. 4.12 Sequence of Turning on Operation

4.2.2 TURNING OFF POWER

Depressing the POWER OFF pushbutton causes
both the serve and control powers to be turned
off simultaneously. However, for more stable
operation, use the following procedure.

- First depress the EMERGENCY STOP push-
butten to cut off the servo power. The NRD
(NC READY) signal 1s interrupted, which
usually results in turning the machine power,
too

- Depress the POWER OFF pushbutton to cut off
the control power.

EMERGENCY
STOP POWER OFF
f
CONTROL POWER ;
T
i
CONTROL READY }
|
SERVO POWER ™~
NRD (NC READY) \ I;\
MACHINE POWER \I L
LN
R
i

MRD (MACHINE READY)

READY LAMP

!
!
|
T
i
i
1
1
|
!
T
I
|
L
I
!
I
T
I
]
|
|

ALARM CODE BLANK 330"

Fig. 4.13 Sequence of Turning off Operation
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4.2.3 REMOTE POWER ON/OFF PUSHBUTTONS 4.3 DISPLAY AND WRITING OPERATION

Connect the power ON/OFF pushbiittons to EON, 4.3.17 CONSTANT DISPLAY
EOF and COM terminals on the control panel as
shown below. Then the remote turning ON/OFF The following display 15 made on both the top
operation can be made exactly the same as with and bottom on the CRT, irrespective of the
the POWER ON/OFF pushbuttons. FUNCTION key currently selected,
- Function message
YASNAC .

MACHINE Any of the following eight function messages
corresponding to the function key 1s displayed
at the top of CRT display.

EON ! - REMOTE ALARM PROGRAM
© 0 OFF BUTTON DIAGNOSIS POSITION
(TU01-~24) PARAMETER OFFSET
SETTING
£0F REMOTE COMMAND
Qlc—
(TU01-25) ON BUITON
|
COM
(TU01-26)

Fig. 4.14 Connections of Remote
ON/OFF Pushbuttons

FUNCTION MESSAGE

ALARM
g?fféﬁﬂ?:s PROGRAM NUMBER
PROGRAM [MDI] SEQUENCE NUMBER

ROGRAM (MEM) -

LIGHT ERROR
ALARM DISPLAY
INPUT ERROR
ALREADY IN }

FLICKERING

INPUT ERROR : CoT T
123456789 OUT ‘MSTFP. LSK ‘ALM RDY

/ / BUFFER I—READY STATE DISPLAYED
) 1/0 OR LABEL WHEN SYSTEM 1S RLCADY
KEYING IN DATA g/ 20 SKIP RDY
DISPLAY DISPLAY
(FLICKERING) [BUF] ALARM DISPLAY
gl::R LSK ALARM OR BATTERY FAILURE IS
b MST-FW DWELL, FEED DISELL;YED (FLICKERING)
AS DISPLAY (FLICKERING)
ALT M, S, T, F AND P ] BAT
: DWCLL A/B
Fig. 4.15
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4,

3.1 CONSTANT DISPLAY (CONT'D)

- Program No.

0 and 4 digits of the program No. under execu-
tizon is constantly displayed at the top of CRT
irrespective of function key.

- Sequence No

N and 4 digits of program No. under execution
is constantly displayed at the top of CRT
irrespective of function key.

- Display of keying data

Up to 32 characters of keyed in data can be
displayed at one time. The data 1s processed
by using ERASE key, INSRT key, ALTER key,
etc.

- Display of 1/0 and eciting (flashing)

The following messages are flashing on the dis-
play during loading of punched tape, address
search or editing.

"IN® loading tape

"VER" verifying tape

"OouUuT" ... punching tape out

"AS" searching address

TALT" altering data 1n EDIT mode
"INS" insearting data in EDIT mode
"ERS" erasing data in EDIT mode

- Display of MST-FIN signal waiting, dwelling

and feeding

"M warting FIN signal of M command
g walting FIN signal of 5 command
rT -+- walting FIN signal of T command
g feeding

"R" 15 displayed at raprd traverse
tpr loading tape
"DWELL" . dwelling

M, S, T, F and P are displayed independently
of 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 1s removed and reset operation

1s made.

TALM" mdicates alarm state cccuring

"BAT"
"AIBT

indicates battery alarm occuring

indicates both of alarm and
battery alarm occuring

- Display of ready state

4.3.2

1.

"RDY" indicates the system 1s normal

and the contrcl 1s operable

Display of sumple errors (flashing )

The messages shown below indicate simple er-
rors which occur 1n keying or searching op-
eration. Differing from the alarm codes, these
error messages are cleared by depressing
some key. (Generally CAN key)

YINPUT 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.

"MEMORY OVER!'"...Part program to be stored

1¢ beyond memory capacity.

"PROGRAM OVER'"
-+« Registered number of part
program is beyond 99
(basic) or 199 {option).

- Desired data has not been
located.

"NOT FOUND!'"

"BREAK POQINT!" ... Break point occurs

COMMAND DATA DISPLAY

Depress COM key.
Anvone of the following three digits appears.
A. Command data (COMMAND)

B. Repetition number of subprogram
{(SUB PROG. NESTING)

C. State of tool offset (COMMAND |OFFSET:)

The above display steps forward or back-

PAGE or 4
¥ PAGE

ward by depressing key

one by one.
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4.3.2.1 COMMAND DATA DISPLAY

The display shows the block data under execu-

tion or just before execution in which compensation .o oo N .

calculations have been completed. The conditions SICOMMAND oLl 000a1 . Na123

of the data to be displayed is as follows. S - _

1. The data shows the contents of the active
register during an automatic operation or a
feed hoid.

rrIomn-n3

2. While the control 1s 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.

x
Y
4
i
-J
K
P
-a
“R

3. In the MDI operation, the current block data
are displayed after cycle 1s indicated.

Display of non-modal G code

4.3.2.2 DISPLAY OF REMAINING NUMBER OF Display of G code under execution
REPETITIONS OF SUBPROGRAM
(SUB PROG. NESTING)

The remamung number of repetitions of a sub-
program 1s displayed.

Subprogram
Ve ~
Main
Program 1st level Znd level 3rd level
o001 .- ., Q1000 ; Q2000 , Q3000 ;

\

/
P1000 L3 M98 , \ P2000 L5 M98 , \ P3000 L10 M98 ; Executing bleck
\

NOT0 M30 ; N150 M99 ; N260 M99 ; N340 M99 ;

The subprogram has executed the 3rd level twice and entered into the execution of 3rd time
of the 3rd level.

[Remammg 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 15 displayed as
shown below.

Value of tool position offset

Value of tool length offset and H code

—Value of tool radius compensation and D code

NOTE* Function COM 1s 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 MPI, 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-
itor1 PROG. 1s selected.

1 In MDI mode

A. Wriung and displaying data

Data entered through the keyboard will
appear on the bottom hne 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 middle of the CRT and the bottom
hne becomes blank.

In MDI mode, data of up to 10 lines may be
collected on the CRT screen
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1234 N@B17

Refered to as "the data which has just
been entered."

f!nter, 00060006 in

his order.

Note: The depression of the EOB key appears

[ I
» .

Fig. 4.18

B. Editing MDI data

CURSOR ¥
The 3 , CURSORl' ERASE,

INSRT, and ALTER keys permit editing

multi-block data written in. Address {word)

pointed to by the cursor will be edited.
CURSOR ¥

The + and CURSOR

move the cursor forward and backward.

keys

(1) ERASE key: When this key has been de-
pressed, the whole word designated 1s
erased.

{2) INSRT key: This key inserts the data
which has just been entered to the loca-
tion which 1s next to the word the cursor
peints 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 1s
possible to edit only the current page.
Note: Editing 1s possible in MDI mode
and EDIT mode.



C. Operation 1n MDI mode -
(L

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-
gram displayed 1s 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 the display of the program
which is running by memory operation. The
cursor points to the top of the block which

1s currently being executed, 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.

o
<

4

Fig. 4.19
4.3.4 DISPLAYING AND RESETTING CURRENT
POSITION

It 1s possible to observe the current position in
any mode Operate as follows

1. Depress the POS key. Any of the following
screens wtll appear.

A, Current position display-universal (POSI-
TION (UNIVERSAL]J)

B. Current position display-external (POSI-
TION C(EXTERNALJ))

C. Current position display-increment (POSI-
TION (INCREMENT] )

D. Current position display-all (POSITION)

E. Servo posttioning error display (POSI-
TION (ERROR] )

PAGE 4
2. Depress the n oF 1bAGE key, and one

screen will change to the next.

NOTE: Mode E 1s 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 1s the sum of the
parameters of move commands will be displayed.
Depending on the value of parameter #005p5
{G92 display preset), either of the following will
appear.

- When parameter #6005ps5 = 1 (Position in the
reference coordinate system)

1. The tool position displayed 15 based on the
coordinate system set up with G92.

2. To reset this screen, depress the ORG key
after designating an axis with the ADDRESS
key. The current position will be reset to
"0." This is possible only during a manual
operation mode (RAPID, JOG, STEP, or
HANDLE). The depression of the ORG key
is mneffective during normal operation and
i the "buffer full" state.

3. The coordinate system which 15 employed for
this screen is called the "reference coordinate
system." A work coordinate system (option)
will be set up tn reference to the reference
coordinate system.
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4.3.3 WRITING IN BLOCKS AND DISPLAYING
CONTENTS 8Y MDI (CONT'D)

»

POS I T 10N (UNTUERSAL 1234 NOD13

Fig. 4.20 Current Position Display
(Unuversal)~Example

- When parameter #6005ns = 0 (Position obtained
by simple summation)

1. G92, even i1f 1ssued,does not affect the dis-
play Move commands will be added 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."

This 15 possible 1n 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, 1f issued, does not affect the display.

To reset this screen, depress the ORG kev
after designating an axis with the ADDRESS
key. The current position along the designated
axis will be reset to "0." This 1s possible 1n
any modes and even during operation.

These displaying and resetting operations are
the same as with the case of POSITION(UNIVER-
SAL) #6005ps5 = 0 (Position obtained by simple
summation). But the resetting operation 1s
effective only to the displayed screen since
there are independent position registers.

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.

Fig. 4.21 Current Position Display
(External)-Example (with 4-axis control)

4.3.4,3 CURRENT POSITION DISPLAY (IN-
CREMENT)- POSITION [INCREMENT]

Displayed mn tlus mode 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 1s to start,

The increment display in manual mode will be
cancelled in automatic mode. (Fig. 4.3.4.3)

4.3.4.4 CURRENT POSITION DISPLAY (ALL):
POSITION

All position data will be displayed.

- {MACHINE? coordinates indicate the current
position in the ccordinate system whose origin
is the reference pomint set up by resetting.

Data for "stored stroke hmtt" and "pitch error
compensationt" functions are defined 1n this
coordinate system. (Fig. 4.3,4,4)
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<POSITION |~ 707 01234 nge1z

TLINTWERSAL ) E~<TERHAL 1 N
2346 87 -]
9997, I9gy
. 97. pOY

=34

..12284. 846 -
-99998. 238

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.
switch is set at "4." Tlis mode will be normal-
Iy used during maintenance.

- Servo positioning error means the difference
between the command position and the current
tocl position. Error will be displayed 1n units
of pulse.

4.3.5 DISPLAYING AND WRITING TOOL OFFSET
DATA

Tool offset data are stored mn the memory of the
control. These data may be displayed and re-
written m any mode and even during automatic
operation.

+ Displaying tool offset data.

Fig. 4.24
1. Select the OFS function key.
3. Depress the CUR+SOR or CUI:SOR key to
2. Enter numerals, like 1 and 0, then depress i b
CURSOR ¥ move to a smaller or larger tool offset number.
the ‘ or | cURSOR key. Then ten If you move the cursor beyond the first or

last tool offset number displayed in the cur-
rent screen, the neighboring ten sets of tool
offset number and tool offset will appear auto-
matically.

pairs of tool offset number and tool offset,
including the designated pair, will be dis-
played and the cursor positioned at the
designated teol offset number.
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4.3.5 DISPLAYING AND WRITING TOOL OFFSET
DATA (CONT'D)

4. The preceding or following page may be dis-
PA*GE

played by depressing the

*
PAGE| ¥
key. The cursor will be positioned at the
first tool offset number displayed on that
page.

5. Tool offset will be displayed m units of 0.001
mm {or (0.0001") and up te 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 data held in memory.

1. Position the cursor at the tool offset number
whose offset data 1s to be changed.

2. Enter the increment which 1s 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 1tself 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 1s turned
off.

- It is possible to rewrite tocl offset data in any
mode, even during aufomatic 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
mage axes, TV check on/off, etc. For details,
see Appendix 1, LIST OF SETTING NUMBERS.

It 15 possible to display and write setting data
at any time even during automatic operation.

1. Types of setting

Setting is made 1n binary mode or decimal
mode.

A. 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/cff state of the associated
function. The decimal value of each line
is given at the mghtmost ¢olumn.

DECIMAL VALUE

Fig. 4.25 Setting (Deciaml model)~Example

B. Decimal mode

Setting numbers of #200-#219 and #6500-
#6599 are associated with setting data of
decimal mode.

c1

1734 @@L~

Fig. 4.26 Setting (Decimal mode)-Example



2. Displaying sething data
- Enter a setting number then dep‘;‘?:;s the
CURSOR + " g

' cursor| Xev- ("#' need not be
entered.) Up to 10 groups of setting number
and data will be displayed at a time.

Depress the CURSOR keys to change a set-
ting number and the PAGE keys te change

a screen.

3. Writing setting data

A. In binary mode

{1) Designate a desired setting number.

(2) Depress the INSRT key., The cursor
moves to the bit data from a setting num-
ber. Designate the data of D7.

CUIXSOR Each time

{3) Depress the key.

the key 1s depressed, the cursor moves
one bit toward D0. Locate the cursor at a
desired bit position.

{4) Depress the WR key. The designated bt
data reverses (0 to 1 or 1to 0). If you
depress the WR key agamn, the bit data
will reverse again. Normally, "1" desig-
nates ON state and "0" off state.

(5) To write data in decimal mode, locate the
cursor at the rightmost column (decimal
data}.

EXAMPLE Writing in decimal mode

Entered data 7 6 5 4 3 2 1 0

O WR}]———~0 0 0 0 0 0 0 0 0

AEEFR)~—~1 1 1 1 1 1 1 1 255

{6) Repeat steps (2) through (5) to write de-
CURSOR
+

sired data. If you keep the or
+

CURSOR

move column by column in the screen auto-

matically.

key depressed, the cursor will

(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 setting number.

{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
(3) Depress the + » lcursor| :
or i key to change a setting number
PAGE

or the screen.

4.3.7 DISPLAYING AND WRITING PARAMETERS

In this system, varymg parameters are stored in
the memory and they determmne operating condi-
tions such as tape code and feed rate. For de-
tails, see Appencdix 2, LIST OF PARAMETER
NUMBERS. The parameters may be displayed at
any time even during automatic operation.

1. Kinds of parameters

Parameters are displayed either in decimal
mode 1n binary mode

OM@rrrHDROON

Sz

86815 <@
#6816 @

MImEr~ROO0W: .
PONEOORONDL
POOIOSOFOOW

6
]
]
)
a
a
a
a
]
a
@
:0

S00ErRE~O~

Fig. 4.27 Parameters (in binary
mode)-Example

Parameter numbers #6005- #6045 are assigned
to binary mode. Those of #6050 and up are
assigned to decimal mede.
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4.3.7 DISPLAYING AND WRITING PARAMETERS C. If the following parameters have been changed,

(CONT'D) be sure to turn off power then turn 1t on
agamn. Otherwise the system might fail to
operate properly,

#6009
#6010
#6023
#6032
#6086 to #6091
#6094 to #6099
#6068 to #6071
#6322 to #6337
#6642 to #6645
#8000 to #8511

After reading in parameter tapel

Fig. 4.28 Parameters (in decimal
mode}-Example

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-

Z. Displaying parameters
tion. Setting numbers and their contents are as

Operation 1s the same as in displaying setting follows.
data except that PRM should be depressed in-
stead of SET. See 4.3.6 DISPLAYING AND "1" =0n, "0" = Off
WRITING SETTING DATA on page 136.
7 6 5 4 3 2 1 0
3. Writing parameters #6001 L I l [ 0 | 0 1 1 f [ —I

The parameter values are preset according
to the performance of the machine and pur-
poses. Therefore, you should consult the

machine tool bulder if you want to change

parameter settings.

Edit lock
Manual absolute

Z-ax1s common cancel
The parameters are protected with a system

No. switch provided on the tape reader so

that they should not be destroyed by wrong 7 6 5 4 3 2 1 0
operation. Normally system No. 0 1s select-

ed and, at this time, the parameters cannot #6002 | 0 [ 0 l 0 { 0 ! 0 ] 0 l 0 ] 1 [

be rewritten by any operation.
3 Single
A. The operation of writing parameters 1s the block
same as of writing setting data but the
parameters are protected. See 4.3.6 DIS- Start lock
PLAYING AND WRITING SETTING DATA Display lock
on page 136 -

——Opticnal block skp

B. Parameters cannot be rewritten unless the

system No. switch 1s set at "1." Dry run

= Optional stop

After rewriting parameters, be sure to re-
set the system No. switch at "0." —= Machine lock

=~Auxillary function lock
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If the machine control station 1s provided with
the switches that turn on and off the above

machine functions, the state of a switch on the
machine's control station 1s ORed with that of
the NC operator's panel will determine the ma-
chine condition.

Setting data |Machimne's switch | Result on/off
"g" = OFF OFF QFF

"g" = OFF ON ON

"1" = ON OFF ON

"1" = ON ON ON

The functions of the internal toggle switches
work only when parameter #6006p3 = 1 (internal
toggle switch function on}. If 1t 1s 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 1t has been taken
for a piece of work or the total operational time
of the system.

1. Procedure of display
Depress the ALM key, then select a screen

of running time with the [PAGE | 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
Z. Resetting display

Each operation time display may be reset
mndependently by the following procedure.
When operating times are displayed:

A, "1" "ORG" POWER ON time at the top
will be reset.

B. "2" "ORG" CYCLE START time 1n the
middle will be reset.

c. "3 "ORG" FEED time at the bottom
will be reset

=‘ P
The timers of operation time preserve data unless

they are reset, even after power 1s turned off.

-0081.92.59

36.738

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 15 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, cor EDIT mode.
B. Depress the PROG function key.
C. Depress the RESET key "LSK" appears
and the cursor returns to the top of the

program number 1n MEM mode.

D. Enter the data {string of not more than 10
characters headed by address) to be search-

ed,
E. Depress the CUR+SOR key. Search
starts "AS" blinks during search.
2. End of search
A "AS" disappears when search i1s completed

(1) In TAPE mode, the tape pointer ponts to
the character that immediately follows the
data found and the tape stops.

L TAPE POINTER

5 RS
\_l—_/

DATA FOUND
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4,3.10 ADDRESS SEACH (CONT'D)

3.

4.

(2} In MEM or EDIT mede, the pointer of the
part program memory ponts to the top of
the data found (peinted by the cursor).
In all cases, only search will be performed

but neither BUF display nor advance read-

ing will be performed.
‘——- MEMORY POINTER

Y

t DATA FOUND

) \

"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.

Remarks

- Do not omt 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 serching a program number, leading
zeros may be omitted.

- Commands encountered durmg search will
be 1gnored even 1f they are modal commands.

+ On Cycle Start after search, the data of a
biock which the cursor points to will be
read and executed.

v

Search of program number

The address search function also permits the
search of a part program which 1s stored n
the memory.

Select MEM or EDIT mode.
Depress the PROG function key

Depress the RESET key.

Enter the program number o OO0,

Depress the CUR+SOR

key

The designated program number will be
searched. The result of search 1s 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 1s possible to suspend operation at the end of
2 block by designating a sequence number 1n
set function. Location is 6200 and 6201.

1. If the current sequence number 1s found to
be equal to a sequence number designated as
setting data during automatic operation, op-
eration will stop after execution of the block
hike in single block operation.

2. The designated sequence number 1s called a
breakpoint and up to two breakpomts may be
designated.

3. Setting numbers are as follows for designat-
ing breakpoints.

Settin s

numbe% Setting data

#6200 (4] |w———Break point 1
#6201 r-O Break pomnt 2

L"0" means that no break-
point 15 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.

NOTE. If the breakpoint function is not used, set
the contents of #6200 and #6201 to "0."

4.3.12 ALARM CODE DISPLAY

1f 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 serious one
on a higher line.

