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PREFACE

This manual is primarily intended to give opera-
tors instructions for YASNAC LX1 programming,
operation and maintenance.

This manual apphes to the basic and optional fea-
tures of YASNAC LX1, The optional {features are
marked with a dagger(™).” For the specifications
of your YASNAC LX]1, refer to the machine tool
builder's manual.

Read this manual keeping 1n mind that the infor-
mation contaned herein does not cover every
possible contingency to be met with operation,

The operations not described 1n this manual should
not be attended with the control.

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

Unless otherwise specified, the following rules
apply to the description of programming exam-
ples shown in this manual.
. Feed Function Selection’' G99 (mm/rev )
* Reference Zero Point
(Return to reference zero by manual and auto-
matic return). - --- ---- - ---

* Absolute Zero Point. - ---- -6

- Work Coordinate Zerc Point.---- -G
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1. INTRODUCTION

YASNAC LX1, "Ultraspeed dual processor CNC"
is a combination of two high~performance 16-bit
microprocessors running in parallel. Incorporat-
ing our modern system technique, it is designed
to provide the highest lathe performance,

» The dual processor CNC system drastically re-
duces the data processing time to meet high-
speed cutting. Block-to-block stop time de-
creased by the use of high-speed buffer func-
tion and buffering function.

* Enhanced cutting capability includes a maximum
of 24 meters/min feed command, precise feed E
command, 500-millimeter lead thread cutting,
continuous thread cutting, multiple thread
cutting, and variable pitch thread cutting .

* To meet FMS trends, program interrupt func-
tion, tool life control, user macro, tool! set
error correction, stored stroke limit per tool,
and other functions can be installed.

- Part program memory can be extended to a
maximum of 320 meters. Its data input/output
interface is available with FACIT, R5232C and,
in addition, RS422 serial interface capable of
high-speed long distance transmission.

+ Programming is further facilitated by improved
tool radius compensation function, G50-work
coordinate system setting, angle-specified hne-
ar interpolation, and combined beveling/round-
ing function.

* The servo function uses a drastically miniatur-
ized and low-noise, newly transistorized PWM
control unit and a high-performance DC servo
motor.

The position feedback is available with the
standard pulse generator (PG) system and,
the inductosyn-applied complete closed loop
system.

2. PROGRAMMING

2.1 TAPE FORMAT
2.1.1 TAPE FORMAT

A variable block format conforming to JIS# B
6313 15 used for YASNAC LXI.

Table 2.1 shows the tape format. Numerals
following the address characters in Table 2.1
indicate the programmable number of digits.

EXAMPLE
_a|__ + 4 3
T_ Down to third in mm
decimal places or
in.

Four digits of
integer

- Ssign

Coordinate address
(X, 2,1, K)

# Japanese Industrial Standard

Note: The decimal point may be omitted in
actual programming. For making a program
including decimal points, refer to 2.1.3
Decimal Point Programming.

The leading zeros can be suppressed for all ad-
dress codes. Plus signs need not be program-
med, but all minus signs must be programmed.
in the manual, EQB code in a program example
is represented by a semicolon (;). In actual
programming, CR (EIA code) or LF/NL (IS0
code} should be used instead of the semicolon

(:).



2.

1.

1

TAPE FORMAT {(CONT'D)

Table 2.1 Tape Format

N Metric output Inch output B: Basic
° Address Metric Inch input| Metric li,qp input| O: Option
Input Input
1 | Program No. 04 04 B
2 | Sequence No. N4 N4 B
3 | G-Function G3 G3 B
Coordinate Word a+43 a + 34 a + 53 a+ 34
4 1 + + 1 B
a. X, 2,1, K, U, W, R|(a+53} |(a+44H{(a+53)|(a+44)
5 | Feed/min F50 F3z2 F50 F42 B
6 Feed/rev and F32 F24 F42 F24 B
Lead
Thread Lea E34 £26 E44 E26 B
52 52 B
7 S-Function
54 S4 o
T(2 + 1) T{(2 + 1) B
8 T-Function
T(2 + 2) T(Z + 2) o]
9 | M-Function M3 M3 B
10 | Dwell U{P)53 U(P)53 B
11 | Program No. Designation P4 P4 B
Sequence No.
12 De%:gnation Q(P)4 Q(P)4 B, O
13 } No. of Repetitions L8 L8 B
Angle Designation
14 | for Straight Line A(B)33 A(B)33 o
Angle Designation
15 1 for Multiple Thread B3 B3 °

Notes.

1.

2
3.
4

Data with { indicates maximum cumulative value.

Inch/Metric output is set by setting parameter #6007D3.
Inch/Metric 1nput is set by setting (#6001Dg}.

F codes for feedrate/min or feedrate/rev can be switched by G98, G99.
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Table 2.2 List of Program Commands

Metric output Inch cutput
Address — -
Metric input Inch input Metric input Inch mnput
Program No. O 1-9999 1- 9999
Sequence No. N 1- 9999 1- 99939
G function G 0- 199 0 - 199
Coordinate Address? 28388.607 mm 2330.2601 in. $21307.06]1 mm | 2838.8607 in.
X,2Z,I,K,U, W, R (£99999. 999 mm) |(#9999.9999 in.) | (299999.999 mm) {*9999 9999 mm)
. 1 - 24000 0.01 - 944.88 1 - 60960 0.01 - 2400.00
Feed/min F mm /min in /min mm /mn in /min
F 0.01 - 500.00 0.000_1-19.6850 0.01 - 1270.00 | 0.0001 - 50.0000
Feed/rev and 5 oolmmf“v . oolonlrev - mm/rev — 10nirev
Thread Lead E "'500". 0000 4% b o00 -9 000 "50. 000000
mm/rev infrev mm/rev in/rev
52 0-99 0-99
S-fynction
sS4 0 - 9999 0 - 9999
T-function T3 0-99 0-99
T4 0 - 9999 0 - 9999
M-function 0 - 999 0 - 999
Dwell U, P 0.001 - 99999. 999 sec 0.001 - 99999. 999 sec
Program No. Designation 1- 9999 1 - 9999
Sequence No. Designation 1~ 9999 1- 9999
No. of Repetitions 0 - 99599999 0 - 99999999
Angle Designation -t
forgStranh% Line 0 - #360.000° 0 360.000°
Angle Designation - -
for Multiple Thread ’ 0 - 360° ¢ - 360°

1 Parenthesized data indicates maximum cumulative value.
2 For angle designation of included angle for G176, see 2.8.26.8 Automatic Thr

eading Cycle (G76).



2,1.2 LIST OF ADDRESS CHARACTERS AND FUNCTION CHARACTERS

Table 2.3 Address Characters

B: Basic
Address Meaning O: Optional
A Angle designation for GO0l and G111, included angle for G76 o]
B Spindle shft angle 01 multiple thread, angle designation o
féor multiple cornenng
C User macro character O
D Depth of cut and number of cutting cycles for G71 to G76 0O
E Specifications for precise feed and precise lead for cutting B
F Specifications for normal feed and normal lead for cutting B
G Preparatory function (G-function) B
H User macro character O
1 X-component of arc center, canned cycle parameter, beveling B O
value (radius value) ’
J User macro character O
Z-component of arc center, canned cycle parameter, beveling B, O
K value
Incremental value of variable lead thread o]
L Number of subprogram repetition, Gl3to G16 angle and coordinate B, O
M Miscellaneous function {M-function)
N Sequence number
0 Program number
p Dwell, canned cgcle starting sequernce number, program number, B, O
user macro numbper
Subprogram starting sequence number, canned cycle ending
sequence number B.
R Radius of arc, rounding value, tool radius value B,
S Spindle function (S-function), maximum spindle revolution B
T Tool function (T-function), tool coordinate memory number , O
U X-axis incremental command value, dwell, canned cycle parameter B,
Vv User macro character 0]
w Z-axis incremental command value, canned cycle parameter B, O
X X-axis coordinate value B
Y User macro character
Z Z-ax1s coordinate value B




Table 2.4 Function Characters

EIA Code 1SO Code Function Remarks
Blank NuL Error in significant data area in EIA
Disregarded in 150
BS B3 Disregarded
Tab HT Disregarded
CR LF /NL End of Block (EOB)
CR Disregarded
SP SP Space
ER 3 Rewind stop
uc Upper shift
LC Lower shift

2-4-5 bits {

Control out (comment start)

2-4~7 bits )

Control in (comment end)

EIA: Special code

+

Disregarded, User macro operator

Minus sign, User macro operator

0to9 0to 9 Numerals
atoz A to 2 Address characters
/ / Optional block skip
Del DEL Disregarded (Including All Mark)
Decimal point
P::;Tf;;r # Sharp (Variable designation)
* * Asterisk (Multiplication operator)
= = Equal mark
( H Left bracket EIA: Special code
} ] Right bracket
$ $ 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) is automatically recognized.



2.1.3 DECIMAL POINT PROGRAMMING

Numerals containing a decimal point may be used
«3 the dimensional data of addresses related to
coordinates {distance), angle, time and speed.
They can be inputted from punched tape or MDI.

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

Coordinate words. X, 2,1, K, R
Angle words: A, B
Feedrate word: F, E

Time words: U, P

EXAMPLE

itnch)
or X15.0000 in.

[mm]

X15, ——— X15.000 mm

¥20.5 ¥20.500 mm or Y20.5000 in.

(GINF.2” — FO0. 20 mm/rev or FO,2000 in/rev
(for F32) (for F24)

or F25.60 in/min
(for F32)

(G98)F25.6— F25 mm/rev
{for F50)

GO4P1. Dwell 1,000 sec

Normally, when data withaut a decimal point 1s
inputted, the control regards "1" as 0.001 mm
(or 0.0001 inch or
ter setting, the control may be made to interpret
"1" as 1 mm (or } inch or 0.001 deg.). Refer

to parameter #6019Dg .

2.1.4 LABEL SKIP FUNCTION

In the following cases the label skip function
becomes effective, and LSK 1s displayed on the
CRT.

- When the power supply is turned on.
* When the RESET operation 1s executed.

While the label skip function is effective, all data
on the punched tape up to the first EOB code are
neglected. When LSK 15 displayed on the CRT in
the MEM (memory) or EDIT (editing) mode, 1t 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 1s
rcad 1n advance and compensation 1s computed
tor the follow-on operation.

In the tool radius compensation"' mode, two
blocks of data or up to 4 blocks of data are read
in advance and compensation computing requred
for the next operation 1s executed. One block
can contain up to 128 characters including EOB.

6

1 deg.), but with a parame-

The blocks including the following M codes
are not read 1n advance.

+ MO0, MO1, MO2. M30

© M codes {6 maximum) set by parameter com
manding to stop advance-reading.

2.1.6 HIGH-SPEED BUFFER REGISTER

A high-speed buffer register is installed as the
standard to serve for high-speed cutting. If a
consecutive group of blocks 1s specified in thread
cutting (G32) or linear interpolation (G01), the
stop time between blocks is reduced to zero by
this function (Note 2). This permits in continu-
Ous thread cutting a smooth cutting with shorten-
ed stop time between blocks.

NOTES:

1. This function is effective for G22 and G23
where the control 1s provided with Radius
Programming for Circular Interpolation option

2. Block-to-block stop time due to the time re-
quired to compute tool radius compensation
1s not eliminated or remains. To reduce
this stopping time, use 2.7.4 Buffering
Function (M93, M92) (optional). When oper-
ation of consecutive blocks up to 5 in M93
mode, 1nter-block stoppage time is reduced
Zero.

2.2 PROGRAM NUMBER AND SEQUENCE
NUMBER

2.2.1 PROGRAM NUMBER

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

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

One program begins with a program number, and
ends with M02, M30 or M99. MO02 and M30 are
placed at the end of main programs, and M99 1s
placed at the end of subprograms.

—f—
<%o:o.--------------uoz. 01234, mememmrenns Mo g,% <
PROGRAM WITH PROGRAM WITH

PROGRAM NO. 10 PROGRAM NO. 1234

ER (or % at ISO code) is punched on both end
parts of the tape.

NOTES:

1. The blocks for optional block skip such as
/M02;, /M30;, /M99; are not regarded as enc
of programs.



2. It is possible with a parameter change
(#6201D(), to make the reading of M02, M30,
and M99 ineffective as a program end, and
to make the succeeding ER (EIA) or % (150)
as a sign of program end.

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

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

NOTES:

1. Five or more digits must not be written as a
sequence number.

2. When two or more blocks have the same se-
quence number, only one 1s retrieved and
read, and no more searching is performed.

3. 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 - 19)C)

Those blocks in which "/n" {(n = {1 - 9) 1510~
cluded 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 Z200;

when the switch for /2 is on, the entire block is
neglected, and when the switch for /3 1is on,
this block is read as if

N 1234 GO1 X100,.
with "1," "1" may be omitted.

NOTES:

1. The optional block skipping process is execut-
ed while the blocks are being read into the
buffer resister. Once the blocks have been
read, subsequent switching on 1s ineffective
to skip the blocks.

ts

while reading or punching out programs,
this function 1s neffective.

3. The block skip /2 - /9is an option function,
and /115 a basic one.

2.3 COORDINATE WORDS

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
darections.

2.3.1 COORDINATE WORDS

Address of Coor
M
dinate Words eaning
X, z Absolute coordinate position of
' target position
Main Axis Incremental distance
U, W |(U: Direction in X-axis,
w: Direction in Z-axis)
Radius Incremental distance between
Value start point and center of
for 1, K |circular arc.
Circular (I: X-axis component,
Interpola- K: Z-axis component)
tion ] ]
R} |Radius value of circular arc

Note: When G90 and G91 are used, addresses
X and Z are not fixed as absolute value and
follow according to G90/G91 designation.

For details, refer to 2. 3,5 Absolute and In-
cremental Inputs.

2.3.2 SIMULTANEOUS CONTROLLABLE AXES

The control provides two-axis control for X- and
Z-axis. Number of simultaneously controllable
axes, when commanded in the same block, 1s

two axes, X and Z. For the axis without com-
mands, movement will not occur

2.3.3 LEAST INPUT INCREMENT AND LEAST
OUTPUT INCREMENT

2.3.3.1 Least Input Increment

The minimum input umts that can be commanded
by punched tape or MDI are shown below.

Least Input Increment

(10 times
1x 10N jhput unit)
Metric system | 0.001 mm 0.01 mm
Inch system | 0.0001 in. 0.001 1n

X-axis is specified for diametur.



2.3.3.1 Least Input Increment (Cont'd)

Inch/MM input 1s selected by setting #6001Dy.
Inch /MM input selection by G20/G21 1s optional,
Selection of multiphcation factor x1/x10 is made
by parameter #6006Ds5.

Lool atisct v alue must always be written in 0.00]
mm (or 0.000) inch), and offset is possible 1n
these units,

In 0.01 mm increment System, the following op-
eration must be made 1n the unit of 0.0] mm.

 Programming for operation in TAPE mode.
* Write operation in MDI mode.
* Programming for operation n MEMORY mode.

- Program editing operation in EDT mode.,

NOTES:

1. If NC tape programmed by 0.001 mm 15 fed
into or stored in an equipment set by 0.01
mm 1ncrement, the machine will move ten
times the intended dimensions.

-. 1f the increment system is 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.

3. When the stored program 1s punched out on
the tape®, the stored figures are punched
sut "as stored" regardless of switching of
the increment system.

1. Multiplication factor 10X (10 times the input
urut) 1s effective for distance command only.
It does not function on the designation of
time, angle, etc  When multiphication factor
10X 1s set as effective (#5006Dg = 1), the
same address word is multiplied by 10 or not
depending on type of G command,

LXAMPLL
GO04 U... ,=—Not multiplied by 10 (Time)
GO0 L-- .= Mulupled by 10 (Distance)

2.3.3.2 Least Output Increment

Least output increment 1s the minimum umit of
tucl motion. Selection of metrie system or inch
>ystem is made by parameter (#6007D3).

Least Qutput Increment

X-axis -
(Radius value) Z-axis
Metric output| 0.0005 mm 0.001 mm
Inch output 0.00005 1n, 0.0001 in.

Inch or metric output 1s selected by parameter
#6007D 5,

2.3.45 MAXIMUM PROCRAMMABLE DIMENSIONS

Maximum programmable values of move command
are shown below.

Maximum Programmable Values

Metric Metric mput 28388.607 mm
Output Inch input *320.2601 1n
Inch Metric input *21307.061 mm
Output Inch input *838.8607 1n

In absolute Programming, move amount of each
axis must not exceed the maximum programmable
value. THE MACHINE MAY NOT FUNCTION PRO-
PERLY IF A MOVE COMMAND OVER THE MAXI-
MUM PROGRAMMABLE VALUE IS GIVEN.

The above maximum programmable values also
apply to distance command addresses I, K, R
in addition to move command addresses X, U, W.

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

Maximum Accumulative Values

Metric system 299999.999 mm

Inch system 19999.9999 in

Note: These values are not determined by
least output increment.

2.3.5 ABSOLUTE AND INCREMENTAL INPUTS
Both absolute input and incremental mput can
be used for the control.

' Absolute input is specified by the addresses
X and Z.

EXAMPLE: X-.. Z... ,

* Incremental input is specified by the address-
es U and W,
EXAMPLE: U... wW... ;

" Absolute input and incremental input can be
used 1n one block mixedly.

