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SECTION 1 BEFORE YOU BEGIN PROGRAMMING

On the CNC lathes, turning operations and various miscellaneous functions
are performed by the information on a tape instead of manual operation by
an operator, and the manual handling of levers and handwheels is per formed

by motors. In other words, by simply pressing a button, tape-controlled
lathes work like automatics.

To make a command tape, first complete a program process sheet from a part
drawing. After that, punch out a command tape by a tape-puncher.

Part Process Typewriter Tape Product

Drawing Sheet Okuma
ESEE ——=n CNC Lathec>E§;y
=l = 0SP5¢UL-G/

B
0SP5@00L-G

The program process sheet is a manuscript of listing which details part

programming instructions. The procedure to complete a program process
sheet is called "PART PROGRAMMING".

There are certain rules in making a process sheet. These rules have to be

remembered by the programmer because they are just like traffic rules for
drivers.
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2452-E P-2

1-1. COORDINATE SYSTEM
The axis nomenclature of individual models is explained in detail in this
section.

1-1-1. Model LC10

The axis designation of LC1@ CNC Lathe is as follows:

25
Turret A
(right @ X-axis
turret)
7,
W
X 5 ) =
U S @ Z-axis
Turret B
(left
turret) |
X-axis
Transverse Turret Movement .....c.eeeoesss X-axis
(infeeding direction)
Longitudinal Turret Movement ....eseeeesas Z-axis
Direction of axis movement is defined by "+" and "-" sign characters.

OKUMA MACHINERY WORKS LTD.



2452-E P-3

1-1-2. Models LC2@/LC3@/LC4F/LC5(¢

The axis designation of LC2@/LC3¢/LC4(¢/LC5¢ CNC Lathe is as follows:

1S

git%“)- | X-axis

% w)
RSN
N
[/ S s —
S Z—-axis

28

X-axis

Turret A (upper turret)

Z—axis

Z—axis

Turret B (lower turret)

X-axis
Transverse Turret Movement ......eceeaeees X-axis
(infeeding direction)
Longitudinal Turret Movement ............. Z-axis
Direction of axis movement is defined by "+" and "-" sign characters.
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1-1-3. Models LS3@-N and LH35-N

The axis designation of LH35-N and LS3@-N CNC Lathe is as follows:

X-axis

H4 + H4
(only for LS3@-N)

Z—axis

= Z—axis
©

X—axis

H4 C)
Z—-axis
T IR
co|oolY
o a
i L I |
Looloo
Transverse Turret Movement ...... cae eaeE X-axis
(infeeding direction)
Longitudinal Turret Movement ........... .. Z—axis
Direction of axis movement is defined by "+" and "-" sign characters.
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1-1-4. Model LHS55-N

The axis designation of LH55-N CNC Lathe is as follows:

V8 + V8

— — X-axis

L

[ . Z—axis

]

uq L C) = Z—axis

ET’J;J? e T

X—-axis

H6

T
[N

S Z—-axis

X-axis
Transverse Turret Movement .......oeosseses X-axis
(infeeding direction)
Longitudinal Turret Movement .....eeseeees Z-axis
Direction of axis movement is defined by "+'" and "-" sign characters.
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1-1-5. Models LB1¢/LB12/LB15

The axis designation of LB1(/LB12/LB15 CNC Lathe is as follows:

LB1¢

Z
h % ( Z—axis
Ll | . \ )
LB12/LB15
X-axis
&b
© Z-axis
e &
Transverse Turret Movement ........eeseaes X-axis
(infeeding direction)
Longitudinal Turret MOVEmMENt ......eveeses Z-axis
Direction of axis movement is defined by "+" and "-" sign characters.
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1-1-6. LR Series Models

The axis designation of LR series CNC Lathe is as follows:

LR15

vVig + V8

00

X-axis

®

Turret A (upper turret)

7// © Z-axis

: - S e

T’_ o Z-axis

Turret B (lower turret)

00 O

—

Q| ¢

0

0
O

X-axis
Transverse Turret Movement ....ceeeeessces X-axis
(infeeding direction)
Longitudinal Turret Movement ......eeeeee- Z—-axis
Direction of axis movement is defined by "+" and "-" sign characters.
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REFERENCE POINT
On the CNC Lathes, there are three types of reference points as below:
(1) Machine Origin

This is the fixed origin inherent in respective machines, where output
values from the OSP position encoders of X- and Z-axis become zero.
Axis movement of the machine is referenced to this fixed machine ori-
gin.

(2) Workpiece Origin (Machining Zero)

The zero point that can be set at any point as needed by "Zero Offset"
operation; once the workpiece zero is set, axis motion is controlled
on the coordinate system that has the origin at the set workpiece
zero.

Cutting is carried out taking this point as the reference point.

(3) Programming Zero
This is the zero point from which all dimensions are referenced in the
part programming. It can also be established at any point convenient
for programming. For details, refer to the instructions for
Programming Zero provided in later section.
A programmer should inform a machine operator of the established

programming zero position either on the part drawing or with a
memorandum.

Note: PROGRAMMING ZERO AND MACHINING ZERO MUST BE MATCHED.

X@, Z@: Zero offset value
X, Z : Programmed command

X@/2 .

[ : Machining zero (Programming zero)

Machine origin
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2452-E P-9-R5

Note 1: On two-saddle models, individual turrets, turret A and turret B,
have their own machine origins independently.

- LC series
- LR series

Note 2: On two-turret models, individual turrets, front and rear, have
their own machine origins independently (mirror image function).

- LS3¢-N

- LH35-N
- LH55-N

PROGRAMMING ZERO

The Programming Zero is the reference point for programming and may be
established at any required point within a specified range.

Usually, it is taken at the center of the workpiece for X-axis and at the
left-hand end of it for Z-axis, and programming is made on the coordinate

system which has the origin at such point.

See the figure below showing the preferable zero position.

AN

Programming zero
on X- and Z-axis

L |

OKUMA MACHINERY WORKS LTD.
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1-4., DIMENSION WORDS
(1) Programmable Units

Axis movement commands, i.e., dimension words are expressed in the
units specified below:

Programmable Units
Axis
. Inch System
Metric System (optional)
1 mm Y
1 inch
X 10 um ]
1/10¢@¢¢ inch
1 um
1 mm .
1 inch
zZ 1¢ pm ;
1/10¢0¢ inch
1 um

* X word is expressed in terms of diameter.
Note 1: When programming dimension words, be sure to command numeri-
cal data to the selected unit.

Note 2: Unit system may be changed by changing the bit data of
optional parameter (bit) No. 3 as follows:

Bit 2 Bit 1 Bit @ Unit
* 1 ¢ 1 mm
1 @ ) 1¢ pm
/] /] "} 1 ym
* 1 1 1 inch
%* g 1 1/10¢¢¢ inch

* may be either "1" or "¢" (usually set at "@").

For details of parameter data setting, refer to the Operation
Manual.

Note 3: The 1 mm unit system is set when the control floppy disk is
loaded.
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2452-E P-11-AS

Programmable Units for (.1 um Specification (optional)

Axis movement commands, i.e., dimension words are expressed in the
units specified below:

Programmable Units
Axis
) Inch System
Metric System (optional)
1 mm
T 1 inch
um
< 1/1000¢ inch
1 um .
1/1¢¢@@@ inch
@.1 pm
1 mm
> 1 inch
um
; 1/1009¢_inch
1 um .
1/10¢@6¢ inch
#.1 pm

Note 1:

Note 2:

Note 3:

When programming dimension words, be sure to command numeri-

cal data to the selected unit.

Unit system may be changed by changing the bit data of
optional parameter (bit) No. 3 as follows:

Bit 2

Bit 1

Bit @

Unit

#.1 pm

1 pm

10 um

1 mm

1/1000¢¢ inch

1/10¢@¢¢ inch

=0 I~ T B -~ T i I =T

= 2 2|~ s =S|~

L e I~ S I~ [~ -~

1 inch

For details of parameter data setting, refer to the Operation

Manual.

The 1 mm unit system is set when the control floppy disk is

loaded.
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(3) X-Axis Command (1 mm unit command)

X-axis command is given in terms of diameter as indicated on a part

drawing.
Example:
Point A
When "X2¢@" command is speci-
oa ]
;?Cd fied, the turret moves along
X-axis to position the cutting
= tool to Point A.
7] I
-
Programming zero /
Xg

(4) Z-Axis Command (1 mm unit command)

Z-axis command is given in terms of longitudinal dimensions
referenced to the programming zero.

Example:

Point B .
When "Z1¢¢" command is speci-—

fied, the turret moves along
Z-axis to position the cutting
tool to Point B.

Sy

Programming zero
@ 10 mm

OKUMA MACHINERY WORKS LTD.
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1-5. TURRET SELECTION FOR 2-SADDLE/2-TURRET MODELS
1-5-1. LC Series

For two-saddle models, Model 25, selection of the turret is made by spec-
ifying a G code as indicated below:

GLS 5 o inssm. i s Turret A
BI& 5550 wemmmms s Turret B
(1) 1Lcig

Turret A (right turret)
G13

— Turret B (left turret)
Gl4

Turret A (upper turret)
G13

e
NN

(2) LC2, 3¢, 4¢ and 5¢

";:’0
-T:"-'t\-}-’;:,\)_‘ s
B IS
orf =
%ﬂﬁﬁgﬁ? y gillzret B (lower turret)

N\

For the machine equipped with only one saddle, designation of G codes
used for turret selection is unnecessary.

In the MDI mode operations, Gl3 and Gl4 codes are not used for turret

selection but the i;/ and e/if keys on the operation panel.
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1-5-2. LS3@-N, LH35-N and LH55-N

For two-turret models, selection of the turret is made by specifying a G
code as indicated below:

G133 wivss e svianas Front turret (turret A)
[0 I e Rear turret (turret B)

(1) H4 + V6 (LS3¢-N, LH35-N)

e )

N Rear turret (turret B)

Gl4

‘[_r"_l .

1

T 2 Front turret (turret A)

] G13

2 >

(2) H4 + H4 (LS3¢-N only)

" i__ Rear turret (turret B)
| 2y Gl4
. o P
' ! 2 Front turret (turret A)
) G13
4 3
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2452-E P-15

(3) Vv8 + v8 (LH55-N only)

EQ_J q
: Rear turret (turret B)
[ Gl4
D
1 - B
L}l__J_J
P (N — Front turret (turret A)
. GI13
in a

For the machine equipped with only one saddle, designation of G codes
used for turret selection is unnecessary.

In this Manual, the front turret is called "turret A" and the rear turret
"turret B".

OKUMA MACHINERY WORKS LTD.
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LR Series

For two-saddle models, Model 2S, selection of the turret is made by spec-
ifying a G code as indicated below:

Gl3 ssians ewerees s Turret A
Gl cewwn vemeves i Turret B
(1) LR15
=
<
—= Turret A (upper turret)

,\ G13
OJ
(=]
| © |

—— = Turret B (lower turret)
Gl4

N~
=

[
N

0| O] o]

In the MDI mode operations, Gl3 and Gl4 codes are not used for turret

: (1 .
selection but the and keys on the operation panel.

OKUMA MACHINERY WORKS LTD.



1-6. TOOL SELECTION

2452-E P-17

Selection of a cutting tool is made by four digit figures following address

character T.

ngoo

Tool Offset No.:

Tool No.:

32 pairs (@1 to 32)

.For two-saddle model, 32 pairs of

tool offsets are used on the
individual turrets.

The number identifying the turret
face position is used as a tool
number-.

When the control features the tool nose radius compensation function, a T

word comprises six digit figures.

T oo oo oo

]_.}_ Same as above

Compensation No.:

The tool nose radius compensation
number from (/1 to 32 is spec-
ified.

For two-saddle (turret) models,
tool nose radius compensation
numbers 1 through 32 can be used
on the individual turrets.

OKUMA MACHINERY WORKS LTD.
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2452-E P-18

Tool Number

a) LcClg

As a tool number, specify the turret face position number indi-
cated by a name plate.

OKUMA MACHINERY WORKS LTD.
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b) LC2¢/LC3¢/LC4H/LCS5G

Turret A

Turret B

Note 1: The illustration above shows the turrets of Model 25S.
Only turret A is available for Model 18.

Note 2: As a tool number, specify the turret face position number
indicated by a name plate.

OKUMA MACHINERY WORKS LTD.



2452-E  P-2¢

c) LS3@-N and LH35-N

£y
.

As a tool number, specify the turret face position number indi-
cated by a name plate.

d) LH55-N

Rear V8 turret Front V8 turret

As a tool number, specify the turret face position number indi-
cated by a name plate.

OKUMA MACHINERY WORKS LTD.
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e) LB1@

As a tool number, specify the turret face position number indi-
cated by a name plate.

f) 1LB12

Note 1: As a tool number, specify the turret face position number
indicated by a name plate.

Note 2: Optionally, dodecagonal turret is available.

OKUMA MACHINERY WORKS LTD.
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2452-E P-22

LB15

V12 turret

As a tool number, specify the turret face position number indi-
cated by a name plate.

OKUMA MACHINERY WORKS LTD.



h) LR15

Note 1:

Note 2:

2452-E P-23-A5

Turret A

As a tool number, specify the turret face position number
indicated by a name plate.

Tool numbers on turret A are 1 — 1@ and those on turret B
are 1 - 8.

OKUMA MACHINERY WORKS LTD.
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(2) Tool Offset Number

The control has a capability to compensate for the tool dimensions
between those assumed in programming and those actually set. This
function is called the tool offset function and it is called out by
two-digit figures in a T code command. Programmable tool offset
number is from "1" to "32",

For two-saddle (turret) models, tool offset numbers 1 through 32 can
be used on the individual turrets.

For details of tool offset number, refer to 3-5, "Supplement" or
3-3-2-3 of the Operation Manual.

(3) Tool Nose Radius Compensation Number (optional)
The OSP5@fL-G/0SP50@)L-G CNC system features the function to automati-
cally compensate for the error in finished contour due to tool nose
radius. To activate this function, specify two digit figures, 1
through 32, as addressing tool offset number following address
character T.

(4) Example

When the tool nose radius compensation function is not used:

T g2 @1

Tool offset number
Tool number

When the tool nose radius compensation function is used:

T ¢3 g2 g1

' -1:—————-Tool offset number

Tool number
Tool nose radius compensation number

In usual programming, tool offset number and tool nose radius compen-—
sation number are taken as the same number as the tool number.

TE1@1
T@202¢2
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Turret Indexing Direction
(standard for LC2¢/LC3¢/LC40/LC5¢/LB1¢/LB12/LB15/LR15, and optional
for LH55-N)

M Code Description Remarks

M86 The turret rotates in the direction
in which the tool number shifts in
the descending order as 4 —— 3 —
—= 2 — 1. (Reverse)

M87 The turret rotates in the direction | The control is in the
in which the tool number shifts in |M87 mode when the con-
the ascending order as 1 — 2 —= trol software tape is
3 — 4. (Forward) loaded.

For the models featuring bi-directional turret indexing function, the
rotation direction of the turret can be specified by M86 and M87.

In addition, the control has the capability to automatically determine
the turret rotation direction by setting a flag at a proper parameter.
If this automatic bi-directional turret rotation function is set
active, codes M86 and M87 are ignored even if they are programmed.

Turret Shortest Path Rotation Control
(standard for LC2¢/LC3¢/LC4¢Y/LC5¢/LB1G/LB12/LB15/LR15, and optional
for LH55-N)

In the automatic or MDI mode operation, it is possible to select the
turret rotation direction to index the commanded turret position via
the shortest path from the current turret position independently of
the turret rotation command (M86, M87) designated. For this function,
set the parameters indicated below:

a) Availability of automatic turret shortest path indexing control

Parameter (bit) No. 3, bit 7

1: Available
@: Not available

(initial setting: @)
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b)

Note

Note

Note

Note

2452-E P-26-A3

Number of turret faces

Parameter (word) No. 47:

Number of turret faces on turret A

Initial setting:
Setting range : @ - 16

Parameter (word) No. 48:

Number of turret faces on turret B

Initial setting: @
Setting range : @ - 16

If parameter (word) No. 47 and No. 48 are set at "@¢", the
shortest path rotation control is not conducted even when bit
7 of parameter (bit) No. 3 is set at "1" and turret rotation
direction is determined by the programmed M86 and M87.

While the turret shortest path rotation control is effective,
turret rotation by manual operation (manual operation mode or
operation during manual interruption mode) is automatically
controlled in the forward direction unconditionally.

After the reset of turret shortest path control function,
turret rotation direction is controlled by M86 or M87
designated before the shortest path turret rotation control
is set active.

If the distance required to reach the commanded turret face
is equal when the turret is rotated forward and reverse, then
the turret is rotated in the forward direction.

OKUMA MACHINERY WORKS LTD.
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SPINDLE SPEED SELECTION

The selection of spindle speed range is made by a two-digit M code. The
desired spindle speed within the selected spindle speed range is selected
by a four-digit S code, expressed directly by the desired spindle speed.

Lclg

On Model LCI@, there are three different spindle speed ranges as indi-
cated below depending on the selected specifications:

a) 200 to 450¢ rpm
b) 133 to 30¢¢ rpm
c) 98 to 2200 rpm (optional specifications)

As an optional specification, pulley changeable specification is
available, which allows the selection of three different spindle speed
ranges as 20 to 4500 rpm, 133 to 30¢@¢ rpm and 98 to 22¢¢ rpm by changing

the spindle pulley.

In this specification, the following M codes are used to specify the
pulleys to be employed. Since these M codes are not cleared when power
supply is turned off or the control is reset, program such M code only
when pulleys are changed and it is unnecessary to provide the one on indi-
vidual part program tapes.

Range Selection Available Spindle Speeds
M&4 200 to 4500 rpm
M43 133 to 30¢¢ rpm
M42 98 to 220@ rpm

Spindle speed - transmission power diagrams are provided in the following
pages. Since the cutting conditions must be determined so that intended
cutting can be performed within the capacity of LCl@, determine them
referring to the diagrams. Note the required power will vary from material
to material even when the cutting area is identical.
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Power Transmitted (kW)

LC2¢

2452-E P-31

Range Selection

Available Spindle Speeds

Example:

To rotate the

M41

75 to 1082 rpm

spindle at 12¢ rpm,

M42

303 to 42(¢¢ rpm

program as:

M41 s12¢

Note 1: With an M code spindle speed range to be used is selected, and
an 8 code consisting of up to four digits determines the spindle
speed.

Note 2: To change the spindle speed range while the spindle is rotating,
stop spindle rotation once before commanding a new spindle speed
range selection M code.

Note 3: When determining the cutting conditions, spindle speed range to
be employed should be determined referring to the spindle speed
- transmission power diagram provided below. And program should
be made so that cutting is performed within a constant power
range where practicable.

LC2¢ 1S: VAC 15/11 kW (20/15 hp) (30 min./cont. rating)

LC2¢ 2S: VAC 22/18.5 kW (30/25 hp) (30 min./cont. rating)

22 kW (3¢ hp)
22 - / / 18.5 kW (25 hp)
Y /15 ki (20 hp)
15
/// 11 kW (15 hp) L=
11l L
16 el
I st
7.5F | o
| 3
54 kg-m |5 ki
3 (391 £e-1b) K il
4  39.6 kg-m S I o
(286 ft-1b) NONCN | =
3+ NN —Iaﬁi p
N \\:\\\ | g
Zi 19.6 kg-m (142" ££-1b) ———— NN ‘{29 &
16.4 kg-m (119 ft-1b) ————— l\:—\t\\\ |
13.3 kg-m (96 ft-1b) —————— —\;—\-\\\\\ ;
\\ \\\\ Jio
1b 9.8 kg-m (71 ft-1b) —————————X_\\ N 11
NN N
AN |
NN |
W N NOR I
N e oA |
NN \\'\ I
\\ \\ b |
. b I
1 | 1 I 1 N 1 H
75 1¢0 250 500 1000 4200

—— Spindle Speed (rpm)
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LC3¢
Example:
Range Selection Available Spindle Speeds
To rotate the
M41 15 to 193 rpm spindle at 12¢
M42 40 to 519 rpm rpm, program as:
M43 86 to 1118 rpm
M44 230 to 3(¢@¢ rpm M4l S12¢

Note 1: With an M code spindle speed range to be used is selected, and
an S code consisting of up to four digits determines the spindle
speed.