NOTE: The alarm screen will appear durmg an
alarm state and, therefore, 1t 1s not necessary

PﬁGE ey

operate the
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: .EMERGENCY STOP | °
: 'SERUD OFF . ., .|
: 0T X)) . o
PROG ERROR -

Fig. 4.30 Alarm Codes and Message
Displayed-Example

To reset the alarm status and screen, remove the
cause of alarm then depress the RESET key.

For the detail of alarm cedes, see Appendix 5,
LIST OF ALARM CODES on page 240,

4.3.13 DISPLAYING ON/OFF INPUT/OUTPUT
SIGNALS

Depress the DGN function key, and the state of
every input/output signal will be displayed on
the CRT. This 1s possible at any time even dur-
ing automatic operation.

For more detail of this operation, see 8.6.3 DIAG-

NOSTICS OF INPUT/QUTPUT SIGNALS on page
198.

The state of the input/output signal 1s alse
given in the hexadecimal notation at the right-
most column for the ease of maintenance work.

4.4 TAPE INPUT/OQUTPUT OPERATIONS OF NC DATA

Such NC data as tool offsets, setting data, and
parameter data may be read from and written
onto tape. A tape reader will work to read data
from tape. To write data onto tape, a data in-
put/output interface (option) 1s needed.

Here we assume that this option 1s incorporated.

See para. 4.7.2 and 4.7.3 for how to set the
type of input/output device (setting #6003) and
baud rate (parameter #6025).

=
5
5o
N )
i
iy
DS
D

VR
¥
0
g
~
)
WY
5
Y|

-t |
o Bl

)
~
&)
"

<

R0 E
(A
4
s

5 X
O Y
&)

D)
0
~
L1
5

TR R

X

0
)
)
)

<)
A,
5

K
0 D

5
~
)
5
)
(<)

~
-

D
DN

Hexadecimal
notation

Fig. 4.31 State of I/0O Signals
Displayed-Exampe

4.4.1 INPUTTING TOOL OFFSETS FROM TAPE

Though tool offsets are normally input by MDI
operation, they may alsoc be entered by means
of paper tape.

1 The tape format of tool offsets 1s as follows.

HOI X 1.000 ;
HO0Z2 X 2060 ,

D03 X -1D 089 ; Note
Either H or D may
be used for address.

%

T T~

2. The input operation 15 as follows.

A. Select EDIT mode

B. Depress the RESET key

C. Depress the OFS key.

D. Set the tool offset data tape onto the tape
reader

E. Depress the 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 1t has read "%"
(or ER). "IN" disappears from the CRT.
Now the tool offset data have been read
mto memory.
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4.4,2
ETER DATA

INPUTTING SETTING DATA AND PARAM-

Though setting data and parameter data are norma-

Ity input by MDI operation,
entered by means of paper tape.

tape.

1. The tape format 15 as follows.

/-“—_--\_—/
Label % .,
N600O X128 ; Iﬁg:e:
is used in
N6g0l X 5 ; the ISO code and
N6eo02 X 0 ; "ER" in the EIA
code.
%
/—_~\/

2. The input operation is as follows.

Select EDIT mode.
Depress the RESET key.
Deprss the PRM key.

Set the setting/parameter data tape onto
the tape reader.

o 0O w »

m

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 1t has read "%"
"IN" disappears from the CRT.

{or "ER").
Now the setting/parameter data have been
read intc memory.

Turn on power again because the control 1s in

they may aiso be
Setting data
and parameter data may be input from a single

Depress the OUT 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 output.

To suspend the operation, depress the
RESET key.

At this time, the output operation cannot
be resumed. Restart from the beginning.

The tape format is the same as that descmb-
ed in 4.4 1 INPUTTING TOOL OFFSETS
FROM TAPE on page 143.

4,4.4 OQUTPUTTING SETTINGC DATA AND
PARAMETER DATA TO PAPER TAPE

1.

g 0 o P

t=

The output operation 15 as follows.

Select EDIT mode.
Depress the RESET key.
Depress the PRM key.

Check that the punch 1s ready for opera-
tion.

Depress the OUT key.

The paper tape punch punches the setting/
parameter data onto paper tape continuous-
ly.

To suspend the operation, depress the
RESET key.

At this time, the output operation cannot
be resumed. Restart from the beginning.

The tape format 1s the same as that described
in 4.4.2 INPUTTING SETTING DATA AND
PARAMETER DATA.

4.5.5 QUTPUTTING PART PROGRAM TOQ

the HOLD state (key inoperative) at completion

of input.

4.4.3 OQUTPUTTING TOOL OFFSETS TO PAPER

TAPE

The tool offset data set ;n the system may be
output to paper tape.

1. The output operation 1s as follows
Select EDIT mode

Depress the RESET key.
Depress the OFS key.

o o0 w »

Check that the punch is ready for opera-
tion.

(1)
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PAPER TAPE

The part program of the designated program
number is punched out by the following
operations:

Connect the external equipment such as
the tape puncher to the NC via the data
mnput/output interface.

Make the external equipment relay for
operation.

Power on the NC.



d. Select the EDIT mode. I
e. Depress the PROG function key.

f. Check to see if the external equipment 1is
ready.

g.- Depress the RESET key.

h. Depress "O" key and key in program number.

i, Depress the OUT key.

The part program of the keyed-in program
number is output to the external equip-
ment. If it 1s a tape puncher, tape punch
is performed. When the output of the part
program 1s completed, the tape puncher
stops automatically. During the output of
data, "QUT" 1s flashing.

|

To discontinue the punch out operation,
depress the RESET key. However, the
discontinued operation cannot be resumed.
Go back to f. and repeat the operations all
over again.

NOTE: When RESET, OUT are operated without
keying 1in the program number, the part program
of the currently displayed program number is
outputted.

(2)

Punch out of all part programs

All registered part programs may be output
to the external equpment by the above
operations except that 0 -9 9 9 9 must be
keyed 1n the operation of h.

All part programs stored in the memory are
cutput (punched out, etc.) consecutively.

NOTE: The contents of program number 00000
are outputted only when #6231D3 = 1.

3 FEET 3 FEET
|FEED HOLES FEED HOLES
I 4
r__,,,-._,! “ HOLX - TOOL OFFSET DATA F 2
(SETTING AND/OR PARAMETER DATA)
Note:
1 Feet =
360 characters
J"' oo __1 %:01234:G92X0 ——— PART PROGRAM MIOSE low m e
KEY (TO PUNCH OUT ALL PART PROGRAMS)
3 FEET
3 FEET 1 FEET 1 FEET
FEED HOLES [FEED HOLES
SPACE "SP" CODE ~—.|
PUNCHED
......... $.0100; M0Z; |sp| 0200, M30; | sp| ©500 M30;% R

DEPRESS THE CAN KEY, AND THE PAPER
TAPE PUNCH IMMEDIATELY BEGINS TO
PUNCH SIGNIFICANT DATA WHICH

BEGIN WITH “%;..."

DEPRESS THE CAN KEY, AND THE PAPER
TAPE PUNCH STOPS TO PUNCH SPROCKET
PERFORATION.

Fig. 4.32 Data and Program Formats on Paper Tape
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4.5 LOADING PART PROGRAMS iINTO MEMORY E

4.5.1 LOADING PART PROGRAM TAPE INTO

MEMORY
(1) Loading a part program which has a pro- NOTES
gram number. 1 Program number "0O0000" 1s always in the
registered state, so 1t cannot be erased.
3. Select EDIT mode. This program number should not be used.
b. Depress the PROG key.
2. The tape which has no program number may
c. I;oi:lvgmeeni\fg ttape tlodthe tape reader or an be stored as descnibed before. However,
1 xternal device. write a program number to the head of the
tape, 1n principle. The operation of "Oxxxx
IN" described before causes only program
L %1234 G922 AN U—————— M30 % _S number registration. It does not cause the
storing of information of "O0000" into the
PROGRAM NUMBER part program memory. Only the program
HOLD HERE number on tape 1s stored into the memory,
Assume that a tape having no program num-
d. Depress the RESET key. =  ber 1s stored and then all part programs are
punched out by depressing "0," "-," "9,"
e. Depress the IN key. "9," "9," "9," and "QUT" keys. Since this
Then the system starts to read the tape and lt;ape igntams pz;ogra;ms w1thfnonprogram Tum—
enlists the program number punched on the er, the correcb res ofrmg ° ba (Eaart pro
tape as the first record. The system checks %gaf]'?._miz. gof.t uge I;')e“rgonrrf’agd” 7 de'g:;elrss}:ng
for a duplicate of the program number as in 1. ’ ' ’ ’ ’ »an €ys:
Operation ends with error if the designated
program number 1s not found on the tape. 3. Consequently, when a tape having no pro-
When the tape reader has read "M0Z ,," gram number has been stored, write the
"MO3 ;," or "M99 ;," 1t stops and N dig- program number to the head of part program
appears from the CRT. Now the part pro- by the EDIT operation.
gram has been stored in memory.
EXAMPLE:
(2) Loading a part program which has no pro- Nl G92 X0 z0 ,
gram number.
when this is in the first block, pesition the
a. Select EDIT mode. cursor to N and key in as follows (in EDIT
and PROG modes):
b. Depress the PROG keys.
Oxxxx ; N1 ALTER
c. Load the NC tape to the tape reader or an
equivaient external device.
(3) Storing a program with program numbers
changed [
S $ Nigezxo Moz \ To register a program with a program num-
! ber different from the one punched on tape,
The tape stops at this perform the following operations:
location when loading
1s completed. a. Select the EDIT mode
d. D the RESET key.
epress Y b. Depress the PROG key
e. Depress the address O key then enter the
prggram number. Y ¢. Set the NC tape to the tape reader or the
external equvalent equipment.
f. Depress the IN key.

The system starts to read the tape. If the
keyed-in program number coincides with the
registered pregram number, "ALREADY IN"
blinks on the CRT screen. If this happens,
delete the program number, then repeat steps
a. through f{. while the tape 1s being read,
"IN" blinks on the CRT.
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When the tape reader has read "M02 ,,"
™30 ,.," or "M99 ,,” 1t stops and "IN" dis-
appears from the CRT. Now the part pro-
gram has been stored in memory.



The tape reader stops each time it has read

S %01234 G92 AOY U M30. % S "MOZ ;," "M30 ;," or "M99 ,."
T N
PRO 4 f. Depress the IN key agamn.
GRAM NUMBER HOLD HERE P Yy ag

The tape reader resumes to read the tape.
Repeat this operation until all programs
are loaded.

{5) Storing a program with program numbers
changed I
d. Depress the RESET key.
When "0" key 15 depressed and program
number 1s keyed in before depressing IN key
as described 1n (4) above, the keyed in pro-

e. Key in "O" and PROGRAM NUMBER

f. Depress the IN key. gram number 1s registered in preference to
The program number entered from the key the program number punched on the NC tape.
1s registered in preference to the program
number punched on the tape. At this time, (6) Loading programs continuously
the program number on the tape 1s written
to the part program memory simply as a Programs existing on a tape as shown m (4)
label. may be loaded continuously without inter-
M02 ,, M30 ; or M99 ; 1s read and the stor- ruption. For this purpose, depress "0,"
ing operation 1s completed b, mong norg m g ¥ and "9" before the first

depression of the IN key. The tape reader
NOTE: stops at the position of "%."

1. If a program 1s stored with a changed pro-
gram number as described above, the pro-

gram number punched on the tape 1s stored 4.5.2 MAKING ADDITION TO A PART PROGRAM
in the part program memory without change. )

Consequently, to avoid the confusion in the Perform the iollowing operation to add data to a
later handling, replace the program number part program which 1s already loaded.

in the part program memory with changed

program number by the EDIT operation. a. Select EDIT mode.
b. Depress the PROG key
(4) Loading part programs from a tape

c. Depress the O key then enter the part pro-
a. Select EDIT mode. CURSOR
gram number and depress the N

b. Depress the PROG key. key.
The system searches the designated program.

c. Load the NC tape to the tape reader or an

equivalent external device. d. Load the tape of adding data to the tape
reader.
S---%moo: M02,0200, M30 0500 M%9 % S S ..+ %, Adding data M30 : % --- S

l I

The tape stops The tape stops The tape stops
to travel here. to travel here. o travel here. 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 .
d. Depress the RESET key.

NOTE: You cannot add data to a program from

e. Depress the IN key. the middle of 1t. If necessary, delete the last
Then the system starts to read the tape part of the program by editing operation and
and enlists the program number punched perform this adding.

on the tape as the first record. The sys-
tem checks for duplication of program num-
ber as described in (2).
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5.5.3 LOADING PART PROGRAMS BY MD!

Part programs may be loaded not through the

tape reader but by MDI operation

Perform the

following.

a.

b.

Select EDIT mode.
Depress the PROG key
Depress the RESET key.

Depress the O key then enter the part pro-
gram number and depress the WR key.

The designated program number will be reg-
1stered. If this number already exists,
Y"ALREADY IN" blinks and, in this case, 1t
1s 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 1s
displayed on the bottom line from left to
right sequentially. The maximum number
of characters that can be written at a time
1s 32. Withuin this hmt, data may be keyed
in over multiple words or blocks. However,
when the 10th character 1s keyed in, the
normal display shown to the right of the
hne is blanked.

Depress the INSRT key.

The keyed in data is stored in the part pro-
gram memory.

Repeat the operations of e. and {. above to
write the part program. The program edit
operation 1s enabled by the use of ERASE,

INSRT, and ALTER keys during this pro-

gram storing operation.

0801 .
1 GS8 X194.

N2 GPD T@EB1: .
' N3 GI6 5158 Me3:

Fig. 4.33

Key in M0Z ;, M30 ,, or M99 , and depress
INSRT key. This completes the storing of
the part program.

4.5.4 DISPLAY OF REGISTERED PROGRAM
NUMEBER

This screen displays all registered program num-
bers and the number of remaiming characters in
the part program memory.

(L

The number of program numbers that can
be registered depends on options

Table 4.3.9 1

o [y | e | TURRR
1 99 Basic 01 to 02
2 199 Option 1 01 to 04
3 999 Option 2 01 to 19

(2)

All program numbers already registered are

cdisplayed. By depressing PA*GE or
+

key, the page shown below may be

PAGE
obtained.

Note:
ed program numbers.

REMAINING NUMBER OF CHARACTERS
IN PART PROGRAM MEMORY

The remaining number of characters in part
program memory 1s displayed in the lower
leit corner of the screen.

Fig. 4.34

This screen displays only the register-
A program number 1s

registered by depressing the PROG function
key in EDIT mode.
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4.6 EDIT

- +

5.6.1 PART PROGRAM DISPLAY

Stored program contents can be displayed, and
checked by the operator.

Part Program Call
1. Select the EDIT mode.
2. Depress the RESET and PROG keys.

3. Input the program number with ADDRESS O
CURSOR

L 4

The specified program number wiil 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 key.

-G92 X@ ya-22avea|:
.GaB T18 Me6: -

si68@ mMBa3

‘G9A .Z4@Be

'G91°Ga1 Z2-2580 F156

- G46 .X4Q0@ ;Y4888 D15 _F300
G45 ‘vs@ea; ‘- v L
G45 .GB2 .x30aa

w1400 J-1004;

Fig. 4,35

Operation of PAGE and CURSOR key

1. Page keys (3] and [¥] respectively advances
and returns by one page.

2. CURSOR keys 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 cursor cannot be moved by
PAGE and CURSOQOR keys.
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4.6.2 DELETING PART PROGRAM 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

,PRDG?RH {3

N188 X5.0 Y18a.

N1D1.GB1 Z-1.1@@: .. :
N182 xX-308 Y-528 F100
N11@3 X-58@: =~

N1iB4a vYi@.

After Deletion

PROGRAM(EDIT ) 01233 :MNB018

X5.8 Y100.
191],G81 Z-1.-100
102{'%-308 Y-S08

Fig. 4.36



4,6.2 DELETING PART PROGRAM BLOCK
{(CONT'D)

Deletion of Program No.

Enter the program No. with address © and
depress the ERASE key. The specified program
No. and its part program will be deleted.

Deletion of All the program numbers

Input O -, 9, 9, 9, 9 and depress the ERASE
key. All the registered program numbers will
be deleted. Program No. "0" is repgistered newly
mn the form of EOB.

4.6.3 MODIFYING PART PROGRAM BLOCK

Program modification 15 made using PROG key 1n
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-
mdicated word.

Before Modification

PCEDITY .

X5.8 viea. ;
Ge1 Z-1.1ea
X-308 v-50
X-50a; :
Yi@. :

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 i 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

v
A

W
)
oY)

Key in
L

After Insertion

NEQA18 .

Nig2 X-3@e Y-S508
N183 X-SQ@ FSea: -
Nig4 Y1@. : ;

Fig. 4.38

After mnsertion, CURSOR indicates the last word
keyed 1n words less than 32characters can be
inserted as one group.
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4.7 SUPPLEMENT TO DATA INPUT/ OUTPUT

INTERFACE

The external equipment having the designated
input/output interface may be attached to the
NC to input/output the following NC information:

& and

(1) Part Programs,
{(2) Tool Offset Amount.
{3) Setting Data and Parameters.

4.7.1 TYPES AND FUNCTIONS OF INTERFACE

Table 4.1
1 2 3 4
Name of interface FACIT 4070 Current Loop RSZ32C RS422 Interface
Interface Interface{20mA) Interface
Type of interface Parailel. Voitage| Sernal-Current Serial- Voltage Serial-Balanced
Interface Interface Interface Interface
Data transmission Parameter Input.  #026 Input: #6027
speed 70 char/s setting Output: #6028 Output: #6029
Connector (Note) MR-Z20MR DB-255 DB-375
Max cable length 5m 50 m 15 m 100 m
External equipment FACIT4070 or ASR-33 or Equpment Equipment
equipment equipment having R5232C | having R5422
having equva- | having current | interface interface
lent interface loop (20 mA)
interface
Functions OQutput the NC data to the ex- * Storing NC data mto NC memory
ternal equpment (for punching or collating them.
out NC tape) * Outputting NC data to external
ecuipment {punch out)
* Automatic operation in the
Tape mode

Note: The types of the connector on the NC side.
connector, use the following:

RS422 INTERFACE
(DB-378)

“———(3) RS232C INTERFACE

(DB-255)

INTERFACE

FACIT4O70
CURRENT LOOP {20 mA)

INTERFACE

(MR-20MR)

Fig. 4.39 Data 1/O Interface Receptacles
in Control Cabinet

For the mating connectors to this
MR~-20F, DB-25P, DB-37p

4.7.2 SETTING OF DATA INPUT /OUTPUT
INTERFACE TO BE USED

To use data input/output interface, it 1s neces-
sary to set which interface is to be used. Make
this setting as follows:

(1)} Setting of Data Input Interface to Be Used

IDVCE] IDVCEQ Data Input Inter-
(#6003, D1) | (#6003, DO) face to be used
0 0 PTR Interface (Note)
0 1 RS232C Interface
1 0 RS5422 Interface

Note: PTR interface 1s for the standard tape
reader. Usually, this interface is set.
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4.7.2 SETTING OF DATA INPUT/OUTPUT
INTERFACE TO BE USED (CONT'D)

b. Setting of stop bit length

Input and
{2) Setting of Data Output Interface to Be Used Ou?tput in #6026D 4
Common = Stop bit as
ODVCEl | ODVCEO Input #026D4 2 ous
npu = Stop bit as
(#6003, D5) | (#6003, D4) Name of Interface 1 bipt
Qutput #6028D4
0 0 FACIT4070 Interface
0 Current Loop Inter-
1 face RS232C Interface .
¢. Setting of control code transmission designa-
1 0 RS422 Interface tion
Input and
Qutput 1n #026D5
Common = 1: Does not send out
Input #6026D5 control code
4.7.3 SETTING OF BAUD RATE AND OTHERS = 0: Sends out control
OF SERIAL INTERFACE Output #6028D5 code

To use serial interface (current loop, RS232C,
or RS422), it 15 necessary to set the baud rate,
stop bit length, and control code transmission

specification to parameters. (2) RS422 Interface

As shown below, the data is set for input and

C t Loop or R3232C Interface
) urren P * output combined or separately.