EXAMPLE: X... wW...
Uvr-e Z... H



NOTE: When addresses X and U or addresses Z
and W are usedinone block, the latter is effec-

The addresses I and K for designation of arc-
center must be specified by the incremental

tive. dimension.
Table 2.5
In
Address S?:t'g;nt Designation Meaning
X Absolute Diameter Position in X-axis direction (Note)
Z Input - Position in Z-axis direction
U Incremental Diameter Move amount in X-axis direction (Note)
Input : .
W P - Move amount in Z-axis direction
1 Radius p;stanf:e in X axis-direction from start-
Incremental ing point of arc to center
Input . . . - .
K - Distance in Z-axis direction from start-
ing point of arc to center
R* Inc;‘:}r)n:tntal - Direct programming of circular arc
+X
G code Meaning
d G90 Absolute command
Ly
2 G91 Incremental command
PS5
Z
X, Ez1 / As shown below, G90 and G91 commands are
2 effective only to addresses X and Z.
ul v,
2 ) 2 +Z
L LF LA Addresses]{G90 command | G91 command
2y
2 TAPE, X, 2 Absolute Incremental
Z; MEM
modes U, w Incremental | Incremental
X and Z: Absolute Input MDI X, 2 Absolute Not influ-
U and W: Incremental Input enced by
pu mode U, w Incremental | G90 and G91.
Note: Since X and U are designated by the
values 1n diameter, the actual movement 1s EXAMPLE: G91 GO0 X40, Z50.; -----

the half of the values.

Fig. 2.1 Absolute Coordinate Values and
Incremental Coordinate Values

Cases where G90 and G91 {absolute and incre-
mental commands) are used.

- When special G code I (basic) or O (option) is
sclected, G90 and G91 codes can be used.

Incremental move command

. Auxibary data, I, K, R, etc., of circular
interpolation are always incremental commands.

NOTE: G90 and G91 can not be programmed

together in the same block. If they are written
in the same block, the one written later only 15
effective.

EXAMPLE.

G0l G90 X8&0.

G91l

Z60..

GY1 15 eftective, and in this block, commands
become incremental in both the X and Z axes.



2.3.6 X-AXIS DIAMETER/RADIUS SWITCHINGT

Addresses X and U for X-axis coordinate words
arc specified by diameter value. This is called
diameter designation. When the control is equip-
ped with DIAMETER/RADIUS switching option,
the addresses X can be used for designation of
both diameter and radius. The switching 1s
made by the setting of parameter #6006D 3.

0- Diameter designation

1. Rad:ius designation

+X +X

X1
+Z +2Z

%

]
x N
x'c

(b} In the case of ra-
dius Designation

(a) In the case of Di1-
ameter Designation

Fig. 2.2
Table 2.6
Diameter Radius
Programming Programmmg
Address X Diameter value |Radius value
command
Address U Diameter incre- |Radius value
command mental value ;na‘i'fleemema]

X-an1s position

display Diameter value

Tool position

Diameter value
offset value

Tocl coerdinate
data for work
coordinate
system

Diameter value

Nose radius R Radius value

Feedrate F, E

in X-axis direc-
tion

Radius value/rev
Radius value/min

Radius data I,
R for circular
interpolation

G90 - G94,
G70 - G76,
Paramecters for
cornering, and

multiple corner-
g, D, I, K,
' Q, R

Radius value

Radius value
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2.4 RAPID TRAVERSE RATE

2.4.1 RAPID TRAVERSE RATE

2.4.1.1 Rapid Traverse Rate

The rapid traverse motion 1s used for the motion
for the Positioning (G00) and for the motion for
the Manual Rap:d Traverse (RAPID). The trav-
erse rates differ among the axes since they are
dependent on the machine specification and are
determined by the machine tool builders. 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 each axial direction simultaneously, motions
1n these axial directions are independent of each
other, and the end points are reached at differ-
ent times among these motions. Therefore, motion
paths are normally not straight.

For override rap:d 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 Range of Rapid Traverse Rate

(1) For each axis, rapid traverse rates can be
set at some suitable multiple of 125 p/sec.
(p: Least output increment)

{2) The rapid traverse rate can be set to the
upper limit shown below,

24,000 mm/min
2,400 1n/min

Metric Input
inch Input

The upper hmit for X-axis speed 1s half the
listed values. The optimum value of upper
limit is set according to the machine.

Refer to the machine tool buider's manual,

for the defimte value.

2.4.2 FEED FUNCTION (F- AND E-FUNCTION)

G code listed below must be designated before F,
and E function 15 commanded.

G code Function

G99 | Designation of feedrate in mm/rev.

G98 Designation of feedrate in mm/min.

Note: For the details, refer to 2.8.29 Feed
Function Designation.

Since F, E codes are modal, these codes are
effective until next F, E codes are given.
However, when G98/G99 are switched, new F
code must be designated,



2.4.2.1

1)

Feed Per Revolution {G9% Mode)

Tool feed per revolution of the spindle can
be specified with F {(normal feed) or E (fine
feed).

{2) The feed ranges that can be specified by
the F and E codes are as follows.
G99 Mode, F and E Feed Ranges
Format | Range of feed/revolution
F0.01 - F500.00
Metric F32 mm/rev
input EU.0001 - ERCD. 0000
vetric P E34 mm/rev
sutput £24 F0.0001 - F19v.6850
Inch in/rev
input E26 EQ, 000004 ~ E19. 685000
in/rev
F0.01 - F1270.00
Metric F32 mm/rev
i t E0.0003 - E1270,0000
Inch il E34 mm/rev
osutput FO0.001 - ¥50.000
Inch F24 in,?rev
mput | gz | FO-000010 - E50. 000000
mnJrev

These feed ranges are subject to the following
restrictions depending on the spindle speed S.

2. This upper lmit may still be reduced by
the performance limt of the machine.
Refer to the machine tool builder's manual.

NOTES:

1. A command "FO" causes data errors.

2. Any minus value should not be specified for
F commands. If specified, the machine will
not operate properly.

EXAMPLE
F-250 ; ~----- Wrong
3. Feedrate commands in the direction of the

Metric output |F(E) x § = 24,000 mm/min
Inch output [F(E) x § = 2,4000 inJmin
Notes.
1. Program feed per revolution within such

a range that the X-axis component remains
below 12,000 mm/min or 1,200 in/min.

X-axis must be given in radius.

EXAMPLE
G99 S350 {rpm) ;
G01 Ul0000 F200 ;

In the above case, the feedrate is:

-++ In case of F32.

FxS=20mm/rev. x 350 rpm
+X

FEEDRATE
' 700 MM /MIN

¥ = 700 m/min

———— e ]

Values of F command at linear or circular in-
terpolation represent the tangential feedrate
when two axes are simultaneously controlled.

EXAMPLE 1
G99 5100 {(xrpm) ;
G01 Usl, w40, F50 ;
in the above case, the feedrate is
FxS=05mm/rev x 1000 rpm

= 500 mm/min

= v 3002 + 4002

Z-axis feedrate component

X-~-axis feedrate component

400 My /MIN

.

EXAMPLE 2
G99 S1000 (rpm) ;
Go03 U-«+ W... I... F20 ;
In the above case, the feedrate is:

FxS 0.2 x 1000
{mm/rev) (rpm)

(a)

200 mm/min

Vix2 + fzl

n



2,4.2.2 Feed Per Ninute (GC98 Mode) EXAMPLE 1

(1) Tool feed can be specified 1n mm/min or Gas
in/min with F codes. G0l U3000 W4000 F500 ;

(2) The feed range that can be programmed In this case,

with F codes 15 as follows. F =500 = 73002 v 2002
G98 Mode F Code Feed Ra (mm /min) T.
- i : nee X-~axis component
o ~.__|Format | Range of feed per minute
Metric F50 Fl. - F24000. Y-axis component

Metric [Input mm/min

Outputyrch F32 F0.01 - F944.8
Input 1n/min

Metric| cgq Fl. - F60960. )
Inch |Input mm/min

-
Output{inch F42 F0.01 - F24000.00
Input in/min
+2 (a)

Notes,

l. Program feed-per-minute values so that

the X-axis speed component will not ex~ EXAMPLE 2

ceed half the above upper imit feedrates. G98

EXAMPLE GO3 X-«v Z... I... F200 ;
G988 GO0l U300. F1l2000 , In this case,

(Metric output, metric input)

F=200="Y§ix2 + 22

CENTER

2. The upper limit value 1s further subject
to the hmtation imposed by the machine
performance. Refer to of the machine
tool builder's manual. This upper limit
value is to be set 1n parameter #6228.

NOTES '
1. Dec not write F command 1n FO or negative

values o (B)

$‘\200 MH/MIN
~

Commands in the X-axis direction indicate
speeds in radius.-

[ 3™

2.4.3 AUTOMATIC ACCELERATION AND

EXAMPLE DECELERATION
Gn3s
, Acceleration and deceleration for rapid traverse
0 700 .
GO1 Xx20000 F70 and for cutting feed are automatically performed
- without programming.
FEEDRATE 2.4.3.1 Acceleration And Deceleration of Rapid
700 MM/MIN Traverse And Manual Feed

F = 700 mo/min -

In the following operation, the pattern of auto-
matic acceleration and deceleration is linear.
(See Fig. 2.3,)

- Positioning (G00)

+Z

Values of F command at hinear or circular
interpolation represent the tangential feed- * Manual rapid traverse (RAPID)
rate when two axes are simultaneocusly con-

" Manual continuous feeding (JOG)
trolled.

* Manual HANDLE feeding (HANDLE)

12



l Goo
VELOCITY
TME ——
Fig. 2.3

Rapid traverse rate and the acceleration/decel-
eration constant of rapid traverse rate can be
set by parameter. (#6280 to #6287)

2.4.3,2 Acceleration And Deceleration of
Cutting Feed

In the following operation, the pattern of aute-
matic acceleration and deceleration is of expo-
tential curve. (See Fig. 2.4.)

- Cutting feed (G0l to G03)

TIME
Fig. 2.4

Feedrate time constants are set at Z msec inter-
vals and feedrate bias 15 set at Zkpps intervals
by parameters. (#6092, #6093)

NOTE: The automatic acceleration/deceleration

parameters are set to the optimum values for the
respective machines. Do not change the setting
unless 1t 1s requred for special application.

2.5 SPINDLE-SPEED FUNCTION
(S-FUNCTION)

2,5.1 S 2-DIGIT PROCRAMMING

The spindle speed 1s specified by two digits fol-
lowing the address S (S00 to 599).

For each 5 code and its corresponding spindle
speed (rpm), refer to the machine tool builder's
manual.

When a move command and an § code are issued
in a block, execution will depend on the machine
tool design and construction (Whether the 5 com-
mand is executed together with the move com-
mand or after the completion of tool movement).
Refer to the machine tool butlder's manual.

EXAMPLE
GO0 S11 MO03 ;
-++ S command
Spindle CW
oo

GOl Z--+ F-ev

GO0 X--» Z... MO5 ;
+++ Spindle stop
v MO3
X..: 2 ;
GO0l 2.+« F---
s2z ;
X Z F ]
NOTE:

S1): Effective
P
Ty
S51l: Effective
§22: Effective

'
'
'
1

The two-digit BCD output is sent to the

machine when 5 and two-digit command

is issued.

Jr

2.5.2 S 4-DIGIT PROGRAMMING A

(1) Four digits following § (S DOD0O) are used
to specify the spindle speed in rpm.

{2) When S command is given in a block together
with M03 {spindle forward running) or the
M04 (reverse running), the control proceeds
to the next block after the spindle speed

reaches the speed given by the S code.

For

details, refer to the machine tool builder's

manual.
EXAMPLE
§1000 MO03
s
1000 RPM
——— e —
|
|
! ~ ACTUAL SPINDLE
} SPEED
1 START
L 4
| COMPLETION OF
M COMMAND
START OF
THE BLOCK

13



2,5.2 5 4-DICIT PROGRAMMING A~ (CONT'D)

(3

(4)

5 communds ure modal. Although the spin-
dic stops at the M05 command, the S com-
muand 1s retamned. Therefore, when M03
(or M04) 1s given. the spindle runs accord-
ing to the S command.

When S command 1s changed after the spin-
dle start by M03 or M04, S command should
be g.ven within the range of-spindle speced
stlected by spindle gear.

NOTES:

L.

tw

The lower hmit of the spindle speed depends
on the spindle drive. Refer to the machine
tool builder's manual for the low-speed limit.
Necgative S commands must not be programmed.

When the control 1s provided with the § 4-
digit command function, the "Spindle speed
override" option can be bwlt into 1t,

With machine tools with which the main spin-
dle gear ratio changes can be specified by

M codes, first wiite the applicable M code

to preselect the desired gear ratio, and then,
write the 5 command. Refer to the data of
the machine tool builder for the number of
gear ratios, the speeds at various gear ratios,
and othe. detals,

When the control 1s provided with this func-
tion, the spindle maximum speed commanding
function with the instruction "G50 §--. ;"

can be used

2.5.3 S 4-DICIT PROGRAMMING BT

(n

This function 1s to modify the S 4-digit com-
mand A output freely through the program-
mabic machine interface.

Basically, this function 1s used in the same
way as the S 4-digit command A function,
but 1t 1s normally used to set the manually
controlled spindie speeds controlled by the
rotary switch on the machine control station
corresponding to S command speeds. For
the detals of S command speeds, refer to
the machine tool builde.'s manual.

2.6 TOOL FUNCTION (T-FUNCTION)

2.6.1 T 3-DIG!IT PROGRAMMING

Three digits, following the address T, specify

the tool number.

14

Leading zeros may be omitted.
000

Tool offset number

{0 -9)

Tool number

The fieures used for the destgnation of tool num
ber are determined by the macline.  Reter o
the machine tool builder's manual.

When a move command and a T code are 1ssued
simult incousiv, exccution waill depend on the wo
chine teol design and construction.

* the two commands arc exccuted simultancously,
or

* the T command 1s executed upon <ompletion of
the execution of the move command

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

Tool offset number designation specifies tool off-
set memory number and executes tool position
offset.

* T codes are modal, and therefore, once they
are given, they remain effective until another
T command 1s given.

NOTES:

* When the Tool Nose Radius Compensationt op-
tion 1s provided, the T code must be program-
med with sign (+ or -). For the details, refer
to 2.8.20 Tool Nose Radius Compensation.

T : J0O0O

] Tool offset number

(Nose value (R) memory)

Direction of tool nose
radius compensation

* For T code designation for work coordinate
system shift (G50 TO OO )T, refer to
2.8.23 Work Coordinate Multi-Shaft.

2.6.2 T 4-DIGIT PROGRAMMING

(1) Four digits following the address T specifies

the tool number.

T JO0O0O

Tool offset number
(0 - 16 or 50)

Tool selection

(2) Programming T 4-digit command 1s the same
as that for T 3-digit command except for

two-digit tool offset number designation.



{3) For appbcable tool number to be specified,
refer to the machine tool builder's manual.

Specifications Tool Offset No.
a 0~ 16
b 0- 50
NOTES:

1. When the tool number is changed by the T
command, a turret lathe begins to index the
too]l instantaneously. Therefore, the turret
should be removed, before the command,
from the area where an accidental collision
might occur.

2. Tool offset number 0 or 00 cancels the tool
offset.

2.6.3 TOOL OFFSET MEMORY ~
The area in which tool position offset values, tool
radius compensation values, and other compensa-

tion data are stored is called Offset Memory.

(1) The entire memory areas of Offset Memory
including the options are as shown below.

 OFFSET MEMOR: HO

!
« WORK CUGRDINATE No. X Z R
SHIFT MEMORY — 0
€1 LROLP) ¢ 3 T 3-DICIT
Il 0‘9 BASIC
TOOL OFFSET A GRS ISR ST
wraors o —4 [0 | T 4-DICIT
CROUPS MAY ) | 1\6 | | = STANDARD
, "ﬁ-'|‘"“ “““ b il UFFSET
o b= meM0RY
L sp § SUPPLEMENT
.
» TOOL COORDINATE 31 ‘
MEMORY (30  =——4 \
CROLPS “MAx ) 80 “
.
» TOOL WEAR MEMORY 81
(19 CROUPS MAXT™ 4
99
NEn—

» TOOL RADIUS
MEMORY

_

NOTE: For the actually usable range within the
above Offset Memory, refer to the machine tool
builder's manual,

{(2) The "tool offset Nos." specified by the T
function directly correspond to the "offset
memory Nos.," and their contents are used
for various compensations. However, the
tool coordinate memory Nos. {for setting the
work coordinate system) correspond to the
ool selection Nos. m the T tunction. The
work vourdimate shitt memory is an independ-
ent function. not rclated to the T function.)

(3) Write these data in the memory, before start-
ing to operate the machine under automatic
control. For the writing procedure, refer
to 4.3.5 Displaying and Writing Tool Offset
Values. For writing into Tool Coordinate
Memory, follow the procedure described in
6.2.3 Work Measurement Value Direct Input?.

2.6.4 TOOL POSITION OFFSETS

when the tool offset number is specified, the off-
set value corresponding to the tool offset number
is added algebraically to the command value in
the program and the tool is moved to the offset
position. Therefore, the difference between the
coordinate values of the programmed tool tip and
the actual tool tip must be stored into tool offset
memory in advance as the offset value.

When the coordinate value of the actual tool tip
has changed due to tool wear or some other rea-
sons, the tool position offset values should be
set again. Thus, the programmed machining is
attained without correcting the program.

(1) Range of tool position offset value

The programmable range of tool offset value
is shown below.

Qutput Input Setting Range
Metric |Metric input 0 - #8388.607 mm
Outputiinch mput 0 - £330 2601 1n
Inch [Metric input 0 - £9999,999 mm
OutPulineh input 0 - ¥838.8607 in

(2) Sign of tool position offset values

a. Store the tool position offset values in the
Offset Memory. The offset value is the de-
wviation from the tool tip pesition of the
reference tool which is determined as zero.