Note 2: To change the spindle speed range while the spindle is rotating,
stop spindle rotation once before commanding a new spindle speed
range selection M code.

Note 3: When determining the cutting conditions, spindle speed range to
be employed should be determined referring to the spindle speed
- transmission power diagrams provided below. And program
should be made so that cutting is performed within a constant
power range where practicable.

LC3¢ 18 1
DC 22/15 kW (30/20 hp) (30 min./cont. rating)

kw| hp

- s
+40 (e

193
74 199 519 150
13 ‘ h ; [22w (30 hp)
204
: / /\i / 15 kW (20 hp)
;ﬂﬂﬂj

—15

T

Power Transmitted
r

L L 1

s 59 7] 563 009 2000 3000
Spindle Speed, rpm
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LC3¢ 2S
DC 30/22 kW (40/30 hp) (30 min./cont. rating)

193 1na
kW | hp
7 199 519 1sd
- ‘_9_ {[_ { [r 30 kw (40 hp)
3044
- / /\& / 22 kw (30 hp)
#12s Lea_ 3606 |
-20
g5
g
I
-E _‘¢
g
8 %]
EH' T 1 1 1
H ) 50 90 00 P90 2000 509
£ Spindle Speed, rpm '
~
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2452-E P-34

LC4Q
Example:
Range Selection Available Spindle Speeds
To rotate the
M41 1§ to 180 rpm spindle at 12(
M42 27 to 487 rpm rpm, program as:
M43 66 to 1187 rpm
MGG 177 to 2500 rpm M4l S12¢

Note 1: With an M code spindle speed range to be used is selected, and
an S code consisting of up to four digits determines the spindle
speed.

Note 2: To change the spindle speed range while the spindle is rotating,
stop spindle rotation once before commanding a new spindle speed
range selection M code.

Note 3: When determining the cutting conditions, spindle speed range to
be employed should be determined referring to the spindle speed
- transmission power diagram provided below. And program should
be made so that cutting is performed within a constant power
range where practicable.

LC4¢ 18: DC 30/22 kW (40/39 hp) (30 min./cont. rating)
LC4@ 28: DC 45/37 kW (60/50 hp) (30 min./cont. rating)

kw| hp s
95 186 185 455 487 1IBT 1230
50 8¢ __EWI 1 1 45kw (60hp): 25
-60 8
a9 o —| 7 / / 37%w (5¢hp): 25
30449 ) /7 27 7 7/ 3bkw (aghp): 1s
o /// /// /// 22kW (3ghp): 15
B 2500
-2¢
g
E [
5 0
E
3 s
&
-5
4
ﬁ‘ —te 1 1 1 1 1 1
9 50 106 500 000 2009 2590

—— Spindle Speed, rpm

OKUMA MACHINERY WORKS LTD.



1=T7=5,

LC5@

2452-E P-35

Range Selection Available Spindle Speeds

Example:

To rotate the

M41 5 to 135 rpm spindle at 12¢ rpm,

M42 11 to 283 rpm program as:

M43 18 to 487 rpm

Ma4 38 to 100¥ rpm M4l S120

Note 1:

Note 2:

Note 3:

LC50¢ 18

With an M code spindle speed range to be used is selected, and
an S code consisting of up to four digits determines the spindle
speed.

To change the spindle speed range while the spindle is rotating,
stop spindle rotation once before commanding a new spindle speed
range selection M code.

When determining the cutting conditions, spindle speed range to
be employed should be determined referring to the spindle speed
- transmission power diagrams provided below. And program
should be made so that cutting is performed within a constant
power range where practicable.

DC 45/37 kW (60/50 hp) (30 min./cont. rating)

Power Transmitted

kW

ft-1b.| kg-m
fr-1b.
8¢9 kg-m (5800 _t_.(_\z 606 s g
NN
hy O\ 50 G-
RN 45 kW (60 hp) L 50
/37 kW (50 hp)

-
300 &
200 E
=
1960 - 3
..|¢¢ E—o'

- 50

-3¢

45
3 0 20 30 59 136 200 300 SP8 90 19¢0

Spindle Speed, rpm
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2452-E P-36

LC5@ 28
DC 55/45 kW (76/6Q hp) (30 min./cont. rating)

Power Transmitted

80¢ kg-m (5800 ft-1b.) ft;;;é_ kg-m
e 800
i NN 5¢¢ @
9175 mmmmmm 0 AN 55 kW (75 hp)
5¢_~6¢ L BN F /45 kW_(60 hp) - 500
| s¢
3¢ a0 _
26 139 - E
c
o
&
L]
1% 4 16 %
g F o9 &
5 . 5
3 [ 39
5? 6I7
5 8 10 ¢ 3p ¢ 86 1Bp 200 300  s0f  egd ipgp

Spindle Speed, rpm
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2452-E P-37

LS3(¢-N
Example:
Range Selection Available Spindle Speeds
To rotate the

M41 25 to 165 rpm spindle at 12¢ rpm,
M42 69 to 452 rpm program as:

M43 138 to 915 rpm

M&d 377 to 2500 rpm M4l S120

Note 1: With an M code spindle speed range to be used is selected, and
an S code consisting of up to four digits determines the spindle

speed.

Note 2: To change the spindle speed range while the spindle is rotating,
stop spindle rotation once before commanding a new spindle speed
range selection M code.

Note 3: When determining the cutting conditions, spindle speed range to
be employed should be determined referring to the spindle speed
- transmission power diagram provided below. And program should
be made so that cutting is performed within a constant power
range where practicable.

DC 15/11 kW (20/15 hp) (30 min./cont. rating)
15 kW (20 hp) (30 min. rating)

i 4(/ ///‘/// ;//
= 16 v /’
= 754 _
d 11 kW (15 hp) (cont. rating)
H 5
4J
o
E
0
5 3
o
=
H 24
[}
=
0
Py
T T S m T T T
25 100 200 5¢0 [e]elo) 2500
|'318_H§|¢ a15
452
2] - - e

55 165

25

% Solid lines indicate the spindle speeds range in which constant full
power [11 kW (15 hp) or 15 kW (20 hp)] can be obtained. 1In the area
indicated by dashed lines, transmission power varies as the spindle
speed changes.
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2452-E P-38

LH35-N
Example:
Range Selection Available Spindle Speeds
To rotate the

M41 20 to 197 rpm spindle at 12¢ rpm,
M42 52 to 507 rpm program as:

M43 86 to 840 rpm

M&4 224 to 22(¢@ rpm M41 S12¢

Note 1: With an M code spindle speed range to be used is selected, and
an S code consisting of up to four digits determines the spindle
speed.

Note 2: To change the spindle speed range while the spindle is rotating,
stop spindle rotation once before commanding a new spindle speed
range selection M code.

Note 3: When determining the cutting conditions, spindle speed range to

be employed should be determined referring to the spindle speed
- transmission power diagram provided below. And program should
be made so that cutting is performed within a constant power
range where practicable.

DC 22/15 kW (3@/20 hp) (30 min./cont. rating)

22 kW (30 hp)

2% (3¢ min. rating)
Z 221
o
e
£ 191
o
E 2
g 5-
E 15 kW (2@ hp)
. (cont. rating)
4]
=
o
p-' 1 1 1 1 L 'l
20 50 100 500 1000 2009
Spindle Speed, rpm
22 733 22
A
86 27 84
e s ’
I 507
praz] -~ - - o

g______6s : 197

% Solid lines indicate the spindle speeds range in which constant full
power [15 kW (20 hp) or 22 kW (3P hp)] can be obtained. In the area
indicated by dashed lines, transmission power varies as the spindle
speed changes.
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1-7-8. LH55-N

Range Selection

Available Spindle Speeds

M41 1§ to 135 rpm (10 to 160 rpm)
M42 2] to 280 rpm (21 to 33¢ rpm)
M43 36 to 48( rpm (36 to 575 rpm)
Mas 75 to 100¢ rpm (75 to 1200 rpm)

10¢¢ rpm spec.

(0

120¢ rpm

2452-E P-39

Example:
To rotate the
spindle at 12¢

rpm, program as:

M4l s12¢

spec.

Note 1: With an M code spindle speed range to be used is selected, and
an S code consisting of up to four digits determines the spindle

speed.

Note 2: To change the spindle speed range while the spindle is rotating,
stop spindle rotation once before commanding a new spindle speed
range selection M code.

Note 3: When determining the cutting conditions, spindle speed range to
be employed should be determined referring to the spindle speed
- transmission power diagram provided below.
be made so that cutting is performed within a constant power
range where practicable.

DC 45/37 kW (60/50 hp) (3@ min./cont. rating)

3 8

2

o™
1

Power Transmitted, KW
& o &

p

45 kW (60 hp) (39 min. rating)

37 kW (50 hp)

And program should

(cont. rating)

Spindle Speed,rﬁﬁ

I#ﬂrpm

PG (1200)

75 4
8] o mezma s 340(405) 109

*

% So0lid lines indicate the spindle speeds range in which constant full
power [37 kW (50 hp)] can be obtained.
In the area indicated by dashed lines, transmission power varies as
the .spindle speed changes.
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LB1¢

Range Selection

Available Spindle Speeds

M41

60 to 2100 rpm

M4 2

170 to 60¢@ rpm

2452-E P-4(

Example:

To rotate the
spindle at 12¢ rpm,
program as:

M4l sS12¢

Note 1: With an M code spindle speed range to be used is selected, and
an S code consisting of up to four digits determines the spindle
speed.

Note 2: To change the spindle speed range while the spindle is rotating,
stop spindle rotation once before commanding a new spindle speed
range selection M code.

Note 3: When determining the cutting conditions, spindle speed range to
be employed should be determined referring to the spindle speed
- transmission power diagram provided below. And program should
be made so that cutting is performed within a constant power
range where practicable.

17¢ rpm M42 High range 6090 rpm
1840 rpm
6¢ rpm M41 Low range
642 rpm
2100 rpm

kw| hp

" 15 3@ min. rating

. 1@ Cont. duty / [
7. / A

5 ///// / ,////J

o ////// //

[]

r N

N}

=

E /////

w

o

m

i

=

~ /////

g /

o

~ ////

199

1000

6000

Spindle Speed (rpm)
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2452-E P-41-A4

1-7-1¢. LB12
Selection of spindle is possible by directly designating a required speed
following address character S. The LB12 does not have the transmission
to change the spindle speed range and thus specification of M codes used
for selecting the spindle speed range is not required.
Programmable spindle speed range: 65 - 35@¢¢ rpm
75 - 42¢¢ rpm (optional)

Example: To designate spindle speed of 20¢¢¢ rpm

S20¢49

35¢¢ rpm specifications:

20} 16.7 kg-m (121 ft-1b)
Sl 12.3 kg-m (89 ft-1b) 142
. g—-m (89 ft-
___________ % (29)
— = ~ A " " 19
E:ﬂ (7%% N N, 7.5 KW (16 hp)3¢ min (13.3) 9
o = i D
28 M. 5.5 kW (7.5 hp) cont |4 4 5
[ cq - o (oW
SE (36) NN ey BE
& —én 438 rpm S X 350¢ rpm g =
%‘ 3 i \\ \\ T 3 (™
& (22) N N (4) g
o] 2 N N 41 2 o
Taw N (2.7) =
65 rpm E
i 41
(7% (1.3)
1 1 1 1 1 1
200 500 1006 2000 3000 4000

Spindle Speed (rpm)
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kg-m (ft-1b)

Torque Transmitted

2452-E P-42-A5

42@¢ rpm specifications:

20
(145) 13.9 kg-m (1¢1 ft-1b)
SRS -t S ——— H15(29)
1.2 kg-m (74 fe-1b) N
T e T {19
(72) P \ 7.5 kW (19 hp) 30 min (13.3) &
N - . 7 ()]
"\ 5.5 kW (7.5 hp) cont [(9.3) e
sk \\ \\ 4 5 E o
(363 525 rpm 5 Y, 4200 rpm  |(6.6) 2C
N \\\ Ez
3 AN N 4 3 I
(22) By & (4) "
2L \\ Y - 2 s
(14) N, f2.7 &
\\
8 41
(7% (1.3)
(59?-1-;- 175 }'pm 1 1 3 1 1 L1 1
76 199 200 560 1000 2000 40005000

Spindle Speed (rpm)
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2452-E P-43-R3

1-7-11. LB15
Example:
Range Selection Available Spindle Speeds
To rotate the
M4l 75 to 104@ rpm spindle at 12¢ rpm,
M42 75 to 42@¢ rpm program as:
M4l S12¢

Note 1: With an M code spindle speed range to be used is selected, and
an S code consisting of up to four digits determines the spindle
speed.

Note 2: To change the spindle speed range while the spindle is rotating,
stop spindle rotation once before commanding a new spindle speed
range selection M code.

Note 3: When determining the cutting conditions, spindle speed range to
be employed should be determined referring to the spindle speed
- transmission power diagram provided below. And program should
be made so that cutting is performed within a constant power
range where practicable.

rpm
= 260 1952 11w 4290
1@ B (15 hp)
7.5 zl ;‘ hk‘“;
¥ kg-m
5k 59
b 3 -3¢ -?
= Bo
= L=
e 2F 42¢ h
: 3
o o
5 5
& &
= i 110 &
& &
; L]
g 2
& Jds5 5
\
it
o 43
N
g
3 -2
N
| 1 | | | | |
75 199 200 500 1940 2000 4000 pm

Spindle Speed (rpm)
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1=7=12:

LR15

Note 1:

Note 2:

Note 3:

2452-E P-44-A5

Range Selection Available Spindle Speeds
M41 75 to 1086 rpm
M42 272 to 4200 rpm

With an M code spindle speed range to be used is selected, and
an S code consisting of up to four digits determines the spindle
speed.

To change the spindle speed range while the spindle is rotating,
stop spindle rotation once before commanding a new spindle speed
range selection M code.

When determining the cutting conditions, spindle speed range to
be employed should be determined referring to the spindle speed
- transmission power diagrams provided below. And program
should be made so that cutting is performed within a constant
power range where practicable.

Spindle motor: 15/11 kW (2@¢/15 hp)

kg-m
6@ 53.7 kg-m (388.272 ft-1b)
Al SRR ~N
1 B RPN .
- (285 ft-1b) °x N
9 301 N -30
:Ji \\ \\ E
B 20 N 15 ki f2¢ 8
« \ ; I
g 13.5 kg-m (98 ft-1b) N\ 1072 (20 hp) = 3420@
Y 56 2 N
. / /(}“\ 11 kW (15 hp) : § N
3, 19 - » 4200 F1 & N
5 N W rgldsef1972
S S N
NN 2 B
51 N T N 272 U272
\\ \\ I
34 N3
™ 75
21 -2
T T T T Ll L} T T | B | T T T Mé}l M42
75 109 209 50¢ 1060  20d9  400¢

— Spindle Speed (rpm)
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Torque Transmitted (kg-m)

Spindle motor:

22/15 kW (3@¢/2¢ hp), optional

kW
L3¢
- 2@

- 10

leg-m
60 - 53.7 kg-m (388 ft-1b)
50 272-\\ N 399
AR \\\ S
3¢ S 22 kW
2g] 2#-9 keom (145 fe-1b) N N 1672 (3¢ hp)
__________ ===
13.5 kg-m ///L ><7‘ N 15 kW (20 hp)
(98 ft-1b) Yy, B2
]_Qj_ ~ '\\
\\ N
\\ \\
N ~
Ty N \
Y
~
N
3..
2-
75106 209 Sg0 1000 2000 4000

Spindle Speed (rpm)

— = Power Transmitted (kW)

2452-E P-45-A5

34200

<1086 1072

[ V7777

272

[ V77777
5
[ %]

75

M41 M42

OKUMA MACHINERY WORKS LTD.



2452-E P-46-R5

1-8. SPINDLE ROTATION DIRECTION SELECTION

Spindle rotation direction, either CW or CCW, and spindle stop are com-
manded by a two-digit M code.

M@3 rotation M@4 rotation

1

Viewing spindle

Spindle CW M@3
Spindle CCW M@4
Spindle Stop M@5

Note 1: Clockwise (CW) spindle rotation is in the direction to advance a
right-handed screw into the workpiece.

Note 2: Changing the spindle rotation direction directly from CW to CCW or
from CCW to CW is not possible for the following models. For
these models, it is necessary to stop spindle rotation once by
specifying M@5 before changing spindle rotation.

OKUMA MACHINERY WORKS LTD.



2452-E P-47

1-9. TAPE FORMAT

1-9-1. Program Process Sheet

PROCESS SHEET
N G x(w) | z(w) 1 K F 8Ir LF
% LF
0104 LF
NGOl | Gc@gg X800 | z200¢ LF
N@@2 X250 | z1GQ M4 1 LF
N@G3 753 S12¢ M@¢3 M@8 | LF
N@@4 Z43 LF
Ngg5 | G@l X205 F@.3 LF
N@@ge | G@Q X25¢ | z5¢ LF
N@@7 Z4Q LF
N@@8 | G@1 X205 F@.25 LF
NG9 | Ggg X230¢ | 758 LF
N@10 X192 LF
N@11 G@1 Z48 F@.4 LF
N@12 X200 LF
N@g13 Z40 LF
N@14 | G@g X21¢ | 249 LF
N@15 X196 LF
N@16 | GOl : LF
I e ——— ——]

Shown above is an example of a program process sheet. It is a listing
which details part programming instructions comprising alphabetic and
numeric characters arranged in a definite programming scheme. With these
instructions, operations of the machine are expressed.

Each line of the process sheet starts with Sequence Number (N word) and
ends with the LF code. A group of commands written in one line is
referred to as a "block" and it describes one machine operation.

Usually, the machine executes the programmed commands block by block in
the order as programmed to produce a part.

The steps preparing such program process sheet is called "programming".

Note 1: The first block of each program must contain % (or ER) code
which is directly followed by LF (or CR) code.

Note 2: Programs should be identified by program name or number preceded
by address character O.

Note 3: Each block of commands is separated by LF (or CR) code. This
code must be provided at the end of each block without fail.

OKUMA MACHINERY WORKS LTD.



1-9-2.

Tape Format

2452-E P-48-R3

When preparing a program process sheet, commands are expressed by the
following codes in the specified format.

Number of Digits in Tape Command
Item Code
Metric System Inch System
Program name 0 4 4
Sequence name N 4 4
Preparatory function G 3 3
Axis movement command X,Z +5.3 (mm) +4.4 (inch)
Tk +5.3 (mm) +4.4 (inch)
LAP command D, U, H 5.3 (mm) 4.4 (inch)
H,L
E +5.3 (mm/rev.) +4.4 (inch/rev.)
A,B 5.3 (deg.) 4.4 (deg.)
Feed command F 4.3 (mm/rev.) +3.4 (inch/rev.)
Dwell command F 4.2 (sec.) 4.2 (sec.)
Tool command i 6 (or 4) 6 (or 4)
Spindle speed command S 4 4
Miscellaneous function M 2 2
Synchronizing command P +4 +4

Note 1:

Note 2:

Note 3:

Both alphabetic and numerical characters may be used in program
and sequence names.

The word format for tool command is either T6 or T4 according to
the availability of the tool nose radius compensation feature:

EO | cniminie svare with tool nose radius compensation function
Bl weense wseve without such function

P word used for synchronizing execution of the commands is
effective only for two-saddle specification of LC series lathes.

OKUMA MACHINERY WORKS LTD.



2452-E P-49

Note 4: The above indicated figures show the number of digits used in
programming to express the command data in the unit indicated in

¢

+5.3 (mm) indicates that:
Maximum programmable digits of command data are five left to
the decimal point and three right to the decimal point when

the data is expressed in the unit of "mm".

Note 5: Maximum programmable command data are:

#99999.999 mm ....... X, 2, I, K, D, E, and L
9999.999 mm/rev. .... F (feedrate)
9999.99 SEC. +evev... F (dwell)

OKUMA MACHINERY WORKS LTD.