As shown below, the data 1s set for input and

telv. #6029 D6
output combined or separately 0 ... Data is set for input and output
#6028 D¢ combined.
0 --+ Data 1s set for input and output 1 --- Data is set for input and output
combined. separately.
1 --- Data i1s set for input and output
separately. a. BSetting Baud Rate
a. Setting of Baud rate
Input and
Output in |#6027D3 | #6027D2 [#6027D 1| #6027D0
common
Input #6027D3 | #6027D 2 |#6027D1{ #6027D0
Obut 273 | #6026D3 (#6026D2 | #6026D1 | #6026D0
Common Qutput #6029D3 | #6029D 2 (#6029D 1| #6029D0
Input #6026D3 | #6026D2 | #6026D1 | #6026D0 50 0 0 0 0
Output | #6028D 3| #6028D 2| #6028D1 | #6028D0 100 0 0 0 1
50 0 0 0 0 110 ¢ 0 1 0
100 o 0 0 1 150 0 0 1 1
110 0 0 1 0 =1 200 0 1 0 0
150 0 0 1 1 X1 00 0 1 0 1
g1 200 0 1 0 0 § 600 0 1 1 0
&= 300 0 1 0 1 1200 0 1 1 1
g
2 600 0 1 1 0 2400 1 0 0 0
@1 1200 0 1 1 1 4800 1 0 0 1
2400 1 0 0 0 9600 1 0 1 0
4800 1 0 0 1
9600 1 0 1 0
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4.7.3 SETTING OF BAUD RATE AND OTHERS
OF SERIAL INTERFACE (CONT'D]) s

b. Setting Stop Bt

Input and

Qutput in | #6027D4 |-, Stop bit as 2 bits
Conmmon

Input #6027D4 | - 0; Stop bit as 1 bat
Qutput #6029D4

c. Setting Control Code Sending

Input and 46027D5
Qutput in D = 1: Does not send con-
Common

trol code
Input #6027D5 | = 0: Sends control code
Output #6029D5
Notes:

1. Some controls do not allow‘the switching be-
tween the setting types by #6028Dé but are fixed
to the type in which data 15 set for input and
cutput 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 sent from
the NC to the input/output equipment after
pressing IN, VER, or OUT key are called "control
codes.” If 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/output equipment manually.

4.7.4% CABLE CONNECTOR SPECIFICATIONS

The specifications of the cable connectors for
data input/output interface are as shown m
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 FACIT4070 Interface Connecting Cable

NE (MR- 20F) E%fﬁéﬁﬁelnt
S I Connections 5 =25P)
igna Pin in
Symbol Nﬁme No. No.| Symbol
PUNCH
PR READY 1 O_O 12 | PR
TAPE
T
L irow 2 (:}__—(:D 21 ) TL
ERR1 | ERROR 3 (:}___{:) 20 | ERR1
Not Used 4
FACIT/
+6 v | ASR. 5
A uto- 24 +H Vv
selection
Not Used 6
Not Used 7
0V | GROUND| 8
0v_|[around| 9[( —{ )[10 [ sp
0v_orounp | 10]|(—)zs [ov
PUNCH
cHl | parat | B[O 1 |em
PUNCH
cHz | MTCE | 12 (:}_"*:) 2 | cH2
PUNCH
CH3 Y pata3 | 13 (:}___{:> 3 | cH3
PUNCH
CHY4 | ol 140—O 4 | CH4
PUNCH
cs | paras | 15[(O——)] 5 {cus
PUNCH
CHé | -l 16@—0 6 | cH6
PUNCH
CH7 DATA 7 rr(:>———{:) 7 | CHT
FEED
CHY | fionm 19|(O—} 9 | cns
PUNCH
PI INSTRUGF 20 O—O 11 | p1
TION
LNc-te
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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4.7.3 SETTING OF BAUD RATE AND OTHERS Table 4.5 RS5232C Interface

OF SERIAL INTERFACE (CONT'D) Connecting Cable {B)
Table 4.3 Current Loap (20 mA) NC (DB-25P) Extemal .
Interface Connection Cable - Cornections —a2PmEn
Symbol| Signal | Pm Pin | ¢ mbol
NC (MR- 20F) xternal ¥ Name No. No.
. quipment Frame
onnections FG . 1 FG
Symbol S;i;ael I;Ilon g:)n Symbol gfougdmg O——O
: ending
: o | 2 [ OO | | o
Recearvin
Not Usea || 1 rp | Receing [ T VA RD
L] Request
; 4 RS sending 4 O" rO RS
FACIT Ca e of
*6 V IASR. Autoq] S Cs s;;-:lg 5 OJ I—O cs
selection
TTY2 Current 6 Not used | 6 .O DR
loop () O—C " RECENELEe .
TTy]|Current 7 O_O grounding _O
loop (+) 5
ov GROUND 8 S
R
— I
? O IO ALARM)
Not Used { Not used|-25
= 20

{Note 2)
Notes:

1. The type of connector and pin number are
chiferent with external equipment

2. When the current loop interface 1s used,
short-aircuit pin No 4 (signal RS) and pin No.
5 (signal CS) of plug connector DB-~25P for
RS232C Then connect the plug to the NC re-
ceptacle DB-255.

Table 4.4 RS232C Interface
Connecting Cable (A)

External
NC (DB-25P) Equipment
S I T Connections i
Symbol l:lga::ae No. No Symbol
=
Frame
FG grounding 1 O-O FG
Sendmn
SD data ¢ 2 O_Y—O SD
Receivin
RD data § } O—[LO RD
Request
s sending 4 O_\ O RS
Capable of \_O
cs sending 5 O_l cs
Not used & ‘ —O DR
Signal
sG grounding 1 O_Nr_o SG
8 ()| |10 BusY
1
L ! ER (OR
Not used 25 ~{ ) o]
ALARM)

Note When the external equpment does not
control the CS {Capable of Sending) signal given
to NC, short-circuit ptns RS and €S on both
ends of the cable as shown mn Table 4.7.13.

— 154 —



4.7.4 CABLE CONNECTOR SPECIFICATIONS

(CONT'D)
Table 4.6 RS5S422 Interface Connection Cable
External
NC (DB-37P) Equipment
Connectionsfiz
Signal Pin 1 |g
Svmbol ymbol
ymee Name No. No.
SHIELD| Shield 1@
Not used F4 o
Not used 3 Lo
sb Sending 4 O_'\ /"O sp
data LAWK
Not used 5 . X
!
Receiving S
RD data 6 v, RD
i t
RS Request 7 O_:\/';'O RS
sending RN
i
Not used 8 | X !
n 1)
» 1
cs |Gableof | O_j \__O cs
sending i
Not used 10 b
Not used | 11 b
ER NC ready | 12 O—r\/’v-o ER
1/0 i .
DR | device 13 O—J\—{/\ DR
ready L
14 Lo
Not used ( Co
18 Co
Signal C .
G grounding 19 Y O
Not used | 20| ., |
i
Not used 21 O
Sendin Lo
*sp | JSnCIN8 22 O—L\ /'_O *5D
Not used 23 ! Y,:
Receiving O_J\._O
*RD | 4 o°° 24 e *RD
wrs | Request 25 b e RS
sending (_/”"\ [’“O
Not used 26 :X :
Capable of O:] \_}_/"‘\
*CS | cending 27 n®: *CS
Not used | 28 v
Not used 29 | X
*ER NC ready | 30 O——\/-:—Q *ER
1/o A\
DR device 31 *DR
ready O
Not used 3)2 ‘o
37

4.7.5 OPERATIONS USING DATA INPUT/OUTPUT
INTERFACE

The use of data input/output interface allows the
following operations and runs:

T

(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/QUTPUT
OPERATIONS OF NC DATA on page 143,

(2) The storing of part programs into memory.
For details, see 4.5 LOADING PART PROGRAMS
INTO MEMORY on page 146,

(3) Tape-verification of part programs, tool off-
set amount, setting data, and parameter data.
For details, see 4.8 TAPE VERIFYING on page
156.
{4) Automatic run in tape mode.

The control may be automatically run in tape
mode ot via the tape reader on the machine but
via the data input/output interface. For details,
see 7.6 OPERATION IN TAPE AND MEMORY
MODE on page 188.
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4.8 TAPE VERIFYING

The punched tape of the data shown below may
be compared to the contents of the NC internal
memory to check if they match.

- Part program

- Tool offset data

- Setting data and parameter

The punched tape 1s 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 1s made assuming that this
option 1s installed.

4.8.1 SETTING AND PARAMETER TAPE VERIFY-
ING

1. Select "1" of system Na. switch.

2., Set the MODE SELECT switch to the EBIT

3. Depress PRM function key.

4. Depress RESET key

5. Load the NC tape via tape reader

6. Depress VER key.

Tape starts, and the contents of tape and
the contents of setting/parameter are veri-
fied. "VER" blinks on the CRT.

If disagreement with the tape data 1s detect-
ed, "INPUT ERROR" blinks on the CRT.

7. After completion of verifying without dis-
agreement, tape reader stops and "VER" dis-
appears.

4.8.2 TOOL OFFSET VALUE TAPE VERIFYING
1. Set the MODE SELECT switch to the EDIT
2. Depress OFS5 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 1s
detected, "INPUT ERROR" bhnks on the
CRT.

6. After completion of verifying without dis-
agreement, tape reader stops and "VER'
disappears.

4.8.3 VERIFYING PART PROGRAM TAPE

(1) venifying a part program tape having pro-
gram number

a. Select the EDIT mode.

b. Depress the PROG function key.

c. Set the part program tape to the tape reader.
d. Depress the RESET key.

e. Depress the VER key.

The tape 15 started to compare the con-
tents of the part program memory to the
contents of the part program tape. During
this operation, "VER" blinks. If

a mismatch 1s found, "INPUT ERROR"
blinks on the CRT.

When a match 1s found and this operation 1s
completed, the tape reader stops, upon
which "VER" display s erased.

Note By the operation of "RESET, VER,"
the verifying feature verifies the data from
the tape head to % code

{2} Verifying a part program tape having no
program number

a. Select the EDIT mode.
b Depress the PROG function key.
c. Set the part program to the tape reader.

d. Depress the RESET key.

e Depress the "O" key and key in program
number.

f. 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 blinking. If

a mismatch is found, "INPUT ERROR" blinks
on the CRT. When a match is found and
this operation 1s completed, the tape reader
stops, upon which "VER" display 1s erased.
If the keyed 1n program number 1s not found
in the memory, "NOT FOUND'" blinks,

In this case,
with the operation of d.
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[?

4.8.3 VERIFYING PART PROGRAM TAPE
T

(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
The keyed-in program number

of (2) above.
15 processed m 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 EDIT mode.
Depress the PROG function 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

System
Edit |7, Func-
Operation Lock S\f:ch Mode tion Procedure
Storing from NC operator's panel . Parameter number -+ | CURSQR]
5 keyboard Data =+
‘g Storing from tape (Note 4) {(Note &) 1 RESET =+ IN
PRM
% | Punch out (Note 3) EDIT -
&
Matching with tape (Note 4) [RESET| + [VER
Storing trom NG operator's panei Setting number - ICURSOR
keyboard Data =
2 Storing from tape 1 SET RESET| + @
ho
3 | Punch out EDIT RESET| - [OUT
Matching with tape RESET| VER]
Storing from NC operator's pansl Offset number + |CURSOR
s | Stonng from tape (RESET] -
2 | Punch out EDIT| OF% | 'RESET] - [oUT
=]
Matching with tape RESET1 + VER[
Clear of ail offsets @ + -9999 -+ [ORG]|
l @ +~ Program number ~+ [WR]
itormg from NC operator's panel OFF Repeat of edit opeation "addition
eyboard of address data"
Tape with number
One part}; O OFF -
Storing Program | Tape without OFF + [Qj + Program
from number O number -~
tape All part programs on tape OFF RESET| =+ @ * -9999 +
;3:3:::;;1 to reg:stered part OFF rRESETl . ]_NEXTQ - @
P h |Designated part program RESET] = @-:, Frogram
unc
out EDIT| PROG | number + |OUT
All part programs RESET| + @ + -9999 -+
Tape with number
Match- | One part| 0 RESET| ~
E mng program Tape without RESET] + (O] -+ Program
3 | with number O {Note 1) number -+
éﬂ tape All part programs on tape -
3' Modify of address data [CURSOR| (Set to address data to
5 (Note 2) OFF be&ﬁed) + Address data
e + [ALTER]
CURSOR] (Set to address data
?I?dt:fz)address data OFF just before addition) *+ Ad-
Edit ° dress data
Delete of one address data OFF dgsei ‘°;§:§E55 data to
CURSQR ] (Set to address data at
?1:«1:1? so)f ane block OFF head of biock to be deleted) =+
+ {ERASE
TAPE
Address data to be searched -
IMEM
Address search EDIT ~URSOR
Program number to be
epit |proc| (@ = g
Clear Designated part program |OQOFF cearched -
All part programs on tape |OFF @ > -9999 =
Nates

1

Storing of a part program having a program
number different from program number 0
on tape 15 performed by the same operation
as for "tape without program number & "

within the hmit of 32 characters, addition
of multiple address data and the change to
one address data are permitted

Setting 15 punched out at the same time
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If the tape contains setting nformation,
1t 15 alse stored and matched at the same
t:me

When the cursor to the address datain
the middie of 2 bleck and EOB and ERASE
keys are depressed, the data foilowing
the cursor position 15 deleted

wWhen data has been stored from a param-
e&ter tape, turn the power on and off



+.3. TAPE READER

H

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 1s
opened.

- TAPE FEED switch

This is a spring return type switch for man-
ually feeding the tape forward and backward.
When the switch lever 1s pushed to the F (for-
ward) direction, the tape moves forward, or
from 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 contreol reads % code.

SYSTEM
PARAMETER

CHECK

LOAD

TEST ‘0t

TEST 1

© ]

/

SYSTEM NO. SWITCH

[T R

Fig. 5.1

« SYSTEM No. Switch

Normally, tlus switch 1s not to be manipulated
by the user. During ordinary NC operations,
the switch should be in the 0 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 1s used. It re-

quires no maintenance except for daily c¢leaning.

- Tape Reading Head and Tape Feeder

In the tape reading head, phototransistors are
bult 1n under a glass window Since dust and

scratches on the glass window will cause reading
errors, 1t should be cleaned periodically, and
handled with care. Refer to 8.1 ROUTINE
INSPECTION SCHEDULE.

Located 1n the center 1s the tape feed sprock-
et, for engaging the feed holes of the part
program tape.

- Tape Guide

For feeding 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 guideis
lifted, cycle start in the TAPE mode cannot be
made, and the TAPE FEED switch 1s ineffective.
The sprocket 1s not engaged with the feed holes
so that the tape can be pulled freely in both
directions.

LIGHT SOURCE

i

© ff @
. TAPE

GUIDE

TAPE
READING
HEAD AND
TAPE
FEEDER

© == o

TAPE GUIDE
RELEASING MAGNET

o]
o)
23338 FEED HOLES

[
o
°
o
o
o
[}
00D 00000

FRONT ===——==> REVERSE

Fig. 5.2

— 159 —



5.1.3 TAPE TUMBLE BOX

The tape tumble box 1s mnstalled 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 1t 1s dropped into the tumble box, the
entire part program tape comes out of the tumble
box when the nylon tape 15 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.

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.

Reel
\ Tape reell ..~

A | 6" reel 6"

Note

For 80 m part
program tape

For 180 m part
program tape

B | 8" reel an

Note: These tape lengths are for 0.108 mm
thick tape.

5,2.2 HANDLING 6-INCH TAPE REELS

TAPE
TAPE READING REWINDING
(FORWARD) (REVERSE)

TENSION ARM REST

6" TAPE REEL

Fig. 5.3

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 1n the arrested positions, the
reel motor 1s 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. See Fig. 5.4.

2. Insert the traling end of the punched part
program tape into the slit in the hub of the
right reel, and wind the tape on the reel.

See Fig. 5.5.

3. Mount a reel with a tape wound on it on the
right reel shaft, align the reel lock slot with
the reel lock pawl, and push the lock pawl
to the vertical position te lock the reel to the
shaft.

4. Pull the tape approximately 1 m out of the
reel, and pass it through the tape reader.

5. Wind the free end of the tape on the left reel
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 ehminate
any possibility of shpping loose.

6. Holding the reel with hand to prevent slack
in the tape, free the tension arm from
the tension arm rest, and lower it gently
The broken lines in Fig. 5.4 show the
correctly set tape.

6" TAPE REEL

REEL

i
LOCK PAWL
At

C - ——

REMOVE ~—~—
MOUNT ——

EAANNANNANANNNAN

Fig. 5.4

NC TAPE

~N

REEL NOTCH

Fig. 5.5
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Now, the tape can be moved and wound smoothly
m either directions in the automatic operation
mode or by the manipulation of the'TAPE FEED
switch.

5

NOTES:

- When dismounting the tape reel, observe the
following two points.

(1} Hold the reel to be removed by hand, and
let the tension arm be arrested by the
tension arm rest.

(2) Push up the tape gnde of the tape reading
head beforehand.

: Start operation only after making sure that
the reel lock pawl 1s engaged 1n the lock slot
in the reel.

5.2.3 HANDLING 8-INCH TAPE REELS

When the tape 1s not in use, and when mounting
and dismounting the tape, be sure to switch off
the power supply switch. In this condition, the
reel motor is switched off, and the reels are free.
See Fig, 5.6.

Names and the functions of members are as follows

* Power supply switch

When this switch is turned on, the tape reels
are ready to operate.

REEL MOTOR

POWER SWITCH 8" TAPE REEL

=7
\ INSTRUCTION PLATE \GUIDE
FOR SETTING TAPE ROLLER

Fig. 5.6
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L~ REEL HUB

\ TENSION ARM
STOPPER

TENSION ARM

+ Gude rollers

They gude the tape in rewinding and m for-
ward feeding.

- Tension arm

In conjunction with the guide rollers, the ten-
SIon arms give proper tension to the tape and
ebminate slack.

- Tension arm stopper

While no tape 1s mounted on the tape reader,
the tension arms rest on these stoppers.

8" tape reel

In a tape reel 8" in diameter, a part program
tape approximately 180 m in length can be
wound.

+ Reel hub

The reel hubs are mounted on the reel spindle,
and serves to receive and arrest tape reels on
them. See Fig. 5.7.

Tape threading graphic plate

This plate shows the tape threading route
graphically.

2 -)\\REEL STOPPER PIN

REEL-HUB LOCK PAWL
REEL SPINDLE

Fig. 5.7



5.2.3 HANDLING 8-INCH TAPE REELS (CONT'D)

Thread the part program tape as follows 2.
See Figs. 5.8 and 5.9.

1. Holding the right reel with one hand, turn
the reel hub until the pawl 1s aligned with
the reel groove, and dismount the outside
reel flange, the tape bobbin, and the inside 3.
reel flange from the tape hub.

REEL HUB g INSIDE

REEL REEL REEL
STOPPER LOCK

PINL PAWL
| Ip—

T ,

Insert the traihng end of the part program
tape 1n the sht in the tape bobbin, and wind
the tape on 1t. (When a tape bobbin without
a sht is used, fasten the tape end to the
bobbin with adhesive tape.)

Turn the reel hub until the lock pawlis align-
ed with the stop pin. (See Fig. 5.7.)

TAPE CORE 1T OUTSIDE
[—--—! REEL BAIL
e

jinZ

CORE NOTCH

Fig. 5.8 Tape Mounting Procedure

REEL
LOCK PAWL

Fig. 5.9 Mounted Tape Reel with Tape
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4. Mount the inside reel flange on the reel hub,
aligning the groove in the flange with the

lock pawl on the reel hub. % .

5. Mount the reel bobbin with a part program
tape wound on it on the inside reel flange.

6. Mount the outside reel flange, aligning the
notch in the flange with the lock pawl, and
turn the lock pawl until 1t is brought between
the two notches on the inside reel flange.

7. Unwind the part program tape approximately
1.5 m.

B. Thread the tape through the right gude
rollers and the tension arm to the tape
reader.

9. Wind the leading end of the tape on the left
reel 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 shp loose when pulled.

10. Thread the tape through the left guide roll-
ers and the tension arm, as shown in the
tape threading graphic plate

1. 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 praperly mounted as shown
n Fig. 5.6.

12. Turn the power supply switch on.
The tension arms may move momentartly, but
become stable. Now, the tape can be driven
smoothly in both directions in the automatic
operation mode and by the manipulation of
the TAPE FEED switch.

NOTES:

- While the part program tape 1s not in use, 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 1s on, do not
turn the tape reels by hand, etc,
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3.3 PORTABLE TAPE READER UNIT'

When thé control 1s equipped with an R5232C
interface selected from the data I/O imnterface
options, this portable tape reader unit can be
connected to 1t for the following operations.