+X
ACTUAL TOOL POSITION
+62 -:6
—% {éx. DIAMETER)
-7 +2

N ROGRAMMED

-] To0L POSI-l | &x

=3 TION +5

- §

Fig. 2.5

15



2.6.4 TOOL POSITION OFFSETS (CONT'D)

(3)

(4)

16

Description of tool position offset motion

As mentioned above, when the too) specified
by the address T and 4 digits 1s moved, the
offset value corresponding to the tool offset
number is added to the command value 1n the
program algebraically and the tool tip 1s
moved to the offset position,

When there is no move command in the block, (5)
the tool moves only by the offset value.
Once, the tool offset number is designated,
the tool moves always to the offset position
unttl another number 1s designated. When
the other offset number 1s designated or
the offset value 1s changed, the offset value a.
1s compensated for by the amount of the
difference between the old and new offset
values.
OFFSET VALUE
T101
(+ 6xy, + §2Z7)
T11l5
(+ $Xz2, + 822)
+X b.
|
+Z
EXAMPLE
ol o S 1
G0l X z F(E). P 2
c.
TI115 . e 3

{Block of the
offset motion)

Move speed with tool offset

The move speed of tool offset is determined
by the feedrate command that 1s effective in
the block. Therefore, the feedrate command
(GO0 or GO1 F--.) should be issued before
or in the block containing the tool offset
number,

EXAMPLE

G50 X... z-- Offset motion 1s

GO0 S--. MO03 TO0108 ; made at the rapid
X z traverse rate.

Instructions for commanding tool position
offset

Tool position offset is executed by designat-
ing the tool offset number corresponding to
the actual tool must be designated.

Tool offset starts at the block in which the
T-code is commanded. When T-code 1s read,
the tool selection signal (BCD) 1s fed and
the tool starts to move by the offset value
corresponding to the tool offset number.
Since T code 1s modal, 1t is retained unti}
the other T code 1s designated.

EXAMPLE

GO0 T0202 ; --+ The tool number NO2 15
selected. Tool offset
motion is made accord-
ing to the contents of
the tool offset number 02.

When the tool offset value must be changed,
the T-code whose tool offset number is re-
written should be commanded again.

EXAMPLE

GO0 TO0202 ;
GOl X--- Z... F... :

GO0l To0216 ; Tool offset number 02
is replaced with 16.
Tool offset motion is made

at the cutting feedrate.

Note that 1f the tool number is changed 1n thus
case, the tool indexang motion starts,

The angle of taper cutting can be changed
by the following procedure.

T code for change of tool offset number
should be commanded i1n the block together
with cutting feed command.



EXAMPLE

(1) Goo To202 ;

GO0l X..- Z... F.u. 3

(@) 01 Us... W-.o. F... TO216 ;

DIFFERENCE OF TOOL OFFSET VALUE
BETWEEN TO216 AND T0202
MOVEMENT OF COMMAND 2

MOVEMENT WITHOUT COMMAND
T0216 IN 2

STARTING POINT (BEFORE THE
+7 EXECUTION OF COMMAND 2 )

When the T command and the move command
are issued 1n the same block,.the tool nose
moves to the offset position. Therefore, in
the above case, the taper angle 1s corrected
by the difference of the offset value between
T0202 and T0216.

When the tool position offset is required to
cancel, the T code with the tool offset num-
ber 0 or 00 (T 3O 1 00) must be commanded.
The tool position offset is instantaneously
cancelled.

EXAMPLE
G00 T0202
G0l X-«. Z... F... ;
G0l U+.-- W---+ F... TO0216 ;
(3) G00 X--- Z... T0200 ;.... The offset
motion is
cancelled.

Tocl moves
according to
the position
specified by
X and Z.

The block (3) of EXAMPLE can be divided
into two blocks.

GO0 X--- Z.-- ;

T0200 ; ..... Only cancel motion 15 made
at rapid traverse rate,

NOTES:
1. Tool position offset is cancelled by RESE]
operation.

2. The tool offset must be cancelled before M02
or M30 is commanded.

3. The tool offset should be cancelled also before
Automatic Zero Return (G28) is commanded,

4. When the control is reset by M02 or M30 com-
mand or by executing RESET operation,
the tool offset number becomes 0 (or 00).

5. When the Zero Return (auto or manual) 1s ex-
ecuted, the tool offset is cancelled automat:-
cally.

6. The tool offset must be also cancelled before
Zero Return Check (G27) 1s commanded If
the G27 is commanded at the state where the
toc]l offset is effective, the control will be
the state of Zero Return check error, because
the tool offset value 1s added to the program-
med position.

2.6.5 WORK COORDINATE SYSTEM SHIFTT

With this function, coordinate systems set by G50,
the Work Coordinate System Setting function, etc.
can be shifted through desired distances.

(1) Shift values in the X and Z axes can be
written into the Work Coordinate System
Shift Memory {one group) with which the
offset memory No. is "00," by the same pro-
cedure as for writing tool offset values.

(2) The written shift values become effective
from the moment described below.

a. When G40 coordinate system is set
b, When G40T work coordinate system 15 set
c. When automatic coordinate system is set
d. Position Absolute display is reset by ORG
key
That is, when these coordinate systems list-
ed above are set, the shift values are simply
added. Tools are not shifted.
+x X
ORIGINAL COORDINATE
Xo/?/
{‘.;} ) +Z
i
/SHIFI taX /2
]
© 2

SHIFT COORDINATE Fig. 2.6
AXES

17



2,6 5 WORK COORDINATE SYSTEM SHIFT
(CONT'D)

For positive shift values AX and AZ, the
coordinate axes are shifted in the direction
shown above. Xo and Zo are original coor-
dinate system setting values.

(3} This shift function is executed at each time
any of the conditions described m a, b, ¢,
and d 1s met.

(4) When the contents of Work Coordinate Sys-
tem Shift Memory are rewritten, the new
shift values become effective from the mo-
ment the operation a, b, ¢, or d above 1s
subsequently executed.

(5) The procedure of "6.2.3 WORK MEASURE-
MENT VALUE DIRECT INPUT" 15 effective
for the Work Coordinate Shift Memery with
an offset memory No. "00."

MOTES

1. The éhift command by the Work Coordinate
Shift function can not be cancelled uniess
the setting value 1s changed to "0." No
reset operation i1s effective in cancelling 1t.

2. TOOO00 5 ---e
G50 TOOQ0 ; ...

Tool position offset cancel

Work coordinate system
setting

The tool offset No 00 in these instructions
has nothing to do with the contents of Work
Cocrdinate S5hift Memory.

2.6.6 TOOL WEAR COMPENSATION (T5048A)T

With cert.ain tool wear value preset in Tool Offset
Memory, the preset value can be added to or de-
ducted from the values of any desired tool offset
No. in the part program by means of some spe-
cific T code command, 1n order to automatically
compensate for tool wear.

(1) with the following T-command, the contents

of tool offset Nos. 01 - 19 are changed.

AL

—L Tool offset No. (01 - 19)

Tool wear compensation
command

{2} This change 1s effected as follows.
The contents of the Tool Wear Value Memory
No. (e.g., 81) corresponding to the spe-
cified tool offset No. {(e.g., 01) are added
to or deducted from the contents of Tool
Oflsct Memory (e g., 01) for both the X
and 7 axes. .

18

The cortespondence bietweo v too] ettset mem
ory Nos anc tool wear vaiue memory Nos.
15 as shown pelow.

i‘TOCIL OFFSET MEMORY NO r TOOL WEAR VALUE MEMORY NO.

X - X
o 5 LB

X - X
2 17 — B 17

X - X
B3 +| 8 I3

OR

X i X

B | ® 5
Fig. 2.7

When input signal WOP 1s on - -- addition

When input signal WOM 15 on - subtraction

EXAMPLE

(When WOP 15 on)

T9012 ; --:-- The content of the tool wear
value memory No. 92 is add-
ed to the content of the tool
offset memory No. 12.

NOTES.

1. The offset value change function takes effect
when the command T90AA ; 15 executed.
If both the input signals WOP and WOM are
off when this command 1s executed, no chang:
takes place.

2. While parameter #6023D4 = 1, 1f a WOP or WOM
signal 15 turned on (closed) twice in succes-
s1on, the second offset addition or subtraction
15 not executed. While D4 = 0, the addition
or subtraction 1s executed alse in the second
time. This function 1s useful when forming
an automatic tool wear compensation system
in which the work size measurement by an
external measuring instrument is utilized.
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For example, with a measuring system in
which one interim workpiece 1s present be-
tween the machining process and the meas-
uring process as shown above, #6023D4
should be set to 1 for proper automatic com-
pensation of tool wear. With 2 system in
which there 1s no interim workpiece, #6023D4
should be set to "0." For details, refer to
"Connection Manual.”

2.7 MISCELLANEOUS FUNCTIONS
{M-FUNCTION)

The miscellaneous function is specified with the
address M and a maximum 3 digats. The function
of each M code (MO0 to M99) is 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.

2,7.1 M CODES FOR S5TOP
(M00, MO1, M02, M30)

To stop the NC control and machine, the following
codes are provided.

M00. Program stop
M01l: Optional stop
M02: End of program
M30: End of tape

These commands stop the advance reading of the
control. For these M codes, M 2-digit BCD code
and their respective decoded signals are output-
ted.

2.7.2 M CODES FOR INTERNAL PROCESSING
(M90 TO M109)

M90 through M109 are for internal processing.
Even when they are programmed, no external
output signal (BCD and decoded output) 1s sent.

M90 T
M91 *:

Program interrupt off

Program interrupt on

M92 +: Buffering of 1 block
M93 t: Buffering of 4 blocks
M94 ¥: Remote tool compensation for X-axis
M95 t: Remote too} compensation for Z-axis
M96 *: Tool radius compensation:
circular path meode
M97 t:  Tool radius compensation:
intersection computing mode
M98; Subroutine program call
M89: Subroutine program end
M100 to 109: Not used {for special application}
2.7.3 PROCRAM INTERRUPTION ON/OFF

{m91,

m90) T

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

M code Meaning

MS0 Program interrupt function OFF

M9l Program interrupt function ON
Note: When power is apphed, the current M

code is changed to the M code marked with ™.
However, it is not changed by RESET operation.

* M91 Peer

During the time from this command to an M90
command, whenever a program interruption
signal is received, the program under execu-
tion is interrupted (1f the machine is in motion,
1t is stopped after deceleration), and jumped
to the program whose number is specified by

P.

+ M90 ;

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

2.7.4 BUFFERING FUNCTION {M93, M82)7

(1

The following M codes are issued for
buffering function.

M code Meaning

M92
M33

1-block buffering

4-block buffering

Note: When power is applied, the current M
code is changed to the M code marked with™\.
However, it is not changed by RESET operation.
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2.7.4 BUFFERING FUNCTION (M853, m92)
{CONT'D)

(2) 4-block buffering (M93)

When M93 ; command is given, the control
enters the 4-block buffering mode, which
remains until M92 is commanded subseguent-
ly. In this mode, up to 4 blocks of data
are read in advance for subsequent opera-
tion. With programs in which the operation
time for the 4 blocks read in advance 1s
longer than the reading and processing time
of the subsequent 4 blocks, interruption
between blocks can be eliminated. This
function 1s effective in avoiding a shiny
streak on the workpiece caused by feed
stop between blocks.

(3} 1-block buffering (M92)

When M92 command 1s given, the 4-block
buffering mode 1s cancelled, and the 1 block
buifering mode 1s restored.

NOTE. While the tool radius is being compensated
for with the M93 function, up to two blocks not
containing move commands are permitted, and as
the result, up to & blocks may be read in advance.

EXAMPLE

N51 M93 ; Start of 4-block advance
reading.

N52 GO1 U--- F... ; Stop between blocks
. for tool radius com-

N33 Xeer Zeew pensation or other

N54 calculation can be

avoided.
M58 M92 ; Cancelling 4-block advance

reading.

2.7.5 REMOTE TOOL OFFSET MODIFICATION
(M94, M95)+

With this function, the contents of a specified
tool offset No. can be modified by the machining
error data obtained by an external measuring
Instrument and fed back to the control. With

this function, an automatic too] wear compensation
system can be formed.

(1) For this function, the following M codes are

used.
M code Meaning
M94 X-axis remote tool offset modifi-
cation
M95 Z-axis remote tool offset modifi-
cation

These are non-modal M codes.
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(2)

Compensation in X-axis

M9 U--.

With this command, the control outputs a
data request signal to the outside, receives
signed 3-digit BCD data, adds 1t to the X-
axis offset valueof the specified tool offset
No., and makes the sum value as the new
X-axis tool offset value.

(3)

Compensation 1n Z-axis

M95 Z... ;

With this command, the same operation is
performed as above with Z axis.

(4) At this time, if "input command x 10
signal(DIX)" of the control is on, the input
data 1s multiphed by 10 before being added

to the data stored in Tool Offset Memory.

Range of remote tool offset
madification data

Command 10 times|Command 10 times
input off input on
Metric input] 0 - 20.999 mm 0~ #9.990 mm
Inch input | 0 - #0.0999 1n. 0 - #0.9990 1n

(5) This function differs in detail with the type
of the formed compensation system. For
details, refer to the machine tool builder's

manual.

2.7.6 CIRCULAR PATH MODE ON/OFF ON TOOL
RADIUS COMPENSATION {M97, M96) 1

These M codes are effective when the control is
provided with the tool nose radius compensation
option.

(1)

The following M codes are used.

M code Meaning

Tool radius compensation carcular
M96

path on

Tool radius compensation circular
M97 path off (Execution of intersection

point)

Note: When power is applied, the current M code
is changed to the M code marked with Y .
However, 1t is not changed by RESET operation.



{2} With the tool! radius compensation mode by
G41 to G44, the locus of the tool (center
of tool radius) for commanded workpiece
contour lines with the angle between tan-
gents larger than 180° is in the following
two categories.

a. M96 mode

The center of the tool nose radius describes
a circular arc around the perimeter in the
contour line,

b. M97 mode

The center of the tool nose radius moves

along the locus that 1s formed by straight
lines shifted from the contour line by the
distance equal to the tool radius.

M96 mode M97 mode (calculation
{circular arc) of intersection)
Fig. 2.8

(3) Commands of M9 and M97 become effective
from the edge in the following command
blocks.

a. G01 X--+» Z--- F--»

(G01) X--- 2... M9

' From the move
) around the edge
{or M97)

in this block.

b. GOl X--- Z--- Fr*- im prom the move

around the edge

M96 (or M97) ; in this block.

(GOLY X--+ 2Z---

2.7.7 SOUBROUTINE PROGRAM (M58, M99)
with this function, subroutine programs which
have been numbered and stored in advance are
called and executed as many times as desired.

(1) The following M codes are used for this

function.
M code Meaning
M98 Call of subroutine program

M99 End of subroutine program

(2)

(3)

(4)

Call of subroutine program (M98)

M98 P.er Qe+ Leer

With this command, the subroutine program
starting with a sequence No. following Q in
the part program with the program No.
specified by P is called and is executed L
times.

However, when

P is omitted:
subroutine program following the sequence
No. Q in the main program is called.

Q is omitted:

subroutine program starting at the leading
end of the program No. specified by P is
called.

L is omitted: execution is only once.

Subroutine programs can be nested up to
4 times,

End of subroutine program (G99)

M99 ; is written at the end of subroutine
program to end it.

When this code is written, the operation re-
turns to the block immediately following the
main block in which the subroutine program
was called after the execution of the sub-
routine program.

M99 PB---

When this is written at the end of a sub-
routine program, the operation returns to
the sequence No. specified by P in the main
program.

Simple jump command

M9G P e+ 3

When this command is used in the main pro-
gram, the operation simply jumps to the
sequence No. specified by Q in the main
program. If Q is omitted, the program
simply jumps to the leading end of the main
program.

Nl G50 X0 z0 ,
N2 GOQ --- ;

NG M99 ;

Wwriting multi blocks (10 lines maximum) of
this program and executing cycle start
make endless operation.
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2.7.7 SOUBROUTINE PROGCRAM (M98, M99)
{CONT'D)

NOTES.

1. When the program No. specified by address
P and the sequence No. specified by Q are
not found, alarm code 041 1s displayed,

o
N

While command L for the number of repetitions
1s under execution, the remaming number of
repititions can be displayed. For details
refer 10 4.3.2.2,

3. TIhis function can be used when subroutine
programs are stored in the part program
memory. Main programs can be commandec

through NC tapes or the part program memory.

1. When subroutine programs are nested more
than 4 times, alarm code "042" 15 displayed.

EXAMPLE

Main Program Subroutine Program

0100 . S ome
NI GOo - S L) S
Nz M9g P200 Q3 L2 ; N2 comverees
N3 reereens
—
Two times
One time
2.7.8 OTHER M CODES
{1l How to use the other M codes other than the
above depends upon the machine. Refer to
the machine tool builder's manual.
Table 2 7 Typical Example of
M Codes for Machine
M M Remark
code eaning emarks
\03 Spindle forward | pjrecet switching
' runming from MO03 to M04
5 cannot be done.
G4 pindle reverse M05 must be

running inserted between

them.

M35 | Spindle stop

MO8 Coolant on

M09 Coclant off
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(2) When these M codes are commanded 1n the
same block with move command, executon
will. depend on the machine tool design and
construction. (Whether the M commands
are executed simultaneously with or after
completion of move command.)

{3} For these M-code commands, the control out-
puts M 2-cigit BCD codes.

2.7.9 M 3-DIGIT BCD ouTpuT?

When the control 1s provided with the M 3-digit
BCD output option, 1t can command M 3-digit
codes between MO0 and M999.

(1) M codes between MO0 and M89, and between
M110 and M999 are output in 3-digat BCD
codes,

(2) M90 through M109 are internal processing
M codes, and no BCD code for them 15 out-
put. See 2.7.2 M CODES FOR INTERNAL
PROCESSING.

(3) With M00, MOI, and M30, decode signals are
output in addition to the BCD ocutput.
See 2.7.1 M CODES FOR STOP.

(4) The specific usages of the M 3-digit codes
depends on machine tool design. Refer to
machine too! builder's manual.