2452-E P-5(@-R4

1-9-3. Position of Decimal Point

With the OSP5(L-G/OSP5(@PL-G, a decimal point can be used in command
data as a standard feature. Units of the data available with the control
are shown below and selection of the unit to be employed can be done by
entering a proper parameter data. Once the unit system of the command
data is established, it applies to all numerical data to be entered, such
as MDI operation and zero offset data.

Note that for machine data such as zero offset, the data smaller than
1 um cannot be set.

Metric System

1 um
1¢ um
1 mm

Inch sttem
1/100¢@¢ inch

1 inch

Unit Data Table (Value for data "1")

Metric System Inch System
1 pm 16 1 i 1!10@GgRCh 1 inch
Length: X,Z,I, g.0d1 .01 1 7.0¢d1 1
K,D,H,L,U,W (mm) (mm) (mm) (inch) (inch)
Feed (/rev): ¢.901 #.01 1 ¢.0001 1
F,E (mm/rev) (mm/rev) (mm/rev) | (inch/rev) | (inch/rev)
Feed (/min): @.1 1 1 g.d1 1
F,E (mm/min) (mm/min) (mm/min) | (inch/min) | (inch/min)
Angle: ¢.9g1 g.01 1 g.001 1
A,B,C (deg.) (deg.) (deg.) (deg.) (deg.)
Time: @.01 - g.1 1 g.01 1
F,E (sec) (sec) (sec) (sec) (sec)
Spindle rpm: 1 1 1 1 1
S (rpm) (rpm) (rpm) (rpm) (rpm)
Surface speed: 1 1 1 1 1
s (m/min) (m/min) (m/min) | (feet/min) |(feet/min)

OKUMA MACHINERY WORKS LTD.



2452-E P-51

Example 1: 1 mm unit system
Commanding:
1) ¢.0¢1 mm movement of X-axis X@.@d1
2) 1¢ mm movement of X-axis X1¢
3) 10@¢.@¢1¢ mm movement of X-axis X19@.g1
4) Feedrate of (f.23456 mm/rev. F@.23456

Following commands are all handled as X1 mm:

X1
X1.0
X1.0¢
X1.000

Example 2: 1ff ym unit system

Commanding:

1) @¢.0@1 mm movement of X-axis X@.1

2) 1¢ mm movement of X-axis X10dg
3) 10¢.01¢ mm movement of X-axis X1¢@@1
4) TFeedrate of (.23456 mm/rev. F23.456

Example 3: 1 pm unit system

Commanding:

1) @.0@¢1 mm movement of X-axis X1

2) 10 mm movement of X-axis X100g¢
3) 1¢@¢.01¢ mm movement of X-axis X10¢¢16¢
4) TFeedrate of (.23456 mm/rev. F234.56

Note: For F words, numerical data smaller than the selected unit system
is effective if it consists of up to eight digits.

FlL 2345678 secesie wwwios Acceptable
F100.000001 ......... Alarm (9 digits)

PROGRAM EXAMPLES PROVIDED IN THIS INSTRUCTION MANUAL ARE ALL PREPARED
ASSUMING 1 mm UNIT SYSTEM.

OKUMA MACHINERY WORKS LTD.



2452-E P-52-A5

1-9-4. Position of Decimal Point for (.1 um Specification (optional)
Units of the data available with the control for @$.1 ym specification are
shown below and selection of the unit to be employed can be done by
entering a proper parameter data. Once the unit system of the command
data is established, it applies to all numerical data to be entered, such
as MDI operation and zero offset data.
Note that for machine data such as zero offset, data smaller than 1 pm
cannot be set.
Metric System
@.1 um
1 ym
10 ym
1 mm
Inch System
1/10000¢ inch
1/1006¢ inch
1 inch
Unit Data Table (Value for data "1")
Metric System Inch System
1/10000¢ | 1/100d9 ;
¢.1 ym 1 um 1¢ ym 1 mm ek fnck | 1 1n;h
Length: g.09d1 ¢.001 g.01 1 7.00001 ¢.0001 1
X,Z,I,K, (mm) (mm) (mm) (mm) (inch) (inch) (inch)
D,H,L,U,W
Feed ¢.0001 7.001 @.01 1 7.00001 ¢.0001 1
(/rev): (mm/ (mm/ (mm/ (mm/ (inch/ (inch/ (inch/
F,E rev) rev) rev) rev) rev) rev) rev)
Feed @.01 .1 1 1 ¢.001 @.01 1
(/min): (mm/ (mm/ (mm/ (mm/ (inch/ (inch/ (inch/
F,E min) min) min) min) min) min) min)
Angle: 7.0001 ¢.001 7.0¢1 1 g.00g¢1 g.001 1
A8, € (deg.) | (deg.) (deg.) | (deg.) (deg.) (deg.) (deg.)
Time: 7.001 @.91 @.1 1 d.901 @.¢1 1
F,E (sec) (sec) (sec) (sec) (sec) (sec) (sec)
Spindle 1 1 1 1 1 1 1
rpm: (rpm) (rpm) (rpm) (rpm) (rpm) (rpm) (rpm)
S
Surface 1 1 1 1 1 1 1
speed: (m/min) | (m/min) | (m/min) | (m/min) | (feet/ (feet/ (feet/
S min) min) min)
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2452-E P-53-R5

Tape Code

The OSP5(¢L-G/OSP5@J@L-G is designed to accept the instructions
expressed in both EIA and ISO coding system.

Information punched on a paper tape comprises up to eight holes and com-
bination of punched and non-punched holes expresses characters. One

character contains:

0dd number holes for EIA coding system, and
Even number holes for ISO coding system

The control can automatically recognize the coding system when it reads
in the taped data.

For details, refer to 4-3-6 in the Operation and Maintenance Manual

CAUTION

COMBINED USE OF ISO AND EIA CODING SYSTEMS IN ONE PART PROGRAM
TAPE IS NOT ALLOWED.

EIA and IS0 coding system conforms to the following standard:

ETA oeumes s EIA RS-244-A
IS0 wmwmnie ISO R84(
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EIA/ISO Code Chart

2452-E

P-54

EIA Code ISO Code
Channel Channel ; Remarks
8/7|6|5|4 3121 8|7|6(5|4 3121
Character Character
0 O o 1] OlO o Numeric Character 0
1 o O] 1 O] [O[O] e O | Numeric Character 1
2 o] |O 2 O] |0]O] |e] |O Numeric Character 2
3 O o O[O] 3 OlO o O] O Numeric Character 3
4 o|Of . 4 Ol [OlO o|O Numeric Character 4
5 O |o]O] JO[5. [e][e)] o|O] |O| Numeric Character 5
6 Q| [o|O[O 6 [8)[e] o|O|O Numeric Character 6
7 Ellel[e[e) ki O |0|0| |o|O[O|O| Numeric Character 7
8 Ol o 8 O] [0]0|0]o Numeric Character 8
9 0|0| o Of 9 O|O| 0] o O | Numeric Character 9
A O[O o oA (@] o O | Alphabetic Character A
B OlO ol |O] [B O ol O Alphabetic Character B
(6] O[0|O] o] [O[O}C [@][e) o| [O[O] Alphabetic Character C
D 0|0 o|O D O |0 Alphabetic Character D
E OlO|O] [e|O] TOIE olo o[O| [O] Alphabetic Character E
F O|0|0O] |o]O[O| |F 0|0 o|OlO Alphabetic Character F
G [@][e] o|O]O]O|G @) o |O]O| O] Alphabetic Character G
H O|0] |O]o H (@) Ol o Alphabetic Character H
I O|O[O|O] o Ool1 [e][e) Ol o O| Alphabetic Character |
J O] Q] Jo OfJ e][e] Ole| |O Alphabetic Character J
K Ol O] e [O] K [@) Ole]| [O|O]| Alphabetic Character K
) O o| [O[OJL [@][e] Ole|O Alphabetic Character L
M O] 0] [¢]O M (@) Ole|O| [O| Alphabetic Character M
N O o|Q] |OlN O Olo|OlO Alphabetic Character N
8] )] o|O|O] [0 [e][e] 0|2 |O|O|O]| Alphabetic Character O
| P O O] [o|O|O|O]|P O| |0O] |eo Alphabetic Character P
Q Ol |0O]0O| o Q O|0] {0 o O| Alphabetic Character Q
R O Ol o OlR OlOo] 0] le| |O Alpahbetic Character R
S OO o Ol I8 O] |0 o O|O| Alphabetic Character S
T @] o| |O[O]T Olo| (O] [e|O Alphabetic Character T
U Ol0O] [e|O U Q| |O o|O| |O| Alphabetic Character U
v O o|O] [O]v O] 0] [olOlO Alphabetic Character V
W O o|O|0O| W Q0] (O o |O|O|O| Alphabetic Character W
X O|O] |0|O|O|OIX O|0] |o]o]e Alphabetic Character X
Y O|0[0] o Y O] [O|O]o Q| Alphabetic Character Y
Z O] |O|o Oz O [Oolo]e O Alphabetic Character Z
- [@][ol{e] O —+ Ol 100 O|O| Plus Sign
e Q o — [@) Ole|O O | Minus Sign
OlO] |o oL~ O] O] [O][o|O]O|O] Block Delete or Symbol of Division
BLANK o NUL o Null
S PACE O 2] SPACE|O |O o Space
T AB O] O|O] «[O]O HT Ol o QO] Tab
E R Ol o Q| Ol % [ClE) o|Q| O] Program Start
CR - EOB|O o NL. /LF Ol o O End of Block
—1—1tT1T171 | C R O O] o|0O] |O] Carriage Return *
(e]le] Ol o O] - O Ole|O|O Period
O|O[O] e [O]O] . O] |0l [O]e]O Comma
DEL O|O|O|0O|o|O]O|O|D E L O|0|0|O[0O] e |O|O] O] Delete *
B S (@] O o O B S O Olo Back Space *
( elle) @] ( [@) Ol o Control Qut
) (@) @) (@] ) @) @) Ol e O] Control In
LT |8 @] o|O Dollar Symbol
— * Ol [O] [Oo O Symbol of Multiplication
= - O] [O]O|0]2|0O| |O] Equality Sign
P 9 Q|O|O| o|O] O] O] Question Mark
_— C O|0| [O]Q]o O| O] Brace, Left
] O|O] [O|O]e|O| [O] Brace. Right
L +—1] = O[0|O] e @] Colon
B i @) O|0O|0| o O] O] Semicolon

* The control ignores when used as cutting data,
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2452-E P-55-A5

EIA Special Codes

In making a program in the EIA code, some characters cannot be used
because it does not have corresponding codes. These characters are "'="
"#", etc. Therefore, to make an EIA coded program, it is necessary to
replace such characters with other EIA code patterns temporarily.

3

When such characters are read by the OSP5((L-G/OSP5(@@L-G, they must be
converted again to the original characters using the editing function.

The OSP5(@L-G/OSP5(J@)L—G has the function to automatically replace the such
characters not supported by the EIA coding system in the stage of input

to the OSP from paper tape and also output to a tape punch by setting

them as the EIA special characters.

Input/Output Example
When EIA code NC tape is punched using character "Y" for symbol "=",

it is necessary to set special code "Y" for "=" at the NC. Under such
setting, the NC automatically reads character "Y" as symbol "=".

Tape N C
------ ViY1¢¢-- e V1=100
"Y" is automatically
replaced with "=".
To punch out the program on a tape in the EIA code, symbol "=" is
automatically replaced with '"Y".
N C
EIA code =
_ * °“°.,-..o°°“
------ ViY1g4d
...... Vi=1090 f

"=" is automatically

replaced with "Y".

Note: 1If the special code setting is made as explained above, character
"Y" is always used as symbol '"='".
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1-9-6-1. Setting of EIA Special Characters

The characters which can be set as EIA special characters are the
following five characters and a spare character.

=5 %, fe 18
Input and output of the spare character are always made after con-

verting it to the special code which is set for any arbitrary code,
disregarding of EIA and ISO code system.

These special codes are set at NC optional parameter (bit) No. 26
through No. 32 in bit pattern.

NC optional parameter Set the EIA code pattern which substitutes
(bit) No. 26 "="" symbol.

NC optional parameter Set the EIA code pattern which substitutes
(bit) No. 27 "%" symbol.

NC optional parameter Set the EIA code pattern which substitutes
(bit) No. 28 "[" symbol.

NC optional parameter Set the EIA code pattern which substitutes
(bit) No. 29 "1" symbol.

NC optional parameter Set the EIA code pattern which substitutes
(bit) No. 3¢ "$" symbol.

NC optional parameter Set the code pattern (irregular code) which
(bit) No. 31 replaces the character set at No. 32.

NC optional parameter ASCII code to be replaced with the code set
(bit) No. 32 at No. 31. (regular code)

1-9-6-2. Input/Output of The Special EIA Codes
(1) Output

a) When an EIA coded program contains characters set as EIA spe-
cial characters, they are converted into and punched as EIA
special codes accordingly. If all zeros () are set, an EIA
code error (illegal character) occurs.

b) When a program being punched contains the character "$§", and a
special code has been set for it, the file name is output in
the EIA code. If not, the file name is output in the ISO
code.
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(2) 1Input

a)

b)

When special codes for special characters ("=", "%" otc.) are
used in the EIA coded program being read in or verified, these
special codes are converted into ASCII codes and then read in.
This special code conversion is not effective if all the
parameters are set at '"{@".

When the first data of the EIA coded program being read in or
verified is a special code for the special character "$'") the
character-string following character "$" is read as the file
name.

(3) Input/output of Spare Character (in the EIA/ISO code)

a)

b)

c)

Note 1:

Note 2:

During reading in, data coded in an irregular code is first
converted into a regular code and then input.

During punching, data coded in a regular code is first con-
verted into an irregular code and then punched.

The regular/irregular code conversion is not effective if all
the parameters are set at "¢".
Conversion from the special code to the EIA code is carried

out for all special codes indiscriminately.

Example: If the "@110@¢@1" pattern is set to convert special

character "=" into EIA code "A", "A=B" punched in
the special code is output as "AAB". Reading this
into the control causes '"==B" to be stored.

The special code conversion is effective only in the PIP com-
mand. It is not effective in the optional DNC mode.
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. DETERMINING CUTTING CONDITIONS

Cutting conditions such as spindle speed, feedrate and depth of cut are
selected more or less in the same manner as with a conventional lathe.
With CNC lathes, these conditions are entered in a program process sheet
using alphanumerics in the predetermined format.

Formulas used to determine cutting conditions:

v = mx D xn
1000
where, V = cutting speed, m/min
m = circular constant (3.14)
D = workpiece diameter, mm
n = spindle speed, rpm
VxKxtxf
HE = =55 x 69
KW = VxKxtx £

600Gy

where, HP = required horse power, hp
kW = required power, kW
V = cutting speed, m/min
K = cutting resistance, kg/mm?

Example: 20§ for S45C (JIS, carbon steel)
120 for FC2¢ (JIS, cast iron)

t = depth of cut, mm

f = feedrate, mm/rev.
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1-11. PROGRAMMING CODES AND WORD FORMAT (1 mm TAPE INPUT UNIT SYSTEM)

d t . ; :
Wore Jorus Associated Information and Function
or Code

% Commanded at the beginning of a part program tape.
(ER)
IS0 oem isense %
ETA .....00. ER
LF Commanded at the end of each block.
(CR)
I80 swwnwaaus LF (Line Feed)
EIA veseass CR (Carriage Return)

Ooocoo Program Number or Program Name

Entered at the beginning of a part program to identify

respective programs.

Program Number: Up to four numeric characters following
address character "O" are used to indicate a
Program Number.

Program Name : When an alpha character appears following
address character "0", such expression is
referred to as '"Program Name'". Up to three
alphanumerics can be used following the
first alphabetic character.

Note 1: No spacing or other information is allowed between
address character "O" and its following number or
name. Program number or name must be expressed in
up to four alphanumerics without spacing in between
the characters.

Note 2: Program number or name must be located at the
beginning of a part program; sequence number or
name or other information cannot be placed before
the program number or name.

Note 3: Command such as a G code cannot be provided right
after a program number or name.

Noooo Sequence Number or Sequence Name

Entered at the beginning of each block to identify respective

blocks in a part program.

Numbers are usually used to indicate the execution order of

blocks. Although program numbers are generally assigned with

consecutive numbers, such numbers may not necessarily be con-
secutive. Sequence name is used to identify a specific block
in a part program.
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Word Format

Associated Information and Function
or Code

Sequence Number: Up to four numeric characters following
address character "N" are used to indicate
a Sequence Number.

Sequence Name : When an alpha character appears following
address character "N", such expression is
referred to as "Sequence Name". Up to
three alphanumerics can be used following
the first alphabetic character.

Note 1: No spacing or other information is allowed between
address character "N" and its following number or
name. Sequence number or name must be expressed in
up to four alphanumerics without spacing in between
the characters.

Note 2: When a sequence name is used, be sure to place a
space code or a tab code following the name.

X+o000.000 Dimension Word: Diameter
Used to specify X-axis coordinate in diameter.

For details, refer to 1-4.

Z+000.000 |Dimension Word: Longitudinal Dimension
Used to specify Z-axis coordinate.

For details, refer to 1-4.

Goo G Code: Three numeric characters following address character
G establishes the mode of axis movements.

Gag Rapid Feed

Used to feed the axes at a rapid feedrate to the commanded
coordinate position.

For details, refer to 2-1.

G@1 Linear Interpolation
Used to cut a straight line parallel to X- or Z-axis or a
taper. Feedrate to be employed in this mode is commanded by

an F word, Foooo.

For details, refer to 2-2 and 2-3.
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Mo, Eormal Associated Information and Function
or Code
G@2 Circular Interpolation, CW
Used to cut an arc in the clockwise direction. Feedrate to
be employed is commanded by an F word, Foooo, as in G@1 mode.
For details, refer to 2-4.
X
'_\\E l \sz
- Z
pma L F5T
I
G@3 Circular Interpolation, CCW
Used to cut an arc in the counterclockwise direction.
Feedrate to be employed is commanded by an F word, Foooo, as
in G@1 mode.
For details, refer to 2-4.
X ‘\
\
[ c93
3 &
U
1
G4 Dwell
Used to activate dwell function which stops axis motion for
any required duration of time during a machining cycle.
Duration of dwell movements is programmed in an F word: G@4
Foooo.
GU4 F12.3 stops axis motion for 12.3 seconds, for instance.
G13 Turret Selection: Turret A
Used to select the turret to be used for two-saddle and two-
turret models.
For details, refer to 1-5 and 1-6.
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Eirgogzrmat Associated Information and Function
Gl4 Turret Selection: Turret B
Used to select the turret to be used for two-saddle and two-
turret models.
For details, refer to 1-5 and 1-6.
G31 Fixed Thread Cutting Cycle
See explanation of G33.
G32 Fixed Thread Cutting Cycle: End Face (Transverse)
e Automatic thread cutting cycle as
2}3 shown at the left is executed.
For details, refer to 3-1 and 3-2.
G33 Fixed Thread Cutting Cycle: Longitudinal
Automatic thread cutting cycle as
shown at the left is executed.
For details, refer to 2-5, 3-1 and 3-2.
G34 Variable Lead Thread Cutting Cycle: Increasing Lead
Used to call out increasing lead thread cutting cycle.
For details, refer to 3-1 and 3-2. |
G35 Variable Lead Thread Cutting Cycle: Decreasing Lead
Used to call out decreasing lead thread cutting cycle.
For details, refer to 3-1 and 3-2.
G4 Tool Nose Radius Compensation: Cancel
Used to cancel the tool nose radius compensation function.
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el Associated Information and Function
or Code

G41 Tool Nose Radius Compensation: ID Ordinary Cutting
Used to call out the tool nose radius compensation mode for
ordinary ID cutting cycle.

G42 Tool Nose Radius Compensation: OD Ordinary Cutting
Used to call out the tool nose radius compensation mode for
ordinary OD cutting cycle.

G50 Maximum Spindle Speed Designation
Used to set the allowable maximum spindle speed.
For details, refer to 3-3.

Zero Offset
Used to establish a zero point.
For details, refer to 14.