(1) Automatic operation by part program tapes
(TAPE mode)

(2) Storing of part program tape contents and NC
internal data tape contents into the memory
in the NC, and their ¢ollation (EDIT mode)

However, 1o use the portable tape reader unit,
set the setting data funciton to R5232C interface,
by referring to the Table 5.3. Specifications of
Portable Tape Reader Unit are shown in Table 5.4,

Table 5.3
?nattjrg:feu:o IDVCE 1 IDVCE 0
be used {#6003, D1) (#6003, DO)
PTP
Interface 0 0
RS232C 0 A
Interface
RS5422
Interface 1 0

Table 5.4 Specifications of
Portable Tape Reader Unit

Read and reqind

speed 200 char. /sec

Reading system LED

Power supply

100 VAC, 50/60 Hz

Power lead

Approx. 2.5 m

Dats I/Q interface

RS232C Interface

Cable connector for
data I/0 interface

Approx. 3m
(DB-25p provided
at both ends.} Note

Weight Approx. 14 kg
Dimensions Refer to Fig. 5.10
Note: Not always provided as an accessory.



5.3 PORTABLE TAPE READER UNIT (CONTD) c. Connect the portable tape reader to the NC

{1) Make the following preparatory work with
tape reader.

a. Unlatch the two draw latches, and pull up
the top lid by the handle until the lock chicks.
The top lid 1s locked in the position permitiing
tape reader manipulatien. See Fig. 5.10. d

b. Unwind the power lead from the tape rear,

and plug 1ts plug into a 100 VAC commercial
power cutlet.

TAPE FEED SWITCH

with the RS232C cable connector dehvered
with the tape reader {(or prepared by the
user). When the delivered cable connector
1s used, plug the connector marked with

a "1RO" nameplate to the 1RO connector on
the NC {(Fi1g. 5.11).

Flip the POWER toggle switch on the left side
of the tape reader to ON.

The portable tape reader is now energized.
Make sure that the POWER LED (red) lights.

TAPE READINC HEAD
AND TAPE FEEDER PART

LOCX METAL
Sotmc FOR REMOVAL
DRAWING /
= RS232C
J i / DATA 1/0
INTERFACE
— =1
SWITCH
— [ @ ) r
o o =
4 POVER LEAD
1 . . - . £ L
DOOR ' _J H
LaTcH i : LAPE READING
— H UNIT BUILT-IN
! ey CARINET
| 1
I |
L----J 1
| 1
1 I
] )
1 )
¥ ]
1 ]
b i ———— 4
j - ) —— | —
380 240
Fig. 5.10. Dimensions of Portable Tape Reader
PORTABLE
NC TAPE
READER
NAMEPLATE
—fiRa} =
APPROX I M
I~ .
DB-25P DB-2
CONNECTOR CONNEETOR

Fig. 5.11 Cable Connector for RS232C Interface
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(2)

a.

b.

(3)

Now, the portable tape reader is ready for
use. It can be used in the normal TAPE
mode for tape operation (Paragraph 7.6),
and for storing and collating cohtents of part
program tapes and NC internal data tapes
{Paragraphs 4.4 and 4.5).

After using the tape reader, put it in the
box and store 1t as follows.

Flip the POWER toggle switch to OFF.

Unplug the R5232C cable connector at both
ends, and store it separately in a vinyl bag
or the like.

Unplug the power lead from the outlet socket,
and wind the lead on the lead wind fixture.

Holding the top lid handle, push the lock
fixtures on both sides inward to unlock them,
and carefully let the tape reader enter into
the box.

. Lock the top lid with the two draw latches

firmly. Store the tape reader where the awr
1s free from oil mist and humidity.

The operation of the tape reader members 1s
as follows.

. TAPE FEED swatch

This is a spring return switch for feeding
the tape forward and backward manually.
Pushing the switch lever to the F (forward)
position feeds the tape forward {(from right
to left), and vice versa. The tape 15 fed
only while the switch lever 1s kept tilted.

Light Source

As the light source, an LED 15 used. It
requires no maintenance except for daily
cleaning.

c. Tape Reading Head and Tape Feeder

In the tape reading head, phototransistors
are built in under a glass window. Since
dust and scratches on the glass window are
liable to cause reading errors, 1t should be
cleaned periodically, and handled with care.
Refer to 8.1 Routine Inspection Schedule.
Located in the center 1s the tape feed sprock-
et, for engaging the feed holes of the part
pregram tape.

Tape Guide

For feeding 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. With the
tape guade lifted, cycle start in the TAPE
mode cannot be made, and the TAPE FEED
switch 1s mneffective. The sprocket 1s freed
from the feed holes so that the tape can be
pulled freely in both directions.

LIGHT SOURCE

/

d ®

r~ TAPE GUIDE

TAPE READING HEAD
AND TAPE FEEDER

== °

— 165 —

TAPE BAIL RELEASING MAGNET

FEED HOLES

e=———r REVERSE

Fig, 5.12



6. MACHINE CONTROL STATION

6.1 SWITCHING UNITS ON THE CONTROL STATION

HANDLE® Allows the tool to feed by operating
the manual pulse generator™

Fig.6.1 shows the layout of switching unit on TAPE. Automatically controls the system from
the control station. For details, refer to the ma- NC tape. ’
chine tool butlider's manual.

MDI Allows the operator to insert up to 10

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

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 memeory and
edit the part program.

MEM, automatic-operation mode in this manual
MODE SELECT
RAPID- Allows the tool to traverse rapidly or CYCLE  FFED
START HOLD TAPE
return to reference zero by manual operation. N
[ o MD1 HANDLE
4!
JOG: Allows the tool to feed continuously by D MEM ‘!’ STE?
manual operation Feedrate 1s set by JOG JOG
FEEDRATE switch EDT RAPID
STEP. Allows the tool to feed manually by step Fig. 6-2
each time JOG pushbutton 1s depressed
oF- IS Z-8X15
OP-  TIONAL o ”
CYCLE  FEED MCDE SELECT SINGLE TIONAL BLOCK DRY zgg OFF NE iggfm"
START HOLD APE BLOC~ STOP  SKIP  RUN /‘\IESEEINE GLEC
o o MDI HANDLE - @ 183 ® @
STEP
D D MEM@{OG OFF  OFF OFF  OFF OFF  OFF
EDT FID
MIRROR IMAGE
MANUAL AXIS OVERRIDE START EDIT
ABSOLUTE X CANCEL LOCK?T LOCK®
OFF OFF  OFF OFF  OFF
MANUAL
HANDLE PULSE RAPID TRAVERSE  FEEDRATE SPINDLE-SPEED
AXIS~ MULTIPLY RATE OVERRIDE OVERRIDE OVERRLDEt
z X100 50 a0
},.\A X1 1000 25)/\, 100 f“\,lm
S ) noo I W o7 ()7
X100,000
g %200
EMERGENCY ; REFERENCE POINT'
ERCE P 106G . JOC FEEDRATE E PO TOOL LENGTH
X Y Z - 2 MEASUREMENT™
+x ~‘1’ +Z <8 O 08 oa
D D D L1 4 1 | MEASLRE- WRITE &
REFERENCE POINT {XMENT RETRACT
" coog Y e
OFF

Fig. 6.1 Machine Control Station
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6.1.2 CYCLE START PUSHBUTTON AND LAMP

Depress this pushbutton te start*the system in
the automafic 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
pressing FEED HOLD pushbutten or MODE SE-
LECT switch.

6.1.3 FEED HOLD PUSHBUTTON AND LAMP

When the FEED HOLD pushbutton ts depressed
during automatic operation, the feedrate 1s de-
creased immediately and machine motion 1s stop-
ped. Feedhold 1s not active during tapping by
G84, however, 1t functions during positioning
before tapping. Depressing the FEED HOLD
pushbutton during dwell by G04 works on com-
pletion of the current block.

I1f it 15 depressed while M-, S-, T or B*func-
tion without move command 1s being executed,
the FEED HOLD lamp will light, but these func-
tions will be continued until finished, On com-
pletion 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 15 automatically 1lluminatedwhen
the machine stops temporarily during canned cy-
cles 1f SINGLE BLOCK switch 1s set on.

6.1.4 EMERCENCY STOP PUSHBUTTON

Depress this pushbutton to immediately stop all
machine movement in an emergency. The servo
power 1s turned off and the machine 15 stopped
immediately by dynamic brake. The NC ALARM

lamp lights and alarm code "330"and "310"are 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 pushbutton
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 STOP

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 coperation
is effective for an axis. Procedure of HANDLE
operation 1s 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 1t clockwise causes the axis to move
in the plus direction. The axis moves in the

minus direction by turning i1t counterclock-
wise.

HANDILE MANUAL
AXIS PULSE MULIIPLY
Z X100
}/\A 10 X1000
X100000

Fig. 6.4

6.1.6 HANDLE AXIS SELECT SWITCH'

This switch is used to select an axis to be oper-
ated. For operation of the switch, see Paragraph
6.1.5 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 mode.

' Select the move amount (1 step) from Table
6.2 corresponding to each depression of JOG
pushbutton in the STEP mode.



6.1.7 MANUAL PULSE MULTIPLY SELECT
SWITCHT {CONT'D)

Table 6.1 Selection of Move Amount

in the HANDLE ModeT

Metric Inch Rotating Anglet
% 1 0.001 mm/ 0.0001 inch/ 0,001 deg/
graduation graduation graduation
0 0.01 mm/ 0.001 inch/ 0 01 deg/
x 1 graduation graduation graduation
x 190 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
x1 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 mch/step 10.0 deg/step
x 100000 100.0 mm/step 10.0 inch/step 100 0 deg/step

6.7.8 HANDLE DIALS FOR SIMULTANEOQUS
CONTROL OF UP TO THREE AXes?

When a manual pulse generator 1s connected for

each axis, the tool can be manually moved along
selected three of the five axes (X,Y,Z, a¢and 8)
stmultaneously.

1. The tool move distance per graduation of the
HANDLE dial for the manual pulse generator
15 determined by the MANUAL PULSE MUL-
TIPLY switch (Table 6.1 }. This switch
is effective on all the three axes.

2. Set the mode select switch to HANDLE, and

turn the HANDLE dials for the desired axes
in the positive or negative direction

6.1.9 JOGC PUSHBUTTONS
This pushbutton 15 used to feed the tool manually.

. wWith any of pushbuttons +X, -X, +¥, -¥Y, +Z,
or -2 {(+a,-a,+f .-fJ‘)T held in the RAPID mode,
the axis can be moved rapidly until the button
1s released.

- These pushbuttons move the tool at the speed
set by JOG FEEDRATE switch in the JOG mode

. Each time the pushbutton 1s depressed in the
STEP mode, the tool 1s moved by the value equal
to 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.

Ist
HANDLE
AX13

s

Znd
HANDLE
AX1S

Ird

HANDLE
AX1S

2 Z
' ([fjp ’ ' ({fib ’

0“'-"'0.

i,
“‘. ..'.'

Y-AXIS

MANUAL
PULSE MULTIPLY

X100
X10 X1000

x1 X10000
X100000

Fig. 6.5

JoG

+Y rZ +

[]

Ok
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6.1.10 JOGC FEEDRATE SWITCH

The JOG FEEDRATE switch 1s 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 buwlder's manual. See Table
6.7. The JOG feedrate can be preset by para-
meters #6233 to 6264.

RAPID TRAVERSE

JOG FEEDRATE RATE OVERRIDE

50
2100
%
R
Fig. 6.7

6.1.11
SWITCH

RAPID TRAVERSE RATE OVERRIDE

This switch 15 used to adjust the traverse rate
by Fg, 25, 50 and 100%. 100% Rate is the rapid
traverse rate set by parameter #6280 to 6283,
The switch 1s effective both in automatic opera-
tion mncluding GO0 command and in manual opera-
tion (RAPID mode). Fy 1s set by parameter
#6231,

6§.1.12A FEEDRATE OVERRIDE SWITCH

In the automatic operation mode (TAPE, MEM,
MDI1), this switch 1s 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 CVER-
RIDE CANCEL switch 1s set on, the tool will be
moved at the programmed feedrate by F code
regardless of switch setting.

* Table 6.3 Jog Feedrate

Step Parameter No. mm /min Step Parameter No. | mm/mimn
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
B #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:

1. Jog feedrate depends on the machine tool.
For definite values, refer to the machine tool bulder's manual.

2. Feedrate of the fourth and fifth axes', :f provided, 1s shown by deg/min,
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6.1.12A FEEDRATE OVERRIDE SWITCH
{CONT'D)

Table 6.4 FEEDRATE OVERRIDE

STEP % STEP %
1] 0 11 110
1 10 12 120
2 20 13 130
3 30 14 140
4 40 15 150
5 50 16 160
6 60 17 170
7 70 18 180
8 80 19 150
9 90 21 200

10 100 = -
OVERRIDE
CANCEL
FEEDRATE
OVERRIDE Fig. 6.8

0 200%
6.1.12B JOGC FEEDRATE OVERRIDE SWITCHT

1. This option permits overrides in 21 steps of

10% per step within a range of 0 to 200% 1n relation

to the jog feedrate.
2. This switch also serves as the "FEEDRATE

OVERRIDE" switch. When the JOG mode 1s selected.

the Feedrate Override switch becomes the Jog
Feedrate Override switch,
JOG PEEDRATE
OVERRIDE
&
FEEDRATE

OVERRIDE
100

3. Use this function as follows.

Although the Jog Feedrate switch can be switched
over in a maximum of 32 steps, this is lmted to

the three steps of LOW - MEDIUM - HIGH and the
intermediate speeds are compensated for with the
"JOG FEEDRATE OVERRIDE" function.

6.1.13 FEEDRATE OVERRIDE CANCEL SWITCH

Turning on the OVERRIDE CANCEL switch pre-
vents the function of FEEDRATE QVERRIDE switch.

6.1.14 SPINDLE SPEED OVERRIDE SWITCHT

1. With this switch, the current spindle speed
can be changed to an override speed which
1s set at 10% intervals between 50 and 120%
of the current spindle speed.

2 During the tapping c¢ycle 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 S
code. This selection i1s made with the param-
eter #6007p2.

SPINDLE-SPEED
OVERRIDET

20 Fig. 6.9

1207.
50 l!i

6.1.15 MANUAL REFERENCE POINT RETURN
swiTchHt

This switch 1s for bringing the tool back to the
reference point manually.

For i1ts operation method, refer to 6.2.1 MAN-
UAL RETURN TO REFERENCE POINT.

6.1.16 REFERENCE POINT LAMPS™

These lamps indicate that the tool 1s 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.

REFERENCE POINT?

X Y Z « &
O 0O 00
L L 1 ] ]
REFERENCE POINT SINGLE
RETURN BLOCK
c@ OFF
Fig. 6.10

6.1.17 SINGLE BLOCK SWITCH

Turning on this switch permits mdividual block-
by-block operation. Turming on this switch after
finishing the current block in the automatic oper-
ation mode, the machine stops. A block of data
1s executed each time the CYCLE START push-
button 1s activated.

6.1.18 OPTIONAL STOP SWITCH

This switch 15 to execute M0l command 1n auto-
matic operation mode (TAPE, MEM or MDI}.

When the switch 1s on, the program stops on
completion of the block including M0Y command,
while CYCLE START pushbutton remains 1llu-
minated. When the control catches FIN signal,
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the light is extinguished. To restart the pro-
gram, depress the CYCLE START button. When
the switch is off, M0l command is 1gnored.

Operation of the switch is not effective for the
block bemng 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
"/ remains effective,

2. WHhle this switch is off, blocks including a
"/" are 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:
2. The two commands "/" and "/1" are equvalent

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
ngr Rapid traverse rate*
mn 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

block. 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 durmg dry run operation.

DRY
RUN

@ Fig. 6.11

OFF

6.1.21 DISPLAY LOCK/MACHINE LOCK SWITCH
This switch functions to stop updating the posi-
tion display, or to stop move command pulses to
the servos This switch cannot be set unless the
machine 1s stopped at block end or temporanly
stopped by FEEDHOLD pushbutton.

LOCK MODE
QOFF

DISPLAY MACHINE
LOCK LOCK

nOFFIr

Usual operation 1s made at "OFF" position in both
manual and automatic operation. The machine
and the positton display operate according to the
command by automatic operation or manual opera-
tion.

Fig. 6.12

"DISPLAY LOCK"

This position 15 used to exclude the axis move-
ment value from the position display. Current

position display 1s 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-, S-, and T-func-
tions are executed. This position is selected to
preset the display or to check the tape data.

6.1.22A Z-AXIS FEED NEGLECT SWITCH

The switch 15 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 1s in-
libited, though the position display 1s updated.

Operate the switch when the machine 1s stopped.
That 15, the switch does not function except when
the machine is stopped at the block end by SIN-
GLE BLOCK switch or temporarily stopped bv
FEED HOLD pushbutton.
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6.1.228 U4TH AXIS NEGLECT INPUT

{1) When the POWER ON switch 1s pushed with
a 4th axis neglect input on (contact 1s closed),
the system 1s equivalent to one without the 4th
axis control. If motion along the 4th axis 1s
commanded 1n this state, the machine remains
motionless along the 4th axis, but the position
display indicates the supressed motion. {Machine
lock state).

YASNAC

H,;

NG | 4TH aAxXls

{ NEGLECT

—-—

(2) The ON/OFF switchung of parameter #5023
D6 1s equivalent to the ON/OFF switching of the
4th axis neglect mput. The result of these two
is determined by their logical OR.

Ifgft #6024 D6 | (4oNC IEé’f‘Zi‘i ?oils Neglect)
ON ON (1} ON (Closed)

ON QFF (0) ON (Closed}

OFF | ON (1) ON (Closed)

OFF | OFF(0) OFF (Opened)

NOTE: When 4NC mput or #6023 D6 1s switched
over, be sure to switch on the power supply agan.
Otherwise, the switching is ineffective.

6.1.22C 5TH AXIS NEGLECT INPUY

(1) When the POWER ON switch 1s pushed with
a 5th axis neglect input on (contact 1s closed},
the system 1s equvalent to one without the 5th
axis control. If motion along the 5th axis 1s
commanded 1n this state, the machine remains
motionless aleng the 5th axits, but the position
display indicates the supressed motion. {Machine
lock state).

YASNAC

[

l 1 5TH AXIS
r | MEGLECT

{2) The ON/OFF switching of parameter #6024
D6 1s equivalent to the ON/OFF switching of the
5th axis neglect input. The result of those two
15 determined by their logical OR.

I:;I:St #6024 D6 | (s6NC I;g:glc;;i}:ns Neglect)
ON ON (1) ON (Closed)

ON COFF (0) ON (Closed}

QFF | ON (1) ON (Closed)

OFF | OFF(0) OFF (Opened)

NOTE: When 5NC input or #6024 D6 1s switched
over, be sure to switch on the power supply agair
Otherwise, the switching 1s meffective.
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6.1.23 M-FUNCTION LOCK SWITCH
(AUXILIARY FUNCTION LOCK)

+ When the M-FUNCTION LOCK switch 15 on, 1t

ignores the M, S, T, and B* commands. To
check the tape data, the operation by the switch
15 used 1n combination with MACHINE LOCK
function. o

A
AUXILIARY
FUNCTION
LOCK

Fig. 6.13

+ The following M codes are executed even 1f the

switch 1s set on.

- MO0, MO1, M02, M30
Both its decoded signals and 1ts BCD codes
are sent out to the machine.

- M90 to M99
BCD code 15 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.

.1.28 MANUAL ABSOLUTE SWITCH

© When MANUAL ABSOLUTE SWITCH 15 on.

When automatic operation 1s 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 1n parallel with the path speci-
fied by the program.

When the command of the next block 1s G00 or
G01, the tool moves automatically to the tar-
get coordinate specified by the program. Then
the operation 1s performed according to block
of data.

When the command of the next block is G02 or
G03 (circular interpolation), the interpolation
is performed in parallel with programmed com-
mand. The tool automatically returns to the
target coordinate when G00 or G0l is command-
ed after the circular interpoclation.

REST OF :
TRAVEL £O, PE COMMAND
MANTAL
OPERATI TRAVEL TO TARCET

COORDINATE SPECTIFIED
BY PROGRAM COMMAND

60O 0
' CIRCULAR . R GOl COMMAND
INTERFOLATION
a/rm:pmn
STOP
(FEED HOLD)
Fig. 6.14

- When MANUAL ABSOLUTE switch is off.

After the automatic operation 1s interrupted by
manual operation, the coordinate system is
shmfted, and the tool performs the rest of the
travel commands 1n parallel with programmed
moves.

ACTUAL MOVEMENT
TAPE COMMAND

REST OF
TRAVEL COMMAND

GO0 OR GOIL COMMAND

MANUAL x
OPERATION >!
P \ MANL AL
ABNOLUTE
7 crdumr ™ 4
INTERPOLATION N
TEMPORARY STOP S~
(FFED HOLD) 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
GZ28, or operating the RESET key. The com-
mand value 15 forced to change to the current
position. Thus the shift value is reset.