2.8 PREPARATORY FUNCTIONS
(G-FUNCTION)

2.8.1 LIST OF G CODES

Address G, plus up to 3 digits specify the mean-
ing of the block. Table 2.8.1 gives G codes and
their groups.

(1} G codes are broadly classified mto the
following two types.

Meaning
Modal G-code effective until the other
G-code G-code of the same group is

commanded.

Non-modal

G-code effective only in the
G-code

commanded block.

(2) G codes in groups from 01 through 11 are
modal. When the control is energized with
the power switch, the G codes marked with
F in Table 2.8.1 are automatically selected.



(3)

(4)

(5

(6)

(M

G codes of » group in the Table 2,8.1 are
non-modal. They should not be commanded

together with the other G codes in one
block.

The modal G codes can be commanded mixed-~
ly in a block.

G codes in Class B are basic, and those in
Class O are options. The use of optional
G codes is determined by the machine tool

design. See the machine tool builder's
manual.

Standard G codes can be coverted to spe-
cial G codes I by parameters. This is a
basic feature, and, when parameter #6005D7
is set to 1, standard G codes are converted
to special G code 1.

When the special G code I option is incor-
porated in the control, the setting of param-
eter #6005D7 to 1 will convert G codes to
special G codes II. Setting the parameter

to 0 will reconvert the G codes to the stand-
ard G codes.

2.8.2 POSITIONING (GO0, C06)

2.8.2.1

(1)

(2)

Positioning (G00)

GO0 X(U).-+ Z(W)---r

This command moves a tool at rapid traverse
rate to the pomnt (X, Z) 1n the coordinate
system set by the G50 command or moves 1t

away by (U, W) from the present point for
each axis independently.

For the rapid traverse rate, as i1t depends

upon the machine, refer to the machine tool
builder's manual.

EXAMPLE
X-Axis: 12 m/min
Z-Axis: 6 m/mn
+X
w

Z e u

/ 2

T"""/—I

> I +z

(3)

(4)

(5)

(6)

®

@) (Go0) X30. 25. ; -+

Along the axes specified by G00, the ma-
chine slide moves in rapid traverse rates,
independently of each other. The resultant
tool locus may not be a straight line, and
when working out the program, care must
be taken to avoid fouling between the tool
and the workpiece.

GO0 is a modal G code in the 01 group.
When it is commanded, it remains effective
until other G codes i1n the 01 group are
commanded.

For the positioning with G00, the pulse dis~
tribution is started only after the ERROR
DETECT state is turned on, and the program
advances to the next block only upon the
activation of the ERROR DETECT state after
the completion of the pulse distribution.
when this G code is used, therefore, the
workpiece edges are machined true, and
rounding is avoided.

NOTES

The ERROR DETECT ON state means the
decrease of the servo lag pulses to the per-
missible level after the pulse distribution
for move command.

. When T code is commanded, G00 should be

put in the T-code block. GO0 is required
for designation of tool traverse rate for
tool offset motion using T code.

EXAMPLE
G50 X150. Z100.
G00 TO0101 S1000 MO3 ; -

... GO0 for designation of traverse
rate for tool offset motion

GO0 can be omitted
in positioning.

I DlA

+2
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2.8 PREPARATORY FUNCTIONS (G-FUNCTION)

{CONT'D) B Basic
Table 2.8 List of G Codes O. Optional
G Code GSF():C;:}Z]I ngzfil::l Group Function Section
GO0 Goo Goo Positioning (rapid traverse feed) B
Gol GOl Go1l Linear interpolation, angle programming for linear B. O
o1 interpolation '
G02 Go2 coz Circular interpolation CW,(radius R designation) B, O
GO3 Go3 Go3 Circular interpolation CCW, (radius R designation) B, O
Go4 G04 G04 Dwell B
Go6 Go6 G06 * |ERROR DETECT OFF positioning B
G10 Glo G10 Tool offset value setup o]
G1ll Gll Gl1 Bevelng )
01 Cornering
Gl12 Gl2 Giz Rounding o
G20 G20 G70 05 Inch input specification o
G21 G2l G71 Metric mnput specification 8]
G22 G22 G2z 01 Radius programming for circular interpolation CW o
G23 G23 Gz23 Radhius programming for circular interpolation CCW o
G227 G27 G27 Reference point return check B
G28 G2 G28 Automatic return to reference point B
G29 G29 G29 * |Return from reference point B
G30 G30 G30 Return to 2nd reference point 0
G3i G31 G3l Skip function o
G3z c33 G313 N ;I'hllz;ea:ic::cut;i::gg. continuous threadeutting, multi-start B, O
G34 G234 G34 Variable lead threadcutting o
G35 G35 G35 * |Tool set error compensation o
G36 G36 G36 Stored stroke irmit 2nd area ON o]
G37 G137 G137 o1 Stored stroke hmit 2nd area OFF o
G38 G38 Gis Stored stroke Limit 3rd area ON o
G39 G39 G39 o8 Stored stroke himut 3rd area OFF o
4 G40 G40 G40 Too! radius compensation cance) o
G41 Gil G41 Tool radius compensation No. 1 o
G412 G42 G42 06 Tool radius compensation No 2 (o]
G4q3 G13 G43 Tool radius compensation No. 3 o
G444 G44 G44 . Tool radius compensation No. 4 0
F shows the G codes selected when the control 2. When the contro! 1s reset, whether G code
15 powered or reset . of 01 group should be GO0 or kept as the

NOTES current one can be set by parameter #6005D ¢

3. Radius programming for circular interpolation

1. The following G codes for 1nitial state when can be made by GOZ and GO03 instead of G22
power s applied can be set by paramcters G23 respectively.

4 Cornering can be programmed by G0 instead
Group G code Paramcter of G11 and Gi2. Refer to 2 8.7 Cornering.
Ul GO0 or GOl #6005D 3 immal states of G codes of 06, 08, 09 groups
- hen power 1s apphied are determined b
P w 12 PP y
-] G¥orcos #6005D1 . thair respective setting data (#6001Dg. D;,
03 G0 or GI1 #6005D D2)
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{

B Basic
Table 2.8 List of G Codes (Cont'd) O  Optiondl
Special | Special sect
G Code G Code 1|G Code T Group E Function | cclion
Coordinate system setup B
G50 G92 G92 *
Maximum spindle revolution setup, work coordinate o
system setup
G511 G51 G51 Return of current display value to ongin o
»
G65 G65 Gb5 User macre simple call o
Gbé Gbb G66 User macro modal call ©
09
er? ' G67 r Go7 User macro modal call cancel o
G68 Gb68 Gb8 Mirror image by programmmng ON 0
4 10 o
Gb9 G69 G&9 Mirror image by programming OFF
G170 G70 G72 Finishing cycle .
G171 G71 G73 Stock removal in turning o
G72 G712 G74 Stock removal in facing o
Multiple
G173 G173 G175 * Pattern repeating repetitive e}
cycles
G74 G714 G76 Peck drilhing in Z-axis o
G75 G75 G777 Grooving 1n X-axis 0
G76 G76 G78 Automatic threadcutting cycle ]
G90 G717 G20 Turning cycle A B
Ga2 G78 G2l 01 Threading cycle B
G94 G79 G24 Facing cycle B B
G9 C96 G9%6 Constant surface speed control O
02
G97 G97 Constant surface speed contrg) cancel O
G94 G94 Feed per minute (mm/min) B
04
G95 G95 Feed per revolution (mm/rev) B
G900 G30 03 Absolute command B
G9%1 G9l Incremental command B
Glz2z Glz2 Glaz Tool registration start o
11 Tool hife control
'C-123 Gl23 Gliz23 Tool registration end (o]
Gll1l G111 Glill Taper multiple beveling /rounding o
*
Gli2 Gllz Gliz Arc multiple beveling /rounding o
F shows the G codes selected when the control 2. When the control 18 reset, whether G code

15 powered or reset

NOTES-

1. The following G codes for imitial state when
power 1s apphud can be sct by paramecters.

Group G code Paramcter
01 GO0 or GO #,005D >
04 Gas or GI9 #6003D

R

Lot ot

LSRN

of 01 group shouid be GO0 or kept as the
current onc can be set by parameter #6005Dg

Radius programming for circular interpolation
can be made by G02 and GO03 instvad o) G22
G23, respectively.

Cornering can be programmed by GOl instead
of G1l and G12. Referto 2 8.7 Corncring.

Inttial states of G codes of 06, 08, 09 groups
when power i1s applied are determincu by
therr respective setting dat (2402104 Do
a0



2.8.2.2 ERROR DETECT OFF Positioning
(coe)

L1 G0e XLLdeee Z(W). ..

With this command the positioning process
15 1dentical to that of GO0 except tor the

tolioning aspects,

4. GO061s a non-modal G code in the * group.
It 15 effective only in the.programmed block.

EXAMPLE

G00 X--- 2. .

G06 X. - Z... , —— Move by G06
X:v+ Z+  ; —— Move by GOO

L. With the positioning of G06, the positioning
pulse distribution 1s immediately started
on the completion of the pulse distribution
for the preceding block, after making an
ERROR DETECT check, and the program
advances to the next block after the comple-
tion of the pulse distribution process. For
this reason, wrokplece edges are rounded
to the extent of servo lag pulses.

“OTL The LRROR DETECT ON/OFF signals
(5\MZ2) are ctfective only for cutting feeds, and
have no 1mfluence on the motion under G000 and
Glo

2.8.3 LINEAR INTERPOLATION (GO1)~

- GOl X(Uu)--- Z(W)}--- F(E})---

A tocl 1s moved to the pomnt (X, Z) on a straight
une at the traverse rate designated by the For E
wtode 1n the coordinate system set by G50

moved cway by (U, W) from the present point.

F or E code must be specified in the block con-
tarming the GOl or 1in the previous block. If
rot, 1t causes a format error. Feedrate desig-
nated by the F or E code 1s the tangential feed-
rate.

+X POSITION
PROGRAMMED

z ./ w

PRESENT
G TOOL POS IIEON

U
2

TN

26

EXAMPLE
G50 X100, Zo0. ;

G00 T0202 sS600 MO3

X35, Z5. ;
@ GO0l z0 Fl. ; Executed by
- - - linear inter-
@ X60. FO0.2 ; polation G01.

/ +2

- Angle programming for linear interpolationt

With the control equipped with this option,
hnear interpolation can be commanded at
specified angles.

G0l X{(u)--- A--- F(E):..- ; (a)
or

GO0l zZ(w)--- A--+ F(E}-.. ; (b)

With these commands, a linear interpolation
will be executed by specifying angle A in
the + direction of the Z-axis and distance
either in X- or Z-axis direction. The feed-
rate 1n the tangential direction is specified
by the F or E code. The range of angle
specifiable with address A 1s as follows.

Programmable range
g!;f angle A g

Metric Input

0 - £360.000°
Inch Input




Table 2.9

Sign Meaning

Angle counterclock-
A+ clockwise from +Z-

A+
vz
axis.

Angle clockwise
A- | from +Z-axis.

‘ A+ At
V/2

X
+X START
Z w POLNT
- START - '
MINT
+Z
EXAMPLE
(D) Go1 X50. A+150. FO.3 ;
() co1 z0. A-180.,
+X
@
START
@POINT
S0 DIA A=-+150"

i

2.8.4 CIRCULAR INTERPOLATION {c02, G03)

. G02(G03) X(U):++ Z(W)--+ I.-+ K.-- F(E).

A tool is moved on the circular arc whose cen-

ter is away from the present position by (I, X).

The end point of the arc is (X, Z) in the coor-
dinate system set by G50 or away from the
present position by (U, W)

A tool moves along 2 circular arc at the tra-
verse rate specified by the F or E code.

. The meanings of G02, G03 and each address
are shown below.

Table 2.10

Meanings

Circular interpolation,
Go2 clockwise

Circular interpolation,
G0l
counterclockwise

End pownt of arc on X-

x() axis {Diameter value)
End point of arc
(W) on Z-axis

Distance from start pont
1 of arc to arc center on
X-axas (Radius value}

Distance from start point

K of arc to arc-center on
Z-ax1s
CENTER
X END
POINT

+Z

Fig. 2.9

Circular interpolation of an arc on multiquad-
rant can be programmed 1n a single block.

EXAMPLE

*X

100 DIA

+Z




2.8.4 CIRCULAR INTERPOLATION (G002, G03)
{CONT'D]}
Table 2.11

Arc center

coord.nate (10000, -2700)

I 100 - 60
'_é—' = 20 mm
K -V 282-202 = 383

= -19.596—e -19 $0 mm

The above case can be programmed as follows.

GOl Z--- F--r ;

G02 X60. Z-46.6 120. K-19.6 F--- ;

- The feedrate commanded by the F code 1s a
tangential feedrate.

NOTES:

1. The direction of the arc of G02 for Clockwise

1s defined as follows.

"When viewing the X.Z plane in -Y direction
in the right-hand coordinate system, the tool

moves clockwise from the beginning point of
the arc."
Therefore, the direction of rotation in the

plane (-X.Z plane) Fig. 2.21 1s presented
mnversely.

|
. Gz
(_)G 03

+2Z

2. When the end point of arc 1s not designated

on the circumference specified by the radius,

the alarm is not displayed and the tool path
1s as follows. The mark o indicates the end
point of arc.

2 r U

-— Omme -
ARC CENTE!
-0 O =

N

Z;
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Note tnat g the end pomnt s destgn ded e the
shaded area, the alarm 1s not displayed and the
tool will continue to move endlessly,

The end point coordinate should be precisely
commanded when the circular interpolation
applied to the tool nose radius compensation, or
the tool may not move properly. Generally, it
i1s recommendable to calculate up to the next
digit of least input increment and count frac-
tions over 1/2 as one and disregard the rest.

3. When the control is provided with Radius
Programming for Circular Interpolation, ra-
dius value can be commanded by G02, G03
instead of G22, G23.

EXAMPLE

a. G03 X80.0 Z15.0 1-10.0 K-30.0 F150

’

b. G03 U40.0 w-40 0 1-10.0 K-30.0 F150

»

X
END
PRINT _poo
©.00
n.0
x.® FENIER e =TT 1000
-2 05
Y s® %.® z

2.8.5 DWELL (G04)
(1) Go04 U{P)-.. ;

This command interrupts feed for the lengt!
of time designated by the address U or P.

(2) Dwell is programmed as an independent
block.



(3)

The maximum length of time which can be

designated with address U or P is as follows.

Dwell time: l 0.00] to 9999.99 seconds
Dwell time is not influenced by input/output
increment.

EXAMPLE:

G04 U35 3.5-second dwell

G04 P3500 - 3.5-second dwell
NOTES:
1. GO04 is a non-modal G code.
2. The counting of dwell time is started from

the instant the control enters the ERROR
DETECT ON state upon completion of the
move command block before G04.
Therefore, with G04 U0 ;, the control
advances to the next block immed:ately
after detecting the ERROR DETECT ON
state.

EXAMPLE

G01 w-1. F25 ; — 1 mm feed

G04 UD.2 ; — 0.2 second dwell time
G0l w-1. ; — 1 mm feed

With the above program, chip cutting feed
1s obtained.

0.2 DWELL

TIHH

+Z

2.8.6 TOOL OFFSET VALUE (c10)t

With G10 command,

tool offset values can be

set and corrected.

(1)

Gl0 P.-- X(U)+«++ Z(W):--+ Reee
With this command, tool offset values are

set or corrected in part programs.

Table 2,12

Meaming

For specifying tool offset No.

X For changing the tool offset value to
z the specified value.

u For adding the specified value to the
W originat tool offset values.

R For changing the tool radius to the

specified value.

(2}

The offset values for which no address is
programmed are not changed.

EXAMPLE

G10 P16 X32.5 WO0.05 ;
—_

Z0.0S mm is added to
Z- axis value

X-axis value is set to 32.5 m

|_Contents of tool offset No. 16
is changed

The above format is used to make offset
value tapes, and to store the values in

Offset Memory at once.
The tape format is as follows.
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2.8.7 CORNERING {G11, G12)*

(1) Beveling (G11)

Gl1 {

xu)...

K vy ..
Z(W) -« I...

Table 2.13

This command removes the sharp corner of
workpiece. Addresses X and Z cannot be
specified simultaneously in a block.

Meaning of each address 1s shown below.

Beveling for X-axis

Bevelng for Z-axis

GIl X(U)--+ K--. F(E)...,

K— K+
END

POINTQ\‘
5

(

o N

Gll 2(W)-.. I... F(E)... , ;
END
POINT
f+m"5'
TART POINT

\/I
+X 45° X I— <
(DIAMETER) W
STRRT z ' R
+Z  pomnT
K 2 1 3

—[Beveling Value

Beveling Direction

l Beveling Value

(Radius Value)

Beveling Direction

Beveling values (K and I) are himited within

the following values.

[l <furz] o 1] <fw]

The command exceeding the above value causes

format error.

G00 X30. zo ,
@ 611 z-20. 18. F30 ,
) ,'(cn) X80 K-7. ;
L
+2Z F]g. 2.10

30

(2) Rounding (G12)

X(U)--r Koo
Z(W)--- I---

G112

} FE

This command performs the rounding of the
corner. Addresses X and Z cannot be spec~
1fied simultaneously in a block. The corner
1s formed as a quarter-round. Meaning of
each address is shown below.



Table 2.14

Rounding for X axis

Round:ing for Z axis

i
G12 X{U):-+ K-++ F(E).-. Gl2 Z(W)--. I--- F(E)... ;
k- | K+ END
END POINT
POINT ™% r
{ . g o
+X ¥ -
(DLAMETER) -1 ¥
L . "
+Z START POINT
K 2 K %

T_ Rounding value

Rounding direction

‘ _]——Rounding value
Rounding direction

Rounding values (K and I) are limited within

the following values.