G64 Droop Control OFF
Used to turn off droop control mode.

For details, refer to 8.

G65 Droop Control ON
Used to turn on droop control mode.

For details, refer to 8.

G9¢g Absolute Programming
Used to establish absolute programming mode.

When the control is reset, it is in the G9( mode.
For details, refer to 3-4.

G91 Incremental Programming
Used to establish incremental programming mode.

For details, refer to 3-4.
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S:rgogzrmat Associated Information and Function

G94 Feed per Minute Mode
Used to establish mm/min feedrate mode.

For details, refer to 9.

G95 Feed per Revolution Mode
Used to establish mm/rev. feedrate mode.

When the control is reset, it is in the G95 mode.
For details, refer to 9.

G96 Constant Speed Cutting ON
Used to establish the constant speed cutting mode.

For details, refer to 3-3.

G97 Constant Speed Cutting OFF
Used to cancel the constant speed cutting mode.

For detaiis, refer to 3-3.

Gl@g Priority Command for Turret A or B Independent Cutting
Used to designate the priority of turret for independent
cutting. (active only on two-saddle models)

For details, refer to 6-2.

Gl1¢ Constant Speed Cutting on Turret A
Used to establish the constant speed cutting mode for turret
A. (active only on two-turret and two-saddle models)
When the control is reset, it is in the G11¢ mode.

For details, refer to 3-3 and 6.

G111 Constant Speed Cutting on Turret B
Used to establish the constant speed cutting mode for turret
B. (active only on two-turret and two-saddle models)
For details, refer to 3-3 and 6.

OKUMA MACHINERY WORKS LTD.



2452-E  P-65

Word Format

Associated Information and Function
or Code

I+o00.000 Used to specify the distance of the center of the arc with
respect to the starting point of it in X-axis direction.

Center of arc

|

__[l 2 Positive direction
W (Positive)

: Specify only when necessar
Starting point of arc// : B y o y

@

For details, refer to 2-4.

Used to specify the taper amount in radius, in G31 and G33
longitudinal thread cutting fixed cycle.

Used to specify the shift amount of thread cutting starting
point from the cycle starting point, in G32 transverse thread

cutting fixed cycle.

For details, refer to 3-1.

K+000.000 |Used to specify the distance of the center of the arc with
respect to the starting point of it in Z-axis direction.

Center of arc. K (Negative)

__Efi} —o Negative direction
q
Specify only when

necessary

Starting point of arc

For details, refer to 2-4.

Used to specify the taper amount in G32 transverse thread
cutting cycle.

Used to specify the shift amount of thread cutting starting
point from the cycle starting point, in G33 longitudinal

thread cutting cycle.

For details, refer to 3-1.
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Word Format

Associated Information and Function
or Code

Fo.ooo Used to specify axis feedrate. On lathes, a feedrate is
programmed in '"mm/rev."

F@.5 indicates the feedrate (/.50 mm/rev. To feed the axis at
a rate of ¢.03 mm/rev., specify F@.@3. Feedrate smaller than
]l ym unit can be commanded as F(@.(@123.

For details, refer to 2-2.

Used to specify duration of dwell motion in G@4 mode.

Eo.oo00 Used to specify lead variation rate per lead in variable lead
thread cutting.

For details, refer to 3-1.

Used to specify the feedrate in LAP cycle when cutting is
performed along the contour. (optional)

Toooo Tool Selection Command

Toooooo

4-digit T command ....... without tool nose radius compensa-
tion function

6-digit T command ....... with tool nose radius compensation
function

For details, refer to 1-6.

Soooo Spindle Speed Command

Used to specify a spindle speed.
Cutting Speed Command (in the G96 mode)
Used to specify a cutting speed.

For details, refer to 1-7.
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Word Format
or Code

Associated Information and Function

Moo

M Code: Up to three numeric characters following address
character M are used for specifying various miscellane-
ous machine functions such as spindle CW/CCW, coolant
ON/OFF, etc.

M@

Program Stop

When M@ is executed, machine operation goes into cycle stop
state; spindle rotation and coolant supply are also brought
to a stop.

To continue execution of the part program, press the CYCLE
START button.

This program stop function is effectively used for measuring
finished dimensions and also for removing chips during cycle.

M@1

Optional Stop

M@l performs the same function as M@§ Program Stop, except
that the control ignores programmed M@l codes unless the
OPTIONAL STOP switch is turned ON.

M@2

End of Program

M@2 provided at the end of a part program resets the control.

M@3

CW Rotation

M3 starts the spindle rotation to advance a right-handed
screw into the workpiece.

M@3 rotatioi//,

—_—— ——

3

Viewing spindle

For details, refer to 1-8.
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g:rzogzrmat Associated Information and Function
M@4 CCW Rotation
M@4 starts spindle rotation to retract a right-handed screw
from the workpiece.
\ M@4 rotation
25
T S
Viewing spindle
For details, refer to 1-8.
M@5 Spindle Stop
M@5 stops spindle rotation.
For details, refer to 1-8.
M@8 Coolant ON
M@F9 Coolant OFF
M2@ Tailstock Barrier OFF
For details, refer to 7.
M21 Tailstock Barrier ON
For details, refer to 7.
M22 Cancel of M23
For details, refer to 3-2.
M23 Chamfering ON
M23 executes chamfering using a fixed cycle, in G31 through
G33 thread cutting cycle.
For details, refer to 3-2.
M24 Chuck Barrier OFF
For details, refer to 7. .
M25 Chuck Barrier ON
For details, refer to 7.
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ggrgogzrmat Associated Information and Function

M26 Thread Lead along Z-Axis
Thread lead is referenced to Z-axis in G34 and G35 thread
cutting cycle.
When the control is reset, it is in M26 mode.
For details, refer to 3-2.

M27 Thread Lead along X-Axis
Thread lead is referenced to X-axis in G34 and G35 thread
cutting cycle.
For details, refer to 3-2.

M3¢ End of Tape
M3( provided at the end of a part program resets the control.
For the OSP, usually M@2 is used as the program end indicating
command. However, M3 can be used instead of M(2.

M32 Straight Infeed along Thread Face (on left face)
When the control is reset, it is in M32 mode.
For details, refer to 13.

M33 Zig-Zag Infeed in Thread Cutting
M33 infeeds the thread cutting tool in zig-zag mode.
For details, refer to 13.

M34 Straight Infeed along Thread Face (on right face)
For details, refer to 13.

M4 Spindle in Neutral State
For details, refer to 1-7.
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Word Format

Associated Information and Function

or Code
M4l Spindle Speed Range Selection
For details, refer to 1-7.
M42 Spindle Speed Range Selection
For details, refer to 1-7.
M43 Spindle Speed Range Selection
For details, refer to 1-7.
M44 Spindle Speed Range Selection
For details, refer to 1-7.
M55 Tailstock Spindle Retract
M56 Tailstock Spindle Advance
M6( Cancel of M61
For details, refer to 3-3.
M61 With M61 éctive, blocks of commands are continuously executed
: in constant speed cutting mode without waiting for arrival of
the spindle speed corresponding to the programmed constant
cutting speed.
For details, refer to 3-3.
M73 Pattern of Thread Cutting
For details, refer to 13.
M74 Pattern of Thread Cutting
For details, refer to 13.
M75 Pattern of Thread Cutting
For details, refer to 13.
M83 Chuck Close
M84 Chuck Open
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Word Format
or Code

Associated Information and Function

M86

Turret Indexing Direction: Reverse

M86 rotates the turret in the reverse direction as T4 —s T3
—=T2 —=T].

For details, refer to 1-6.

M87

Turret Indexing Direction: Forward

M87 rotates the turret in the forward direction as Tl —= T2
—= T3 —=T4.

For details, refer to 1-6.

M88

Air Blower OFF (optional)

M89

Air Blower ON (optional)

M9

Door (Cover) Close (optional)

M91

Door (Cover) Open (optional)

M1G0@

Waiting Synchronization Command in the 4-axis simultaneous cut
mode

Block Delete

The block delete slash code is provided either at the
beginning of a'block or right after sequence name (Noooo):

N@@gl1/Gag ...

When the BLOCK DELETE switch on the operation panel is ON,
the control ignores all part program blocks that contain a
block delete slash code (/).

For details, refer to 3-5.

When a slash code (/) appears at a position other than spec-
ified above, it is handled as the sign of division.

Pioooo

Synchronization Command

Used to synchronize execution of blocks of commands in the
4-axis simultaneous cut mode.

For details, refer to 6.
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1-12. PROGRAMMING FORMAT

1-12-1. Model 1S (Single Turret Model)

N G X z I,K,F S,T,M
A
0@1dg LF
N@@@1 | GE@ | Xoooooo | Zoooooo Soooo Toooo Moo |LF
NGE@@2 Xoo0000 | Zoooo0O M@3(MP4) M@E8 LF
N@@@3
(Cutting Program)
N@@#50 | G@Y | Xoooooo | Zoooooo M@E5 M@E9 LF
N@@51 M@2 LF
Explanation
% : % code must be provided at the very beginning of a part program.

O@1¢@: Program name
N@@@l: Dimension words X and Z specify the turret indexing position.
Four—digit S word specifies the spindle speed.

T word with four-digit number when tool nose radius compensation
is not used, or with six-digit number when it is used.

Two-digit M code specifies the spindle speed range.

N@@@2: M@3 starts the spindle rotation in the forward direction.
(M@4 in reverse)

M@8 starts coolant supply.

N@@5¢: Dimension words X and Z return the turret to the indexing posi-
tion.

M@5 stops spindle rotation and M(8 coolant supply.

N¢@51: Provide MP2 at the end of a part program.
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2452-E P-73

(Two-Turret/Two-Saddle Model)

N G X z I,K,F S,T,M
% LF
of1¢d LF
N@@@g | G13 LF
N@@@1l | GO@ | Xoooooo | Zoooooo P1g@ Soooo Toooo Moo |LF
N@g@2 X000000 | Zoooooo | P2( M@3(MP4) M@E8 LF
(Cutting Program for A Turret)
N@@49 | GUP | Xoooooo | Zoooooo LF
N@@5¢ | G14 LF
N@@#51 | G@@ | Xoooooo | Zoooooo P11¢ | Soooo Toooo Moo |LF
NQ@g52 Xo000000 | Zoooooo | P12¢ | M@3(M@P4) M@B LF
(Cutting Program for B Turret)
N¢1¢@ | GF@ | Xoooooo | Zoooooo P19¢ | M@5 M@9 LF
Ng1g1 M@2
Explanation
% % code must be provided at the very beginning of a part program.
0@1@@: Program name
NO@@@: Gl3 selects turret A; cutting is performed with the tools on on
turret A until Gl4 which selects turret B is provided.
N@@@l: Dimension words X and Z specify the turret indexing position.
Four-digit S word specifies the spindle speed.
T word with four-digit number when tool nose radius compensation
is not used, or with six-digit number when it is used.
Two-digit M code specifies the spindle speed range.
NO@@2: M@3 starts the spindle rotation in the forward direction.
‘ (M@4 in reverse)
M@8 starts coolant supply.
N@@49: Dimension words X and Z return the turret to the indexing posi-

tion.
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N@@Es5@:
N@@E51 :

N@1@g:

N@1¢1:

Note

Note

Note

Note

Note

2452-E P-74-R3

Gl4 selects turret B.

Dimension words X and Z specify the turret indexing positionm.
For §, T and M words, refer to instruction in N@@@1.

Dimension words X and Z return the turret to the indexing posi-
tion. M@5 and M@9 stop spindle rotation and coolant supply,

respectively.

Provide M@#2 at the end of a part program.

When specifying G13 and Gl4, Gl4 may be provided before G13.
(Only with two-saddle, two-turret models)

G13 and Gl4 must be provided in a block without other commands.

For programming instructions on two-turret model, Mirror Image
Program, refer to Section 14.

For details of programming in the simultaneous 4-axis control
mode, refer to Section 6. (LC series)

Numbers following P should be in the ascending order.
(LC series)
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SECTION 2 SIMPLE PROGRAMMING

In the previous section, fundamentals of programming are explained:

- Expression and commanding methods of tool movements
- Commanding turret and tool

- Commanding spindle rotation and its direction

- Codes necessary for programming, etc.

This section deals with actual programming taking simple examples.
The examples are:

2-1. Rapid Traverse

2-2. Straight-line Cutting

2-3. Taper Cutting

2-4. Arc Cutting

2-5. Thread Cutting (Straight, Constant Lead Thread)

What's next?
Already mastered

OKUMA MACHINERY WORKS LTD.



2452-E P-76-R5
2-1. POSITIONING (G@@)
(1) Format
GU@¥ Xoooo.o000 Zoooo.ooo CR

With the commands indicated above, positioning to the programmed coor-
dinate point is carried out at a rapid traverse rate.

309 p

150 3) .--

(2) Example Program

;? N
NN
¢

@-?I
4300

Programming zero /

N@@g1l G@U¢ X3¢@ Z3¢Q
N@@g2 (GO@) X2¢¢ Z155
N@@3 (G@g@) X1¢@ (Z155)

Commands in ( ) may be
omitted.

N@@l: Positioning is made to X3(@, Z3(§ position at a rapid
traverse rate.

N@@2: Positioning is made to X20@, Z155 position at a rapid
traverse rate.

N@@3: Positioning is made to X1¢@ along X-axis at a rapid tra-
verse rate. No Z-axis movement occurs.
Note 1: For rapid traverse rates along individual axes, refer to the
Operation Manual for individual models.

Note 2: Tool path during positioning is not always straight.

Note 3: 1In the G@) positioning mode, acceleration and deceleration
are automatically activated.
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STRAIGHT-LINE CUTTING (G@1)

(1)

(2)

Format

Gl Xoooo.ooo (Zoooo.ocoo) Fo.ooo CR

With the commands above, axis movement from the current position to
the commanded position is performed along the straight line parallel
to either X- or Z-axis at a feedrate specified by an F word.

Program Example

(Coordinates Commanded on
) Process Sheet)
R
204 : ' X 2¢¢ ; 924:&3
200 Z1¢g T Z204
100 i 3 6;‘___.@2 20 :
oy ] é;,J X 19¢ ¥
Tandl zigg Q@ @ x 185
X 185 i 234
> ©
—= 5 © :
- a8 -

Machining zero (Programming zero)

The reference point for cutting (programming zero) may be taken at any
position convenient for programming. However, it is recommended to
take such a point at the center of the workpiece left end face. This
will ease programming since such a point permits the programmer to
directly enter the dimensions indicated on a part drawing.

Feedrate:
a) A desired feedrate is commanded by an F word. With F@#.3 command,
axis is fed at (.3 mm/rev. For an F word, numerical data smaller

than the selected unit system can be specified.

b) To feed the axis at a rate of (/.1 mm/rev., specify F@.1.
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N G| x z |1,k | F S,T,M
%
0@103¢
Ng@@g | G13
NO@g@l | GO@ | X809 | z204 [P1g M42  S2¢0¢ T@1g1
NG@g2 X185 P2( M@3
N@@@g3 | Ggl z12¢ FQ.5 | M@8
Nggg4 |[ 1] X19¢
NG@Q5 [ 1] z1gg
NO@@e X200 |1 ]
N@GG7 | GU@ | X80d | z2¢4 |p3@ M@5 M@9
NGQ@8 M@2
Commands in [ I, where the same command as provided in the
previous block is to be entered, can be omitted.
4 % code must be provided at the very beginning of a part
program.
0f1¢@d: Program name
N@@@@: Selection of turret A
(for 2-turret models; not necessary with 258, 1S and single
turret model)
Such G code is unnecessary for single turret models.
N@@@l: Dimension words X and Z indicate the turret indexing position.
M, S and T commands necessary for cutting are entered.
NG@@2: X185 positions the tool at 185 mm diameter
osition.
204 —) | g
> M@3 starts spindle rotation in the forward
= direction.
.=
I
—
=
N@@@3: GOl 2120 feeds Z-axis up to 12¢ mm posi-

tion at a rate commanded by an F word.

129 —| F@.5 determines the feedrate in G@l mode
( L as (.50 mm/rev.

wny
! "“E{:} M@8 starts coolant supply.
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NO@@L GU1 X19¢ feeds X-axis up to 19¢ mm
diameter position at @#.5 mm/rev. which is
129_41 | specified in the preceding block to finish
. the shoulder.

N@@E5 : GUl Z10¢ feeds Z-axis up to 10 mm posi-
tion at @.5 mm/rev.

100 —|)

‘
]

o

14190

NG@F6 : GPl X20¢ feeds X-axis up to 2(¢ mm
diameter position at @#.5 mm/rev. to finish
lﬂﬁ—ﬂ! the shoulder.
=8
it

NO@@7: GUQ X8((¢ Z204 returns the cutting tool to the starting point.
M(@5 stops spindle rotation.
M@9 stops coolant supply.

N@@@8: M@2 resets the control.

Note 1: G113 selects turret A on two-turret and two-saddle (2S) model.
For turret B, specify Gl4.

Note 2: M42 S2(¢ in block N@@@l selects spindle speed range and
spindle speed.

Note 3: For a single-turret and 1S model, omit Gl3 command and all P
words* in the program.

*: P words are effective for two-saddle models.
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2-3. TAPER CUTTING (G@1)

(1) Format

G@#l Xo0000.000 Z0000.000 Fo.000

2452-E

P-8(

The same commands as straight-line cutting are used for cutting a

taper.

(2) Example Program

190 P L

NN

\Qtig

CT.Q
dZL@

(Coordinates Commanded on Process Sheet)

%

X2

ZI1gg .
xies O
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N G | x z I,K| F S,T,M
%
0@1¢g
N@GO1 | cog | X800 | z204 M42 8200 T@1¢1
N@@g2 X185 M@8  M@3
N@@@3 | Go1 z20¢ F@.5
N@@g4 X200 | Z1g¢
NOO@5 | GOY | X800 | z204 M@9  M@5
NG@g6 M@2
% % code must be provided at the very beginning of a part
program.
O¢1@@: Program name
N@@@1l: Commands in N@@@Fl indicate:
- starting point
- spindle speed
- tool number
NOg@@2: X185 positions the tool at 185 mm
diameter position.
M@3 starts spindle rotation in the for-
ward direction.
N@GdE3: G@1 Z2(Q¢ feeds Z-axis up to 20¢ mm posi-
tion at a rate commanded by an F word.
F@.5 determines the feedrate in G@1 mode
as (.50 mm/rev.
NGG@4 : With X20¢ Z1¢@ command, cutting tool is
100 —| fed to the end point for taper cutting.
{
= .
[
a8
NO@@5: GO@ X80¢ 2204 returns the cutting tool to the starting point.
M@5 stops spindle rotation.
M@#9 stops coolant supply.
N@@@6: M@2 resets the control.
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2-4., ARC CUTTING (G@2/G@3)

(1) Format

G@2(G@E3) X1 z1 I K F

G@U2 and GU3 are used to specify the direction of arc. X and Z words
indicate the coordinates of end point of arc to be cut and I and K
words, the coordinates of the center of arc referenced to the coor-
dinates of the arc starting point. I is used to express X value and K
to express Z value.

X(1I
L1 Z Center of arc # 5D Zi
End point
of arc End point of arc
R
I Starting
X, |2 X |@ R point of
Starting point Center of arc ar:
of arc |Ki ———— "
Z(K) K “Z(K)
G@2 Both I and K values are G@#3 Both I and K values are
positive. negative.
(X1, Z1) is the coordinate of (X1, Z1) is the coordinate of
arc end point. arc end point.

Determining Sign and Value of I and K Words:

Assume the coordinate system having its origin at the arc start
point. Draw a right triangle taking the segment connecting the
arc center and arc start point as a hypotenuse. Length of the
side (b) parallel to Z-axis is the value of K word and that of
side (c) parallel to X-axis is the value of I word.

Concerning the sign of these words, when side (b) lies in the
positive direction of the assumed coordinate system, it is taken
as a positive value and when it lies in the negative direction, it
is negative. In the similar way, the sign of an I word is deter-
mined. That is, when side (c) lies in the positive direction of
the coordinate system, the I word has a positive value and when it
lies in the negative direction, the I word has a negative value.