6.1.25 MIRROR IMAGE AXIS SELECTOR SWITCH

MIRROR IMAGE AXIS switch selects the axis
whose motion 15 reversed for programmed opera-
tions.

To select the mirror mmage axis with this switch
as well as setting function, set the data of set-
ting # "6000pg-p3" to 0. - b

Turn on the MIRROR IMAGE AXIS switch of the
axis to which Mirror Image function 1s assigned.
The motion of the selected mirror image axis 1s
set up at M95 command 15 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

AXIS

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 1n
the tool offset memory. For operating procedure,

refer to 6.2.3 Automatic Tool Length Measurementf.

TOOL LENGTH
MEASUREMENTT

Lo hl

MEASURE-  WRITE &
MENT RETRACT

%

I

Fig. 6.17

6.1.27 START LOCK INPUT (OR SWITCH)®

When the START LOCK is on, CYCLE START
pushbutton does not function. Use the START
LOCK input tc prevent operating the machme 1n
abnormal condition during automatic operation
The input may be used as on/off switchk on con-
trol station for machine.

START
YASNAC LOCK
START STLK l START
LOCK ! ' J LOCK
OFF

Fig. 6.18

6.1.28 EDIT LOCK swiTcH?Y

Turning on the EDIT LOCK switch prevents the
function of ERS, INS, ALT, and EOB keys, and
stormg from NC tape. When editing 15 made with
EDIT LCOCK switch turned on, "EDIT LOCK"
blinks on the CRT display.

6.1.29 AXIS INTERLOCK tNPUT

The control 15 provided with AXIS INTERLOCK
mnput for each axis to prevent axis motion.

Interlocking an axis in feed motien 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
stmuitaneously mterpolated disables the inter-
polation.

YASNAC
. ITX
C— X
AX1S ITY AX1S
INTER-| [} o o—4Y INTERLOCK
LOCK _—
0 g2
f1Te
174
i, pg—1st
Fig. 6.19

6.1,30 EXTERNAL DECELERATION INPUT
SIGNALS T

In order to eliminate the danger of lugh speed
contact at speed end caused by erronecus motion
commands, limit switches for originating external
deceleration 1input signals may be installed at
selected points.

1. During rapid traverse (G00) and manual
operation

When the limit switch 1s tripped by the tool
movement, the traverse speed 1s decelerated
in the tripping direction to a level set by
the parameter #6340. In the direction oppo-
site to the tripping direction, the original
speed remains unchanged,

2. During motion at feedrate {G94)

While the limit switch 1s being tripped, the
tocl moves at a speed set by the parameter
#6341. If the feedrate set by the F command
15 lower than the rate set by the parameter,
the original feedrate remains unchanged.
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SPEED SET BY PARAMETER

(2) The parameters for setting prohibited areas
are as shown in the table below.

#6340
F_commMAND ! SPEED SET BY PARAMETER X Y z
\1__ o341 % 3pq |EOINt A3 | #6650 | #6651 | #6652
> {— r
i 0 Point B3 | #6653 | #6654 | #6655
g Point A4 | #6656 | #6657 | #6658
TRAVERSE RATE CLAMP LIMIT SWITCH 4th
: e Point B4 ] #6659 | #6660 | #6661 | Parameter
I ERATED
RELEASED g | DOt A5 | #6662 | #6663 | #6664
Fig. 6.20 Point B5 | #6665 | #6666 | #6667
YASNA
¢ +EDCX Pont A sets the boundary value on the positive
i D ag +X (+) side of the machine coordinate system and
point B sets the boundary value on the negative
& -EDCX —x {-) side.
(3) Setting of the inside or outside of the 3rd,
+EDCY v 4th and 5th prohibited areas as the prohibited
D TRAVERSE area 15 performed simultaneously by the following
TRAVERSE ~EDCY -Y RATE parameters.
RATE D 23 CLAMP
CLAMP +EDCZ .|, LIMIT
LIMIT D o, *2 cuITCH #6007 D1 Meaning
SWITCH ngn Inside Prohibited
—EDCZ e nside Pro ite
[:lL == nle OQutside prohibited
+EDC
+a
Flg. 6.21 G g +
—EDC (4) The following external signals are used to
D— a8 -a turn on area check of either the 3rd or 4th
prohibited area.
+EDC#A n
[ pe—rs |,
D -EDC# ag s #1312
- M
Notes: t D1 | DO canne
1. The external deceleration function is meffec- 00 3rd to 5th prohibited area check OFF
tive on feedrate specified :n mm per revolu- 0|1 3rd prolubited area check ON
tion of the spindle (mm/rev).
1 0 4th prohibited area check ON
1n. It 1s also ineffective on the HANDLE feed.
1)1 5th prohibited area check ON

6.1.31 THIRD TO FIFTH STORED STROKE*®

By adding the stored stroke limit function (G22,
G23), it is possible to set the third, 4th and
fifth prohibited areas simultaneously. However,

selecting the ON/OFF state of this function must
be by means of an external signal,

(1) 3rd, 4th and 5th prohibited areas

The 3rd, 4th, and 5th prohibited areas can be
set by means of the parameters "Address Stroke
Limit -3, -4, -5"

AMX,Y,2) Ad4{X,Y,Z)

3RD PRORIBITED AREA

B3(X.Y,Z) Ba(rn,Y.2)

4TH PROHIBITED AREA

0: Contact open 1: Contact closed

When this function is not used, set mput

signal #1312 DO and D1 to "0."

NOTE: Same as the notes for section 2.9.12
"Stored Stroke Limit" on page 33.

AS(X.Y.Z,)

5TH PROHIBITED AREA

B5(X.Y.2)
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6.2 OPERATION PROCEDURE
6.2.1 MANUAL RETURN TO REFERENCE POINT

with this function, the tool 1s returned to the
reference point manually. The procedure is as
follows.

1. Set the mode select switch to RAPID or JOG.

2. Manually move the tool to a position some
distance away from the reference pont.
When the tool is within the range A shown
below, 1t can be brought back to the refer-
ence point in the normal way, as described
below.

3. Turn on the REFERENCE POINT RETURN
switch.

4. Keep the JOG button for the return direction
depressed. The tool starts to move as In the
normal manual control, but the speed 1s de-
celerated at the deceleration point, and the
motion stops automatically at the reference
point.

. Then, the REFERENCE POINT lamp for the
relevant axis hghts.

SPEED SEQUENCE

| —a— — DECEL LS SIGNA
[

ZEROPOINT 5IGN

AREA A AREA B

af---

(@) APPROACH SPEED 2

(D RATIO TRAVERSE RATE
(#6316 - #6320)

(#6280 - #628 )
(2) DECELERATION POINT

@ APPROACH SPEED 1
(#6310 - #6314)

& TRAVERSE DISTANCE
(#6304 - #6308)

&DOG WIDTH

Fig. 6.22

NOTES

a As long as the power supply 1s turned on,
either the manual or the automatic return to
reference point can be mmitiated, regardless
of the tool position, but the tocl will not re-
turn to the reference pomnt accurately 1f the
tool 1s started from a point in the area B. Be
sure to bring the tool into the area A before
mitiating a manual or automatic return motion.

b Once the tool 1s returned to the reference
pont, the point C1s stored, and if the refer-
ence return motion 1s initiated from a point in
the area B, this 1s reparded as an error. Start
the reference return motion from a posiionin
the area A.
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X

6.2.1 MANUAL RETURN TO REFERENCE POINT
(CONT'D)

¢. Once the tool is returned to the reference
point, 1t can not be further moved in the same
direction unless the REFERENCE POINT RE-
TURN switch is turned off.

d. While the MACHINE LOCK switch is on, the
reference point return function 1s ineffective.

e. Do not return the tool to the reference point
by the manual reference point return func-
tion, while the buffer 1s loaded with blocks
read 1n advance of execution, because the
stored motion data will be erased by the
reference point return motion.

JOG

N\ REFERENCE POINT?
-3 =/ e -4 7

[

y:)

X Y a
goQg ¢seee

- |
2 REFERENCE POINT

L]
(]

EEEEEy ‘©

OFF

Ok

Fig. 6.2.1.2

6.2.2 AUTOMATIC COORDINATE SYSTEM
SETTINGT

With this function, a new coordinate system 1s
set up automatically upon the return of the toocl
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 1s equivalent to the ones set up by G9%.
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1.

2.

Parameters for metric system

Parameter Meaning
#6636 X coordinate
#6637 Y coordinate
#6638 Z coordinate
#6639 4th coordinate
#6640 5th coordinate

Parameters for inch system

Parameter Meaning
#6630 X coordinate
#6631 Y coordinate
#6632 Z coordinate
#6633 4th coordinate
#6634 5th coordinate

Asxis can be selected by parameter #6015 for
both metric and inch systems.



6§.2.3 AUTOMATIC TOOL LENGTH MEASURE-
MeENTT

When a tool mounted on the spindle is manually

brought to a position where the tool tip makes +Z
contact with the reference surface for Z-axs,
and the WRITE & RETRACT button is pushed, HOME POSITION
the following operations are performed by the MOVE Joc$ |RETRACTION
control. MEAS- -2, !
) URE- I
&. The distance between the set Z-axis home MENT '
pesition and the reference surface 1s stored (M) TOOL TOUCH POSITION
automatically in the memory having the cur- 7
rently specified correction number. 44 BASE POSITION (B)
The difference between tool touch pesition
P WORKPIECE T\OOL

and base position zan be set by parameter.

LENGTH
b. Increase the correction number by 1, in pre- MEASUREMENT
paration for the next writing. BLOCKGAGE  SETTING #6507
c. Return the tool to the Z-axas home position. .
Fig. 6.25

1. Measuring method (parameter #6039D = "0") Home position 1s the point where measure-

ment starts. Measurement is made with the

a. Mount a tool on the spindle, and move 1t to point temporarily determined as coordinate

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.

Note: To display the home position as coor-
dinate 0, reset the position referring to
4.3.4.1. Measurement after resetting will
be made in the offset mode.

b. Select the manual operation mode (RAPID,
JOG, HANDLE or STEP)} using MODE SE-
LECT switch.

f. Set the tool to the tool touch position by
controlling Z-axis manually. Tool touch po-
sition 1s the position specified arbitrarily
based on the base position (machine work-

Push the function key |OFS|.

The offset number specified previously and
related data are displayed.

piece surface). The difference between tool

touch position and base position 1s set in
advance mn setting #507 ("1" = input unit}.

The difference 15 regarded as thickness of
block gage.

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

Write it in plus value.

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 15 effective only in the manual
operation mode and while the key is
selected.

TOOL LENGTH MEASUREHENTT

r T
MEASURE- WRITE&
MENT RETRACT
o
O O I KT s 0, s
MEASUREMENT BIAS

#6507=10.000 MM

Fig. 6.24

Fig. 6.26

The figure above shows the value in the
offset number 05.
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¥ e
Fapa
5]

ML = (-Z}) - (B)

1. The tool automatically returns in the Z-
direction to the home position 1n rapid
traverse.

11. The tool offset number 1s increased by
one in preparation for next writing of
offset value
{When 1t 15 H99, HOl 15 designated.)

Exchange the too]l with a next tocl by manual
operation or by MDI operation. Even when
the MDI mode 15 switched on, the MEASURE-
MENT lamp remains hghted. Return to the
MANUAL mode afterwards.

Repeat the processes f. through h. to store
all the required offset values.

Push the MEASUREMENT key.

The MEASUREMENT lamp goes out, and the
automatic writing function 1s 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 1s different from
the tool change position, the new tool may
be brought to the reference surface di-
rectly without first returming 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 oifset number 15 changed
to H01 but no writing nor tool return 1s
performed. When the key 1s pushed again,
the tool offset value 15 written under HO1
in the normal manner.
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+Z

REMAINING
DLSTANCE

3.

i1t.

value, the remaining distance Ry, is written
when the parameter #6039D4 is set to "1."

The bottom level which i1s used as a base of
calculating remaining distance can be set by
setting #6508 (bottom level setting, 1 = input
umt). Writing operation 15 the same as
described in step 1.

Ry = -(A - ML)

HOMLC POSITION

TOOL LENGTH
MEASUREMENT
BIAS (B) #6507

BASE POSITIUN
ja— BOTTOM LEVEL
SETTING (A}
#6508

BOTTCM LEVEL

WORKPIECE

Fig. 6.27

The following method 1s possible 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 1s set
to TID i

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, parameter

#6039p4 {move measurement value/remamn-
ing distance swilching) 1s effective.
Storing either one of the values 1s deter-
mined by parameter



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 1s 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)

MANUAL
t RESTART OPERATION
———
X —==0

MACHINING INTERX(UPTED
POINT (FEED HOLD, etc)

SEARCHING BLOCK
FOR PROGRAM
RESTART

Program restart 1s of either type P or type Q,
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 1s 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
4

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

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

P0OO0OO040123

AV
LCW-ORDER 4 DIGITS:
SEQUENCE NO.

—— HIGH-ORDER 4 DIGITS
NO. OF TIMES

For example, the nth sequence number may be
called 1n a subprogram for which L times of ex-
ecution 1s 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.

r ™
PROGRAM RETURN 00001 N0125

{UNIVERSAL) M 03 33 10 06 45

X 100.000 £3 *% ¥k ke k2
Y- 200.000
Z  300.000
A 45,000
{INCREMENT) M COUNT (0006}
X~ 258.774
Y 483.123 T 0015 0025
Z- 182.347 5 0500
A 73.442 B 0000

L PRN RDY J

Fig. 6.28 Display of Program
Restart Information

— 180 —



6.2.4.1 PROGRAM RESTART OF TYPE P (CONT'D)

Yoowyy
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 posttion,

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 biock 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 1s 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, S, or B code
necessary for the restart as shown below:

a. Set MDI mode.
b. Press PROG function key.

¢. Key-in the necessary M, T, S, or B code and
depress WR key.

d. Press CYCLE START button,

e. 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 bhutton.

The tool moves to the machining restart position,
axis by axis; that is, the 4th axis, 5th axis, X-
axis, Y-ax1s, 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,

— 181 —

6.2.4.2 PROGRAM RESTART OF TYPE ()

If the coordinate system is changed by any 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) G921s specified by MDI operation.

{3) The setting of work coordinate system 1s
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) Manually move the tool to the start point (of
machining} of the part program. Change the
tool offset amount 1f recessary

(3) Turn on PROGRAM RESTART switch on the
machine control station.

(4) Press PROG function key to display the part
program (being executed). Record the sequence
number of the block 1nmediately 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
v

(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




§.2.4.2 PROGRAM RESTART
OF TYPE Q(CONT'D)

Q00040123
[ S

LOW-ORDER 4 DIGITS:
SEQUENCE NO.

HIGH-ORDER 4 DIGITS.
NUMBER OF TIMES

For example, the nth sequence number may be
called 1n 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 omtted.

{7) When the search is completed, 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, §, 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 tool moves to the machining restart position,
axis by axis; that 1s, the 4th axis, 5th axis, X-
axis, Y- axus, and Z-axas, 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 designated
sequence number.

CONSIDERATIONS AND REMARKS

(1) Before depressing CYCLE START button to
restart the program execution, check to see 1if

the axis-by-axis tool movement (the 4th axis,

5th axis, X-axis,Y-axis, and Z-axis, in this order)
interferes with the work or any part of the ma-
chine. if the tool 1s found interfering, correct the
tool position manually.

{2) In both types P and Q, the tool which 1s
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 1s per-
formed, however, the intervention of MDI oper-
ation 1s not allowed. Manual intervention 1s
possible. But, 1f a manual intervention 1s 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 1s ignored.

(6) Whether it 1s 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 (G92)
b. The setting of work coordinate system was
specified.

ERROR - 122 PRTN ERROR (G54 - G59)

c. 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-
1ng.

{(9) If the designated block i1s not found, an
error will be caused.

ERROR --- 120 PRTN ERROR (NOT 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 1s permitted in the PLAYBACK
mode when PLAYBACK switch 1s turned on in
manual operation mode.

To turn on PLAYBACK mode, activate the PLAY-
BACK switch on the machine control station or
set #6000 D5 at "1." Procedure for storing pro-
gram 1n the PLAYBACK mode 1s 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 O. 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 NOO10
Q0001;
NO0OL G92 X140 Y100 Z30;

N0Q0Z GO0 51200 T0202 MO3;
NO0O3 G41;

NO004 X0 Z500;

NOOO5 GO1 Z0 F20;

NOQ06  X2000;

NOO07  Z-2000;

NO008  Y2000;

NQO009 X3000 Y4000;

POS X1234, 567 Y2345, 678
{(UNIV) Z-2345, 789

LSK RDY
Fig. 6,29
PROG(PLAYBACK) 01234 NOOLO
01234_;_
G00X1234, 567 LSK RDY

f
EDIT BUFFER REGISTER

Fig. 6.30

{5) Move the axis to the position which will be
written as' command.

(6) Depress the address key for the axis whose
position 15 written.

{7) Depress the WR key.

The displayed current value 1s the command
value of the selected 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 (UNI-
VERSAL) is displayed by depressing the PROG
key in the PLAYBACK mode. It 1s 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 1s stored in the part program.

(11} Repeat steps (5}
desired data 15 written.

through (10) until the

(12) Key-in M02: or M30; at the end of the
part program,

NOTES:

1. The part program stored in the PLAYBACK
operation can be edited 1n both PLAYBACK and
EDIT modes. Position data stored in the
PLAYBACK 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 1s 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

X, 1, O, and depressing the WR key will store
the value X1.1000.

5. MDI operation cannot be intervened during
compensation C in the PLAYBACK mode. If the
Cycle Start pushbutton 1s depressed in the
PLAYBACK mode, message "PLAYBACK LOCK,"
will be displayed. With PLAYBACK switch
turned off, MDI operation can function.
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6.2.5 PLAYBACK FUNCTION (CONT'D)

Writing Operation

Y

,1) t700 1000 00}

¢l

1
| 11200 800 600:
iy ey
’l
i - -
0 i o001 <
Al 17,8
1400 200 L4 1700 200 3000
w000z
C (700 200 600
z
Fig. 6.31

Data of positioning at pomnt A 1s stored in the
part program. The block after point A 1s
stored 1n the PLAYBACK meode.

A. Procedure of changmg current position
data using GO0 when machine was moved from
point A to poaint B. Sequence No. for this data
block is N0GO1.

(1) Key-in N, 0, 0, 0, 1.

Do not depress the WR key. If depressed,
YINPUT ERROR" will appear on the screen.
(2) Key-in G, 0, 0.

(3) Depress WR key after X.

(4) Depress the EOB key.

{5) Depress the INSRT key.

Then, block of NQOOL GO0 X0.700; will be
stored mn the part program.

B. Procedure for stormg current position data
using GO01, F02 when machine was moved from
point B to pomnt C. Sequence No. for this
data block is N00Q2.

(1} 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 N000Z GO01Z 0.600F20;
stored in the part program.

will be

C. Procedure for storing current position data
usmng GO0 when machine was moved from point
C to point D. Sequence Neo. for this data block
is NO0OO3.

{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 N00O3 GO0 Y1.000; will be stored
in the part program.

D. Procedure of storing current position data
for three axes sinultaneocusly when machine was
moved from point A to pomt D with linear inter

polation Sequence No. for the data block 1s
N00O4.

(1) Key-mn 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-m F, 1, 0, O,

(7) Depress the EOB key.

(8) Depress the INSRT key.

Then block of N0004 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, follow
the procedure to store the current position data
using the position data of point D when the
machine 1s moved from point A to point 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 1s NO0QOS5.



PROG(PLAYBACK) 0O0010N00C)

00010;,

G91 G28 X0 Y0 Z0;

G92 X9 YO Z0;

G90 GO0 X0.4 YO0,2 20.3;

N0001 GO0 XO0.700;

NQ002Z GOl Z0.600 F20;

NO003 GO0 Y1.000;

N0OG4 GO1 X0.700 Y1.000 Z0.600 F100;

POS X .700 Y1.000

(UNIV) Z 600

N0005 G01X0.5 RDY

Fig. 6.32 BY DEPRESSING WR KEY,

POSITION X IS ADDED TO
THE KEYED-IN VALUE.