[k <Jorz| . |1 <|w]

The command exceeding the above value

causes format error.

GO0 X20, z0 ;

Gl2z Zz-25 19. F30 ;
(G12) X70 K-6 F20 ;

©6

+Z

1.

NOTES:

G1l and G12Z are modal G codes in the A group.

They remain effective until other G codes in
the group A are commanded.

Gll and G12 are for one axis only. If they
are commanded for both axes in the same
block, they constitute a format error.

EXAMPLE

Glz X.-» W-.. K... Error "050"
In the G100 or Gl2 modes, no block without
I and K nor block in which I and K are 0
can be commanded. If such a block 15 com-
manded, correct tool movement can not be

assured.

Tool radius compensation function™ 1s effec-
tive to the blocks contaiming G11 or G12.

In the finish form commands G70 through G73
of the special canned cycle t, blocks contain-
ing G11l or G12 can be commanded.

GOl code can be used instead of G11 to speci-
fy identical beveling.

X{uy...
Z(W)...

K...

G0l .

F(E):.-+

GO0l code can be used instead of G12 to speci-
fy rounding. However, in this case, R mus{
be used instead of I and K.

:} F(E).-- ;

r

X(U).-.
Z(W)- ..

R..

GO0l ..

n



2.8.8 INCH/METRIC DESIGNATION BY G CODE
(c20, G21) ¢

Unit of measurement (metric or inch) of input

datu 15 selectively specified by the following G
codes.

G code Input unit
G20 Inch input
G21 Metric input

These G codes are programmed at the leading
end of a block of 1ts own. If these G codes
are commanded, the umts of all the following
motions are changed.

4. Subsequent part programs

. looloffset values

c. Part of settings and parameters
d. Part of manual movements

¢. Displays

NOTES:

1 When G20 or G211 1s commanded, the setting
of inch/metric selection 1s changed. There-
fore, the state of G20/G21 at the time of
power application depends on the setting
by parameter #6001Do.

EXAMPLE
-\___-——-l—-

—

ER

CR

01234 ,
.G2G |, -

Inch input designation

—

[N}

when G20/G21 selection is commanded 1n the
program, take the following procedure be-
forehand.

4 Cancel work coordinate system (G50T), 1f
used.
b. Cancel tool position offset, and tool radius
compensation (G4l - G44).
3 Take the following procedure after the com-
mand of G20/G21 selection.

a. Program absolute zero point for all axes
before move command (G50).

32

b.

In principle. make the display resel opera-
tion when current position display (exter-
nal) 1s used.

The tool offset values are processed differ-
ently 1n the G20 mode and the GZ21 mode.
G20/G2]1 must be commanded after modifying
the tool offset values.

Stored off-
set values

Processing in
G20 {Inch)

Processing 1n
G21 (Metric)

15000 1.5000 in. 15.000 mm

2.8.

9 RADIUS PROGRAMMING FOR CIRCULAR

INTERPOLATION (G22, G23)T

In programming circular interpolation (G022, GO03),
the control requires the data of the arc-center

coordinates.

Normally, they are given by using

the addresses I and K.

(1)

(2)

(3)

In programming of G22 or G23, the control
automatically calculates the arc center coor-
dinates {I, K) from the radius value desig-
nated by the address R and performs circular
interpolation.

G22

} X(U)--. Z{(W)--» R.-. F(E).---
(G23)

A tool moves along the circular arc whose
center is radius R away from the present
position. The end point of arc is at coor-
dinates (X, Z) set by G50 or is away from
the present position by (U, W). Tool moves
along the circular arc at feedrate designated
by F code.

The meanings of G22, G23 and each address
are shown below.

Designation of radius value R

Radius value R 15 commanded by incremental
value with a sign of radius programming.

In this case,

when radius value R > 0, an arc, describing
less than 180°, and when R < 0, an arc
describing more than 180° are specified.



Table 2.15

Meaning

G22

Circular interpolation by
radius for CW

G2}

Carcular interpolation by
radius for CCW

x(u}

The X-coordinate of the end
of the are
(Diameter value}

Z{wW)}

The Z-coordinate of the end
of the arc

Distance from the start poaint
of arc to arc center (Incremen-
tal valuc with sign)

END
¢ POINT
1
1

\ . 180* OR

o BELOW
‘\
1
.3

“x 160° OR BELOW
NPT | CENT

[~

START
POINT

EXAMPLE

Gol

@ coz

X40. 2-10. F20 ;

Fig. 2,11

+Z

Fig. 2.12

(X40.) 2-52.5 R30.

(F20)

ARC CENTER

NOTES:

1.

2.

G2z and G23 codes are modal. They are kept
until other G code of 01 group 1s commanded.

In the G22 or G23 mode, the block in which
R is not contained or R 1s designated as zero
should not be commanded. Radius cannot be
designated by I and K.

When R is varied with both start and end points
fixed, the tool will move along the following
circular arc.

END POINT

CENTER
R ——

START POINT

Therefore, in the following case, the arc cen-
ter does not exast which causes data error.

{Distance between start point and end point)
2

Tool nose radius compensation 1s effective
for the block containing G22 or G23.

The block containing G22 or G23 can be
designated in finishing shape commands of
special canned cycles (G70 to G73).

R <

When the control is provided with radius pro-
gramming option, circular interpolation by
radius {R) programming can be made by G02,
GO03 instead of G22, G23.

2.8.10 REFERENCE POINT CHECK (G27)

(1}

G27 X(U)--- Z(W)..+

With this command, the tool 1s positioned to
the absolute coordinate point (X, Z) or in-
cremental coordinate point (U, W) by moving
along the two axes simultaneously, and then,
the position is checked for conformance with
the reference point. For the axis for which
no command is given, positioning and check-
ing are not executed.

1 REFERENCE POINT
w ﬁ_
/
P4 -? X
_____ [ M
START POINT

Fig. 2.13
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2,8.10 REFERENCE POINT CHECK (G27)
{CONT'D)

(2)

If the position 1s the reference point, the
return-to-reference lamp lights. The posi-
tion i1s the reference point in all the axial
directions specified, the automatic operation
1s continued further. If the position is not
the reference point even along one axis,
thisconstitutes the return-position-error,
and the automatic operation is interrupted.
(Cycle start lamp goes off.)

NOTLS.

I.

The reference point is an fixed point on the
machine tool to which the tool can return by
the motion under the control of the automatic
reference point return or GZ28 automatic ref-
erence point return function. See 6.2.1
Automatic Reference Point Return.

If G27 1s commanded in the tool position off-
set mode, the tool returns to the position
displaced from the reference point by the
tool offset value. Positioning cannot be made
at the reference point. Before commanding
G27, cancel the tool offset mode.

EXAMPFPLE

a. Cancelling tool offset in the block pre-
ceding G27.

TOOoW ;
G27 U--- W... H

b. Cancelling in the block contamming G27.
G27 U-... w... OO0 ;

The mirror 1mage function 1s effective with the
motion commanded by G27. To avoid the
return position error, command G27 in the

G469 mode (Opposite tool post mirror image
off).

2.8.11 AUTOMATIC RETURN TO REFERENCE
POINT (G28)

()

34

G28 X(U)--- Z(wW)---

with this command, the tool can be brought
back to the reference point automatically
after passing through an interim point. In
other words, the tool positions to the com-
manded absolute coordinate position (X, Z)
or incremental position (U, W) by moving
simultaneously along the two axes, and then
automatically returns to the reference point
by the reference point return function.
The specified pomnt (X, Z) or (U, W) 1s
known as "INTERIM POSITIONING POINT,"
or "INTERIM POINT."

(2)

(3}

SPEED

INTERIM POSITIONING POINT

' REFERENCE
! POINT

POSITIONIRG

+X
START
POINT

+2Z

Fig. 2.14

The tool does not move along the axis for
which instruction 1s omitted.

When the return to reference motion is com-
pleted, Reference Point Return lamp for the
returned axis Lights. When the tool returns
to the reference point in both axes, the
automatic operation 1s resumed.

The series of RETURN TO REFERENCE
motions are as follows. With initial power
application, the return motions to the
reference point are as shown below in the
low-speed mode as shown below.

SET BY
PARAMETER

RAPID TRAVERSE

APPROACH SPEED 1 ‘*
APPROACH SPEED 2
DISTANCE

¥
1
'
]
1
]
]
!

SPEED SEQUENCE

- . Y
SPEED REDUCTION LIMIT SW REFERENCE
POINT
Fig. 2.15

Thereafter, the RETURN TO REFERENCE
POINT moticn 1s 1n rapid traverse as under
the command of GO0,

(4)

RAPID TRAVERSE

SPEED SEQUENCE

Fig.2.16

However, when low traverse speed is speci-
fied by parameter #6010Dg set to 1, the
same low motion speed as in the lst time is
obtained.



NOTES:

1. For parameter setting and other details of
the low traverse speed return motion shown
in F1g. 2.8.11.2, refer to 6.2.1 Manual Re-
turn to Reference Point.

2. The starting point for RETURN TO REFER-
ENCE POINT motion must be in the area
shown in Fig. 2.8.11.4. Fig. 2.8.11.3 can
be started from any position,

RETURN
DIRECTION

———

¢— AXIS
DECELERATION
I I LIMIT SWITCH
REFERENCE RETURN UNABLE
E%in":f ggp}r{m _+' ~ POSITION

3. Before wrniting G28 in the program, cancel
the tool position offset as shown below.

a. Cancelling in the preceding block
T Opoo ;
G28 X+«-- Z... ;

b. Cancelling in the block containg G28
G28 X... Z... TOOOO ;

4. When G2B is written with the tool position
offset or tool radius compensation on, the

offset or compensation 1s automatically can-
celled,

2.8.12 RETURN FROM REFERENCE POINT (c29)

(1} Wwith this function, the tool is positioned to
a specified point via the interim point, after
it has been once returned to the reference
zerd point by the AUTOMATIC RETURN TO
REFERENCE ZERO COMMAND (G28).

G28 X... Z... ; Point A+ B + C

(reference zero point)

Point B

G29 X--. Z... ;
NI_V_—'

Point D

Point C~ B+ D

¢ (REFERENCE
ZERD POINT)

™~ BRI

B
,..»'f TS~ INTERIM POINT
- [}

po” K
’
]

& Fig, 2.17

(2) When G29is used, consideration on the dis-
tance between points B and C is unnecessary
in programming. Especially when incremen-
tal instructions are used, this function 1s
useful to return the tool to the original co-
ordinate system after returning to the
reference zero.

(3) Motions C + B and B + D are made simul-
taneously along the two axes 1n rapid trav-
erse, However, the tool will not move in
the direction for which instruction s omitted.

(4) Where G28 is programmed several times,
the point B created by the latest G28 in-
struction is effective for the motion by G29,
EXAMPLE (absolute input)
Coordinates of interim point is equivalent to
these two blocks.

X Z
N20 G28 X110, Zz20. ; —e=(10. 20.)

N25 G28 X30. ; ———==(30. 20.)

[ N26 G29 x-40. z-50. ;]

GO0 X30., z20. ;
GO0 X-40. 2Z-50. ;

NOTES:;

1. Commanding G29 without the execution of
G28 after turning on the control constitutes
an error "059."

2. In principle, cancel tool offset before pro-
gramming G28 or G29. 1If they are program-
med while offset is effective, the interim
point B will be offset, and thc tool will pass
point B',

¢ (REFERENCE
ZERO POINT)

/ OFFSET DISTANCE

3—-—""'7\
’ 3 (INTERIM POINT)
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2,8.12 RETURN FROM REFERENCE POINT
(C29) {(CONT'D)

NOTES:

3. Commanding G2% 1n the TOOL RADIUS COM-
PENSATION mode (G40 - G44) or in CANNED
CYCLES (G70 - G76, G90, G92 and G94) con-

stitutes an error.

EXAMPLE

N50 TO0300 ,

N51 G28 UB0. wz20. ;
N52 T0400 ,

N5%3 G2Z9 uU-80. w40. ;

¢ (REFERENCE
2 ZERO POINT)

+X

40
~
rd

N2 -z

2.8.13 2ND REFERENCE POINT RETURN (G30)”

{1y G30 X{U) Z{W).-.

With this command, the tool first moves to
an interim positioning pont (X, 2} or (U,
W) in two axial directions simultaneously,
and then, moves to the Znd reference point.
The too] does not move along the axas for
which no coordinate position 1s specified.

IND REFERENCE
7 —Q-PO INT
. 2
r 4

Fig. 2.18

{2} The 2nd reference point 1s specified 1n
advance 1n terms of the distance from the
Ist reference point commanded by GZ28, by
parameters #6612 and #6613.

EXAMPLE

G30 U-40. W30

kY]
ES ) ..Nl! R%FERLNLE

PARME TR
lbb\ 2

N 4‘5—
_g IST REFER.ENCE
INTERIH OINT
TC 2ND REFERENCE

POINT PARAMETER #6613

NOTES:

1. Before commanding G30, after the energiza-
tion of the control, G28 or MANUAL RETURN
TO REFERENCE POINT must be executed.

2. For the 2nd REFERENCE POINT RETURN
motion, there is no area from where return-
ing 1s impossible, and the tool can be return
from any position

3. The same notes 3. and 4. of (5) for 2.8.11
Automatic Return to Reference Point apply
to G30 command.

4., When G29 1s commanded after G30, the tool
moves via the interim point specified by G30
to the position specified by G29. However,
the interim point is renewed only 1n the axis
specified by G30.

2.8.14 SKiP FUNCTION (G31)~

(1) G31 X(U):--- Z(W).-.. (F(E)---);

With this command, a special linear inter-
polation 1s executed. During the interpo-
lation movement under this instruction, the
tocl interrupts the interpolation motion
immediately, and proceeds to the next block,
when a skip signal 1s received.

(2) The motion after the receipt of a skup signal
varies with the instruction of the next
block.

a, When the next block 1s programmed in incre-
mental values:

The tool moves in¢crementally 1n accordance
with the next block from the point where
the interpolation 1s mterrupted.
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EXAMPLE

G31 wlz20. ;
G0l U100, ;

ACTUAL l
MOTION COMMAND\" 5

SKIP
SIGNAL ON

When the next block is programmed in abso-
lute values only for one axis:

The tool moves to the specified coordinate
position in the specified axis. It remains
at the position where the skip signal is re-
ceived, if axis is not specified.

EXAMPLE
G31 Z400. ;

G0l X100. , .
ACTUAL i ’
MOTION o !

i
1 100 DIA
X t
l 400.
A

SKIP SIGNAL ON

When the next block 1s programmed 1n abso-
lute values along two axes:

The tool moves to the commanded position
from the point at which a skip signal 1s
received,

EXAMPLE

G31 wloo0. ;

G0l X300. z200. ;

SKIP SIGNAL ON

{3) G3! is a non-modal! G code,

When no skip signal is received during the
execution of the block containing G31, the
tool stops at the end of the block, and alarm
"087" is displayed.

(4) The feedrate for blocks containing G31 are
set in the following two methods, setectively
specified by parameter #6019D4.

a. Designation by F 1n the same way as with
normal pregrams,

b. Presetting of feedrates by parameter #6323,

(5} When a skip signal is received, the coordinate
values at that moment are automatically stored
as parameter data.

#6568 for storing X coordinate value
#6569 for storing Z coordinate value

These data can be used as system variables
In USEer macros.

NOTES:

1. When parameter #6004Dg is set to 1, the pro-
gram 1s advanced to the next block automati-
cally even when no skip signal 15 received
during the execution of the block of G31.

2. Before programming G31, be sure to program
G40 for cancelhing TOOL RADIUS COMPIN-
SATION. Failure to do this initiates
alarm "024."

2.8.15 THREAD CUTTING, CONTINUOUS
THREAD CUTTING (G32)

This functien is for cutting straight threads,

taper threads, scrolls and for continuous thread-
ding.

(1) G3Z X(U)-.. Z(W).-. F(E).-. |,

With this command, the tool cuts threads up
to the point (X, Z) specified in absolute
coordinates or (U, W) specified in incre-
mental coordinate values, at a lead desig-
nated by F or E code.

(2) The range of leads to be specified by F and
E codes is as follows.
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2.8.15 THREAD CUTTING, COUTINUOUS

Feedrates are hmited by spmdle-speed 8 as

THREAD CUTTING (G32) {CONT'D) tollow .
Table 2.16
Cormat P‘frogrammable Range Mcetric output F(E) ~ S 24,_@0 mm/isj“
or Thread Cutting Inch output F(E) ~ S = 2.400 in/mm
Metric| F 32 F0.01 - F500,00 mm
Input The upper limit of X-axis speed component is
M E34 | E0.0001 - E500.0000 mm half the above.
etric
Output (4) Command format of threadcutting 1s shown
putl ., | F24 | F0.0001 - F19.6850 1n. below.
trput {7 | £0.000004 - £19.685000 Table 2.17
in
Type Command format
F32 F0.01 - F1270.00 mm
I;/I:;flltc Straight Normal G32 Z(W)--- F-uv
Inch E34 | E0.0003 - E1270.0000mm Thread | precise ] G32 Z(W)--- E+-- ,
Qutput v Ve
utpu inen, | F24 | F0.001 - F50.0000 n Taper | Normal G32 X(U).-- Z(W) -
Th e Z e
Input [~ ~1"E0.000010 - F50.000000 read | precise | 632 X(U) W,
= Scrol | Normal | G32 X(U).-.- Feev
F code 1s for normal thread cutting. Thread | piecise | G32X(U)... E... ,
E code 15 for precise thread cutting.
EXAMPLE: Straight Thread
(3) The direction of lead specified by F and E
codes is shown below.
Thread lead L = 5.0 mm
Direction of Lead §,=5.0 mm
Limitetion of Taper Angle| Direction of Lead §2=3.0mm
depth = 1.0
(x.z) ., < ggo{Lead n the direction Cutting dep o
“I ; of Z-axas
.__.‘, o > 459 Lead 1n the direction
of X-axis @O Go0 u-42. ;
@ 32 w-68. F5.0 ,
"‘ S} GO0 U42. ;
fmmmm—————
: ! W 68. ,
END PCINT
L, , - ' U-44.
( | % o2 G32 W-68. ;
. 2z a 3 X/2
\ . > M GO0 U44. ;
B G - = — - +z
\ ; } . A +X
| \; I / START POINT
v ! F—M—'—— -
v f L (Lead) : ® D] 20
2
Fig. 2.19 Uy RO0AASAMLA
'QP &t ] ,
O ; M AWAAAANAA
i _ 60
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EXAMPLE: Taper Thread

Thread lead L = 4.0 mm
§1=3.0 mm
62=2.0 mm

Cutting depth = 1,0 mm

GO0 X13. ;
G32 X38. w-35., F4.0 ;
GO0 X60. ;
W35, ;
X-11. ;
G32 X36. w-35, ;

GO0 Xx60. ;

+X
,__T_____L/
!