Refer to the figure provided in the next page.
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X-axis

Starting point of arc IE

[ Bt 4]

o \@

®
IE[ Center of arc

==
OD cutting
ID cutting \ &/l
(k-]

.
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(2) Example Program

180 — _~71 |Starting point
( b
Nate I
N
5R '
B s
= g g
!
5R
N G X z I,K| F S,T,M
%
0010d
N@Q@1 | GOJ | X8dd | z2¢4 M42  S20¢ T@1¢1
N@Q@2 X180 M@8 M@3
N@@@3 | G@1 7200 F(g.2
NO@@4 | G@3 | X19¢ | z195 | K-5
N@@@s5 | g1 z185
Ng@gge | cg2 | Xx2¢¢ [ z18¢ | 15
NO@@7 | GOG | X800 | Z204 M@9 M@5
Ng@F8 M@2
% : % code must be provided at the very beginning of a part
program.

0@1@@: Program name

N@@@F1l: Commands in N@@E@F1l indicate:
- starting point
- spindle speed

- tool number

N@@@2: X18(¢ moves the cutting tool to X18(¢ position, X coordinate of
the starting point of the arc to be cut.

M@8 starts coolant supply.
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N@@G@E3:

NG@@4

N@@@5:

N@GF6 :

2452-E P-85

G@l Z20¢ feeds the cutting tool to the starting point of the
arc to be cut at the specified feedrate.

209 — ] maalrcﬁﬂl
s =8 | N
PBA\ Gﬁlé;>’J

$180
T

Since the arc is to be cut in the coun-
terclockwise direction, G@3 code is pro-
vided.

Z coordinate of the arc center is located
5 mm away from the arc starting point in
the negative direction: K-5.

Since X coordinate of the arc center is
the same as that of the arc starting
point, I word is specified as Iff, which
may be omitted in the program.

Center of arc

X and Z words are used to specify the
coordinates of the end point of the arc.

Z185 indicates the coordinate of the starting point of the
arc.

Since the arc is to be cut in the clock-
wise direction, G@2 code is provided.

Center of arc X coordinate of the arc center is located
5 mm away from the arc starting point in
the positive direction: 1I5.

Since Z coordinate of the arc center is
the same as that of the arc starting
point, K word is specified as K@, which
may be omitted in the program.

X and Z words are used to specify the
coordinates of the end point of the arc.
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N@Gg7: X80@ Z204 returns the cutting tool to the start point.
M@5 stops spindle rotation.
M@9 stops coolant supply.
N@@@E8: M@P2 resets the control.
Note 1: When values of I and K words are zero (), I and K¢ may be
omitted in a part program.

Note 2: 1In the block containing either G@#2 or G@3 calling for circular
interpolation mode,

Either I or K, or both I and K words must be commanded.
Note 3: I and K words must be specified in radius.

Note 4: Even when an arc lies over one quadrant, such arc can be
programmed by the commands in one block.

Note 5: When an arc lies within one quadrant, one block may contain only
X or Z word.

Note 6: Program to be executed by the tools on turret B may be prepared
assuming turret A. (for two-saddle (2S) and two-turret models)
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2-5. THREAD CUTTING (STRAIGHT, CONSTANT LEAD THREAD) (G33)
(1) Format

G@@ Xoooo.o000 Z0000.000

G33 Xoooco.000 Zoooo.ooo Foo.ooo
Xo000.000
Xoo000.000

Thread cutting is performed in G33 mode.

X: Diameter of each thread cutting cycle

Z: End point of thread in longitudinal direction
F: Thread lead

(2) Example Program

205 |Starting point
ZM | | J
160 :I %
7 |
2%;222 _‘“‘E%gtarting point of thread .
.Z i d CUEEING cycle
m/
N G X z I,K| F S,T,M
%
01g¢
Ngg1l | GOg | X809 | z2¢5 M42 S350 T@1d1
N@gGg2 X12¢ M@8 M(@3
N@@3 | G33 | X89 [z16¢ FL.5
N@@4 X88.5
N@@5 X88.3
Ng@6 X88.1
N@gg7 X88
N@@8 | GOd | x80¢ |z205 M@9  M@5
N@@9 M@2
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01¢d:
N@@1 -

N@@2:

N@@g3:

NE@4 -
NG@7

2452-E P-88

% code must be provided at the very beginning of a part

program.
Program name

Commands in N@@l indicate:
- starting point

- spindle speed
- tool number

M@#3 starts spindle rotation in the

—

$#12¢

‘ normal direction.

indicates the X coordinate of thread

205 X120
% L cutting cycle starting point.

G33 calls for thread cutting cycle in which the cutting

tool performs a cycle (1)

(1)
Upset tool
(&) Y (2)
— 3 (2 NJ:(l)
(3)
(4)

through (4).

The cutting tool moves to the first
thread cutting diameter position at a
rapid traverse rate.

The cutting tool is then fed along Z-
axis at a feedrate specified by the F
word (1.5 for thread lead of 1.5 mm).

The cutting tool retracts from the
workpiece at the designated feedrate.

The cutting tool returns to the
thread cutting cycle starting point
at a rapid traverse rate. °

Dimension word X indicates the diameter at which the first
thread cutting cycle is performed, and Z the end point of the
thread. Thread lead is commanded by an F word.

X words in these blocks indicate the diameter of respective
passes of thread cutting cycle.
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N@@8: GO@ X800 Z2(05 returns the cutting tool to the starting point at
a rapid traverse rate.

M@5 stops spindle rotation.

N@@9: M@2 resets the control.

X Words in Thread Cutting Cycle

|

//A\QEL7 \

| =
‘ = =
s N o
-
= T I T
S o om 8
- 0 e
=]
m‘a
=

Note 1: Number of infeeds in thread cutting cycle should be selected
according to material to be cut, thread lead, etc.

Note 2: NEVER CHANGE SPINDLE SPEED WHILE THREAD CUTTING CYCLE.

Note 3: For chamfering operation, refer to the instruction 3-2.
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SECTION 3 APPLICATION PROGRAM
Programming fundamentals detailed in the previous section will be suf-
ficient to program almost all workpieces.

In this section, programming technique taking tool nose radius into con-
sideration and for special thread are detailed.

If you understand thoroughly the instructions in this section, any type of
workpieces can be programmed for turning operation.
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3-1. PROGRAMMING SPECIAL THREADS

In the previous section, programming for straight, constant lead thread has
been explained as G33 thread cutting cycle mode. In addition, the
OSP5(L-G/0SP50@PL-G permits taper thread, thread on end face and variable
lead thread can be cut in G32, G33, G34 or G35 mode.

3-1-1. G33 (Fixed Thread Cutting Mode)

Format:

G33 Xo0000.000 Z0000.000 (Ioooo.ooo Eo.ooo) Fo.ooo (K, L, J)
Aooo.oo0
Xo000.000
Xo000.000

X: Thread diameter for each thread cutting cycle
Z: Coordinate value of thread end point in Z-axis direction
F: Thread lead (F/J if a J word is provided.)
I: Difference in radius between start and end of taper
A: Taper angle
(Taper is specified by either I or A word.)
E: Lead variation per lead in cutting variable lead thread
K: Z-axis shift amount of thread cutting starting point

(When no K word is provided, the control assumes K=(.)
L: Chamfering distance
(When no L word is provided, the control assumes L=one lead at
thread cutting starting)
L word is effective in M23 mode.
J: Number of threads within a distance specified by F word
(When no J word is provided, the control assumes J=1.)

=9 Starting point
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Example of Program:

Thread lead is

NG@1:

N@@2:

NG@3:
NGO

Note 1:

Note 2:

2452-E P-92

Constant Lead Taper Thread

o9 !
60 —'::?Q;EQL_ 1/3 taper, lead 1.5 mm
AL :CL//
%E“HEHH I=7mm
=
(3]
&
i ’ =
(o]
s

N@@gl G@gg Xag Z96

N@@2 G33 X17 Z54 17 Fl1.5
N@@3 X16.5

N@@4 X16.2

NG@5 X16.@5

commanded as a lead along Z-axis.

Positioning to the thread cutting starting point, X = 40 mm (in
dia.) and Z = 96 mm, at a rapid traverse rate.

With an I word in G33 block taper thread cutting cycle indicated by
(1) through (4) is performed.

X, Z and F words can be determined in the same manner as cutting a
straight thread.

The value I in this example can be calculated in the following
equation:

[(96 - 54) x 1/3]/2 = 7

Note that I word is provided in terms of a difference in radius.

Program X dimension (in diameter) for each succeeding thread cutting

pass.

The sign of an I word determines increasing or decreasing taper
("+" for increasing taper and "-" for decreasing taper). Plus
sign (+) may be omitted.

Difference of radius between starting point and end point is
expressed by an I word.
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3-1-2. G32 (Fixed Thread Cutting on End Face Mode)

Format:

G32 Xo000.000 Z0000.000 (Koooo.ooo Eo.ocoo (I, L, J)) Fo.ooo0
Aooo.o000
Z0000.000
Z0000.000

X: Coordinate value of thread end point in X-axis direction
Z: Coordinate value of thread cutting pass in Z-axis direction
F: Thread lead (F/J if a J word specified.)
K: Difference between starting point and end point for taper thread
cutting (When no K word is specified, the control assumes K=(.)
e increasing taper
Heth e o decreasing taper

A: Taper angle referenced to axis parallel to Z-axis
(Taper is specified by either I or A word.)

E: Lead variation per lead im cutting variable lead thread
(When no E word is provided, the control assumes E=(.)

I: ZX-axis shift amount of thread cutting starting point
(When no I word is provided, the control assumes I={.)

L: Chamfering distance
(When no L word is provided, the control assumes L=one lead at
thread cutting starting)

J: Number of threads within a distance specified by F word
(When no J word is provided, the control assumes J=1.)

A

| Bt |
|
|
|
I
|
|
I
|
I
I
w
o
(8
H
T
=
=
09
o
<]
[=te
5
rT
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Example of Program: Variable Lead Thread

N@G@1:

N@@2 -

N@@3:
NG@4

Z
Xg

N@@l cgg Xg A1)

Ng@g2 G33 X1 Zl1 El F2.5
NQ@@3 X2

NG@4 X3

Positioning to thread cutting starting point X@, Y@ at a rapid tra-
verse rate.

With an E word in G33 block, variable lead thread cutting cycle is
performed along paths (1) through (4).

X and Z words can be determined in the same manner as cutting a
straight thread.

The value of an E word is used to specify the lead variation rate
per pitch. If it is 1 mm, specify as El.

F word specifies the first lead employed in starting the thread
cutting cycle. F2.5 in this example.

Program Z dimension for each succeeding thread cutting pass.
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Note 1: The sign of an E word expresses increasing or decreasing lead.

Increasing lead ....... E+
Decreasing lead ....... E-

"+" sign may be omitted.

Note 2: When determining F word value, use the following equation:
D=nx [F§ + (n x E)/2]

where,

]

D = displacement after "n" revolutions, mm

n = number of revolutions required for displacement D, rpm

F§ = thread lead at starting thread cutting cycle
E = lead variation amount per revolution

+ = increasing or decreasing lead

i increasing lead
= e wn decreasing lead

Using the equation above, F value can be calculated as:

42 = 7 x [Fg + (7 x 1)/2]

Fg = 2.5
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G34 and G35 (Non-Fixed Cycle)

Format:

G34(G35) X¢ z¢ E F (J)

B3%: 4 wwamenis increasing lead
G35, w vwwais decreasing lead

2452-E P-96

By the commands above, thread cutting cycle with a lead F is carried out
from the current tool position to the commanded coordinate point (X@,

z@).

This programming is conveniently used for special thread cutting such as
combined thread, straight and taper thread, or variable lead thread and

taper straight thread.

A J word is used to specify the number of threads within the specified

lead F. When no J word is provided it is assumed as J=1.

Example

Straight thread Xg Zg

(constant lead)

X2 Z2 3 Taper thread

(variable lead)

G@g XxX¢ 2zg
G34 X1 Z1 E F
G34 Z2 E¢

Note 1: The lead of the straight thread is the one at the start point

(Z@) of variable lead thread.

When the straight thread is

required to be cut with a lead obtained at point Z1, specify an

F word again.

Note 2: To specify the thread lead along the axis parallel to X-axis,
command M27. For thread lead along Z-axis, specify M26.
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PRECAUTIONS FOR PROGRAMMING THREAD CUTTING CYCLES

Observe the following points when programming thread cutting cycles:

(1)

(2)

(3)

(4)

(5)

Motion of Thread Cutting Tool
In thread cutting cycle called for by G31, G32 and G33, tool paths (1)
and (4) are executed at a rapid traverse rate, (2) at the feedrate

specified by an F word, and (3) at the rate determined by parameter
setting.

(4) '

(3) V(1)

Lead of Taper Thread

Lead of a taper thread is parallel to Z-axis in G31 and G33 mode, and
to X-axis in G32 mode.

In G34 and G35 mode, M code is used to designate direction of thread
lead: -

M26: viviaian Cancel of M27, parallel to Z-axis
M27 wansn Parallel to X-axis

If no M code is specified in G34 or G35 mode, the control assumes M26,
parallel to Z-axis. '

Number of Thread Cutting Passes

Determine the number of thread cutting passes to complete the thread
according the workpiece material, thread lead, etc.

Spindle Speed Change During Thread Cutting Cycle

If the spindle speed change is intended while thread cutting cycle, it
will shift the starting point of the thread cutting cycle, thus
damaging the thread being cut. ' -

Therefore, NEVER CHANGE SPINDLE SPEED WHILE THREAD CUTTING CYCLE.

Feedrate Override

The feedrate override dial is inoperative while thread cutting cycle.
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Chamfering

Chamfering in thread cutting to produce a thread vanish cone can be
programmed by commanding the M23, if required. To cancel this mode ,
command M22.

M22 Chamfering OFF
M23 Chamfering ON

“ ¢
|
o/ i
|

z L1 (Equal to onme .
'lead when no L
command is
given.)

The feedrate of chamfering in the X-axis direction is set in the
parameter long (word) No. 8. The set value is calculated by a unit of
12.8 msec.

Feedrate on the X-axis (mm/min)

_ Parameter set value (k) 60 x 103 (msec)
1¢3 * 12.8 (msec)

Therefore, the chamfering angle 6 is determined by the feedrate in the
Z-axis direction (designated in the thread cutting program) and the
feedrate in the X-axis.

Example:

NG@1l GO¢ x40 z28(¢ [M23
N@@2 G633 X29 725¢ [FI1.5]

N@@3 X28.5
N@@4 X28.2
N@@5 X28.05
N@g6 GOg X1 zZ1 [M22
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(7) Extra Length in Thread Cutting Program

Since certain length of incomplete thread is usually produced near
start and end point of the cut, it is necessary to add proper amount
61 and 82 to the start and from the end of the thread to be cut for

cutting proper shape of thread.

S Sy N —

203

7
(Length of incomplete

thread)

(Approaching distance)

Value 61 and §2 can be obtained from the equations described below.

82 > ——

where,

N : spindle speed
P : lead

KV: machine model dependent constant
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On the OSP5(JL-G/OSP5(Y@PL-G, axis feedrates are controlled according
to the follow-up error from the commanded value. The constant used to
calculate an axis feedrate from follow-up error is the KV value.

KV values of individual models are indicated below:

Model | (g tinin) Model | (ltTniny
LC1¢ 35 LB6 35
LC2¢ 30 LB8 35
LC3¢ 3¢ LB1¢ 35
LC40 25 .  LB12 3¢
LC50 25, - LB15 25
LS30N 25 LR15 25
LH35 25

LH55 25

82 is determined so that actual value (current turret position) will
be Z3 when the command value is Z4.

Example 1:

Example 2:

With feedrate of 4.8 m/sec., § 2 is calculated as follows
when KV=25.

_ 4.8 x 1¢3
62 = _EE_E_EE_ = 3.2 mm

At periphery speed of 1@¢ m/min., 1¢ mm diameter and
thread lead of 1.5 mm, feedrate and spindle speed are
calculated as below.

3
N = iQQT%7}Q— = 3183 (rev/min)
F=NxP=23183 x 1.5 = 4775 (mm/min)

If KV=3(, 82 is calculated as below:

- 4775
52 = 56‘;_56 = 2.7 (mm)

OKUMA MACHINERY WORKS LTD.
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For 1, distance to allow the difference (DIF) between the command
value and actual position value to be constant is required.

Command value

Distance
ity
Velooriy Turret feedrate R
AL : DIF
I - .
! Actual position
! value
]
! /
t Time t Time
Velocity "v" in relation to Assume that DIF value becomes
time "t" is the function of a constant value at distance
KV value and time. ~"a", 81 must be greater than

a

Turret feedrate is calculated in the following formula.
v = v (1 - e kv t)
Value 61 at which "v" is 95% of "v(@" is calculated as follows:

N _ P xN

Px N PxN __ Px _
3 20 x KV
3

8l = x t = 1
60 x r 60 x

60 x KV

Value 61 at which "“w'" is 98% of "v{@" is calculated as follows:

P x N = P x N
15 x KV

51 =

60 x % X KV.

With example 1, §1 must be greater than 9.6 mm.

With example 2, 81 must be greater than 8. mm.

OKUMA MACHINERY WORKS LTD.
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(8) Restrictions on Cutting Speed

In thread cutting cycle, following restrictions apply to the
relation between spindle speed and thread lead:

Programmable thread lead ....... J.001 to 100d¢.00¢0 mm
Spindle speed: X-aXiS .u.iu.e... N x P < Max. feedrate of X-axis
Z=aX1S .vunnnnnn N x P < Max. feedrate of Z-axis
where,

N: spindle speed
P: lead

Note 1: The same restrictions apply in G@l linear interpolation mode
operation.

Note 2: The maximum feedrates vary from model to model.
Refer to the Operation manual for individual models.

(9) Inch System Thread

When cutting inch threads, metric lead converted from the desired inch
lead is used in programming. To cut accurate inch thread with the
converted metric thread lead value, either enter 8 digits below the
programmable increment, 1 um, or use a J word in combination with an F
word.

‘Example: To cut an inch thread of 11 threads per inch

25.4/11 5 2.3@9¢91

G34 X0000.000 Zoooo.000 F25.4 J11 (1 mm unit system)
G34 Xo0000.000 Zoooo.ooo F23(.9¢91 (1¢ pm unit system)
G34 Xo000.000 Zoooo.ooo F2.309(@91 (1 mm unit system)
G34 Xo000.000 Zoooo.ooo F23@9.@91 (1 pm unit system)

OKUMA MACHINERY WORKS LTD.
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Feed Hold During Thread Cutting Cycle

This function is effective while an axis, X (Z) is moving in G32 (G33)
mode. Pressing the SLIDE HOLD pushbutton while thread cutting cycle
immediately stops axis movement breaking the thread being cut, thus
damaging the workpiece. This function is provided to prevent such
trouble.

Activate this function to check dimensions and shape of the threads
being cut and also to check the tip point of the thread cutting tool.

When the SLIDE HOLD pushbutton is pressed during thread cutting cycle:

1) Chamfering equivalent to one lead length or length specified by
an L command is performed.

2) X-axis returns to the thread cutting cycle starting point.
3) Z-axis returns to the thread cutting cycle starting point.

4) The control is in cycle stop mode waiting for pressing of the
CYCLE START button.

When the CYCLE START button is pressed,
1) The interrupted thread cutting cycle is continued.

This interruption operation can be repeated as many times as necessary
in the same thread cutting cycle. When the SLIDE HOLD button is
pressed while the axes are moving along path (1) or (4) where thread
cutting is not executed, axis movement stops immediately. Pressing
the CYCLE START button after that resumes the thread cutting cycle.

If the SLIDE HOLD button is pressed while the axis is moving along
path (3), axis movement stops after it reaches the end point of path

(3).

———— SLIDE HOLD button is pressed at

this point in thread cutting
cycle. '

l(l)

Normal thread cutting cycle: (1), (2), (3), (4)
Cycle after slide hold : (a), (b), (c), (d)

OKUMA MACHINERY WORKS LTD.
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3-3. PROGRAMMING CONSTANT SPEED CUTTING OPERATION

When the constant speed cutting function is selected, cutting at a constant
cutting speed can be performed. This feature can reduce cutting time and
also assure stable finish in end face cutting operation.