PROG(PLAYBACK) 0O0010N0000

©0010;

G91 G28 X0 YO Z0;

G92 X0 YO 20;

G90 GO0 X0.4 Y0.2 Z0.3;

N00OQI GO0 XO0.700;

N0002 GO1 Z0.600 F20;

NO0O03 GO0 Y1.000;

N0O004 GO1 X0.700 Y1.000 Z0.600 FiOU_;_

POS X 700 Y1.000

(UNIV) z .600

NO0005 GOl 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 ¥-0.2
(5) Depress the WR key after keymng-in Z,

(6) Key-in F, 1, 0, 0.

{7} Depress the EOB key.

(8} Depress the INSRT key.

Then, block of N0005 GOl X1.200 Y0.800 Z0.600
F0.600 F100; will be stored in the part program.
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7. OPERATION PROCEDURE

7.3 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 1t

by turning two door lockers with a large screw-
driver. In addition, inspect the machine refer-
ring to the machine tool bulder's manual.

7.2 TURNING ON POWER

1. Check to see that the main power 15 supplied
for the contrel.

2. Depress the POWER ON pushbutton on the op-
erator's panel, and the control power is sup-
phed and then the cooling fans will start run-
ning. Make sure that arr 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 1s ready to operate, READY lamp

“lights

4. If READY lamp does not hght, 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 1s set to RAPID, jOG, STEP

or HANDLE position, the machine can be oper-
ated manually

Operation 1n 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 1s 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: (.0001-0.001-90 ¢1 ~-0.1-1.0-10.0
mch/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 1n HANDLE Mode™

The control with HANDLE dial™ can permit the
operation described below.

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" 1s regarded as
"X100."

4. Rotate HANDLE dhaal.

Turning the dial clockwise:
The machine moves in the positive direction.

Turning the dial counterclockwise:
The machine moves 1n the negative direction.
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7.4 PREPARATION FOR STORED LEADSCREW ERROR
COMPENSATION AND STORED STROKE LIMIT +

Return to Reference Point

With an NC equipped with the stored leadscrew
error compensation or the stored stroke Itmt func-
tions, either of the following two reference pomnt
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 Z0 : in the MDI
mode.

This procedure 1s 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 #6006p

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 #6006p] set to "1," a return to the
reference point 1s required before starting cycles,
alarm codes (001 - 004 "reference point return
incomplete") are displayed, 1f 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 eperation or programming.

1. When G92 is not programmed in a tape or
mem’ory.

- 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.

G92 X-++ Yeur Zee. :
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REFERENCE
ZERQ

Y

+X

ABSOLUTE ZERO POINT (0, 0)

Fig. 7.1

If "G92 X0 Y0 20 ," setting is requred,
the coordinate of each axis can be set to
"0" easily using ORG key.
Refer to 4.1 9 ORG KEY

EXAMPLE

EOR ;

NI Goo X... v... z...

Fig. 7.2

When G92 :s 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 pomnt to reference zero.

EXAMPLE

EOR ,
N1 G92 X... v-.. 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 pomnt
can be performed.



7.5 PREPARATION FOR AUTOMATIC
OPERATION (CONT'D)

EXAMPLE:

EOR ;
Nl G28 X--- Y... Z
N2 G92 X« Yeuor Zoow-

-

Fig. 7.4

7.6 OPERATION IN TAPE AND MEMORY MODE

1.

Make sure that NC ALARM lamp 1s not illu-
minated. If illuminated, detect and eliminate
the cause by the indication of alarm code.
Refer to 4 3 12 DISPLAYING ALARM CCDE.

Check and correct the stored offset values,

7.7 MANUAL OPERATION INTERRUPTING
AUTOMATIC OPERATION
1. Stop the automatic operation temporarily by

depressing FEED HOLD pushbutton or by
setting SINGLE BLOCK switch to ON position.

2. Record the current positions of each axis on
a paper using the current position display
operation.

3, Set MODE SELECT switch to manual opera-
tion mode (HANDLE, JOG or RAPID}, and
the machine can be manually operated.

4. Return the machine manually to the recorded
positions.

5. Set MODE SELECT switch to the interrupted
automatic-mode (TAPE, MDI or MEM).

6. Depress CYCLE START pushbutton, and the
machine will resume the automatic operation.

NOTES:

and then put the machine in the correct start

pomnt.

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 {MO01} toggle switch

- DRY RUN toggle switch

- FEEDRATE OVERRIDE & JOG FEEDRATE

switch

Set the punched tape onto the tape reader.
In MEM mode, this opration 1s not requred.

Depress RESET key on the control station
Then LABEL SXIP lamp will be 1lluminated
and the memory will be rewound.

Depress CYCLE START button to give a Cy-
cle Start to the system.

When the Feed Hold 15 required for the ma-
chine during the system operation, depress
FEED HOLD button.

If the unexpected event occurs in the system,

- Where MODE SELECT switch 1s changed with-
out depressing FEED HOLD pushbutton.

a. When the automatic-mode (TAPE, MDI or
MEM) 15 changed to the manual-mode (HAN-
DLE-, JOG or RAPID), the machine rapidly
slows down and stops.

b. When the automatic-modes are changed the
machine 15 stopped at the block end

- Where the machine 1s restarted by depressing
CYCLE START button, the tocl path shifted due
to manual operation will be changed by ON-OFF
cperation of MANUAL ABSOLUTE switch.

Refer to 6.1.24 MANUAL ABSOLUTE SWITCH.

In manual operation mode, when the CYCLE
START button 15 depressed after writing F, M,
S, T or B* code by use of the same procedure
as that of MDI operation, the command becomes
effective and 1s executed as soon as written.
This procedure 1s used to add new data to an
active buffer. However, M00, M01, M02, M30
and M30 to M%9 cannot be written.

7.8 AUTOMATIC OPERATION IN MDI MODE

1. Set MODE SELECT switch to MDI position.

2. 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 Contentts by MDI on page 134.

immediately depress EMERGENCY STOP push-

button.

3. Depress CYCLE START button, and automat-
ic operation can be executed in MDI mode.



ety
7.9 MD1 OPERATION INTERRUPTING AUTOMATIC
OPERATION

To modify the block data after interrupting op-
eraticn in TAPE or MEM mode, the following op-
eration should be done after interrupting the
operation.

1. Turn on SINGLE BLOCK switch, and the op-
eration 1s interrupted after the completion
of the block being executed. At the same
time, the next blocks of data may be read in
advance.

2. Dusplay the data on CRT DISPLAY according
to 4.3.2 COMMAND DATA DISPLAY, and
check 1t on page 132.

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
on page 134.
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 toe 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 {G41, G42) because
twa — four blocks are read ahead.

- In manual operation mode, when the CYCLE
START button is depressed after writing F, M,
S, T or B* 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 15 used to add a new data to an
active buffer. However, M00, M01, M02, M30
and M90 to M99 cannot be written,
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© Wniting data by MDI should not be performed
in canned cycle modes {G73, G74, G76, G77,
G81 to G89). The machine may not operate

properly.

« Tool radius compensation and canned eycle
modes are not possible in MDI operation.

7.10 PREPARATION FOR TURNING OFF POWER

1. Make sure that the machine 1s at standby and
CYCLE START lamp 1s extinguished.

2. Check to see that NC ALARM is not indicated
on CRT. If alarm 1s displayed, detect the
causes of displayed alarm code and eliminate
them. Refer to 4.3.12 DISPLAYING ALARM
CODE on page 142.

3. Inspect the machine referring to the machine
tool bulder's manual.

7.11 TURNING OFF POWER

1. Depress EMERGENCY STOP pushbutton to
turn off the serve power supply.

2. Depress POWER OFF pushbutton on the op-
erator's panel to turn off the control power
supply.

3. Cut off the main power supply from the con-
trol.



7.11 TURNING OFF POWER (CONT'D]

+ Check of
PREPARATION closing of NC door (:)
» Inspection of
machine
SETTING QF . MODE SELECT
APPLYING * POWER-ON on SWITCHES ON . SINGLE BLOCK,
POWER SUPPLY éz”?egé?gn) MACHINE CONTROL etc,
P STATION
Check of READY 1
€ amp on RESET on
CHECK OF * RAPID CYCLE START on
MANUAL . JOG
OPERATION | . STEp
HANDLE
o 4 FEED HOLD or
. Manual : SINGLE BLOCK on
RETURN TO ggeggélon:
REFERENCE ’ | INTERVENTION OF
ZERQ [ - MANUAL OPERATION
|
Leadscrew |
: ]
compensation, | CYCLE START on
stored stroke ;
limit ON/OFF _Jt

SINGLE BLOCK on

PREPARATION - Positioning to
FOR AUTOMATIC| starting position |
OPERATION ! A/ INTERVENTION OF
i S MDI
|
l NC tape setting

CYCLE START on

STORING AND
EDITING NC
TAPE, PROGRAM
NO. SEARCH

MO2/M30 Completion of
L—D machining

Check if NC ALARM is indicaced.1

CHECK OF
TOOL POSI-
TION OFFSET

®

-

Check if
PREPARATION FOR| . cycl® START off

POWER SUPPLY OFF| . NC alarm off

]

« EMERGENCY STOP on

POWER OQFF on

Fig. 7.4 Operating Procedure
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8. MAINTENANCE

8.1 ROUTINE INSPECTION SCHEDULE

The following table shows the minimym recquire—

ments to be observed for maintenance according
te time in order to keep the equipment in opti-

mum condition for extended period.

Table 8.1.0 Inspection Schedule
b =
@7 lg?
Items Frequency £ g (g Remarks
3|53
AN E

Cleaning of reading

head Daily O Including light source part.
Tape Cleaning of tape
reader tumble box Weekly O
Lubricating of tension X
arm shaft end As required O
;Il‘lght closing the Daily O
oors
Control
panel Checking for loose fit
and gaps of side plates] Meonthly O
and worn door gaskets
Vibration and noise Daily Feel by hand, and do the
audible mspection.
Motor contamination Ins t visuall
and breakage Daily or O pec uaty.
Clearance of ventila- |25 requred Inspect mainly spindle DC
Servomotor tion openings O motor,
and DC
motor for Burned spots, cracks,
4 wear, and pressure Check the length of
spindle brushes.

of brushes

Roughened commuta-
tor surface

Dirt mn interior of
motor

Every
three months

Check dark bar, threading
and grooving of commutator.

Clean with compressed air.

Battery

Daily

O[O0 O |0]O

O

See if alarm for BATTERY
1s displayed on CRT screen.

Except for those checks which can be made
with the NC energized, such as checks for
external cleanliness for vibration and for noise,
be sure to turn off the power supply to the
NC before starting to undertake routine main-
tainance service.
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For this, turming off the power supply by
pushing the POWER OFF button on the NC oper-
ator's panel 1s not sufficient, because after this
button 1s pushed,
are energized, and are potentially dangerous.

several areas 1n the housing



§.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 1s stained
with o1l 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.

B. Remove the tape outlet cover by loosening
two mounting screws and clean the bottom
of the tape tumble box with cloth or brush.

3. Lubricating of tension arm shaft™

For the control with 6 inch  or 8inch
eter reels, lubricate the shaft end of tension
arm, when the tension arm does not move
smoothly.

O

LUBRICATING

\ TENSION ARM

(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 1s a dustproof, sheet-steel en-
closure with gasketed doors.

A. Front and rear doors of the control should
be shut tightly, even 1f the control 1s not
operating.

diam-

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 1s as follows,

OPEN POSITION

l

\cwsan
CLOSED
S CLOSED
POSITION POSITION
CLOSED ]

GPEN POSITION

With the door
lock on left
side of the
door.

With the door
lock on right
side of the
door.

Fig. 8.2

NOTE: If the optional door interlocking switch
1s provided, opening the door shuts off the
maimn power supply and stops all operations.

C. Check gaskets on the rims of front and rear
doors.

D. See if the inside of enclosure 1s dusty.
Clean 1t, if necessary.

E. Check for any opening in the door base with
the doors shut tightly.

8.1.3 SERVOMOTOR AND SPINDLE MOTOR 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 visualty. 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) cT

3. Clearance of ventilation window blockage

Check the ventilation window of DC spindle
motor. If it 1s clogged with dust or dirt, 1in-
spect DC spindle motor removing the machine
cover. Refer to the machine tool builder's
manual.

Inspection of commutators and brushes 1s essen-
tial for mamtaming the excellent performance of
the control. Inspection work to be executed is
described in the following three items.

RQuarterly Inspection of Commutators and
Brushes

The carbon dust from brushes, accumulated
around the commutator, mside 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, turming the circuit breaker on the
power supply umt (DCP UNIT) for the servo con-
trol unit (CPCR-MR-K) off 15 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 cperating hours.
If wear is excessive, check to see if oil has
contaminated commutator surface, or 1if ab-
normal overcurrent flow through motor
circut.

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 1s broken,

brush assembly must be replaced as a whole
unit.

-

PIGTAIL

Fig. 8.3

NOTE: When replacing the brush assembly,
consult the company.
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Commutator surface

A. Visually check surface roughness of the
commutator through inspection window,

After 100 to 200 operating hours, the com-
mutator should take on a polished light
brown or cheocolate color. The motor has
developed an ideal commutator film and needs
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 1s observed, investigate the cause of
trouble.

Threading or grooving on the commutator
surface may be due to too small motor load.
Blackened bar 1s 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.

Motor inside (dirty)

A. Visually check the motor interior through
inspection window,

The dred carbon dust will not affect motor
runmng, but 1t 1s recommended that the
mner parts such as commutator, brush-
holders and brushes be cleaned with a drg
compressed air {air pressure. 2-4 kg/cmd).

B. Where oily carbon dust exists inside the mo-
tor due to poor o1l seal or defective enclo-
sure, contact Yaskawa.

Servomotor with ol seal

As the life expectancy of cil seal and brush
15 5000 hours (about five years), the inspec-
tion and maintenance by the company should
be done every 5 years. If possible, yearly
mspection 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 1s not displayed. If 1tis
displayed, inform mamtenance personnel. The
battery must be replaced with a new one within a
month.

The control with a bubble memory board {optional)
does not require a battery.



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.

When the battery 1s discharged after a long period
of use, "BAT" or "A/B" 15 blinked on CRT screen
to give warning for replacement. On such occa-
sions, the battery must be replaced within 30
days. When replacing, never remove the old
battery with power off, otherwise the data stored
1 memory may be cleared.

Replacing Procedure

1. Depress POWER OFF pushbutton on the oper-
ator's station.

2. Open the front door of the control. The bat-
tery of the memory(printed circuit) board can
be seen on the CPU module which 1s mounted
on rear of the front door.

3. Depress POWER ON pushbutton. Where the
contrel is equpped with a door interlock
switch, pull 1t out by hand. The power can
be turned on, with the door open.

4. Check to see :f 1LED on memory board 1s illu-
minated. Fig, 8.2.1 shows the arrangement
of LED and the battery. If illuminated, re-
place the battery.

Type JZNC-GBAO2

5. With the control power turned on, connect
the receptacles of the new battery in to the
plugs (2CN or 3CN) on memory circurt board,
and LED will be turned off See Fig. 8.2.1.
If LED :s still illuminated, it :s due to the
improper mnsertion of battery connectors, or
defective battery.

IMPORTANT- Two plug stations, ZCN and
3CN are connected together with common
leads. When an old battery 1s replaced with
a new one, connect the new battery first
to the plug station not occupied, then remove
the receptacles of the old battery.

6. Depress POWER OFF pushbutton.

7. 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.

Where the control 1s provided with a door
interlock switch, push 1t back in place
since power cannot be turned on with the
door open.

8. Tightly close the front door.
9. Depress POWER ON pushbutton.

10. Make sure that "BAT" or "A/B" on CRT
screen goes off.

MEMORY BOARD, TYPE JANCD-MMO9C

INC 3CN o]
1LED

MOUNTING SCREWS
o FOR BATTERY

THREAD THE LEAD
THROUGH THE GAP
OF BATTERY CLAMP

BATTER

Fig. 8.4 Arrangement of LED and Battery

NOTES

1. While battery 1s being replaced, exercise ut-
most care to prevent contaminants from en-
tering the control, and accomphsh the work
as quickly as possible.

2. Use special] care to prevent water, oil, or
dust, to adhere to the devices (printed cir-
cwit board, connectors, cables, etc ) inside
the control.

3. Never leave any screws or washers in the

control.
MEMORY BOARD, TYPE JANCD-MMOSC

:

2NC 3CN o]
ILED

A
BATTERY MOUNTING SCREWS

o FOR BATTERY

THREAD THE LEAD
THROUGH THE GAP
OF BATTERY CLAMP.

Fig. 8.5 New Battery Mounted
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8.3 POWER CIRCUIT BREAKER AND FU;ES

The power circwt breaker and fuses are provid-
ed for the safety of the control: a power cir-
cuit breaker and four fuses are in the compos-—
ite control power supply umit; two fuses in the
power input unit; a fuse and circuit breaker

in the servo control! power umt. 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. See 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
ON position,

3. Depress POWER OFF pushbutton on the op-
erator's station. Reset the control and the
turn on the power. :

4. If the breaker trips again, contact Yaskawa.

8.3.2 FUSES OF COMPOSITE CONTROL POWER
SUPPLY UNIT

1f any of the fuses are blown, all power supplies
are turned off. Reset the control according to
the following procedure.

1. Remove the blown fuse that is 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 umt,
and remove, 1if any

3. Replace the blown fuse with new one.

4. Depress POWER OFF pushbutton on the op-
erator's station to reset the control and then

turn on the power

5. If the fuse 1s blown again, contact Yaskawa.

INPUT

REAKER FUSE
YOLTAGE, [ s
zoovconzzw %q — OFF
e @, | 0000 /
7.3

Fig. 8.6 Breaker and Fuses of Composite
Control Power Supply Umt
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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 umt goes off. To reset the con-
trol, use the following procedure.

1. Turn off all power supplies by putting mold-
ed-case circut 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 1s turned on.

5. Turn on the power.

6. If the fuse is blown agamn, contact Yaskawa.

o
O 1“ [ OOy,
o [
1LED GLASS-TUBE

FUSES

A
_

Fig. 8.7 Fuses of Power Closing Unit

8.3.4 FUSE FOR SERVO CONTROL POWER
UNIT

When the servo control power umt (called DCP
unit heremnafter) is overloaded due to short-cir-
cuiting of control unit power line, etc., the
fuse for DCP 1s blown-cut. The "POWER" Led
will be extinguished to wndicate that the fuse

1s 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
agamn to turn off the power to NC.

(2) Find the cause of the fuse blowing, and
elmminate 1t.

(3) Replace the blown fuse with the new one
of the same rating.

(4) 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 hights up.

(5) 1If 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.

/DCF 1JNIT
£3 X,

-POWER"

/ LED
-1 GLASS

TUBE

C’/ / FUSE

o’
o] (GO
UNIT MCH

8.3.5 CIRCUIT BREAKER FOR SERVO CONTROL

When the DCP urut 1s overloaded through the
shorting of the cutput circuit, faults of the
DCP unit itself, etc., this circuit breaker trips
to disconnect the main circut.

In this case, an alarm "350.0L" 1s displayed
on the CRT. (350:0L may be displayed also by
other causes.) When this circuit breaker 1s 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 1t.

{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 1s energized, and 1s ready
for operation.

(5) 1If the circwit breaker 1s tripped again,
notify our service department

NOTE. When the circuit breaker 1s manually turn-
ed off under power, not turning off automatically
by overloading, the alarm "310:SERVQO OFF" 1s
displayed on the CRT. The DCP unit can be
brought to the operating conditions by the same
measures as above, also 1n this case
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8.4 THERMAL OVERLOAD RELAY OF SERVO UNIT

The servo control unit has the fung:tmn of de~
tecting the foillowing alarm states..!

D

{
Alarm No.
. Fuse (main circwt){ 331(X) 332(Y) 333(2Z)
blown 334(4) 335(5)
(
351(X}) 352(Y) 353(Z)
. Overload 354(4) 355(5)
391(X) 392(Y¥) 393(2)
. TG error 394(4) 395(5)
8.4.1 FUSE BLOWING {Alarm No. 331to 335}
When the main circuit of the servo control unit is {

shorted or when the serve control unit itself be-
comes faulty, the fuse in the unit will be blown,

and the fellowing alarm Nos. will be displayed
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 axs
335: FUSE(5) ... for 5th axis

When a fuse 1s blown, and the alarm No.

on

331 to

335 1s displayed, do not attempt to take measures,
but the user should immediately notify our service

department.

8.4.2 OVERLOAD (ALARM NO. 351 to 355)

The serve control umit 1s provided with electronic
thermal relays respectively and independently for
the X and Z axes, and they trip under the follow~

ing conditions.

* Programs involving excessively heavy cuts
are executed.

- Programs involving excessively frequent speed

changes are executed.