:‘60 Du! i 2 :
L o =T

I A g, —— .

(5) Continuous thread cutting

® G32 X(U)--- Z(W) - F(E).-. ;
@ (632) X(U)--- z(W)... ;

® (G32) X(U)--- Z(W)---

This command executes thread cutting.

(a) Pipe Joint

{b) Worm Screw

Since the stop time between thread cutting
blocks 15 approximately zero, smooth, con-
tinuous thread cutting 1s possible If
thread lead specification 1s changed midway.
the thread becomes irrcgular near the
boundary of blocks.

NOTES:

Allowances §,;and &, are required for thread
cutting because Jead error occurs near the
starting and end points.

If spindle speed is not constant during thread
cutting, the leads become incorrect due to the
servo lag.

Threading up for thread 1s not effective at
G32. 1f necessary, G92 (or G76™) should be
commanded.

The following operation is disregarded dur-
Ing thread cutting including G32

- Feedrate Override --- Regarded as 100%
- Feed Hold Operation

The G32 command should not be commanded
in G98 mode.

In Dry Run mode, the tool moves at Jog fred-
rate.
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2.8.15 THREAD CUTTING, CONTINUOUS
THREAD CUTTING (G32) (CONT'D)

{(6) Allowance for lead error(6i, & 2)

4,

__'__:j ]

Fig. 2.20

§, and & ;are obtained approximately from the
following equation.

Table 2.18
N Equation Meanings
L(mm). Lead of thread
Spindl d
s1161 558 (Ind- 1) S{rpm} Spindle spee
60 K a K: Constant
(Normal value:
30)
a (=) Accuracy of
thread
4L Lead
g2|62> LS = 8L
60 K L error
in Natural logarithm
(log e)
a 1/50|1/100]1/150) 1/200}1/25011/300
(L. pfz 91]3.61 | 4.01) 429|452 [4.70

EXAMPLE
Lead of thread L = 3.0 mm
Spindle speed 5 = 500 rpm
Thread cutting a = 1/100
L.S 1o
§1> B0 K (ln—a- 1)
3.0 x 500 _
= 50K x 3.61 = 3.0 mm
f2> 25 = 3.0x500 -4 83mm
60 K 60.-K

2.8.16 MULTI-START THREAD CUTTING ((.‘.32)+

With this function, multi-start threads contaimng

two or more threads per lead can be machined
without shafting the starting point. In thread

cutting, the tool feed 1s started in phase with a
start point pulse (1 pulse/revolution) generated

by a puilse generator installed on the spindle to

contro! the starting point of thread always at the
same position around the workpiece circumference.

40

with the multi-start thread cutting function,
after cutting a thread by controlling the starting
point by the starting point pulse, another thread
1s cut by starting the cutting feed at an angular
position of the spindle which is displaced from
the starting pulse position by a preset angle.

LEAD

Two-start Thread

Fig. 2.21

(y 632 X(u)... Z(W)-- F{(E)--- B--- ,

With this command, the tool cutsa thread
starting at an angular position which 1s
displaced from the position corresponding
to the starting pulse by an angle specified
by B, to X(U) or Z{W) point, at a lead
specified by F or E code.

(2) The data specified by address B in the
multi-start thread cutting function 1s
as follows.

Least 1nput increment: 0.001 deg.
Programmable range: 0 5 B < 360.000

When decimal point input is used, Bl.=ldeg.
The B code is non-modal, and 1s effective
only 1n the programmed block.

{3) Number of starts and B code

In princaple, the thread starting points on
the workpiece circumference should divide
the circumference into equal portions.

2-5TART THREAD 3-5TART THREAD 4=START THREAD
STARTING POINT STARTINC POINT STARTING POINT
\ST THREAD: NO B 1ST THAEAD NO B tST THREAD KO B
COMMAND COMMAND COMMAND
2ND THREAD BN IND THREAD B120 IND THREAD 390
3AD THREAD  B240 XD THREAD BIBD

4TA THREAD  B270

Fig. 2.22



NOTES:
1.

Since the angular position detection pulses

2.8.17 VARIABLE LEAD THREAD CUTTING

(4096 pulses/rev.) generated from the spin- (1) 634 X(U)-w. Z(W)eoo Kooo F(E)---
dle pulse generator is used to define the ) , d iable lead scr
angular position of the spindle with respect With this corpl;anh » variable ead screws afre
to the starting point as controlled by the B controlled wit t e mcre'?sedo; ecér:ase oK
command, the least detectable increment 1is lead per revolution specified by address K.
360°/4096 pulses = 0.0879°/pulse.
From the position commanded by B codes,
an error up to 21 pulse may occur.
The angular position from the starting pulse
can be specified in both forward and reverse
directions by B0 - B360, commands.
When cutting many multi-start threads in
succession, if the angular position is con- -
trolled from the starting pulse by a B com- VARIABLE LEAD SCREW
mand in the first block, no B command is
regquired from the 2nd block on. Fig. 2.23 Variable Lead Thread Cutting
When B command is made to specify angles
outside the permissible range (0 - 360.000}, (2) The range of K programmable for variable
alarm "065" is displayed. lead screws is as follows.
EXAMPLE: Two-start Thread Least input increment:
: 0.0001 mm/rev. 0.000001 1n/rev.
Go0 U--- .
(Metric Input) {Inch Input)
G32 We-: Foov
GO0 U--- Threading of part @ Programmable range:
W-eo a. The highest feedrate is within the maximum
' programmable feedrate range (500 mm/rev
DAREE (metric) or 50 in/rev. (inch))
G3z2 w--. ; b. The total displacement resulting {rom changes
. in lead 1s within the following.
4194.303 mm (metric output)
419.4303 in. {inch output)
GO0 U--- ; )
c. Feedrate change corresponding to lead
G32 wW-.. B180. ; variation must not exceed 5,400 mm/min
GO0 U--- {metric output) or 540 in/mm (inch output}.
Woeo e d. Lead value should not be minus value.
Ueee s NOTES:
G32 w--- BI180. ; | 1. When variable lead threads are cut by continu-
’ ous block programs, command pulses arc
interrupted at block junctions.
2. If K commands exteed the permissible range,
alarm "060" will be displayed.
3. When G34 command is executed in the Dry
Run mode, the tool moves only at the speed
specified by the manual continuous feedrate
command, if parameter SCRDRN (#6019 BIT5)
is set to 1.
4. When parameter "10IN" {#6006D5s) is set to
1, least increment for K commands is 0.001
mm/rev or 0.0001 in/rev.
5. Commanding address B in G34 block causes

alarm "060."

L)



2.8.17 VARIABLE LEAD THREAD CUTTING 2.8.18 TOOL SET ERROR COMPENSATION (G35)"
(CONT'D)
This function 15 for automatically rewriting the

(3) Confirmation calculation for K command of tool offset value to suit to the new tool, when
variable lead thread cutting. the tool 1s replaced. For this purpose. a touch
) switch (contact detector} 1s installed externally,
a. K command 1s restricted in the following and when the tool comes into contact with the
conditions. switch, a signal is input to the control to calcu-
(1)  Feedrate at end pomnt must not exceed late the new tool offset value.
programmable range. .
500 mm/rev {metric output) or 50 in (1) G98 Feed /Minute
rev {inch output) G35 X(U)+-- (F---) ; —==X-Axis
{n) Feedrate at end point must not be minus or Compensation
value.
G35 Z{W)}-+- (F..+) ; —a= Z-Axis

(111) Accumulated value of movement due to
lead variation must not exceed 4194, 303
mm {metric output) or 419,4303 in (inch

Compensation

With the above instructions, the tool moves

output). in the directions specified by X(U) or Z2(W),
{iv} Feedrate change corresponding to lead a signal for tool contact with the touch
variation must not exceed 5,400 mm/min switch 1s input to the control, the tool.gff—
(metric output) or 540 in/mm (inch output set value for the tool is calculated. This
value replaces the stored value. Then, the
b. The control checks the restriction described tool returns to the start point of the block,
above using the following equation. in which the position correction 1s incor-
porated, by moving in rapid traverse.
F: Fixed lead command {mm/rev or in/
rev) (2} The new tool offset value 1s as follows.
K+ Variable lead command (mm/rev or _
New offset =
in/rev)
W: Distance between start and end points Absolute coordinate Absolute coordinat
on Z-axis (mm or inch). at which new tool _ } at which reference
For facing screw, distance is specified touched switch tool touched switcl
as U on X-axis. (XT or Z71) (Xp or Zp)
S. Spindle speed (rev/min) Example of G35 operation for X-axis 1s
N. Spindle speed for movement between shown below.

start and end points (rev)

~(F +3) +J(F +3)2 e 2K

N = + X
¢ ] == ST
() Equation for Lmit in a. (1) ' /
F + 25 + KN < 500.000 mm/frev or usz ' %
50.0000 in/rev :’u o
(n) Equation for bmt in a. (i) CONTACT
K,2 7 X7
(F+ 3)“+2KW>0 X /
(1) Equation for hmt in a. (ii) HAX MEASURABLE POSITION
%KNZ < 4194.303 mm or Fig. 2.24
419,4303 in
(iv) Equation for Limit in a. (v) The coordinate value {(Xp or Zp) at which
S the reference tocl makes contact with the

IS K*N £ 5,400 mm/mn or 540 in/min touch switch must be set by parameters

#6624 (X 6625 ' .
4194.303 mm (metric output) or 419.4303 (Xp) and #6625 (Zp) in advance

in (inch output)

{v) Commanding address B in G34 block causes
alarm "060.°
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NOTE: In principle, use the same coordinate
system for determining Xp or Zp, and for pro-
gramming G35. The coordinate system may erther
be G50 system or the work coordinate system
(G50T), as long as the same system is used for
the respective tools. When different coordinate
systems are used, the difference between the
two will be added to the tool offset value de-
scribed above. This may result in abnermally
large or small offset values, but if the machining
is commanded on the coordinate system in which
G351s programmed, the machining will be per-
formed without trouble,

(3) For the values of X(U) and Z(W), the move
direction and the limit position of this mea-
surement should be specified. Then, if the
touch switch 1s not tripped by the tool mov-
ing beyond this position, error "087" 1s
displayed.

{4) The tool move speed towards the touch switch
1s specified in the following two methods.

a. Programming by the F code as with ordinary
programs.,
(when parameter #6229 1s 0)

b. By setting feedrates by parameter #6229 1n
advance.

When the speed is specified by F codes and
by parameter #6229, the parameter has the
priority.

In botha and b , program G98 (mm/min
designation) 1n the preceding block or in
the block of G35. Otherwise, error
"080" will be displayed.

EXAMPLE: Program for the respective tools
as follows.

(N1 G28 ;)

NZ G50 X400. z300 ;
N3 G00 TO0101 ;

N4 w-100. ;

NS X-200 ;

{N6

N7 GO0 TOl00 ;
N8 G27 X400 Z300 ;

G35 U-120. G98 F20 ; |

TOOL
NEWLY
SE}
100 NO. §
--__../- N3
T
]
]
' Na
Am200 |
| | Xpm=—250
J H (PARAMETER
SETTING)
L/ 2 Aa — 40,
-wi- i
/ MOVE AMOUNT UNTIL
TOUCH TOUCH SWITCH IS ON
SWITCH
oN

New tool compensation value =
(-240.) - (250.) =

+10, mm ,

The above tool offset value i1s stored 1n the
tool offset No. 01 as the X-axis too) offsct
value,

NOTES:

1. G35is non-modal G code., Do not write M,
S and T codes in the same block with G35.

2. For the move speed of the tool under G35
command, the Dry Run function is ineffec-
tive.

3. If T code is not programmed before G35, this
constitutes an error "080."

4. When G35 18 commanded 1n the tool radius
compensation mode, an alarm code "024" is
displayed.

5. The following state constitutes alarm "0g2,"
l|083- n

Calculated new tool
offset value

Value of param-
eters

#6624 or 6625

This serves as a protection against an in-
advertent omission of parameter writing.

<

6. Do not execute the program with MACHINE
LOCK ON before executing G35 command
If this is done, the shift during a MACHINE
LOCK ON execution will be added to the new
offset value and correct compensation becomes
impossible.

7. 1f G35 command is executed in the MACHINE
LOCK ON state, no offset value is calculated;
rather, the tocl moves to the command-
ed point and then, returns to the start point,



2.8.19 STORED STROKE LIMIT (G36 - G39)°

This function is for preventing the entry of the
tool into the prohibited area,in both automatic
operation mode and manual operation mode, to

secure safer operation.

Three types of pro-

tubited areas can be set up as shown below.

{1} Setting lst prohibited area

a. Set + side boundary A and - side boundary
B by parameter.

b. Theﬂ area cutside the range between points A
B 1s prohibited.

c. This area can not be specified by part
programs.

(2) Setting 2nd prohibited area

a. Set + side boundary C and - side boundary
D by the setting function.

b. Selectively designate the inside or the out-
side of the area between pomnts C and E by
parameter #6007Dg.

#6007Dg Meaning
0 Inside prehibition
1 Qutside prohibition
c¢. In addition to the method by the setiing

4

1ST PROHIBITED AREA
(BY PARAMETER)

2ND PROHIBITED AREA OUTSIDE PROHIBITION

(BY G36})

INSIDE OR

CUTSI1DE
PROWIBITICON

INSIDE OR OUT-
SIDE PROHIBITION

i

3RD PROHIBITED
AREA (BY G38)

Fig. 2.25

function, the following instruction can be
used to set a prohibited area, and to turn
on the area check function also.

G36 U «+ Weeo I..0 Kevo
1 o1 )

T
Point D
coordinatc

T
Point C
coordinate

The area check function 1s turned off by a
single code block G37 ;.

Setting 3rd prohibited area
Set up + side boundary peoint E and - side

boundary point F by the setting function.

Selectively designate the inside or the out-
side of the area between points E and F by
parameter #6007D].

#6007D Meaning
0 inside prohibition
1 Outside prohibition

In addition to the method by the setting
function, the following winstruction can be
used to set a prohibited area, and to turn
on the area check function also.

G38 U-++ W-+ro Ieee Koor ,
L 3oL J
: T
Point E Point F
coordinate coordinate

The area check function is turned off by a
single code block G39 ,.

Table 2.19 Patameters and Settings for
Setting Prohibited Area

X axis 2 axas Division
lst #5600 #6601
piohxb:tcd Point A Parameter
area Point B #5600 #6607
2nd Point C #6500 #6501
prehibited
area Point D #6502 #6503

Setting
3rt;lh bited Point E #6504 #6505
ro t
1a)reax e Point F #6506 #6507
(4) Coordinate system for area setting

The above Points A through G are all set in
absolute values on the machine coordinate
system (MACHINE}. That is, the position
is written as the distance from the (lst)
reference point (1 = least output (move) in-
crement). Therefore, this function will not
become effective unless the manual or auto-
matic RETURN TO REFERENCE ZERO is ex-
ecuted once after the energization of the
control.



(5) Effective-ineffective selection of prohibited

(6)

(n

(8)

area

With the following setting, the 2nd and the
3rd prohibited areas are selectively made
effective and ineffective,

Settung Meaning
#6001D 0 | 2nd prolubited area check OFF
1 | 2nd prohibited area check ON
001D 0 | 3rd prohibited area check OFF
1 | 3rd prohibited area check ON

When G36 through G39 are commanded, these
setting data are automatically rewritten,
Therefore, the ON or OFF state ultimately
specified by G code commands or setting
function becomes effective. The lst pro-
hibited area is always 1n the CHECK ON
mode.

Starting area check

When the tool is returned to the reference
point once manually or automatically after
the energization of the control, the area
check function is started immediately.
Therefore, if the reference point is in the
prohibited area, immediately, STROKE
LIMIT ERROR will be caused. 1In

this case, turn off the area check function,
and change the data.

Stored stroke limit error

When the tool enters the prohibited area,

it stops just inside the boundary line, and
the control enters STORED STROKE LIMIT
ERROR state. In this case, the tool can
only be moved manually in the return direc-
tion.

Displaying remaining distance

With this function, the distance between the

current tool position and the boundary of the
prohibited area in the X and Z directions

are displayed on the CRT. Refer to 4.3.4.5

Stored Stroke Limit Remaining Distance Dis-

play.

NOTES:

The points on the boundary line in both
axes are included in the prohibited area.

Two prohibited areas can be set with partial
overlapping.

In the MACHINE LOCK ON mode, AREA
CHECK function is not effective.