Format:
G96 Soooo
GO6 swwwen v i Entry of constant cuttiﬁg speed mode
S0D00: 5aais e s Numerical value in the S word expresses the desired
cutting speed.
S10¢ means 10¢ m/min.
G97 Soooo
G97 tiiiinnnnn. Cancel of G96
50000 s sawwnn Numerical value of the S word expresses the desired

spindle speed.

When the control is reset, it is in the G97 mode.

Example
Nooo G96 S1¢¢ G96 calls for constant speed cutting mode and the
T ¥ commands following this block are all executed in
this mode.
_S10¢ .... 10¢ m/min.
Nooo G97 S50 =7 G97 cancels G96'modg{ and cutting after this block

is carried out at a spindle speed of 5@¢ rpm.

OKUMA MACHINERY WORKS-LTD.
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Precautions for Programming Constant Speed Cutting

(1)

(2)

(3)
(4)

(5)

(6)

(7)

If the spindle speed exceeds the maximum or minimum speed allowed
within the range selected by an M code while constant speed cutting
mode, it is fixed at the allowed maximum or minimum speed
automatically; the LIMIT indication light on the operation panel goes
on.

If X-axis is moved large distance in rapid traverse rate while
constant speed cutting mode, from the turret indexing position toward
the workpiece for instance, it causes spindle speed to change rapidly,
constituting hazardous conditions depending on chucking manner.
Therefore, positioning the cutting tool near the workpiece or
returning it to the turret indexing position or other operaticn
causing large X-axis travel must be commanded after canceling constant
speed cutting mode.

The block containing G96 or G97 must contain an S word.

Thread cutting program cannot be provided in G96 constant speed
cutting mode.

To activate constant speed cutting mode on turret B, specify G111 with
G96. To restore such mode on turret A again, specify G11(.

To execute the commands over two blocks continuously while controlled
in constant speed cutting mode without waiting for spindle speed
arrived signal, specify M6l. To cancel it, specify M6(.

Establishing maximum spindle speed

The allowable maximum spindle speed, restricted due to maximum speed
of the chuck, influence of centrifugal force on workpiece gripping
force, unbalance in workpiece, etc., can be established in a program
with G5( code.

G5¢ 50000 ... S word following G5( establishes the allowable
maximum spindle speed.

The block establishing the spindle speed restric-
tion cannot contain other commands.

Once established, it is active until another speed is established.

OKUMA MACHINERY. WORKS LTD.
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3-4. INCREMENTAL PROGRAMMING

With OSP5(¢L-G/OSP5((f)L-G, programming is usually prepared in absolute
dimensioning system; however, it can accept the commands expressed in
incremental dimensioning system. Combined use of absolute and incremental
dimension words is also acceptable.

G codes used to select dimensioning system

B0 o wwians Absolute programming
(cancel of incremental programming)

When the control is reset, it is in the G9¢ mode.

GOY  visvian ewaias Incremental programming

Example (positioning from point (1) to point (2)):

(1)X109 z50

109
X
wy
(3]
&= 7
(2)X5@ 215
Absolute Incremental
GOG X5¢  Z150 ....... (1) Gog x50 Z15¢0 .i.isewa (1)
XI0G 250 cwiwine (2) *G91 X5¢0 z-10¢ ....... (2)

* Designate dimensional differences be-
tween points (2) and (1).

Note: In incremental programming, X word should be expressed in diameter.

OKUMA MACHINERY WORKS LTD.
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SUPPLEMENT

(1) S, T and M commands are executed before the dimension words in the
same block.

Note that the following M commands are executed after completion of
dimension words:

M@@, M@1l, M@E2 and M3(¢
(2) "+" sign and leading zeroes may be omitted for the following words:

X, 2, I, K, D, E, F, H, L, U, W, A and B

Example: X+2500 X250¢
z-@3¢¢ ——  Z-30¢

(3) Since G, X, Z and F are all modal, it is unnecessary to repeat the
same command in the successive blocks if the contents of these com—
mands do not change.

Example: N@@2 G@1 X1¢¢ z15¢ F@.3
N@g3 (G@1) (X10@) z1g¢ (F¢.3)

Commands in ( ) may be omitted.
Note that following G codes are non-modal:
G@4 and G5¢

Example: G@4 Fl
[G@4] F2 G@4 in this block cannot be omitted.

(4) One block can contain more than one M codes.
(5) Tool Offsets

NC lathes have their own reference points for setting a cutting tool
or datum surface for setting a tool holder, which is called "standard
tool position'" or 'preset datum position''.

Machining performed on an NC lathe to produce different shapes on
workpiece requires various kinds and types of cutting tools and boring
bars. It will be virtually impossible to set all cutting tools to
their exact datum positions. To solve such difficulty, the NC lathe
features '"tool offset" function.

With the tool offset function, tool offset amount between the actually
set tool position and the datum position is stored in the NC memory,
and machining using such tool is performed with the position adjusted
to the correct datum position.

OKUMA MACHINERY WORKS LTD.
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To store tool offset amounts of individual tools, assign the tool off-
set number for each of them using the MDI switches and then enter the
desired amount through them. For details of tool offset amount
setting, refer to the Operation Manual.

This feature also permits compensation for tool wear.

See the example below:

Example

Tool offset amounts of the tool left are
set to:

-~

X-10.6¢¢ (in diameter)
Z-10.009¢

SN
H
[=
a1
In]
]
rt

* Tool offset amounts must be entered to
the last place of input increment, @.@F¢1
mm.

\\\\_Actual position of tool tip point

Datum position of tool tip point

To finish a workpiece (.5 mm (in diameter) smaller than the
programmed diameter using the tool above, enter tool offset
amount of X-axis as "-1(.@50@".

The OSP5(JL-G/OSP50¢L-G permits up to 32 pairs of tool offset numbers
in one program. For two-saddle/two-turret model, use of 64 pairs, 32
pairs on each turret, of tool offset numbers is allowed.

Effective use of these tool offset numbers can finish workpieces
accurately; accurate groove width is assured by using this function,
for instance. Assign tool offset number to left and right cutting
edge of a grooving tool as shown below can compensate for tool wear
and ease dimensional control in grooving.

Tool number T@1

/

TP182 T@IGI

OKUMA MACHINERY WORKS LTD.
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Range of tool offset amount is as follows:

Metric epecifieation s smms 499999.999 mm
Inch Bpecification «cowes vawas +3937.0@78 in.

(6) Block Delete Function
With the BLOCK DELETE switch on the operation panel turned to the ON
position, the commands preceded by a slash (/) code are all ignored up
to LF (or CR) code in that block.
Example:
NOLE o wan suvrwvs gus LB
IBULY sous won  wae a8 e e LE
IRUL2 oy ~sns wes a5 ves LE
HO13 s5s oei s5s sme sne LE
NG14 ... cvv wee evw ou. LF
BLOCK DELETE switch is ON:

Blocks N@11 through N@13 are all ignored and execution of com-
mands jumps to block N(14 after completion of those in N@1(.

BLOCK DELETE switch is OFF:

No block is ignored and the control executes the commands nor-
mally.

This function can be conveniently used to gauge a part during cutting
or cutting workpieces having different stock each other.

(7) Turret Indexing Position
a) LC series

1) Turret index is possible when either X-axis or Z-axis is
located at the soft-limit in the positive direction.

Select the turret index position taking workpiece shape and
tailstock position into consideration to prevent interference.

2) Program
X800@0@¢ (should be larger than swing)

Z <arbitrary>

Z800@d¥ (should be greater than Z-axis travel)
X <arbitrary>

OKUMA MACHINERY WORKS LTD.
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LS3¢-N, LH35-N and LH55-N

The turret can be indexed only at a predetermined position as
indicated below:

X-axis Z-axis

1) Two-turret model| As desired | As desired

Note:
2) H4 (V8) turret Variable As desired
model soft-limit V8 for LH5@-N

3) H6 turret model As desired | Variable
soft-1limit

1) For two-turret model, turret index can be made at any desired
position. However, great care must be exercised when indexing
the turret so that there is no possibility of colliding the
turret mounted tools with workpiece, headstock or tailstock.

2) For H4 (or V8) turret, program X150¢ mm as turret index posi-
tion. (It is necessary to program a value larger than the
swing of the machine.) Locate the turret at any desired posi-
tion along Z-axis for turret indexing.

3) For H6 turret, program a value larger than the distance be-
tween the centers as the turret indexing position on Z-axis.

Program Z2¢¢¢) mm, for instance, on the machine having the
distance between centers of 1¢@@ mm.

For X work, program any desired value which will not cause
1nterference of the turret mounted tools.

Note: For 2) and 3), values larger than axis travel may be
programmed. The axis stops at the stroke limit position
determined as a soft-limit. :

OKUMA MACHINERY WORKS LTD.
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¢) LB series

Turret indexing can be performed when X-axis is located at the
soft-limit position in the positive direction.

Select the turret index position taking workpiece shape and
tailstock position into consideration to prevent interference.

Program:

X800@#@¢ (should be larger than swing)
Z <arbitrary>

Z80@P@P (should be greater than Z-axis travel)
X <arbitrary>

d) LR series

Turret indexing can be performed when X-axis is located at the
soft-limit position in the positive direction.

Select the turret index position taking workpiece shape and
tailstock position into consideration to prevent interference.

Program:
X80@@@@ (should be larger than swing)
Z <arbitrary>
Z80@P@¢ (should be greater than Z-axis travel)

X <arbitrary>

(8) 1If an illegal character is used in a program, it results in program
error and stops machine operation.

OKUMA MACHINERY WORKS LTD.
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SECTION 4 PROGRAMMING EXAMPLE

This section is prepared to help you review the programming fundamentals
detailed in the previous sections.

4-1. PROGRAM EXAMPLE FOR CENTER-WORK

(1) Programming procedure is outlined below:

a) Enter dimensions convenient for programming in the part drawing.

It is recommended to

150
45 5 40 30 3P L5 enter the dimensions
" . c2 of a part referenced
45
“::T?:;TT?EQZSF?éx to the reference
position (to be taken
% = | = :
= 2 raH--—1 as programming zero)
: as indicated left
Hetavancs ’ TR R R TR .+ dimensions in
position of . 40) ] C .
machining (45)—=
(75)—— amp le—
(80)—1+1(120)—={(150)-={ '

b) Determine tooling.

Four types of cutting tools are necessary for finish the sample
workpiece. -

TELP1 THE202 T@HE3Q3 TE4LG4

——5

Rough Cut Finish Cut Grooving Thread Cutting

OKUMA MACHINERY. WORKS LTD.
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c) Determine the cutting conditions.

T@1@1 T@2G2 TP3(3 T@404
Number of
Depth of Cut 5 (mm) @.25 5 cutting cycles:
4
@.4
Feedrate Cmfreve) g.2 @.1 15
Spindle Speed |60 (rpm) 88 600 600

Cutting speed
Cutting Speed

- 3 x (Diameter to be cut) x (Spindle speed)

1004

(m/min) 8¢ - 12¢ | 12¢ - 165 9 85

d) Prepare a program process sheet from the part drawing.

Fill the program process sheet in the manner as explained in pre-
vious sections by connecting straight line cutting, taper cutting,
and thread cutting commands.

OKUMA MACHINERY WORKS LTD.
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Description of program process sheet for sample workpiece

The sequence of cutting tool motions is expressed by Sequence Numbers.

Contour of Sample Workpiece

M50 P1.5

c2

N
360

r

|
850 l

=
345
850

|

|

|

|

=15

56| 120|150,

Reference point of cutting

Rapid traverse

= Cutting feed

0D
Roughing
s ® -
equence i
Nos. @,_’r_h_' @(: :|®
Hﬁ“"""*ﬁﬂ@
NO 1 I Turret
i \l Iindexing
NO 8 ‘“,-—-...
Akt
TPL TE2
0D
Finishing = © 5 ®
d
Sequence ;\’ @ :
Nos. @ \\\ Turret indexing |
- NO 14 h P\. %
TPZ T@3 T2
Grooving
s ©H J
Nzguence @' \\\ ——
' I AN indexing
I S
NO 14 —®
- NO 18
T3 T@3 04
Thread ;
Cutting g%
= 29
Sequence W
Nos. ____:
Sequence nos. 19 to 22 \
expresses a thread cutting |
NO 18 cycle; number of iQ\
- NO 23 infeedings in thread @R

cutting is "4".
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(1)

(2)

PROGRAM EXAMPLE FOR CHUCK WORK

Example Workpiece

Material:
Stock

FC2¢ (JIS, cast iron)
5 mm (in radius)

2452-E P-116

AVAYA
7
3 3|
=~ =
= &
Programming zero A 2
5R
75 5 2C
159
Tooling
Turret H6 Turret
Tool No. T@1G1 TG3¢3 T@505 TE6W6
Tool Bit )
Cutting 0D and 0D and
Section End Face L End Face 10 N
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(3) Program Process Sheet

N G X vA 1,K F S,T,M
% LF
0g1¢g LF
N@@@1 | Ggd | X800 Z500 S12¢ T@l@gl M42| LF
NGg@2 X420 z20¢ LF
NGG@3 z15¢.1 M@3 | LF
N@@@s | GE1 | X180 F@.5 LF
N@@@g5 | GOG | X392.5 | 2152 LF
NGGU6 | ol | X40@.5 | 2148 LF
N@@ag7 Z72 F@.6 LF
NO@@8 | GEd | X800 Z504 LF
NG@G9 X199.5 | 2153 s20¢ T@30¢3 LF
N@@g1g | G@1 zZ-3 Fg.4 LF
N@@11 | GEG | X190 z153 LF
N@@g12 X209.5 LF
N@@13 | G@1 Z15¢.1 : LF
N@@14 | G@2 | X199.5 | z145.1| K-5 F@.3 LF
N@@15 | G@g | Xx19¢ z153 LF
N@g16 X804 Z50¢ M@5 | LF
Ng@g17 X405 - | z20¢ TY5¢5 M43 | LF
Ng@18 | G96 Z15¢ s2¢¢ M@3 | LF
N@@19 | G@1 | X200 F@.2 LF
N@@20¢ | GO@ | X392 Z152 LF
N@@g21 | G@L | X400 2148 LF
N@@22 z72 LF
N@@23 | G@J | X80d Z50¢ LF
N@@24 X21¢ z153 S15¢ T@7¢7 LF
N@@25 | G@1 Z15¢ F@.15 LF
N@@g26 |G@2 | X200 Z145 |[K-5 LF
N@@g27 | G@1 zZ-3 LF
N@@28 |G@@ | Xx19¢ Z153 LF
Ng@29 X800 z500 M@5 | LF
N@@3¢ M@2 | LF
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Explanation of Program Process Sheet

% : % code must be provided at the very beginning of a program.
0¢1¢@: Program name

N@@@l: Select spindle speed 120 rpm and tool number (1.

NU@@3: Spindle starts in the forward direction.

N@@@4: End face cutting at ¢.5 mm/rev.

N@@@6: Chamfering

N@@@7: OD turning at @.6 mm/rev.

NJ@@8: Turret returns to the index position.

N@@@9: Select spindle speed 20¢ rpm and tool number @3.
Positioning to X199.5, Z153

NU@1¢: 1ID turning at @.4 mm/rev.

N@@14: Arc cutting at ¢.3 mm/rev.

N@@#16: Turret returns to the index position after spindle stops.

N@@l7: Change spindle speed range and select tool number (5.

Nﬁﬂlé: Enter into constant cutting speed mode; spindle speed
corresponding to cutting speed 20 m/min. Spindle starts in the
forward direction.

N@@19: OD and end face finishing at (.2 mm/rev.

NéGZZ

N@@23: Turret returns to the index position.

N@@24: Select cutting speed 150 m/min. and tool number ge6.

N@@25: 1ID finishing at (/.15 mm/rev.

N0927

N@@29: Turret returns to the index position after spindle stops.

N@P30: Reset the control.
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SECTION 5 PROGRAMMING TAKING TOOL NOSE RADIUS INTO CONSIDERATION

Cutting edge of the tools used for turning operation is not always sharp
but is slightly rounded.

s
{ ~—__——\ Tool nose

i radius

When cutting a straight line along either X- or Z-axis, as in turning out-
side diameters and end faces of workpieces, they may be cut to the
programmed dimensions. However, when slope or arc is cut the workpiece may
be oversized or undersized because of a tool nose radius which causes the
actual cutting paths to be offset from the programmed paths.

The tool nose radius affects the machining accuracy when circular arc or
taper is cut. Thus, it is necessary to compensate for the value of the
nose radius to obtain the exact geometry of the profile.

Taper Cutting and Chamfering

For taper cutting or chamfering, the profile obtained by the pro-
gramming without compensation for the tool nose radius does not give
the exact dimensions:

TO OBTAIN THE EXACT DIMENSIONS IN TAPER CUTTING AND CHAMFERING, ADD THE
AMOUNTS OF COMPENSATION LISTED IN THE TABLE IN THE NEXT PAGE.

Compenéation amount for tool nose radius R and taper angle 6 is calculated
in the following equations:

Z=Rzx [l - tan(68/2)]
Z1 Rx [1 + tan(8/2)]
X =2 x tan @

OKUMA MACHINERY WORKS LTD.



2452-E P-120

junowe Te1ldweTq = [XZ]%

: (zeppe9)
tegho . “$) vsh*p u$iLle8
hmmmm”wv Ahmmmnmv ﬁﬁowwm”muu Awmmm.mv ﬁmwmm.w mﬁmNMﬂ“wvu 1ade3 SUTTTIN
9120 ~
: (8ppp-)
(918" 9) . . MT .28 .2
. . *0) | (9519 9) pzp-p
(8260°P) | (z16pp) |  6E0°D | (491p"p 0 |19y | (3ader p1/1)
A . 1epgpyy|  prvtd | pectp Xl
e mww.mvu mﬂmwww.mu
(8epg* .
. . ) | (Bs19°9) Lop WOE oL ot
; B |rsuoopry| sewp | setp i
e 114 L
(LLzd° .
. . . £pp° ) LhE" P L
ey Ammmm.wv ﬁﬁnMMw.wvu Amwmm.mu ﬁhmmm.a [t 2
88€" T )
(vezp P) (e11p
. . . 9pp* ) €62°9 09
ﬁmama”au Ammmm.wv ﬂmwww.wv ﬁmmmw.wv A@mwd.m mﬁqmua“uvu
- L e - Go0p0)
(L8ip-g) A
. . B kixA] Sy
D] B ol R | O | iy
zen” Al
9€6° 0 7
(8990°9)
(SETH"P) ! q
i . . 119°p) 691 0e
(opet e) ﬁqmmm.mv Aawmm.mv hmmwm.wv ﬁhﬂmw.a [(se10°0)]
" ﬁ ohm.mvu D)
(vepp* .
" . ) | (6£1p"9) £6p° 9 1
“ers | s |cempn| ot | oS [0
TLE"D 5
S 9zp-p)
(zspp° ) ; .
i . *9) | Covipeph) 7999 b1
ﬁmmmw”wv ANMMW.WU ﬁﬁmmw%.%yu ﬁqmmm.mu mom.m mnmmwm”wvu
852 p .
- (Pepp* )
(6£09" ) ] . )
. . . (0sTH*¢) 670" I
CEEY | D |ttt P | P |y
9610 (e1pp-P)
(9zpp ) . ;
. ) | C1s1pth) € E
") | (opepd) | 99pmp | (£9T6°$) 6 | cozge iy
ﬁqmmm.a 994°§ ﬁMmmmﬂ.mvu JAURl €8E" [ Mma.e ]
i . X 15 7 kmwa (saa18ap)
7 ¢ [xz) ST
(*ut 7ep M) (*u1

ww g+ :snipey asop

wu Hefh

ISNTpEY asoN

1

pasowai 2016
yanu ool

(1ade] paemumoq)
siajaweTq Auiseaidaq yiim iade]

aadey paaysaq

yaed Jujiind fenioy

panowal yooas
213131 ool

(aadey paemdp)
sisjswerq Bursesadul yitm Iade],

OKUMA MACHINERY WORKS LTD.