- Frictions in the machine system become abnor-

mally large.

When the electronic thermal relay trips, the
servo power supply i1s turned off, and the follow-

ing alarm Nos. are displayed on the CRT.

351: OQL(X) ... X-axis overload
352: OQOL(Y}) ... Y-axis overload
353: OL(Z) ... Z-axis overload
354: OL(4) ... 4Th axis overload
355: QL{5) ... 5th axis overload

When this 1s the case, take the following
measures.
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2)

3

4)

Push the POWER OFF button to turn off
the power supply, and then, stop the sup-
ply.of power to NC.

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.

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 cool
down after being overloaded to the extent
of tmipping the electronic thermal relay,
wait at least 30 minutes before starting to
operate NC

If the electronic thermal relay trips, notify
our service department.

8.4.3 TG ERROR (ALARM NO. 391 to 395)

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)

395: TG ERROR (5)

When this 1s the case, take the following

measures.,
(1) Push the POWER OFF button to turn off the

{2)

(3)

(4)

power supply, and then,stop the supply of
power to NC.

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.

Resupply power to NC, and then, push the
POWER ON button to make the umt ready
for operation.

If TG ERROR 1s displayed again, notify our
service department.



8.5 MOLDED-CASE CIRCUIT BREAKERS (MCCB|

Those special housing type controls, with which
all the power sequence contrel circuits are con~
verted to the NC area, are sometimes provided
with MCEs which can be turned on and off exter-
nally.

Generally, when these MCCBs are turned off,
the power supply to the NC 1s 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
trouble quckly and protect the machine against
malfunctions. Shown below are the displaying
functions executed by the contrel 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, 5, T, F, OWL.
- Input/output signal display

These displays can be made at any time, while
the machime 15 in automatic operation, or at stand-

by.

B.6.2 ALARM CODES AND REMEDIES

Where "ALM" or "A/B" on CRT screen 1s blinking
and the machine stops, depress the ALM key.
Then alarm code and message will be displayed

on CRT screen. Alarm codes "800," "810," "820,"
"830" and "B840" are displayed as soon as the co-
rresponding error occurs.

For the remedies for trouble causes represented
by alarm codes, see APPENDIX 5 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.

Input/output signals are divided into standard
and custom-bult ones, and displayed by specify-
ing the corresponding dizagnostic number with
keys on the operator's station.

Standard signals are included in every type of
YASNAC MX2. Custom-built signals are pro-
vided for optional machine interface equpped
with some type of YASNAC controls.

YASNAC MX1

m————

l

1Relay
Basic Standard nput signals| Panel
Logic o
Processing I Machine
Part Side

1

1

| e
YASNAC MX1

OPTION e

Basi | Relay
s1cC < =
Logte (o | Opetonal \TTEFRE ) Panel
PrOCQSSinB tandard out- Interface ustom-built ! Machine
Part ut signals output signals 1 S1de
L
Fig. 8.8
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8.6.3 INPUT/OUTPUT SICGNALS {CONT'D)

To display input/output signals, proceed as fol-
lows.

1.

Depress the DGN key.

A page containuing the diagnostic number spec-

ified previously occurs on the CRT screen.
The input/output signals are shown in "1,"
"0" and hexadecimal dig:t.

"1": contact close
"0": contact open

Key-in the diagnostic number to be displayed.

Depress the cursor or key to page the
keyed-in diagnostic number on the screen.

- By depressing the cursor CUR+SOR 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.

* By depressing the cursor key,

+
CURSOR
the cursor moves to the previous line.
When up to the most upper line, the pre-
vious page 1s displayed.

* By depressing the page PA,EE key, the
next page appears on the screen.
. i +
By depressing the page PAGE key, the
previous page appears.
r T AGNC D H

g
8

g o
£ D

5
Wl

B &
a

W
0

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 I/0O signals (described in 8.6.1to
8.6.3), or correct action for the trouble cannot

be taken, record the following items, and notify
the company as soon as possible.

+ Alarmcodes and the accompanying data with
them.

- The types and characteristics of the troubles.

- The operational procedures just before the
trouble occured and number of apphed tape.

Whether the trouble recurs each time, the op-
eration 1s repeated after depressing the RESET
key.

+ Date and time when the trouble cccured.

- Name of the discoverer of the trouble and the
operator.

If trouble occurs, keep the control in the same
condition until 1t 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 D4 2Z axis cancellng switch
three groups: 1: ON
Table 1.1 0: OFF
D3 Manual absolute switch
Setting number Group 1: ON
0: OFF
#6000 to 6004 Settlng by bit 2y Editlng lock switch
200 to 6219 | Setting b 1: ON
#6 o etting by word 0: OFF
#6500 to 6599 Setting by double words D1 1: Checks the 2nd prohibited area of stored

stroke limit

700 to 67 Setti by d
#6700 to 6799 etting by double words 0: Does not check the 2nd prohibited area

of stored stroke limit

Appendix table 1-2 lists setting numbers and DO 1: Changes input umts to inch inputs
theiwr functions.

0: Changes input units to MM inputs

SETTING NOMBERS AND THEIR CONTENTS l #6002J lml Del Dsi D4l D3 [ DZI D1| DOI
#6000 D7 |Dé6 D5 | D4 |D3|D2D1|D0
D7 Awaliary function lock switch
* D7 1l: Sets punch-out code to IS0 1: ON
0: Sets punch-out code to EIA 0: OFF
M
D6 1: Performs TV check of tape Dé lzacc.‘t)'l;ne lock switch
0: Performs TV check of tape 0: OFF
D5 1: Sets playback ON D5 Optlc&nal stop switch
1: O
0: Sets playback ON/OFF with an external 0: OFF
switch
D4 Dry run switch
D4, D3, D2, D1, DO 1: ON
Selects whether to make the mirror image 0: OFF
of the 5 axis, 4 axas, Z axis, ¥ axis and D3 Optional block skipping switch
X axis effective in successive order orte 1: ON
make them external switches. 0: OFF
1: Mirror image effective D2 Display lock switch
0: External switch é 8?1-"
D1 Start lock switch
D4| D3| D2 | DI 1: ON
#6001 D7 D5| D4 Di| Do 0: OFF
D7 1: Emits operating panel buzzer sound Do ?mgll\? block switch
0: Does not emit operating panel buzzer g OFF

sound

D5 1: Executes stored stroke limit when machine

15 locked. #6003 D7| De| D5 D4y D3i{D2| DL} DO

0: Does not execute stored stroke limit
when machine 1s locked.

D0, D1: Selects the output device of the
data nput 1interface

D4, D3: Selects the mput device of the
data mnput interface



Setting | Input Qutput Paramenter for (#6204] [ ]
Code Device | Device Setting Baud Rate . Specifies group number during tool
Tape FACIT "t change and reset.
0, 0 reader | puncher — Setting range 1 through 128.
0, 1 |RS232C |RS232C #6026 (#6207} | ]
(810-1) Current loop | (6028) Sets program number.
(20mA) D3 to DO Specifies program number of tape when
l, 0 { RS422 RS5422 #6027 inputting tape without a program number.
(SI10+-2) {(#6029) Setting range 1l through 9999.
Sets dwell time when executing
G76 and G77.
| #6004 | [p6 [ D5 D4 [D3] 02 ] D1 Do Setting: "1" = 1 ms
D6 1: Cancels life data when executing [#6221] | |
command G122 Sets amount of 5 when executing G73,
Setting: "1" = 0.001 mm
0: Does not cancel life data when g: .
executing command G122 (#6213] ]
bDs 1: Executes high speed cutting Sets shift amount when executing G8&3,
function Setting: "1" = 0,001 mm
0: Carries out regular automatic [#6500] | ]
operation in relation to command
G10l. Performs data registration #6501 [ ]
only in relation to command G101, Sets scahing multiple. Multiple = #6500/
Performs data registration only #6501
in relanon to command G102 Scale multiple = 1 when setting is "0."
during regular automatic opera-
tion. ﬁ6506] I |
D4 l: Programs of program numbers :
8000 through 8999 cannot be cS;t;'cbs :I?glg;l?urmg execution of commands
registered, erased or edited. Setting: "1 _ 0.001 deg
0: Normal registration, erasure [@6507] [ I

and editing can be performed.

: Programs with program numbers
8000 through 8999 will not be
displayed.

0: Programs with program numbers
8000 through 8999 will be dis-
played.

D1 1: Single blocks become effective
in relation to an operation com-

mand from the user program.

0: Single blocks become ineffective
in relation to operation commands
or control commands from the
user program.

The next block will be executed
if there 1s no skip signal input
until shifting of the G31 block
ends.

Do 1:

0: Causes alarm "087"

(#6200]

[Break point -1 |

(#6201]

|Break point -2

Sets break point sequence.
Setting range 1 through 9999. Will not
stop at 0.

Sets tool length measuring bias.
Setting: "1" = 0,001 mm

]#6508

[ |

Sets tool length measuring bottom level.
Setting: "1" = 0,001 mm

#65101 (X axas) ]
I#6511F [ (Y axis) |
(#6512] | (Z axis) ]
Sets stored stroke Imt of the X, Y,
and Z axes and the boundary value in
the positive direction of the 2nd pro-
hibited area.
Setting range: 0 - *99999999
Setting: "1" = 0.001lmm
(#6513 | (X axis) ;
(#6514] [ (Y axis) |
[#6515] | (Z ax1s) j
Sets stored stroke limit of the X, Y
and Z axis in successive order and slso
the negative directiocn boundary value
of the 2nd prolibited area.
Setting range: 0 - +99999999
Setting: "1" = 0,001 mm

— 201 —



PARAMETER NUMBERS AND THEIR CONTENTS

(CONT'D)

| wesre || X-axs |
#6517 Y-axis
#6518 | | Z-axis
#6519 | ath-axis

Sth-axis

#6520 | |

Work coordinate system setting G54(J1)
Setting: "1" = 0.00lmm

#6522 X-axis
#6523 ’ l Y-axis
#6524 Z-axis
#6525 J I 4th-axis
w6526 | | Sth-axis

Work coordinate system setting G55(J1)
Setting: "1" = 0.001lmm

#s28 || X-ax1s
#6529 | f Y-axis
#6530 Z-ax1s
#6531 4th-ax1s
#6532 5th-axis

Work coordinate system setting G56 (J1)
Setting: "1" = 0.00lmm

| #6534 [ X-axs |
#6535 Y-axms

[ wesse | [ Z-axis
#6537 | sth-axs
#6538 | 5th-axis

Work coordinate system setting G57 (J1)
Setting: "1 = ¢.00lmm

#6540 X-axis
| #6541 | Y-axis
| #6542 [ Z-axis
| #6543 sth-axis
] [ e

Work coordinate system setting G58 (J1)
Setting: "1" = 0.00lmm

] | =
[ wesar | | Y-axs
] | =
[ wesa0 || sth-axis
| #6550 | 5th-axis

Work coordinate system setting G59 (J1)
Setting: "1" = 0.00lmm

[ wessz | | X-axis
[ #esss | Y-ans
[ gessa || Z-axis
| wesss || ath-axis

#6556 5th-axis
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Coordinate value at skip signal ON
Setting: "1" = 0.00lmm




L#eseoﬂ FO #6709 L X-axis

| #6561 | L F1 | #6710 ] Y-axis
#6562 [ S F2 | #6711 L Z-axis

Work coordinate system setting G57 (J2)

L#65637 FT' Setting: "1" = 0.00lmm

| #6564 ] F4 #6712 | | X-axis
#6565 | F5 #6713 | Y-axis
#6566 —] L Féb #6714 | | Z-axs |

o] | 7] e e
#6568 FB #6715 X~ax1s

L _ ] || B

| #6569 ] B F9 | #6716 | B Y-axis
Fl-digit speed setting
Setting: "1" = 0,00lmm #O7L7 [ Z-ax1s

Work coordinate system setting G59 (J2)
Setting: "1" = 0.001lmm

[ #6700 T [ K-axis #6718 X-axis
L #6701 Y-axs | #6719 L Y-axis
[ #6702 Z-axis #6720 Z-axis

Work coordinate system
Setting: "1" = 0,00lmm

setting G54 (J2)

Work coordinate system setting G54 (J3)
Setting: "1" = 0,00lmm

| #6703 | B X-axs | #6721 | X-axis
[ #6704 | Y-axs | #6722 | | Y-axs |
[ #6705 B Z-axis ] #6723 [ Z-axs |

Work coordinate system setting G55 (J2)

Setting: "1" = 0.00lmm

Work coordinate system setting G55 (J3)
Setung: "1" = 0,00lmm

| #er0s | [ X-axis | #6724 X-axis
l #6707 ' L Y-ax:s? #6725 Y-axis ’
#6708 Z-axis #6726 Z-axis ]

Work coordinate system setting G56 (J2)

Setting: "1" = 0.00lmm
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Work coordinate system setting G56 (J3)
Setting: "1" = 0,00lmm



PARAMETER NUMBERS AND THEIR CONTENTS

{CONT'D)
#6727 X-axs | #6745 X-axis
#6728 [ Yoaxs | | #6746 Y-axs
#6729 Z-axis #6747 Z-axis

Work coordinate system
Setting: "1" = 0.00lmm

setting G57 (J3)

Work coordinate system

Setting: "1" = 0.001lmm

setting G57 {J4)

[ #6730 J [ X-axis } | #6748 J [ X-ax.ls[
22N Y-axs | [ #6749 | | Y-aus |
#6732 Z-axis | #6750 ( Z-axis

Work coordinate system
Setting: "1" = 0.00lmm

setting G58 (J3)

Work coordinate system
Setting: "1" = 0.001lmm

setting G58 (J4)

#6733 X-axs | | ser51 | [ X-axis |
[ #e73¢ | | Y-axs | | #6752 || Y-axs |
[ wers || z-axs | [ 46753 | Z-axis

Work cocordinate system
Setting: "1" = 0.001lmm

setting G5%(J3)

Work coordinate system setting G59 (J4)

Setting: "1 = 0.00lmm

r#6736 l L X-axas l #6754 X-axzs
[ werar | | Y-axs | | 46755 Y-axis
[ #6738 Z-axis | | 756 | [ Z-ax1s

Work coordinate system
Setting: "1" = 0.00lmm

setting G54 (J4)

Work coordinate system setting G54(J5}

Setting: "1" = 0.00lmm

[ w6m9 | | X-axis | #6757 X-axs
r #6740 r Y-axis [ #6758 | [ Y-axis l
#6741 r Z-axis r #6759 J | Z-axis ]

Work coordinate system
Setting: "1" = 0.00lmm

setting G55(J4)

Work coordinate system setting G55 (J5)

Setting: "1" = 0.00imm

[ #6742 ‘ r X-axis j I #6760 | X-axis ]
9743 | | Y-axis | #6761 Y-aas |
s6744 | | z-axs | #6762 Z-axs |

Work coordinate system

Setting: "1" = 0.00lmm

setting G56 {J4)

Work coordinate system setting G56 (J5)

Setting: "1" = 0.001lmm
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#6763 _I [ X—axi:’ #6769 I X-axis
wr6e | Y-axis #6170 | | Y-axs |
#6765 "N Zeaxs #6771 ] Z-axis

Work coordinate system setting G57 (J5)

Setting: "1" = 0.001lmm

#6766 [ L X-axis '
w161 | [ Y-axis |
weres | | Z-axis |

Work coordinate system setting G58 (J5)

Setting: "1" = 0.001mm

— 205 —

Work coordinate system setting G59 (J5)
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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 bt

#6050 to #6199 Setting by byte

#6220 to #6399 Setting by word

#6600 to #699 Setting by double words

#7000 to #7095 Setting by byte for sequencer

Optimum data of parameters have been set accord-
ing to machine performance and applications For
any modification of parameter data, consult the
machine tool bulder.

Data pertaining to parameters #6033 to #604% must
not be modified, for they have been incorporated
as part of the system.

PARAMETER NUMBERS AND THEIR CONTENTS

[ #6005 | ID—,- D¢, D5[D4]D3JD31DII 1

D2 1: Stores the H code for reset, G92 and G28.
0: Sets the H code to HOO for reset, G92
and G28.
Dg 1 Stores the G code in the 01 group for

reset.

0. Sets the G ccde in the 01 group to GO0
for reset.

Dg 1: Allows the current value display {uni-
versal) to be preset by the coordinate
system seeeing command G92.

At this time, the key 15 capable
of Zero Setup.

0 Keeps the current value display (uni-
versal) from being preset by the coor-
dinate system setting command G92.

At this time, the key 1s incapable

of Zero Setup.
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Dy, D3: Status of G codes at power on.
Da D3 Initial status
1 | o | Sets the G code mn the 08 group to G44
on power applicaton.
o |1 Sets the G code 1n the 08 group to G43
on power application.
0o |o | Sets the G code mn the 08 group to G49
on power application.
D; 1. Sets the G code in the 01 group to G01
on power application
0- Sets the G cnde in the 01 group to GO0
on power application.
D 1 Sets the G code 1n the 05 group to G95
on power application.
0 Sets the G coede in the 05 group to G9%
on power application.
Dg 1 Sets the G code mn the 05 group to G91
on power application
0 Sets the G code in the 05 group to G90
on power application.
(#6006 ] {Dﬂleb[DSiDﬁllD}lDZl |Do]
D7, Dg Signs of S4-digit analog (SDA) output
D7 Dg Sign
1 1 Minus Plus
1 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 0.01 mn
{or 0.001 mn., 0.01 deg.}.
0 Sets the least input increment to 0.001
mm {or 0.0001 in.. 0.001 deg.).
D4 1 Checks to see if the spindle speed match

signal (SAGR) 1s off upon transition
from a rapid traverse block to a cutting
feed block.

I



D3

D

Dy

Do

Provides no check on the spindle speed

match signal (SAGR). }
i

Enables the internal toggle switches.

Disables the internal toggle switches.

See #6003

0:

Enables dry run in response to the
rapid traverse command.

Disables dry run 1n response to the
rapid traverse command.

Causes an alarm ("001-004") upon cycle
start when reference point return is
not made after power application.

Causes no alarm.

NOTE: Set "1" when pitch error compensa-

tion or stored stroke limit 1s pro-
vided.

1: Enables automatic coordinate system

2:

setting
Disables automatic coordinate system
setting. .

Refer to #6630 to #6639,

#6007

D7i Doy D5(Da | D3 | D2 | D1 | Do

D7

D6

D5

Dy

D3

D2

Dy

¢ Enables start interlock after EDT.
: Disables start interlock after EDT.

Employs the newly entered tool compen-
sation value in place of the old value.

Adds the newly entered tool compensa-
tion value to the soterd wvalue to establish
another offset.

: Enables error detect ON mode at dwell.

: Disables error detect On mode at dwell.

Provides output during rewinding.

Provides no ocutput during rewinding.

Sets the least mcrement to 0.0001 .

Sets the least increment to 0.001 mm.

Makes the spindle override 100% during
tapping.

Does not make the spindle override 100%
during tapping.

Estabhshes the prohibited area of the
3rd, 4th, and 5th stored stroke limit
outside the boundary.

Establishes the prohibited area of the
3rd, 4th, and 5th stored stroke limit
inside the boundary,
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[#6008‘[ [p7] [ps]pa]ps]p2 [o1 ]

D7

1;

High speed cutting memory division
effective

0: High speed cutting memory division
meffective (high speed cutting not
possible)

D53 1: 0 is changeable with operation,
0: 0 1s not changeable with[ALT) operation.
D4 1: Feed hold block stop ineffective when
tapping with GB84

0: Feed hoid block stop effective when
tapping with GB84

D3  1: Manual absolute effective in the G91
mode.

0: Manual absoulte ineffective 1n the G91
mode,

D2 1: Changes approach speed to Jog speed
when restarting program.

0: Changes approach speed to fast feed
when restarting program.

D1 l: Does not clear the common variables
of #100 through #149.

0: Clears the common vanables of #100
through #149.

Note: Some controls are not provided with

the parameter #6008,
#6009 l ' I D4|D3fD2]D1 DF[
D4, D3, D2, D1, Dg

Specify the start direction of backlash com-
pensation on the 4th-, 5th-, Z-, Y- and X-

axes,

1-
0.

respectively, upon power application.
Minus direction

Plus direction



PARAMETER NUMBERS AND THEIR CONTENTS
(CONT'D)

#6010] I I ID4 D3{ Dz | D3| Do

D4, D3, Dz, D1, Do
Specify the direction of reference pownt re-
turn on th 4th-, 5th-, Z-, Y- and X-axes,
respectively.