EXAMPLE

ST PROHIBITED AREA

X A (2000, 1000)

/
“ +2
74w mowaITey Atea (INSI0E) /A
/ C (~5000, —8000) é\hmzm
4 E (—6000, —6500) [~ POINT
A 77 ///// ;
Y, %
23\}\2\}3 ,,,7""- 3AD PROHIBITED AREA (INSIDX) 3’
i\ 7
j:?. §\l-: {=7000, ~9000) ;__ omsiect
)%>>>\>/////////////////////////// b //2
B=D (~11000. —10000}
Table 2.20
Parameter/
Setting Contents
Inside/ 4 #6007D0 0
nside /Outside #6007D1 0
#6500 -5000 )C
Second Area #6501 ~8000
#6502 -11000 )D
#6503 -10000
#6504 ~6000 ) E
. #6506 -6500
Third Area
#6506 =7000 )F
#6507 -9000
#6600 2000 )A
First A #6601 1000
irst Area R0606 15000 ) .
#6607 -10000

4s



2.8.20 TOOL NOSE EADIUS COMPENSATION
{G40 THROUCH Gud)

Because of a nuse radius of lathe tools, there is

a deviation between the desired curve and the
actual curve produced. Therefore, tool offsets
are not enough for taper and circular cuttings.
1he tool nose radius compensation option resolves
the problem of nose radius. See Fig. 2.8.20.1,

TOOL CENTER PATH WITHOUT TOOL

NOSE RADIUS COMPENSATION
TOOL CENTER PATH WITH

FERLRGgR Rav1us cou-

(2)

TOOL CENTER

PROGRAMMED CUTTING CONTO g TOQL NOSE R

CUTTIN CONTOUR WITH TOOQL
NISE HADIUS COMPENSATION

Fig. 2.26

(1} Tool nose radius values

4. Radius value storage

Tool nose radius value must be written in the
storage before the tool nose radius compen-
sation 1s commanded. Number of pairs that
can be written in the storage depends upon
the machine

T 3-digit 9 sets
T 4-cdigit 16 or 50 sets

Refer to 2.6.3 Tool Offset Memory ™.

L. Range of tool nose radius values

Radius value can be set within the following
range.

Metric Inch

0 £99.999 0 £9.9999

¢. Sctting of tool nose radius values

Radius value of tool nose must be set with-
oul signs.

46

VIRTUAL
TP Wadst

ALL ROUND
INSERT

Fig. 2.27

For the writing of radius values for tool
nose radius compensation, refer to Fig.
4.3.5 Displaying and Writing Tool Offset
Data. The address character is R.

T code designation

The T code for tool nose radius compensation
must be programmed with sign (+ or -}.

T * OO0D (In the case of T 4-digit)

Offset number for tool positio
offset and tool nose radius
compensation

Tool number

Direction of tool nose radius
compensation

Right side viewed in the direction
of tool travel

Left side viewed in the direction
of tool travel

w1

[Eo:

Fig. 2.28

"T+Il

When a tool 15 used for turning and for fac-
ing, as the direction of tool motion changes,
the correct direction of compensation should
be programmed with sign of T code.

RIGHT SIDE
COMPENSATION (T+}

+X

LEFT SIDE
COMPENSATION (T-)

1 +Z

Fig. 2.29



(3)

(i)

Gaz ;
" i :EI
Ly

The direction of compensation is changed
from + to - or - to + during program execu-
tion. G40 or TOD 00 command should not
be necessarily programmed to cancel the
tool nose radius compensation.

G code designation (G40 to G44)

G code of tool nese radius compensation
(G41 to G44)

One of G41, G42, G43 and G44 and T code
should be programmed before the execution
of tool nose radius compensation. These
four G codes specify the relationship be-
tween the virtual tool nose and the tool

center,
(4]
-
3

VIRTUAL
TOOL TIPS
TOOL

IE f j -
[ E]
CENTER

Fig. 2.30

+Z

Regardless of the mode of tool nose radius
compensation, the current position of the
virtual tool nose 1s displayed by depress-
ing the POS pushbutton.

Issue G40 to cancel the tool nose radius com-
pensation.

Cautions in programming G code

Since G40 to G44 are modal G codes of

07 group, they are retained until the
other G code is commanded., Before
switching one of G41, G42, G43 and G44
to another, G40 must be intermediated to
cancel the compensation.

Ca2 G4l

N

/, /\\

G4 Gad

(ii}

(111}

(4)

BLOCK OF

COMPENSATION
CANCEL (G40)
WITH GOy

(ii)

(iid)

{iv)

When the power supply is turned on, G40
is in effect.

When'the RESET button is depressed, G
code of 06 group are cancelled and G40
becomes effective.

Tool motion on the tool nose radius compen-
sation

Fig. 2.31 shows the cutline of the tool

motion.

BLOCK 0OF

@ COMPENSATION
START (G&41)
WITH GOO

+Z

Fig. 2.31

(i) When the compensation 1s cancelled, the

programmed contour meets with the path
of virtual tool tip ( (©) and @.

In compensation mode, the tool center
path 15 deviated by radius from the pro-
grammed contour. Therefore, the path
of virtual tool nose does not meet with
programmed contour. But the current
position displayed by depressing POS
key is the position of virtual tool tip

( to @).

The connection between two blocks in
compensation mode 1s provided by the
intersection of tool center paths (M97)
and by the circular arc (M%). In the
above diagram, blocks 3 and 4 are con-
nected by a circular arc.

Block for compensation start and
block for compensation cancel per-
form the connection of compensation
mode and compensation cancel mode.
Program should be made carefully for
these blocks.

b. Relationship between tool nose radius com-

pensation and tool position ofiset

Tool nose radius compensation apply to
the programmed contour which has been
offset by the tool position offset function.
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2.

8.20 TOOL NOSE RADIUS COMPENSATION

(C40 THROUGH Gi4a)

(%)

How to enter compensation mode

a. Compensation mode is set when both the tool
offset number by T code and G41 (or G42
through G44) are instructed. When this
mode 1s set, tool nose radius compensation 1s
started. More precisely, compensation mode
i1s entered when the AND condition between
T code and G code is established. Hence,
the order in which these codes are specified
does not affect the operation.

{a) (b) {c)
"§ TO10] ; .;g G4l ; 2 G4l TO101 ;
= G4l , s To101; £
51 5(— - 5
= " =
4 i £ e
[ G -]
a, | &, a.
3 : | :
0 i ol S

b. At the start of compensation, the tool center

15 offset onto the normal of the origin of the
block G4l to G44 which entered the compen-
sation mode first or of the block immediately
after T code. The offset i1s made to the
right of tool advancing direction when T+

15 specified and to the left when T- i1s spec-
ified.

Sample Program (A):

Movement at

{a) Start of Compen-

(1) Goo T-0101 sation {(for G00)
@ ©oo G4l x30. z5.
(3 Gol1 z-18. F0.25 ;

Compensation Mode

48

{(b)
D GO0 T+0202 ;
@ G0l G4l X20. z7. F600 ;
(3) G02 vu30. w-15. Ii5 F0.2 ;

Movement at Start

of Compensation

Compensation Mode {for GO1}

50 DIA

+z

¢. If the block of G41 (or G42 through G44)
satisfying the compensation mode condition
does not have the move command, the com-
pensation starts and the tool center is moved
on the normal.
Since G41 {or G42 through G44) involves
such a movement, 1t 15 necessary to specify
G00 or G01 1n th last or current block for
the G code of 0] group. Specification of a
G code other than G00, G01, and G11 will
result in alarm "026."

EXAMPLE (B): G4l (or G42 through G44)
has no move command.

(c)
D GO0 T+0303 ;
@ GO0l G41 F---

GOl X-++ Z--+ Fore ;

G4}

MOVEMENT AT
COMPENSATION
START BY 2
COMMARD



(6)

a.
(1)

(d)
G00 T-0404 ;

GO0l G44 F.--
003 Xoon Z"' Ioon F... ;

@EO

MOVEMENT AT
COMPENSATION
START BY

2 COMMAND

Note that the tool center is offset onto the
normal to the start point of the block imme-
diately after G4l (or G42 through G44) or

T code, for each of above examples (a)
through (b). If G4l {(or G42 through G44)
block or the block following T code has no
move command, one block ahead is read and
the compensation start operation 1s performed
on that block. With no move command speci-
fied, up to two blocks may be programmed
consecutively. However, if three or more
blocks have no move command, an error 1s
caused.

Movement 1n compensation mode

When the tool nose radius compensation mode
1s entered by G4l (or G42 through G44) com-
mand, the tool center keeps moving along
the path which has been offset by the tool
nose radius by the program command, until
the mode 1s cancelled by G40 or T2 000
command. The path is automatically caleu-
lated by the control. So, only the cut con-
tour may be specified in the part program.
However, the following should be considered
for the inter-block movements and special
contours:

Inter-block movement

For an inside corner (tangent-line angle
is less than 180°), the itersection point
is computed and is passed. (Intersection
point computing formula.)

PASSING INTERSECTION
POINT

(ii) For an outside corner (tangent-hne angle

1s more than 180°), the movement 1s con-
trolled by the following M-code commands:

M96 ... Tool radius compensation
circular path ON

M97 ::- Tool radius compensation
circular path OFF
(execution of intersection
calculation)

M96: Circular Path Mode

M37: Intersection Computing Mode

Movement of circular path 1s included in
the previous block.

Normally, M96 is used for this operation
However, when there 1s 2 possibihity of
an "overcut" in cutting special shapes
with the M96, M97 should be used.

Movement in G00 mode

The 1nstruction GO0 positions tools independ-
ently along each axis toward the final offset
position. Care should be taken on the cutter
path so that tool does not contact the work.

TOOL MOVEMENT

GO0 OR
Gol
PROGRAMMED
COMMAND
Fig. 2.32
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.8.20 TOOL NOSE RADIUS COMPENSATION
{C40 THROUGH Gi4) (CONT'D)

tup Movemont Lo cuspensation mode {(Cont'd)

¢ Programming constderation in compensation

mod
vl Bue taretul not to program o wedge-

S ped uiinig contour.

+ T

Yonaosnyg T T
;

MG, — J Ms5?

W= R '

o — - Hr_'.\'\\
et T b oWhLY I2OL NOSE OF
f\y ““““““ ittt Sl 1 & cumor ceT an

. ] THr W1 LE

T—

Mg7
PROGRAM IS MADE SO
THAT TOOL NOSE OF

2R CAN GET IN THE
WEDGE

o Pra_v o m the tool movement so that the

tool nose ot 2R diameter can be 1n the
TS
R PROGRAMMED CONTOUR
" (601 MODE)
—

PROCRAMMED CONTOUR

" (Sl1 “oDE)

Conn,and myvolving no movement n compen-
sdllon mode

The control normally reads two blocks ahead
during tool rudius compensation mode and
calculates the tool path. If either of these
blocks gives no coordinate instructions such
as G04 (dwell), the control reads « block
further ahead and makes calculations. When
coordinate instructions are missing 1n three
or more blocks, tool radius compensation be-
comes 1mpossible and accurate tool path can-
not be obtained. Therefore, 1n a2 program
where G41 1o G44 arc used ensurethat, after
them, two or more blocks without movement
command in the compensation plane will not
foliow .

GO0l G41 F---
G4 u--- Compensation is normally
M. . made by the two or less
! blocks without move commanc
M40

1f no movement instruction s programmed
in three consecutive blocks, tool center 1s
offset on the normal hne at the end point
of the block immediate before them

Use of dummy blocks

If 1t 15 impossible to specify a move command
In three or moreconscecutive blocks and the
offset on the normal line 15 not satisfactory,
a dummy block may be inserted.

The dummy block does not cause an actual
movement. This block 1s specifieid for the
purpose of providing the data necessary for
the tool nosc radius computation. For the
address of this dummy command, I and K
are used.

I: X-axis dummy command {incremental).
K. Z-axis dummy command (incremental).



EXAMPLE:

N1 GOl G4l X-+» Zo++ Feeo
NZ X-o0 Zeew

N5 Z.-+

e x— 3

N7 Mxx
NB GO04 U---
NS Maa

Dummy block

Three
blocks
or more

[N10 X--: Z...

N1l Z---

N10
NS
+X K
THREE BLOCKS OR

MORE INCLUDING
ZNO MOVE COMMAND

Namely, specify incremental commands I and
K, which are equivalent to N10 block com-
mand, in N6 for the dummy block.

Remarks: If the purpose of the dummy block
15 a aircular interpolation, generate the
linear dummy block that specifies the direc-
tion of the tangent line at the start point of
the circular command.

EXAMPLE.

N10 GOl Z--- F... ;

[N11 GOl I{-a)}) K{(-b) ;]|

Nl2 Mxx ;
N13 MOO ;
N1l4 Mas ;

Dummy block

(w15 Go2 Xx.-- z..- 1... K... ;]

N16... CENTER

"T T NIO

a
\\\5 3 —=&

U
L

pra

N11 DUMMY BLOCK
(LINEAR LINE)

I and K should be signed according to the
type of the circular arc,

{M96: CLRCULAR PATH MCDE)

By dummy block N11, the hnear command
block of N10 stops at point A for the follow-
ing circular movement.

f. Switching between T+ and T-1n compensation
mode

This compensation provides the switching
between T+ and T- without cancelling the
compensation by G40 or T 0D00 command.

EXAMPLE:

[NS GO0 T+0101 J— Designates right-
hand side compen-
sation facing the
proceeding direction

N6 G4l X--- Z..-
N7 GOl X.-+ Ze-+ Four

N8B X--+
[N9 T-0101 z-.. F600 ;|—Changes left-
hand side
N0 X... F--- 3 compensation
X (M96 MODE)
LEFT SIDE

COMPENSATION (T-)

RIGHT SIDE
COMPENSATION (T+)

—Q]}

g. Modification of tool offset volume in compen-
sation mode

1t is invalid to newly specify a tool offset
number by T code in compensation mode.
The originally specified tool offset number
remains valid until the compensation mode
is cancelled by G40 or TDD00 command.
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2.8.20 TOOL NOSE RADIUS COMPENSATION

{(GU0 THROUGH Gil)

(CONT'D)

(6} Muvemont an compensation mode (Cont'd)

(7

Compensation

52

Mode

Howuver, the tool nose radius value may be
changed by varying the offset memory con-
tents corresponding to the originally speci-
fied tool offset number, by means of MDI
operation. After this modification, the new
tool offset number 1s made valid beginning
with the block newly stored in the prefetch
buffer.

BLOCK NEWLY READ AFTER
CHANGE OF TOOL NOSE
RADIUS VALUE

How to cancel compensation mode

When G40 or TOO00 15 specified, compen-
sation mode 1s cancelled, terminating the
tool nose radius compensation operation.

Gao . =7 TOL00 , G40 ; T6100;
TO100 , G40 ,
. Lpon termination of compensation, the tool

) ©'®

center 15 offset onto the normal line to the
cnd point of the final block 1n compensation
mode, or the block immediately before

that for which G40 or TOO00 has been
specified. (Consequently, if a retracting
which results 1in acute-angle contour is
spcecified 1n G40 or TOO 00 block, no uncut
portion 1s produced.)

Then, the tool moves so that the virtual
tool nosc matches the end point of the move
command specified 1n G40 or TOO 00 block.

EXAMPLE A

(a)
(T+0101, G41)

5

E MOTION ON COMPLE-

5 TION OF COMPENSATION
2D Go2 (GOO0)

o= G0l U20. F0.25 ;

G00 G40 X110. Z40. ;

T0160 ,

-
[
~

SINCE TdE Tool sfosl-
TLIN Qbbnt ] 1w (AN
CHUTTD, THE TOSITIO

15 (170,400 FOR [HE
REFERENCE TOOL.
GOO

’-———-———-—-—'Q i
e
la @%T + Y
-t
+Zz
(b)

(T+0202, G41)

. MOTION ON COM-
PLETION OF COM-
PENSATION (GO00)

® G601 x .. z..o F.o..o
@ Go1 uv24. FO.3

(3 GO0l G40 X80. z40. F6. ;
@ coo T+0200 ;

If the block of G40 (Nose radius compen-
sation cancel) does not have the move com-
mand, the virtual tool nose moves to the
specified end point.



EXAMPLE B: Move command is not included
in G40 block for cancelling compensation.

(c)
(T-0303, G41)

@ GOl Xeo. Zoow Foor

(2 GO0l G40 F... ;

GO0 T-0300 ;

: MOVEMENT AT
COMPENSATION
START BY 2

(d)

(T+0404, G44)

@ G002 X.+. Zeew Koo Fuoer

@ 601 G40 F.-. ;

G00 T+0400

2 MOVEMENT AT
COMPENSATION

START BY 2
COMMAND

Note that, for each of above examples (a)
through (b), the tool center is temporarily
offset onto the normal hne to the end point
of the block immediately before G04 or

T 0000 command.

d. When tool nose radius compensation is can-
celled by the use of TLIO00 command, the
too) position offset cancel operation is per=
formed concurrently with the operation at
tool nose radius compensation termination.
The cancel operation provides the move-
ment in which the virtual tool nose matches
the last specified position for which tool
position offset has been cancelled. If co-
existence of these operations is not desired,
cancel either of them by the use of G40
command.

NOTES:

a. Programmed shapes that produce mnput
errors

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

Programmed arc radius R I tool radius d
"m

(a) Inside compen- {b) 1Inside compen-—
sation error sation error

Outside compensation
15 correctly made
even when 1 < d

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

NO INTERSECTION

NO INTERSECTION

(b)
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2.8.20 TOOL NOSE RADIUS COMPENSATION
{C40 THROUGH CH44) [CONT'D)

(i1} When reversing command or an angle
closc to reversing command is program-
med 1n M97 (Qutside Corner Circular
Arc Path Off) mode.

{4} Reversing command

[

(b} Command close to reversing

L}

Case of linear

command
g < 11.7°

-

[

In M96 mode, all of the above shapes are
correctly compensated.

L. G codes usable 1n compensation mode

As a rule G codes other than shown below

should not beused 1n the compensation mode.