5=

2452-E P-121

PROGRAMMING EXAMPLE FOR TAPER CUTTING

The compensation amount for Z value (Z offset dimension) can be found in
the table.

I
Commanded point

9.8R
W

66.73 — .59 l
%
67.32 —= g
5 |
1767.32 ! L/’
N ——1
A\

$5¢
/
Z
i
$30

Nose radius = (/.8 mm
Angle 6= 30 deg.

Therefore, Z = (.59 mm

850 —
S
o
_E?
[N]
=
A
/
3

A mm x 45 deg. chamfering:

Chamfering cuts that do not require accurate finish may be programmed as
follows.

Command as "A + (.25" mm when tool nose radius is (.4 mm, or "A + (f.5"
mm when tool nose radius is (.8 mm.

For example, a chamfer of 1 mm may be cut with a tool of .4 mm radius by
programming X and Z dimensions as 1.25 mm.

AC
/__
—Y
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PROGRAMMING EXAMPLE FOR ARC CUTTING

The following deals with arc cuts where an arc travels a full 9¢ deg. for
simplicity of the specifications of the coordinates as well as for the
brevity of explanation.

If the programming is made without proper offsets for a tool nose radius in
cutting an arc, the arc required and the actual cut would NOT be the same,
and the material (shaded in the figure below) would be undercut leaving
portion to be cut.

Convex Arc Concave Arc,
Part left umcut scryal arc radius Programmed arc radius (R)
§§ (R=-1)
|
a:\ Programmed arc = | Actual arc radius-
A"

i radius (R) =i AR
v R—=r /
N

Tool nose radius (r) R4r

S B

e Part left uncut

As can be seen from the above figures, the actual cutting radius differs
from the programmed radius. When cutting a convex-shaped arc, the actual
cutting radius is larger than the programmed radius, and when cutting a
concave—shaped arc, the actual cutting radius becomes smaller.
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To cut the arc exactly as specified in the engineering drawing, it is
necessary to add or subtract the size of tool nose radius to or from the
actual radius of the arc to be cut so that the tool may follow the desired
path as shown below.

‘Convex Arc Concave Arc

Programmed arc
> radius (R + r)
Actual arc , —
radius (R) @

Fant

Actual arc radius (R)

R
< Programmed arc radius (R - r)
Convex Arc ...... Program (R + r) for radius of arc, R
Concave Arc ..... Program (R - r) for radius of arc, R

r: tool nose radius

When cutting a 90 deg. convex arc, the arc to be programmed should be the
actual arc plus the size of the tool nose radius, r. When cutting a 9¢
deg. concave arc, the arc to be programmed should be the actual arc minus
the size of the tool nose radius, r.

Example:
Tool nose radius: r = l&)/J N G X z B K F
Y %
l 0107
\'iﬁ- N@@1 | G13
ol e N5V - Ng@2 | GOG | X80¢ | z40d
& sf & NGG3 X40 1785
: = g N@@4 X3¢
N@gg5 | G@1 Z49 F@.2
N@g6 | GF2 |X58 Z35 | I14
ISR N@@7 | GO1 | X70¢
35—
50
8¢
B85
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5-3. PROGRAMMING EXAMPLES WITH TOOL NOSE RADIUS COMPENSATION

Example 1: Taper Cutting

Command point with
tool nose radius taken
into consideration

Z
S 99
s 45° 1 Tool nose radius:
#.8 mm
~ -z [
1P¢—— g%
=]

Example 2: Arc Cutting

10¢—
95
4
Z.—.—
?R 3 L Tool nose radius:
X @¢.4 mm
s K
S
=

The tool offset dimension Z with the
tool nose radius taken into account
may be obtained from the table:

Z=(0.468 5 (.47
Thus, the coordinates of point 1 are;
(X906, 799.53)

In the similar way, those of point 2
are obtained as;

(X11¢, 289.53)

The tool offset amount X with a tool
nose radius r, (.4 mm, taken into
account at point 3 is equal to the
tool nose radius.

Thus, the coordinates of point 3 are;
(X89.2, z100)

In the similar way, those of point 4
are;

(X100, 294.6)

The arc cut program for example 2 is:

G@l X89.2 z1¢@d F@.3
G@3 X1¢g Z94.6 F-5.4
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GENERAL PROGRAMMING PROCEDURE FOR CIRCULAR INTERPOLATION

To obtain the command values in circular interpolation programming, follow
the steps below to assure correctness of the commands.

(1)
(2)

(3)

(4)

(5)

(6)

(7)

Extend arcs and straight lines.

Draw circles tangent to two lines, with a radius equivalent to tool
nose radius.

Draw right-angled triangle with its hypotenuse between the center of
the circle drawn and the center of the arc to be cut. Two sides of
the triangle should parallel to X- and Z-axis, respectively.

Calculate the length of all sides of the drawn triangle with the
trigonometric technique.

With the values obtained in step (4), calculate the coordinate values
of the circles.

Find the coordinate values of starting point and end point of the arc
to be cut taking the tool nose radius into account.

Dimension words I and K are determined referenced to the center of the
tool nose circle with respect to arc starting point.

(3)
(1)
(2)
(3)
(3)
; (1) (3) (3)
(2) — ’
(3)
|
[ —
K
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Example:
Tool nose radius: (.4 mm ™
Xz Zz
= 3R i "
ﬁ@’
B e AT
X1 Zy 5R
g Az
p,
5@ 25.98
75.98
11¢ 3
i I
X1l = 30.00
Z1 = 75.98 - (.4 = 75.58
X2 = 60.0¢0¢
a=J(0 - ¢.4)2 - 14.62 = 25.75
zZ2 75.98 - a - (.4

49.83

Program to cut from point A to point B:

GPg X19.2

G@1 Z11¢

G@3 x3(¢ z104.6  K-5.4
GOl 275.58

GU2 x60¢ 249.83 129.6
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PROGRAMMING FOR SIMULTANEOUS 4-AXIS CUTS (2S Model for LC)

This section explains how to program simultaneous 4-axis cut operations
using both turrets A and B simultaneously.

The simultaneous 4-axis cuts will double the machining efficiency if
programmed correctly.

PROGRAMMING
NO@@g G13
N@@gl  Gdg
N@@49
N@@5¢ Gla
N@@51  G@g
N@@99
N@1g@ G13
N@1¢gl Ggg
NG150 Gl4
N@151

G13 selects the turret A and Gl4 the turret B.

elv1]

FORMAT

Xooooo Zooooo Poooo

Cutting program for

Xooooo Zooooo Poooo

Cutting program for

Xooooo Zooooo Poooo

Cutting program for

Xooooo Zooooo Poooo

Cutting program for

Soooo

turret A

Soooo

turret B

Soooo

turret A

Soooo0

turret B

Toooo

Toooo

Toooo

Toooo

Moo

Moo

Moo

Moo

Program from block N@@@l to N@@49 is for cutting to be performed by the
tools on the turret A, and the one from block N@@51 to N@@F99 is for the
tools on the turret B.

OKUMA MACHINERY WORKS LTD.



Note

Note

Note

Note

2452-E P-128

While simultaneous 4-axis control mode, S command, M commands
related to spindle rotation (M@@, M@1, M@3, M@4, M@5 and M4l
through M44), and G96 calling for constant speed cutting mode must
match for turrets A and B. Otherwise, an alarm results.

If G13 and Gl4 code selecting the turret are not specified, the
machine fails to perform the operation intended.

The blocks dominated by respective G codes, Gl3 and Gl4, are con-
tinuous as a program. That is, N@1(¢l directly follows N@@49 and
N@151 follows NQ@#99. Therefore, when S, T, and M commands in
those successive blocks are the same as provided in N@@@1 and
N@@51, respectively, they can be omitted.

The block containing S and M commands (M41 through M44, M@@, MO1,
M@3, M@4 and M@P5) of turrets A and B, or G96 code must be provided
with a P command having the same number (up to four digits) to
synchronize the execution of the commands in those blocks on
turrets A and B.

When synchronization of command execution on the two turrets is
required, use the P command.

Example:

%
0g1¢g@

NG@dg G13

NGOg@#1l GO¢ X800 z8¢¢ P1¢ M4l S12¢ TE1@1
N@@g2 X1 Al P20 M@3

NOGE3 e e eeee e

NOO50 GI1 X2 z2 P3¢ FO.4

N0é98 GU@ X8(0¢ z8¢Q

N@@99 P4F M5

N@lg¢ Gla4

Ng1¢1 GU@ Xx80¢ z8@¢g Pl M4l S12¢0 T@1¢l
N@1g2 X3 Z3 P20 M@3

(7.5 B K e R ey

NO1S0 GU1 X4  z4 P3G F(.3

NG200 cdd X809 2800
N@2¢1 P4 M(5
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P1¢f in N@@@l and in N@1¢1 synchronizes
those blocks.

P2¢ in N@U@@2 and in N@1¢2 synchronizes
P3¢ in N@@50 and in N@15¢ synchronizes

P4¢ in N@@9¢ and in N@2@1 synchronizes

2452-E  P-129

execution of M41 S2(¢ in

execution of M@3.
start of cutting.

execution of M(5.

If P number in block N@§@@2 is taken as P2(f), i.e., if P number does not
match, the control first executes the commands in N@@@1 for turret A and
those in N§1¢l for turret B. After that commands for turret B assigned

with a P number smaller than P20/ are executed,

then the commands for

turret A are executed from the block containing P2¢¢}, i.e., NG@@1.
Therefore, the P number must be assigned orderly as P1@, P2(¢ and P3Q

according to the order of the command execution.

It is recommended to use two or three digits as
one digit for ease of correction of programs.

P1¢ instead of P1
P2() instead of P2

a P number instead of using
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PRECAUTIONS FOR PROGRAMMING SIMULTANEOUS 4-AXIS CUTS

2452-E P-13¢

The key to efficient simultaneous 4-axis cuts on 2S model is if intended

cutting is performed with well balanced.

When programming simultaneous 4-axis cuts, observe the following points

carefully:

(1) Determine the extent of operations to be performed by turrets A and B,

respectively.

Cutting times required for these two turrets should be well matched
when determining sections to be cut by respective turrets.

(2) Determine optimum cutting conditions.

a) Since spindle change cannot be performed while simultaneous 4-axis
cut, cutting speed will vary according to the diameters being cut.
Select the tip material carefully to meet the workpiece material

to be cut.

b) Select feedrate and depth of cut taking cuttings on two turrets

into account:

Example:

Turret A

Turret B

Turret A

Turret B

c) Determine the cutting conditions so that a total of cutting power
required by the two turrets will not exceed the capacity of the

machine.

Depth of curt:
Feedrate

4 mm

$#.3 mm/rev.
|

Depth of cut:
Feedrate

{

Depth of cut:
Feedrate

Depth of cut:
Feedrate

time

—— Cutting —|

4 mm
($.3 mm/rev.

—Cutting time

& mm
$.35 mm/rev.

3 mm
$.35 mm/rev.

Reduction of cutting time

OKUMA MACHINERY WORKS LTD.



2452-E P-131

(3) Other remarks

a)

b)

c)

d)

The use of the INDIVIDUAL switch allows the independent operation
of the turret facilitating check of trial cut.

Care should be exercised on interference.

— Interference between the boring bar and the chuck

— When end face cutting is performed with the tools on turret A:
Interference between;

Tools on turret A and boring bar on turret B,
Tools on turret A and ID toolholder on turret B

Program movements of the tools on turret B assuming those on
turret A.

GP2 and G@3 should also be determined assuming cutting with the
tools on turret A.

In constant speed cutting mode operation called for by G96, GI11¢
and Gl11l selects the turret on which constant cutting speed is
obtained:

G96 Gl11 calls for constant speed cutting for turret B and G96,
G11¢ cancels G96 G111l to select constant speed cutting mode on
turret A.

This feature will generate large difference in cutting speeds for
the tools on turrets A and B when cutting a workpiece having large
difference in the diameter, for instance. Therefore, cutting por-
tion for respective turrets and cutting tip material should be
selected very carefully.

Example:
G13

Gog X1 z1 P1¢ S120 M4l M@3 T@1¢l
G96 G@1 G110 X2 z2 P2¢ S10¢

Gl4
GOg X3 z3 P1¢ S12¢0 M4l M@3 T@1¢1
G96 G@1 Gl1¢ X4 z4 P20 S1g¢

For turrets A and B, G96, S, M and P commands must match.

Even in constant speed cutting mode, it is active only on
turret A and turret B is not in such mode.
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6-3. PROGRAMMING EXAMPLE
6-3-1. Workpiece Dimensions

Material: S45C (JIS, carbon steel)

Stock : 3 mm (in radius)
Part to be cut with
tools on rear turret
/‘[C
/
[L_4c
Kﬁc
g 8B
e a N
Z 20
Programming zero /
Tty
— _\[]
'_A_'L.J
i
30 Part to be cut with
64 tools on front turret

6-3-2. Tooling and Cutting Conditions

Machine: LC4@-2S

Turret [Tool No. Cutting Tool Cutting Conditions Cutting Time

A TELE1 Upset tool Cutting speed: L
; 4¢ sec.
120 to 65 m/min. 77777,
Depth of cut:
3 mm
I Feedrate:
#.35 mm/rev.

T@202 Upset tool Cutting speed:
95 m/min. 28 sec.
Depth of cut: 777777,

3 mm
Feedrate: 68 59Cf4

OD turning @¢.4 mm/rev.

B T@1¢1 Normal tool Cutting speed:
65 m/min.
Depth of cut:

& i 3 mm
Feedrate:

@.25 mm/rev. 63 sec.

L L

ID turning

The net cutting time per piece is 68 seconds when the part is cut in
4-axis simultaneous cut mode. It will be 131 seconds if the part is
cut in conventional manner. This means that simultaneous 4-axis cut
yields nearly 48% saving on cutting time.
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Program Process Sheet

%
0100
N@@@ | G13
N@@1 GE@ | X800 zZ7¢ P1g M42 S25(¢ T@1@1 M@3
N@@2 X132 | 760 M@8
N@@3 G@1 X78 F@.35
N@@4 | GUP | X156 | 763
N@§5 229
N@@g6 | G@1 | X150
NG@7 X148 Z3Q
NG@8 X128
NO@9 | GO¢ | x80¢ | z7¢
NG1( X112 | Z63 T¢202
N@11l | G@1 | X12¢ | z59 F.4
N@g12 3¢
Ng13 X134
NO14 | GO¢g | x80¢ | z7¢
N@15 P2y M@9 M@5
N1¢g | Gl4
N1¢1 | GO¢ | X800 | 2200 P1g M42 S25¢ T@1@1 M@3
N1(2 X92 Z65 M@8
N1¢3 G{1 X8( Z59 F@.25
N1 @4 Z18
N1¢5 | GOg | X78 Z19¢
N1(6 X809 | z1gdg
N999 M@2
01¢@: Program name
N@@@: Selection of turret A
N@@l: End face cutting with the tool on turret A
NG@9
N@1@: OD turning with the tool on turret A
N@14
N@15: Since no P20 command is presented in a program executed by the
tool on turret B, this block is executed by turret A only.
N1@@: Selection of turret B
N1¢l: 1ID turning with the tool on turret B
N1g6

With the program above, simultaneous cut on end face and OD turning by

turret

A and ID turning by turret B is performed.
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WAITING SYNCHRONIZATION M CODE (M1¢¢) FOR SIMULTANEOUS CUTS

Waiting synchronization of turrets A and B during simultaneous cuts can be
commanded with MI1(@.

Example Program:

G13
GU¢ X8(¥§ z7¢ Pl¢ M42 S25¢0 TPI@l M@3

X132 2760
M10( '
G@l X78 F(J.35
Gl4
GOU X80¢ z2¢0¢ Pl¢g M42 S250 T@LGl M@3

X92 Z65
M1
G@l X8g Z59 F@.25 |

: M1@¢ command
matches timing
mHEHH_H_"ﬁ_________J_,ﬂ,ﬂaﬂfﬂﬂr;ﬂ'r—_-ihhhj of cuts.

Points to consider when Using the M1(¢ Command:

The following points should be considered when synchronizing operations
with the M1(/§ command.

(1)

(2)

(3)

(4)

‘'The synchronization of S and M commands cannot be performed with the
M10§ command.

The same number of MI@§ codes must be used at both the Gl3 and the Glé&
sides in the program

If a different number of M1(§ codes were to be programmed into the G13
and Gl4 sides, operation would continue with no waiting time.

The insertion of an M1(§ command into a nose R compensation operation
will result in an alarm. No advance program reading 1s conducted
during a stop which has been programmed by an M1(¢¢ command. The nose
R compensation, however, requires advance program reading®*, and for
this reason insertion of an M1(§ command in this operation is not
permitted.

* Nose R compensation (optional): See Optional Specifications
Instruction Manual No. 1.

Take special care not to mix P codes and the M1(¢§ command.
Any attempt to stop one turret by use of an M1() command while the

other turret is stopped due to a P code will result in operation con-
tinuing with no waiting time at all.
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SECTION 7 BARRIER CHECK FUNCTION

This safety feature is incorporated into the OSP5@@f()L-G CNC System as one
of the self-diagnostic functions.

GENERAL DESCRIPTION

With the advance of automation in parallel with wider use of numerical
control for turning machines, rapid traverse, cutting speeds and spindle
speeds are all stepped up to attain a reduction in cutting time. With
their performance capabilities upgraded, however, there .is an increasing
possibility of every more serious accidents caused by tape program errors,
operating failures and other faulty procedures.

The BARRIER CHECK Function has been developed specially for use with the
OSP5(L-G/0SP5¢@P¥L-G controlled turning machine applications to provide a
reliable means or averting such trouble.

It permits a chuck and tailstock barrier (a specific machine area in which
any entry of a cutting tool is inhibited) to be established in the vicinity
of a chuck and a tailstock by the data either on a command tape or those
entered through MDI switches. If a tool is commanded to move into the
barrier, the control automatically detects this alarm condition and stops
the machine operation.

For the two-saddle model, barrier is set for both A and B turret tools, to
detect entry of tools into the set barrier.

With this function, there is no possibility of the tool colliding with the
chuck or tailstock, thus assuring safety in operating the machine to check
the command tape, cutting a workpiece in MDI mode, etc.
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CHUCK BARRIER AND TAILSTOCK BARRIER

Establishing Chuck Barrier

2452-E P-136-R2

The chuck barrier function can set the inhibited area for tool entry
around the chuck, that cannot be set by variable soft-limit position

data.

Activation or deactivation of the chuck barrier funection can be selected

by programming a proper M code.

Therefore, check of tool motion using

the chuck barrier function' can be made only when required.

0D gripping

ID gripping

S j L X | ;] X
NS s LA Zaf /I
AEAL d
] '___,_,——"'/“._-___""—-—_.
= Point A Tl A
‘c"—-__f- s e
'Fi,n A
o b 2 D=5 1
A7 | =
& cX Z d ex Z
T d s, \ o 5
/( Programming A= B oaaat Programming
iy // Zero ~ 7 s - // Z8T0
L/ L1
Di —/] 1
vl // (
A DY
P L/ cz
el I L *;/ A
1 .
. A
Chuck barrier:
Tool entry inhibited area
Symbol Description Method
L Chuck jaw length Optional parameter
(long word) No. 18
D Chuck jaw size Optional parameter
(long word) No. 19
Ll Gripping length of chuck jaw Chuck/tailstock barrier
D1 Chuck jaw gripping face width Chuck/tailstock barrier
CX Chuck gripping diameter Chuck/tailstock barrier
cz Distance from programming zero | Chuck/tailstock barrier

For details of procedure to establish the chuck barrier, refer to
4-3-1, (2) of Operation Manual.
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7-2-2. Establishing Tailstock Barrier

The tailstock barrier can set the inhibited area for tool entry around
the tailstock that cannot be set by variable soft-limit position data.

| End face of workpiece

= L
= L1
L2 [ “V/TIVTT77
= 4 L
[TRITT77 ! :
/4 D3 | D2 D1 | D
V\Qr 1 : |
/| '
/N////// |
Programming zero LLr vl

Tailstock barrier:
Tool entry inhibited area
(Inside the shaded area)

The tailstock barrier is established by setting required data at
parameters.