1. Minus direction

0: Plus direction

#6014 ] | I lD4iD3 Dlel Dgl

D4, D3. D2. D1, Dg

Specify the direction of the G60 unidirectional
approach upper limit on the 4th-, 5th-, Z-,
Y- and X-axes, respectively.

1 Minus direction

0 Plus direction

NOTE: The approach upper hmit is set with
#6062 to #6065.

NOTE: The specification 1s effective for an
ax1s with #6016 at "1."

#6015 D4| D3| Dz | Dy Dg

#6011 Dal| D3| D2} D3| Do

D4, D3, D2, D1, DO

Command reference-point interlock for 5th,
4th, Z-, Y-, and X-axis respectively, before
cycle start.

1: Interlock enable

0: Interlock disable

w012 | P | D4lD3[D2lD1}D0

Dg,

D3, D, Dyj. Dy

Specify whether or not the automatic coor-
dinate system setting 1s effective on the
4th-, S5th-, Z-, Y- and X-axes, respectively.

1. Effective
0 Ineffective
NOTE. The automatic coordinate system 1s

established with the following
parameters:

Metric system; #6636 - #6639
Inch system #6630 - #6633

D4, P3, D2, D1, Do

#6016 D4 D3| Dz|Dy| Do

Specify whether or not the plus-direction
external deceleration signal 1s effective on
the 4th-,5th-,Z2-,Y- and X-axes, respectively.

1: Makes the plus-direction external
deceleration signal effective.

0: Makes the plus-direction external
deceleration signal ineffective.

D4, D3, Dz, Dy1. Py

Specify whether or not reférence point re-
turn 1s effective on the 4th-, 5th—, Z-, Y-
and X-ases, respectively.

1 Makes reference pownt return effective.

0 Makes reference point return mneffective

#6013 D3| Dz| D3{ Do
#6017 D7| Dgi{ Ds| Da| D3[D2 ;D1 | Do
D4, D3, D2. D1, Do
Specify whether or not the minus-direction
D7 - Do

external deceleration signal 1s effective on
the 4th-, 5th-, Z-, Y- and X-axes, respectively.

1: Makes the minus direction extermal de-
celeration signal effective.

0: Makes the minus direction external de-
celeration signal ineffective.
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Specify whether or not a hole 15 to be made
on channels 8-1, respectively, in a code
corresponding to symbol "#" (used with user
macro) in the EIA code.

1 Hole
¢ No hole
Example.

D7 - Do = 01001001



The code with holes on channels 7, 4 and 1
1s considered equivalent to symbol "#" 1n the
EIA code. No code for use by the unit can
be set.

NOTE: The specification of D7:2 Dg =00000000

assumes that symbol "#" 1s not used
tn the EIA code,

#6018

Dy Dz2iD1 { Do

Ds | D4

Dg

D7

Dg

D5

Dg

Dz

1. Provides dwell at hole bottom in the can-
ned cycles of G76 and G77.

0: Does not provide dwell at hole bottom in
the canned cycles of G76 and G77.

NOTE: The dwell time 15 set with #6210

1: Establishes M03 for G74 and M04 for G84
as the M code for output at hole bottom
in the canned cycles of G74 and G84

0: Reverses the M code in effect before the
canned cycles for output at hole bottom
in the canned cycle of G74 and G84

Before
canned cycle Hole bottom
M03 L - MO4
M04 —t——— MO03

NOTE: This specification 15 effective when
D4 = 01n #6018,

1: Rotates the spindle forward and 1n
reverse, outputting M05S at hole bottom
in the canned cycles of G74 and G84.

0. Rotates the spindle forward and 1n
reverse, not outputting M05 at hole
bottom in the canned cycles of G74
and GB84.

NOTE. This specification is elfective when

D4 = 01n #6018.

1: Qutputs a read-only signal (SSP, SRV,
0S$S) 1n the canned cycles.

0: Outputs the M code in the canned cycles

1: Causes the X and Y movement in the
canned cycles to follow the G code In
group 01 (G0Z and GO03 regarded as
Go01).

0. Causes the X and Y movement in the
canned cyeles to stay in rapid traverse.

I. Outputs the FMF signal twice in a can-
ned cycle.

0: OQutputs the FMF signal once tn a can-
ned cycle.

Dp 1. Outputs the external operation signal
EF at the end of positioning by G8}
(G81 being external operation function).
0: Does not output the external operation
signal EF at the end of positioning by
G81 (G81 being canned cycle).
#6019 D7! Dé| D5 | D4 D3| D2 | D |oo
D7 Resets the memory at the imitial rewind
percentagle "$" during tape operation.
1: Effective
0: Ineffective
Dg 1. Enables dry run at thread-cutting (G33).
0. Disables dry run at thread-cutting {G33).
D4 1. Employs the feedrate set in parameter
#6232 for the skip funetion command
(G31).
0 Employs the F code command as the
feedrate for the skip function command
{G31).
D3 1. Reset OFF at Emergency Stop
0: Reset ON at Emergency Stop
D2, Dy
Specify the tool shift direction 1in the can-
ned cycles of G76 and G77 (effective when
#6019 = 0).
D2 D] Shift direction
1 I -Y
1 0 +Y
0 1 -X
0 0 +X
Dy 1. Allows the tool shift direction 1n the

ca~ned cycles of G76 and G77 to be
specified in setting #6506 (specifiable
in the +X direction in increments of
0.001; the shift being cutting feed),

0.  Aliows 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).

#6020

Dg

Dy

D7

D3 | D2

D6 D5 | D4

D7
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1: Assigns selection of group specifica-
tion numbers to an external signal
when the tool change skip signal 1s
ON during life centrol,



PARAMETER NUMBERS AND THEIR CONTENTS
(CONT'D)}

Do

D5

D4

D)

Do

0:

Assigns selection of group specifica-
tion numbers to the currently specified
group when the tool change skp signal
15 ON during hfe control.

: Assigns selection of the T command

group to the T command immediately
prior during the M6 command in life
control.

Assigns selection of the T command
to the latest T command during the
M06 command in life control.

Assigns group number specififcation
to an external signal during toolchange
reset 1 life control.

: Assigns group number specification

to setting #6204 during tool change
reset 1n lfe control.

; Counts with M02/M30 when countis

the type of hife control.

Counts with T9999Laas when count
is the type of life control.

Sets F32 (mm/min.} for the feed per
minute 1in the metric system.

Sets F31 {mm/mmn } for the feed per
minute 1n the inch system.

Sets F51 {mm/mwn ) for the feed per
minute 1n the metric system.

Sets F50 {mm/min } for the feed per
minute tn the metric system

r #6021

[o7]o¢[ps[pe]Ds Dz 1] o]

D7

D6

D5

: Makes editing interiock O%000 through

09999 effective.

: Makes editing interlock 09000 through

09999 ineffective,

: Erases and stores the previous O

when loading a tape provided with
an Q.

: ALREADY IN will be displayed if the

same O number exists when a tape
with an O 1s loaded.

. Executes ON/OFF control of RTS

during DNC operation until loading
ends.

: Sets RTS te ON state durmg DNC

operation until loading ends.

D4

D3

D2

Dy

Dy

: Refers to DR (Data set

ready) during
DNC operation.

: Does not refer to DR (Data set ready)

during DNC operation.

: Qutputs 00 with O through 9999 OUT.
: Does not output OO0 with 0 through

9999 QUT.

Displays the 0 number when the power
supply 1s turned on and off.

: Displays 0 when power 1s turned on.

Employs the value following address O
or N as the program number (speciable
n one block).

Employs the value following address O
as the program number

Considers M02, M30 and M99 as the
program end when machining data 1s
stored into memory.

Does not consider M02, M30 and M99
as the program end when machmning
data 15 stored into memory.

#6022 ] ﬁ?

D6 | D5 Dz[ DIIDOJ

D4]D3

D7

Dé

D5

D4

D3

D2
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1:

[~ N

: Makes

: Makes

: Makes

Sets input unit of parameter setting
to 10 RPM when specifying the S5
digits.

Sets input umit of parameter setting
to 1 RPM when specifying the S5
digits.

: Enables binary search of EDIT/MEM.

Character search is also possible if
the NEXT key 1s pressed.

: Enables search of EDIT/MEM character

only.
editing display of O%0000 through
Interlock effective.

editing display 09000 through
meffective.

09000

09999

intermediate POT display effec-
tive.

: Makes intermediate POT display inef-

fective.

Makes tool POT word display effective.
Makes tool POT byte display effective.
Enables writing word

Enables writing bytes in keep memory.



D1 1: No parity bit when punching out an
ISO tape | #6025 ] | ] 17 [ ' I
0: Parity bit exists when punching out
an ISO tape Parameter #6025 cannot be written at any time,
DO 1: Enables read of 150 tape possible
even without parity.
0: Disables read of ISO tape without #6026 ] D5 | Dg| D3| Dz | Dy Do
parity.
T
[#602? [ l |D5|D4]D3 Dglm Do
D D4 {D3 | D2l Dy | Do
#6023 ‘ ’ : #6026, #6027:
Dy L Enables the additional axis to ignore D5 1 Does not allow the control code (DC1 -
signal 4NG DC4} to be used on the I/O device.
0- DMisables the additional axis to 1gnore 0. Allows the control code (DC1 - DC4) to
signal 4NG. be used on the 1/0 device.

D4-Dg Dg 1 Employs 2 siop bits on the I/0 device.
Set the address for pan-out and CRT dis- 0 Employs 1 stop bit on the I/O device.
play on the additional axis.

D3 - Do
Baud rate setting
D D
Address D4 D3 b2 L 0 Baud rate Dy Dz D} Do
A 0 0 0 0 1 50 0 0 0 0
B 0 0 0 ! 0 100 0 0 0 1
¢ 0 L I ! 110 0 0 1 0
u 1 0 | 1 ]9 ! 150 0 0 1 1
v ! oy /1! 0 200 0 1 0 0
W ! L N : 300 0 1 0 1
600 1} 1 1 0
1200 0 1 1 1
#6024 ] [ D6 D4 l D3 I D21 D1 Do 2400 1 0 0 0
4800 1 0 0 1
Dé 1: Enables s:gnlal SNG to ignore the 9600 1 0 1 9
additional axis
. NOTE. #6026 provides the setting on mnput device
0: Disables signal 5NG to e th p g P
additional ;gxis ignor € 1{SI0-1) and #6027 on input device 2(SI0-2}.
D4-D0;: Set address of pan-out and CRT display
on the additional axis. #6028 D6{D5|D4|D3|D2|D1| D0
Address | D4 D3 | D2 | Dl | DO
A s T oo 1o 12 [ #6029 | | [pé[ps[pa[p3[pz[p1]D0
B 0 0 0 1 0
C 0 0|0 1 1 D6 1: Output device: Uses the wvalue set
by #6026 and #6027 as the baud rate
u tjpojt ot of SI0-1 or -2.
v 1 0|1 1 0 0: Output device: The baud rate of SIO
w 1 0|1 1 1 -1 or -2 complies with the setting of

Note: These parameters cannot be written when
parameter #6030-D7 1s "0."

#6028 and #6029,
D5 1: Does not use control codes (DC1-DC4).
0: Uses control codes (DC1-DC4)
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(CONT'D)

D4 1: Sets stop bits as two bits in the
output device.

0: Sets stop bits as one bt

Baud rate setting

Baud Rate{ D3 | D2 (D2 | D1

50 0 0 0[O
100 0 0 0|1
110 0 0 1 (0
150 0 0 i1
200 0 1 g |0
300 0 1 0|1
600 0 1 1|0
1200 0 1 1|1
2400 1 0 0|0
4800 1 0 0|1
9600 1 0 1 0

Note: 1. #6028 is for setting output device 1

(S10-1).

2. #6029 1s for setting output device 2
(S10-2).

| #0350 | D7 D5 | D4 Dg

D7 1: Provides an additional axis control
module

0: Does not provide an additional axis
control module
D5 1: Makes external speed reduction effec-

tive

0: Makes external speed reduction inef-
fective

D4 1: Enables the axis interlock function.

0: Disables the axis interlock function.

D1 1: Enables changeover from on-line state
NC to the XSD mode.

0: Disables changeover from on-kne state
NC to the X5D meode.

Dg 1 Enables data output with DIAGNOSE.
0. Disables data output with DIAGNOSE,

#6031 Dz 1Dy | Do

Dz, D1, Dg

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 Dz | D1 Do

Dz2. D], Dg

Specify whether or not the direct-in signals
INZ, IN1 and INO are effective, respectively

1. Ineffective

0 Effective

r 46050 ] [ (X-axis)
#6051 {Y-axis)
#6052 {Z-axis)
#6053 | (4th-axis)

| #e0sa | | (5th-axis)

#6050 to #6054:

Specify the backlash compensation, respec-
tively, on the X-, Y-, Z2-,4th-, and 5th-axes
(setting range. 0-255; "1" = least output
increment) .
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| woose | (X-axis) woos || (X-axs)
07 T G [ weor | )|
woss | [ (z-axs) | [ w070 | (z-axs)
#6059 (4th-axis) | woon1 | (4th-axis)
#6060 (5th-axis) | w072 || (5th-axis)

#6056 to #6060:

Specify the position error offset, respec-
tively, on the X-, Y-, Z-,4th-, and 5th-axes
(setting range: 0 - 255; "1" = least output
increment) . The standard setting 1s 32.

#6062 : (X-ax1s)
| #6063 (Y-axis)

l #6064 (Z-axis) |
#6065 (4th-aas)
#6066 (5th-ax1s)

#6062 to #6066:

Specify the overtravel, respectively, on the
X-, Y-, Z-, 4th-, and 5th~axi1s 1n unidirectional
approach (G60; setting range: 0 - 127;

"1" = lcast input increment).

#6068 to #6072:

CQutput 1n pitch error offset pulses the pitch
error compensation times each magnification
specification, respectively, for the X-, Y-,
Z-, 4th-, and 5th-axes. The setting range
15 0 to 3, and "1" represents a magnification
of 1 "0," pitch error offset 1n effective.

#6074 I (X-axis)
#bO?Bv] L (Y-axis)
#6076 (Z-axis)
#6077 (dth-axis)

| w078 | | (5th-axis) |

#6074 to #6078:

Causes an alarm "34%" when a position devi-
ation exceeding the critical servo error value
is detected respectively, on the X-, Y-, Z-,
4th~, and 5th-axes.
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PARAMETER NUMBERS AND THEIR CONTENTS I 86080 I (x- ) ]
“(CONT'D) X-axis

Setung formula- n = 16 «x CT [ #6087 | l (Y-axis) ]

Standard setting- 16 (b = ¢) [

#6088 } (Z-axis)

b: D/A saturation value (pulse count)

set in #6080 - #6083 [ 46089 ] (4th-axis)
¢: Critical servo error value
1 t
(pulse count) [ #6090 [ (Sth—amsTl

SPEED COMMAND
#6086 to #6090:

Specify the PG pulse magnification and D/A

10 Vrommo o - - CRITICAL SERVQ resclution, respectively, for the X-, Y-, Z~-,
. ! ERROR VALUE C 4th-, and 5th-axes.
------ (PULSE COUNT) Setting formula. nl + né

0 Y +~ POSITION
DEVIATION
(1) PG pulse magmfication value ni
D/A RESOLUTION

a (PULSE COUNT) PG pulse magnification nl
D/A SATURATION x1 64
VALUE b (PULSE
COUNT) x 2 80
x 4 112
Fig. 3.3.6.1 x 8 48
r #6080 I [ (X-awis) (2) D/A resclution value n2
v- ) D/A resolution a nz
#6081 | (Y-awus (pulse count)
32768 pulses 14
#0082 | (Z-avis)
16384 pulses 13
46083 (dth-ass) 8192 pulses 12
4096 pulses 11
#6084 (5th-axis)

Standard value. n2 = 12

#6080 to #6083:

Specify the D/A saturation value, respectively,
for the X-, Y-, 2-, 4th-, and 5th-axes.

Setting formula: 2{7+n) - p
b: D/A saturation value (pulse count)

NOTE- "n" 1s set.

Standard setting: & (b = 8192 pulses)
NOTE: Make the setting so that b = a.

a: D/A resolution (pulse count}
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#6092 #6100

Specifies the exponential function acceler-
ation/deceleration time constant for cutting
feed (common to all axes),

Specifies the "rapid traverse section" for
a "returning semicircle” by the proportionate

semicircle radius in circle cutting (Gl2, G13).
t

The setting formula is: "n" = 2 -1 Setting range: 0 - 10 (x 10%)
where, t: time constant{ms), specifiable in Examples.
units of 4 ms 1. A setting of 0 creates a rapid traverse
section automatically computed by the
program command values.
i 2. A setting of 10 (= 100%) makes the entire
#6093 l [ "returning semicircle” mto a "rapid

traverse section.”

Specifies the exponential function acceler-

ation/deceleration speed bias for cutting
feed {(commoen to all axes). L #6107 ] [

Setting: "1" = 2 kpps.

Specifies the number of manual pulse gener-

ators.
#6094 [ (X-axis) | Setting range. 1 -3
#6095 {(Y-axis}
#6110 )
#609 (Z-axis) l r
por1l || ¢ 1)
F #6097 (4th-ax1s) ] #6112 l ( * )
#6098 {5th-axis) #6113 l ( = )
#6094 to #6098: #6114 ¢ ()
Specify the reference point return method,
respectively, for the X-, Y-, 2-, 4th- and I #6115 ¢ ) )
Sth-axes.

#6110 to #6115:

. Specify punches of the codes corresponding
I!O" NZ 1
enalflvfsd signa O to the symbols of EIA codes used in the user
macro body.
NZ signal employed O O 1: Punched
Reference point 0: Not punched
pulse used O
Parameter setting b4 48 32 #6116
Standard setting-® 64 #6117
#6118
#6119

Maximum 4 types of M codes to stop advance
reading.
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l #6141J |

| w142 |

#6143 !

#6144 |

(CONT'D}
#6120 G-1
| w121 | G-2
| o122 G-3
46123 G-4
¥12e | G-5

[ .
[ #6129 ] r G-10 ]

#6120 to #6129:

Specify up to 10 G codes for calling user
macros.

#6130 M-1
#6131 [ M-2
%6132 M-3
w133 || M-4

#6130 to #6133
Specify up to 4 M codes for calling user
macros.

Setting range: 03 - 29, 31 - 89

NQTE: MO00, MO01, M02, M30 and M90 - M9¢
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,

#6145

#6146 ]

#6147

| w18 | |

#6149

#6141 to #614%:

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.

#6220

Specifies the interval from the time, M, S,
T and B codes are transmitted untii the
time MF, SF, TF and BF are iransmtted

Setting "l1" = 1lms

( #6221 ‘ r

Specifies the interval from gear output
{GRH, GRL} unit SF transmission when an
55-cigit designation 1s added.

Setting "1" =1 ms

L #6222 I (

Specify the maxamum handle feedrate, which
1s common to the linear axes (X, Y, Z, U,
vV, W).

Setting  "1" = 7.5 mm/min.

NOTE The settings for the rotary axes
(A, B, C) are made with #6348.
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#6223 0

Specifies the tool shift speed for canned
cycles of G76 and G77.

Setting: "1" = 1 mm/min.

NOTE. This specification 1s effective when
#6019Dg = 1.
If #6019Dg = 0, rapid traverse 1s
18 effective regardless of this pa-
rameter specification.

#6224

Specifies the delay time for checking the
spindle speed reaching signal (SAGR).

Setting: "l1" = 1 ms

[ #6225 I [

Specifies the feedrate for the rapid traverse
section n circle cutting (G12, G13).

Setting: "1" = 1 mm/min.

[ #6226 ] r

w221 ||

#6226, #6227

Specify the maximum feedrate for Fl-digit
designation

Setting: "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
settings.

[ #6228

Specifies the maximum feedrate for the rotary
axes (A, B, C).

Setting: "1* = 1 mm/min.

[ #6229 I r

Specifies the maximum feedrate for the
rotary axes (A, B, C).

Setting. "1" = 1 mm/mn.

NOTE: any feedrate greater than those set
in #6228 and #6229 are bunched into those

settings.,

| #6230 |

When a circular path 1s drawn in tocl radius
compensation outside a corner approaching
180°, the movement follows on a very small
circular arc. In this, arc movement 1s con-
sidered to affect the workpiece surface
machining, this parameter 1s used to set
the critical arc value.

Setting: "1" = 0.001 mm (metric system)
v1" = (.0001 in. (inch system)

AX

B

&Y

Fig. 3.3.6.2

The corner arc setting 1s ignored when'
AX = #6230
Ay 3 #6230

Standard setting = 5

l #6231 ] L

Specifies the Fy speed for rapi