Usable G codes Remarks

G00, GO01, G04, G06, G11
C96, G997
- -+ Constant surface speed
control
G98. G99
- F'eed function designation
(G40, GYl1)
-+« Absolutce/incremental
designation

Go02, GO3
Gl2. G22, G23
- -+ Command including

Inhibited 1n
the block of

clrcular arc compensation
G70, G71, G72, GT73 cancel or
-+ Multiple repetitive cycle | gtart

Cl111, Gl12
--- Multiple cornering
{(Beveling, rounding)

¢« The subprogram (M98 or M%9) may be speci-
fried 1n compensation mode.

d. When the tool offset number 1s T code com-
mand of "00," TOO00 command has the follow
Ing two meanings:

(1} Tool position offset 1s cancelled.
(1) Tool nose radius compensation 1s cancelled,

The following program can be specified

NZ G41 ,

N3 GO0 T+0101 ;

. 2 TOOL RADIUS
COMPENSATION
MODE WITH TOOL
NO‘ "01”

N2l GO0 TO0100 ;

TOOL RADIUS
COMPENSATION

TOOL POSITION
OFFSET

CAM
CEL

N25 GO0 T-0202
TOOL RADIUS
COMPENSATION
MODE WITH
TOOL NO. "02¢

N40 GO0 TO0200 ;
N4l G40 ;

e. Inhibition of MDI mede

(1) Operation in the MDI mode cannot be per-
formed in the compensation mode. When
RESET button 1s depressed, GO0 (com-
pensation cancel) becomes effective and
the operation in the MDI mode becomes
possible.

(11} G40 through G44 cannot be written by the
operation 1in MDI mode,

f. Command or operation for cancelling

compensation

The following command or operation during
tool radius compensation, cancels the com-
pensation completely or temporarily.

The command or operation should not be
performed:



1. Three consecutive blocks
without move command

M00 or M0l command
‘
3. M-code set by param-
eter for stopping
advance reading

{6 Max) )
4. M0Z2, M30 commands )
5. Reset operation
6. Turning off power supp]y}

Commands causing error

Temporarily
cancelled

\ Completely

cancelled

The following commands must not be given,

for they cause errors.
1. GZB, G29, G30

. G50, G5l

G774, G75, G76
G90, G92, G94

. G31-G35

. G68, G69

G122, G123

Even in M9 mode (tool nose radius compen-
sation and circular arc path are on), if
circular arc dustances AX, AZ are smaller
than the fixed values, the tool does not
follow the corner circular arc path but moves
directly to point B. The fixed values are
those which are set by parameter #6230.

ol

ax/2

PROGRAMMED COMMAND

NEGNR
NEGNR

In case of AX/f2 &
s

A Z

TOOL
MOVEMENT

NEGNR: Constant value for
parameter setting

EXAMPLE A:
N1 G50 X140 220
NZ GO0 S1700 MO3 T+D202 |,
TOCL NOSE
N3 (GO0} G4l X0 25 COUPENSATION =
N4 GO1 Z0 FO 2 START BLOCK
K5 X20
N& Z-20
NT X30 w-15 S)i00 .
NB Cl2 w-20 13 ROLADING
N9 ©Gl11 x50 K-3 S700 , ~—BLVELING
TOOL NOwt
N10 GO0) X-70C COMPI NSA-
CIRCULAR TION
N1l G22 X9 2Z-90 R20 5360 , — ARC BY
RADIUS
N1Z GO#1 X116 s300 ,
N13 GD4 L0 —DWELELL
N14 (GOI) 2-110
N15 X120
TOCL NOSL
N16 GO X140 Z30 TO200 . —COUPLM=A!ION =
COMPLETF BLOCHK
N17T G40
TOOL
e e @ Xo.
,-" COMPENSATION CANCEL __ ____o-wm--=" > ‘5
e mme = ~ " TOOL POSITION -7
Nig. ---- N1p OFFSET MOTION.*" !
¢ ’
/ [ - PROGRAWED | [
o oia TR 7\ 1001 ceNTER CONTOIR 1 “ns
% DIA < | PATH COMPENSATION | !
' START Vo
b
b !
50 D1/ b ! E‘f
34 BEVELING’ t T
30 DlA [}
R3 ROUNDING 20_DIA .
z
N4|
20 20 ) 20 15 | 2 :
=" =-110 -9, pP=—-T0
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2.8.20 TOOL RADIUS COMPENSATION
(G40 THROUGH Ci4) (CONT'D)

(9

How to cances compensation mode (Cont'd)

T

Normal Insert

(a)

All Round Incert

Virtual
Tocl hose

{b} All Round Insert (G code to be used
15> decided by setting side of virtual tool nose.)

Fig. 2.33 Relations between G code and
>1,.0 of T Code jor Tool Nose Radius Compensation

2.8.21 PROGRAMMING OF ABSOLUTE ZERO
POINT (G50)

Absolute coordinate system should be set before
move command. After setting up the absolute
coordinate system, all motions can be commanded
on the absolute coordinate system.

(1) G50 X--- 2 .. ,

This command makes the present position of
tool tip the absolute coordinates (X, Z).

The values with a sign following the address-
¢s X and Z are the distances between tool

tip and the absolute zero point (0, 0) to be
scl. Therefore, 1t can be sad that "G50
commund specifies the absolute zero point."

56

PRESENT POSITION

=\ OF T00L Tip

tofs

POINT (0, 0)

(2)

oy

ABSCOLUTE ZERD i ‘
I I T 2
f

+X

Fig. 2.34

G50 U-.- w-.. ; (Incremental G50)
When the addresses U and W are specified
instead of X and Z, the new ahsolute coor-
dinate 15 set up by adding incremental
values U (X-axis) and W {Z-axis) to the
absolute coordinate previously set.

When the tools are very different in length,
the incremental G50 (addresses U, W) 1s
useful. The tools should be divided into two
groups. Then, the difference between the
length of the reference tool and that of the
second group of tools can be set at the
incremental G50 command and an absolute
coordinate system can be stored.

G50 Ul00.

w-100 ; Setting of

Position B

G50 COMMAND POSITION
OF REFERENCE TOOL

B (G50 X+=+ Z++- ,)

POSITION OF
THE SECOND
GROUP

I

+2Z

Fig. 2.35



(3

Assume that the tool No. 01} is the reference
tool, and perform the setting of the follow-
ing coordinate system for this tool:

G50 X80, 2Z62. ;

then, select the tool No. 02 which has the
tool position compensation value shown in
the figure below and peroform the compen-
sation operation, and the tool No. 02 moves
to point A.

N3 G50 X80. 262, ;
N4 GOC TO10} ;

{N10 GO0 TO202 ;|

TOOL NO. 02
+X

Zmf2em = 4
| jplamni

| G50 COMMAND
! POSITION AT , é-w.
| TOOL NO Of ‘
1
& L +2Z
Fig. 2.36

1f the coordinate system setting is performed
with the reference tool and tool position com-
pensation 1s apphed to the other tool as
shown above, the tool movement may be
programmed on a single coordinate system
for all tool noses.

NOTES:

1.

When T, § and M commands are programmed
in the block following that containing G50,
GO0 should be programmed 1n the block.
This designates the traverse rate for tool
offset motion.

G50 X-.v Z.e.
GO0 S$500 MO03 TOl01 ;

G50 is a nonmodal G code which is valid only
in the specified block. Generally, the other
G codes, and M, 5§, and T codes cannot be
specified in the same block. Note that

G50 S--- ;or G50 T--. ; command is a
separate feature and is not for coordinate
system setting.

G50 should be commanded after the tool off-

set and tool radius compensation are cancelled.

(i)

(i1)

When the power supply is turned on, the pre-
sent position of tool is set to the coordinate
{0, 0), Therefore, the absolute coordinate
system should be set up before operation.

The current position of the tool in G50 coor-
dinate system is shown in "POSITION
ABSOLUTE" of current position display.

The coordinate system which was set is not

affected by reset operation. The coordinate
system is reset by one of the following oper-
ations:

The reset operation by ORG key (see
4.3.4.2, POSITION ABSOLUTE) 15 per-
formed.

G50 X0 Z0 ; command i1s written in MDI
mode and is executed.

(iii) The power is turned on again.

7. When setting work coordinate system by G50,
Work Cocordinate System Shift :in 2.6,5 will be

2.8,

effective.

22 MAXIMUM SPINDLE-SPEED SETTING

(G50} t

This function is used for the control provided
with § 4-digit designation option.

(1)

G50 S.--

Four digits following the address S

specifies the upper limit of spindle speed

in rpm. If an S command exceeding the
limit is issued in subsequent blocks, the
spindle speed is governed at the upper hmit.

{2) 1In G96 (Constant Surface Speed Control)
mode, when spindle speed rises up too fast
as the current X-coordinate of the tool is
too small, the spindle speed 1s chipped
the limit.

EXAMPLE

G50 s2000
The maximum spindle speed is clipped at
2000 rpm.

NOTES:

1. Maximum spindle speed specified by G50 can
be displayed on the CRT display. Refer to
4.3.2.1 Display of Command Data.

2. The specified maximum spindle speed 1s not
cleared by reset operation.

3. In case of S 4-digit designation B, unit of

address 5 is not shown by rpm. Refer to
machine tool builder's manual. For $ 2-digit
designation, this function cannot be usecd.
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2.8.23 WORlS COORDINATE MULTI-SHIFT
(G50T, G51}°

This feature 1s used 1n combination with "6.2.3,
Wwork Mcasured Value Direct Input” option.
Hence 1t 1s necessary for the programmer to be
Lemwdiar with paragraph 6.2.3,

The purpose of this feature is to retain a
"work coordinate system” with a certain point on
the work used as absolute zero point by perform-

ing G50T coordinate system setting at the replace-
ment position of each tool. In other words, pro-
gramming may be performed with a single coor-
dinate system throughout the entire machining.
(1} Tool coordinate value memory (number)

a. It is necessary, before specifying G50T, to
write the coordinate data for each tool to

+2Z
Zin
TOOL S$I10UF AT 1ut
POSITION INDLILATHD
Atn BY CURREM POSITION
pISPLAY (0,V)
Xtn/2 (Sk+ NOTE 1)
O Zm
fanY +7
T~
WORKP1ECE
"WORK COORDINATE SYSTEM" SET BY

OPERATOR AT “WORK MEASURED VALUE
DIRECT 1NPUT" OPERATION.

Fig. 2.37

Work coordinate system setting (G50T)
G50 TOOAA

Specifies tool offset number
(00 to 50)

Specifies tool coordinate
memory number (51 to 80)

Using this command, set the coordinate
system for each of X-axis and Z-axis with
the following work coordinate system setting
value:

Work coordinate
system setting =
value

Unit current
position value | +
(Note 1)

Content of
programmed tool
offset memory

Content of
programmed tool +
coordinate memory

2
the tocl coordinate memory. For the writ- (2)
ing procedure, see "6.2.3, Work Measured a.
Value Direct Input.”
b The numbcr of available tool coordinate
memory units corresponds to the number
of tool offset memory combinations as shown
below
Number of tool Avallable tool
offset memory coordinate memory
combinations number
1 0to9 51 to 59 (9)
2 0 to 16 51 to 66 (16)
3 0 to 50 51 to 80 (30)
¢. For case of use, write the coordinate data
for tool No. 01 1n tool ceordinate memory
No. 51, ctec., as shown below:
Tool Coordinate Tool No.
Memory
51 —-—t—= (1 b,
52 -t (2
80 e 30

d. It is assumed that the tool coordinate mem-
ory contains the following coordinate data
Xin and Ztn for each tool Tn.
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Note 1: "Umit current position value" 1s
the one which 1s shown in "POSITION
(EXTERNAL] screen of the current posi-
tion display (POS) on CRT display.

Usually, specify "00" in the tool offset
number specification field AA.

EXAMPLE:
G50 T5100 ;

"00" specifies the work
coordinate system setting
with the contents of tool
offset memory being zero.

When the above program is specified with
the tool shide at a given position (for
example, -x, -z 1n the unit current posi-
tion display), the work coordinate system
defined by the operator is set correctly as
shown below:



T1 WHEN TOOL SLIDE 1S
AT A GIVEN POSITION
{-x, =z).

e e
v T ’
Zt ;I T
P\, J WHEN TOOL SLIDE 1§
. _J..a POSITION (0, O)
X
/
\ T — Xt l/2
) N

\ 7 +2
(=x/2 +Xt1/2 | COORDINATE

(3)

\ SYSTEM 1S
\ (—z) +2us SET WITH

THESE VALUES.

WORK COORDINATE SYSTEM

Fig. 2.38

G50 TO000O ,

By this command, the coordinate system is
set with the umat current position value.
This means that the canceling of the work
coordinate system setting 1s performed with
the content of tool coordinate memory = "0"
and the content of tool offset memory = "0"
by the specification of T0000.

Hoq

Return to current position onigin (G51)

By G51 , command, tool is returned to the
point at rapid traverse rate where the unit
current position value 1s {0, 0), on both
X-axas and Z-axis.

With a part program that uses work
coordinate system setting, the machining
start point 1s the current position value
(0, 0) in principle. Hence, the use of G51
command facilitates the return to the start
point {0, 0) after completion of machining.

G51 command should always be specified on
a single block basis.

NOTES:
1.

G50 T and G51 are nonmodal G codes which
are vald only for the specified blocks.

When this function is used, set parameter
#6005Ds5to 0 (G50 preset of POS-EXTERNAL
display is off).

G51 ; command is equivalent to the following
two block commands.

G50 TO0000 ; -
GO0 X0 20

Consequently, after the execution of this
command, the tool offset number is cancelled
together with the work coordinate system,
setting the tool offset number to "00."

When the G50 T work coordinate system set-
ting is performed, "2.6.5, Work Coordinate
System Shift" is made valid.

The current position of the too] in the set
work coordinate system is shown in the cur-
rent position value "POSITION ABSOLUTE."
It is not shown in POSITION EXTERNAL.

The work coordinate system set by G50 T
cannot be cancelled by a reset operation.

EXAMPLE A:
(The start point is current position display

N1 G50 T5100 ;

Work coordinate system
setting for tool No, 0l.

N2 G00 T0101 M03 S100 ;
. Selection of tool No. (1
{Note 1).

(Machining by tool No. 01)

__ Positioning to a given
peint.

Work coordinate sys-
tem setting for tool
Neo. 02.

Selection of tool

No. 02 (Note 1}.

N20 GOO X+-0 20
N21 G50 T5200 ;

N22 GO0 T0202 ;

{Machinig by tool No. 02}

N40 G51 ;

Return to current position
display (0, 0).

Note 1: The tool position offset in T0101
and T0202 commands may be used for the
compensation for tool wear. When specified
during machining, the tool position offset
may also be used for the compensation for
taper machining.

“ CURRENT I'0311 Lk
N DISPLAY (0, U)

—_—— - =

L)
\umx COORDLNATE SYSTLM
MACHINING 8Y TON NG M, N2
LA BL O PROTRAMML O 1h S
CODORDIMATE 5YSI[E™
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2.8.23 WORl.?‘ COORDINATE MULTI-SHIFT N1l G50 T5100
(G507, ©51) N2 GO0 T0101 MO3 S1000
NOTES.

EXAMPLE B. {(Machined by TO01}

1f the machming which was started by the
following program i1sinterrupted and the

program 1s restarted without returning the

tool to the machining start point, the tool N25 TO000 ,

correctly moves to the hirst approach posi- N26 GO0 X-50. 2-35. ;

tion. -++ Tool replacement position
of T0Z2 1s current position

N1 G50 T5100 ; display (-50, -35).

N2 Golol — N27 G50 T5200 ;|

N3 G9 S150 MO03 ;

A N4 GO0 X20. Z2.5 . N28 GO0 TO02020 M03 s800 ;

{Machining by T02)

PROGRAM STARTED AT THE
POSITION OF CURRERT

POSITION DISPLAY (~20 ,-27.5)
AFTER MACHINING INTERRUPTION

N48 G51 ;
x [
Tol -e- The coordinate system setting values
by this command are as follows:
MACHINING START POSITION
= CURRENT POSITION DISPLAY

(0, 0)

{(-50.) + 110, = 60.

Z =(-35.) + 40, =5,
A APPROACE POSITION (20 , 2 §)
+z m>’
TOOL COORDINATE MEMORY 4 MACHINING START
51k = 80 /; SITION =
WK 212 = 40 f CURRENT POSITION
{ OORDTNATE ! O DISPLAY (0, 0)
+YSTEM ',:.---
40.

This 15 because N1 G50 T5100 ; command -‘j JJ'I'Dﬁ

at point B performs coordinate system set- +% 110 DIA ..-‘j‘ -50./2

ting with the following values to retain the

work coordinate system, thus keeping I /' 100 DA

appreoach position A unchanged: Z=5. T; G —%.

- 2
X =(-20.) + (80.) = &0, T0
2 =(-27.5) + (40.) = 2.5
EXAMPLE C.
Xm=t60, DIA

This example shows a program for which the

replacement position of each tool 1s different T4 +2Z

from each other, and the values for work

coordinate system setting. WORK COORDINATE SYSTEM

Tool Coordinate Memory

No. X Z
5i 100. 47.5
52 1i0. 40,
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2.8.24 USER MACRD (G65 AND G66)

Special programs written by the machine builder
or user by the use of a group of instructions are
registered 1n 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 Macre Body

’-_‘-.________—‘
g -0 9001 ;
' Vargable
G(Cfr E:i?grit Operation Command
g Control Command

Designation) ,
/—“\-—-__\-— M99

Main Program Subprogram

T

)

M98 Pl234 ;

)

L T~

However, unlike a subprogram, a user macro
allows.

— 1234 ;

N

— M39

(1) Use of variables.

(2) Computation between variables or between
constants.

{3) Use of control commands such as a condition-
al branch.

These features enable the user macro body
to provi