Symbol Description Method

L Tailstock spindle length Optional parameter
(long word) No. 2¢

D Tailstock spindle diameter Optional parameter
(long word) No. 21

L1 Tailstock spindle length (1) Optional parameter
(long word) No. 22

D1 Tailstock spindle diameter (1) Optional parameter
(long word) No. .23

L2 Tailstock spindle length (2) Chuck/tailstock barrier

D2 Tailstock spindle diameter (2) Chuck/tailstock barrier

D3 Tailstock spindle center Chuck/tailstock barrier

diameter
WR Tailstock spindle position (Z) Chuck/tailstock barrier

For details of procedure to establish the tailstock barrier, refer to
4-3-1, (3) of Operation Manual.
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Tool Movements and Alarm

Once the chuck barrier is established, the barrier is activated or deac-

tivated by programming a proper M code:

M25 Chuck barrier ON
M24 Chuck barrier OFF
M21 Tailstock barrier ON
M2 Tailstock barrier OFF

If the cutting tool is commanded to enter into the barrier while the

chuck and/or the tailstock barrier function is active, it causes an alarm

and stops the machine.

Example of Program:

Nooo M25 Chuck barrier ON
(M21) (Tailstock barrier ON)
Nooo M24 Chuck barrier OFF
(M24¢) (Tailstock barrier OFF)

The barrier function is active for the blocks of commands from the block

containing M25 (M21) to the one containing M24 (M2¢).

Precautions

(1) When power supply to the control is turned ON or when the control is
reset, the control is automatically set in the barrier off mode (M24
and M2@ active).

If the chuck and the tailstock barrier functions are desired to be
active, command M25 and M21.

(2) The chuck and the tailstock barrier function is active for manual
pulse handle mode operation or jog feed operation if M25 and M2l are
effective.

(3) The barrier is renewed when new barrier setting data is entered.

(4) When the Control tape No. 3 is loaded, it automatically clears the

barrier data. Be sure to set the point data establishing the chuck
barrier after loading the control tape No. 3.
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TOOL INTERFERENCE CHECK

With the two-saddle model of CNC lathes, there is a possibility of tools on
A-turret and B-turret to interfere each other since these turrets operate
independently. Interference between the tools is checked using the tool
interference area set for individual tools and if an interference is
detected, an alarm occurs (level A) and the machine is stopped.

Programming
M28 o e Tool interference check OFF
M29 ..... Tool interference check ON
%
01¢d
N@1¢¢ G13

N@1¢1l G@@ X5¢¢ z50¢ P1¢ M42 S25¢ T@1¢1 M@3

M29

M28
N@20¢ Gl4
N@2¢1 G@d X4Q0@ z4Q@g P1@ M42 S250 T@EL@1 M@3

M29

AT

N@50¢ M@2
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Setting of Tool Interference Area
The procedure to set the tool interference area differs depending on
whether the graphic specification is selected or not.
(1) For the control provided with monochrome/character specification
The data to define the tool interference area is set in the TOOL
DATA setting mode.
Enter the tool interference area pattern and tool interference area
setting data for each of the tools. The tool interference area pat-
tern is selected from the OD tool pattern and the ID tool pattern.
The tool interference area is defined by four lines. See Fig. 7-1
below.
Tool reference point | !
i PN=2
XP :
P .
ZN | g
ZN | Symesssansacmarasanten?
e e e e e e
XN
Tool reference point XN
Pattern No. 1 (for OD Tools) Pattern No. 2 (for ID Tools)

Fig. 7-1 Tool Interference Area Pattern and Area Defining Data

PN: Tool interference area pattern selection number

1 = for 0D tools
2 for ID tools

ZN: Position of the area defining line in the negative direction
Z-axis in reference to the tool reference point

ZP: Position of the area defining line in the positive direction
Z-axis in reference to the tool reference point

XN: Position of the area defining line in the negative direction
X-axis in reference to the tool reference point

XP: Position of the area defining line in the positive direction
X-axis in reference to the tool reference point

of

of

of

of
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rr )
TO0L DATA SET N 2
Page 1 Aturret UNIT 1mm
* TOOL INTERFERENCE CHECK DNTH +
TOOL NO. 1
PATTERN ~O. PN~ PN 1
ZN= S.008
POINT ZP= 37.060 XP
XN=  5.000 T
XP=  5.000 PN 2
xP
ZN 2P ZN )| ZP
XN XN
=IF
=IF
=IF
SET 1 ADD ‘ l | | ITEMT | ITEnll
\ _

(EVUE2)EINEDESEBSIEZIES)

Procedure for setting tool interference area in MDI operations:
a) Press the TOOL DATA key to set the TOOL DATA SET mode.

b) Press the function key [F7] (ITEM y ) to display the *TOOL
INTERFERENCE CHECK DATA* page. See the CRT above.

c) Press the key to select A-turret.
d) Press the or key to display the page
L

listing the tool number for which the tool interference
area is to be set.

e) Press the @ or @ key to designate the data to be

set.
f) Press the function key [F1] (SET) and key in the desired data.
g) Press the WRITE key.

Repeat steps c) through g) to set the necessary tool interference area
setting data.

For the tools on B-turret, set the data in the similar manner.
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Procedure for setting tool interference area using program:

Designate tool interference area setting data for individual
tools using the system variables indicated below:

VTIPN[I] = Pattern No. (1 or 2)

VIIZN[I] = Value ZN in Fig. 7-1 (¢
VIIZP[I] = Value ZP in Fig. 7-1 (@
VTIXN[I] = Value ZN in Fig. 7-1 (¢
VTIXP[I] = Value XP in Fig. 7-1 (¢

9999.999 mm)
9999.999 mm)
9999.999 mm)
9999.999 mm)

I indicates a tool number.

Note: For the color/monochrome graphic specification, the inter-
ference area data set for individual tool kind number is
automatically used as the interference data of them and thus
these system variables cannot be used.

For the control provided with the color/monochrome graphic specifi-
cation

No special operations for setting the tool interference area data is
required since the tool interference area data is registered with
the tool shape data. Selection of the tool shape in the TOOL DATA
SET mode automatically selects the interference area setting data.
However, if the change of the registered data is required, it is
possible in the parameter setting mode.

Tool interference pattern and tool interference area setting data
are registered with the tool kind number. The tool interference
area pattern is selected from the OD tool pattern and the ID tool
pattern. The tool interference area is defined by four lines. See
Fig. 7-2 below.

PN=1 Tool reference point

///’ § PN=2

FZN | «—t -
FZP \peres et

FXN
Tool reference point FXN

Pattern No. 1 (for OD Tools) Pattern No. 2 (for ID Tools)

Fig. 7-2 Tool Interference Area Pattern and Area Defining Data
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The tool kind number is determined from the tool code and from code
for individual tool numbers, and the tool angle. See Tables 7-1 and
7-2.

Tool No.
(1 -12) —| Tool Code
(up to 26 types) Tool Kind No.

(1 - 51)

Form Code
(up to 4 types)

Tool Angle
(up to 6 types)

f

These are set in the tool form selection step.

For details of the selection of the tool shape, refer to Section 24,
"Color Graphic CRT Display" in this Programming Manual.
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- ™
FARAMETEFE SET TESTZI.HIN N 2
Page 1 _ UNIT L
# TOOL INTEFFERENCE FRRAMETER o+
TL KIND MO, PN FZIN FZF FXHN FXPF
1 [ 1] S 37 S 5
2 1 = 37 5 S
3 1 s = ) =5 5
4 1 = = ) <
) 1 = v = S
[ 1 b= 37 b <
7 1 1& 16 5 5
B 1 1& 18 ) =
Q 1 18 15 =) s
18 1 7 3 5 =
11 1 Exg 5 S S5
iz 1 cra S = 5
=IF
=IF
=IF
SET ~DD | CAL ’ | | ITErM | ITEHI|
Y J

O CEF3FEFINCEIEFEsIEDESR

Procedure for changing the tool interference area setting data in
the MDI mode:

a)

b)

c)

d)

e)

f)

g)

Press the PARAMETER SET key to set the PARAMETER SET mode.

Press the function key [F7] (ITEM §y) to display the TOOL
INTERFERENCE PARAMETER page.

1.
Press the or key to display the page which con-

tains the desired tool kind number. One page contains 12 tool
type numbers and a total of five pages are available (1 to 12,
13 to 24, 25 to 36, 37 to 48 and 49 to 60).

Use the @ or @ key to locate the cursor on the desired

tool kind number.

Use the or key to locate the cursor on the data to

be changed.
Press the function key [F1] (SET) and key in the desired data.

Press the WRITE key.

Repeat steps c) through g) to change the tool interference area
setting data. In this operation, A and B TURRET selection may be
ignored since the data is registered with the tool kind number.
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Tool Kind Number Selection Chart by Tool Code and Form Code

Form Code

(1-4)
1 2 3

Tool

Code (1-26)
1 |ROUGH 0D =[(1),2,3,4,5,6 (7),8,9 (22),23,24,25,26,27
2 |RoucH ID = |(36),37,38,39,40,41|(42) (46),47,48
3 | ROUGH FACE 1§ [(1),2,3,4,5,6 (22),23,24,25,26,27|(49),50,51
4 | ROUGH OD  —((1¢),11,12,13,14,15((7),8,9

5 | ROUGH ID  —[(43) (46),47,48

6 | ROUGH FACE t [(36),37,38,39,40,41|(16),17,18,19,20,21((49),5¢,51
7 | FINISH OD -=((1),2,3,4,5,6 (7),8,9 (22),23,24,25,26,27
8 | FINISH ID =|(36),37,38,39,40,41|(42) (46),47,48
9 | FINISH FACE } [(1),2,3,4,5,6 (22),23,24,25,26,27

1¢ | FINISH OD —~|(1¢),11,12,13,14,15/(7),8,9

11 | FINISH ID —=|(43) (46),47,48

12 | FINISH FACE {t [(36),37,38,39,40,41|(16),17,18,19,20,21|(49),5¢,51
13 | THREAD 0D = |(30) (7),8,9

14 | THREAD ID = |(44)

15 | THREAD FACE } [(31) (49),50,51

16 | THREAD OD —|(39) (7),8,9

17 | THREAD ID —=|(44)

18 | THREAD FACE { [(31) (49),50,51

19 | GROVE 0D  § |(28) (7),8,9 (30)

2() | GROVE ID b 1(45) (44)

21 | GROVE FACE =-|(29) (31)

22 | DRILL,HSS (33),34,35

23 | DRILL,CARBIDE |(33),34,35

24 | DRILL,CENTER [(32)

25 | RECESS 0D (1),2,3,4,5,6 (22),23,24,25,26,27

26 | RECESS ID (36),37,38,39,40,41

Numbers in ( ) in the table above are the tool kind number displayed
as a default on the guidance page for the tool for selection in TOOL
DATA setting operations.
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Table 7-2 Tool Kind Number Selection Chart by Tool Angle

;igé No Conditions Remarks
1 78° < Al £ 9¢° —-
A2
2 60° < Al < 78°
= L
3 54° < Al < 60°, 3° < A2 < 9¢°
= Al
4 54° < Al < 60°, G“éAZ_i_B“
5 g° < Al < 54°, 3° < A2 < 9¢° Al: Tool angle
A2: Edge angle
6 @° < Al < 54°, @° §:A2 £.9° L : Sticking out
7 60° < Al < 18¢° Al: Tool angle
L : Sticking out
8 54° < Al < 6¢° L
9 @° < Al < 54° £
1¢ 78° < A1 £ 9¢° -
- ]
11 60° < Al < 78 g A2
12 54° < Al < 6@°, 3° < A2 < 9¢° w
13 | 54° < AL < 60°, §° < A2 < 3° A
14 B° < Al < 54°, 3° < A2 < 9¢° Al:  Tool angle
A2: Edge angle
15 go < Al < 540, go éAz é?’o L : StiCkiﬂg out
16 78° £ Al £ 9¢° L
17 6@° < Al < 78°
18 54° < Al < 60°, 3° < A2 < 9¢°
19 54° < Al < 60°, ¢° < A2 < 3° L i
29 Gn < Al < 540’ 3° ¢ A2 < 99'0 Al: Tool angle
A2: Edge angle
21 g° < Al < 54°, @° < A2 £ 3° L : Sticking out
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Tool Conditi
Kind No. ordiilons Remarks
22 .78° < Al £ 9¢° L :
SR o >
23 60° < Al < 78°
24 54° < Al < 6@°, 3° < A2 < 9¢°
— Al
25 54° < Al < 60°, 0° < A2 £ 3° ' ¢A2
26 @° < Al < 54°, 3° < A2 < 9¢° Al: Tool angle
A2: Edge angle
27 @° < Al < 54°, ¢° £ A2 £ 3° L : Sticking out
o o 4
33 12¢° < Al < 180 F@ 5
34 9¢° < Al £ 12¢° 1 T A
. . Al: Tool angle D : Drill dia.
35 g° < Al £ 90 L : Drill length
36 78° < Al £ 9¢° .
Al
37 60° < Al < 78° D
A2 y
38 54° < Al < 6¢°, 3° < A2 < 9¢° =f
I L i
39 54° < Al < 60°, @° £ A2 £ 3°
Al: Tool angle
44 g° < Al < 54°, 3° < A2 < 9¢° A2: Edge angle
L : Holder length
41 @° < Al < 54°, @° < A2 £ 3° D : Holder dia.
46 60° < Al < 18¢° X L §
= A N
D
47 54° < Al < 60°
. . Al: Tool angle D : Holder dia.
48 g° < Al < 54 L : Holder length
49 60° < Al < 18¢° Al: Tool angle
Al L : Sticking out
50 54° < Al < 60° lg\ .
51 g° < Al < 54° L
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SECTION 8 DROOP CONTROL

The axis movements on NC machines are controlled by the servo system in
which the axis moves to eliminate the lag (termed DIF or droop) between the
actual tool position and the commanded coordinate.

Due to existence of DIF (servo error), the actual path does not correctly

agree with the commanded tool path when cutting a sharp corner as illus-
trated below:

= —— Programmed tool path
Droo
it 217 Actual tool path

The Droop Cormer Control Function is provided to eliminate or reduce such
path tracing error to acceptable amounts by stopping generation of func-
tions (pulses) at the corner until the DIF reaches the preset permissible

droop amount.
Commands Used for Droop Corner Control Function

G64 ...... Droop corner control, OFF

The control is placed in G64 mode, when it is turned ON.

GOD wain il Droop corner control, ON

With G65 presented, axis movement commands in G@@, GUl, G@2,
G@3, G31, G32, G33, G34, and G35 mode are completed after
the DIF amount becomes smaller than the permissible droop
amount.

Droop Amount

Droop amount can be set within a range from ¢ to 1.0¢¢ mm through
the operation panel using a parameter. For details of setting pro-
cedure, refer to Operation Manual. The control is delivered with
1§ ym setting as a standard amount.
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SECTION 9 MM/MIN. MODE FEEDRATE COMMAND

Axis feedrate can be commanded in terms of travel per minute (mm/min.)
instead of travel per revolution (mm/rev.). When an F word is provided in
"mm/rev." mode, the spindle must be rotating for the axis to move. While,
the spindle is not necessarily be rotating for the axis feed if the
feedrate is provided in "mm/min." mode. Of course, the spindle may be
rotating for axis movement in such feedrate command mode.
Programming Format

G9% ...... mm/min. mode, ON

G95 ...... mm/min. mode, OFF (mm/rev. mode ON)

In G94 mode, feedrate is specified in Foooo mm/min. The axis moves F
mm per minute with this command.

F1§ command, for instance, feeds the axis at a rate of 1 mm/min.

When the minimum setting unit is (f.@@¢1 mm, specify feedrates (F words)
in units of @.1 mm/min.

Programming Unit System — Unit of F Command - Max. F Value

Unit System Unit of F Maximum Value of F
Metric _
1 mm 1 mm/min. 99999.999 mm/min.
1 pm (.1 mm/min. 99999.999 mm/min.
10 pm 1 mm/min. 99999.999 mm/min.
Inch
1/10@@¢ inch @#.@1 inch/min. 9999.9999 inch/min.
1 inch 1 inch/min. 9999.9999 inch/min.

Actually, the maximum cutting feedrate on each model is limited at values
smaller than the above indicated maximum F value.

For maximum programmable feedrate for each model, refer to the Operation
Manual for individual models.
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SECTION 1) ZERO SET BY G CODE

With G50 code, zero offset value is automatically calculated and zero
setting according to the calculated value is made.

This feature is effective when cutting a workpiece having the repetitive
same contour on it, for tooling having large tool offset value, or other
cases.

Axis Movement

The active coordinate point of X- and Z-axis have the coordinate values
commanded on a tape following G5¢. That is, the origin of the coor-
dinate system is shifted by "G5( Xoooo Z00oo" command.

Example:

NOg4 GO@G X¢ z¢
N@@E5 G65¢ X1 2zl
N@@g6 G@gg X2 z2

With the program provided above, positioning is made to the coordinate
point (X@, Z@) by the commands in N@@4 block, first. When the commands
in N@@5 are executed, the coordinate system is newly established so
that (X@¢, Z@#) where positioning has been made and the axes are now
located has the coordinate values (X1, Z1) specified following G5(.

In this program, the origin of the coordinate system is shifted:

X
Z

X0 - x1
z¢ - 71

Provided, X = 1@ mm and X1 = 200 mm, zero offset amount is calculated
as;

100 - 20¢ = -10¢ mm
This amount can be checked on the CRT.

Dimension words in sequences N@@é6 and after that are all referenced to
the origin newly established by the commands in N@{@5.
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Note

Note

Note

Note

Zero offset of the axis not
is not performed.

G5@¢ is non-modal and active
(Calculation of zero offset
dimension words after that
new origin.)

2452-E P-151

specified in the block containing G50

only in the programmed block.
is made only in the G5¢ block. All
block are referenced to the shifted

When the control is reset, all zero set data are cleared and the
initial zero offset data become effective.

No tool offset number entry
code.

is allowed in the block containing G50
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TAPER ANGLE/ARC RADIUS DIRECT COMMAND

GENERAL DESCRIPTION

2452-E

P-152

Dimension words in a conventiomal NC program are all expressed using the

coordinate values of respective points although the dimensions are not

always given in such manner on a part drawing; for a taper, it is usually

speci
ified

This

fied by its angle to the datum line and a circle or an arc is spec—

by the radius.

feature permits the use of these data, i.e., taper angle and arc

radius, in a program to facilitate programming.

DIRECT TAPER ANGLE COMMAND

In conventional programming, taper cutting called for by G@1, G34, and G35

is pr

ogrammed using the coordinates of the target point.

Using this feature, it is commanded simply by entering either X or Z coor-
e point of the end point of the taper along with the angle referenced
to Z-axis (measured in counterclockwise direction).

dinat

+X 25

N1 Nl G@1 X1 2Z1 F1
N2 N2 X2 A2
N3 N3 Z3 A3
Py (2,.%X,)

+Z

(1)

(2)
(3)

Angle command in taper definition is effective in:

GU®, GOl, G31, G32, G33, G34, and G35

The angle is expressed following an address character "A".

Unit of angle command is:

Metric 1 ym unit system ....ecveon.. @#.001 deg.
10 pym unit SYSEEM wevewewennnn #.01 deg.
1 mm unit system ..... S A 1 deg.
Inch {l/lﬁﬂ@ﬁ inch unit system ...... /0/B@01 deg.
1 inch unit system ...... 1 deg.
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(5)

(6)

(7)

(8)
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The control interpretes the commands as a taper command when the com-
mands contain either of X or Z word along with an A word.

If an A command is provided with both X and Z words, or if it is pro-
vided without associated with X or Z word, an alarm results.

The direct taper angle command is effective in:

LAP

Tool nose radius compensation mode
Incremental programming mode
Simultaneous 4-axis cuts on 2S model
Subprogram

Angle is measured on Z-X plane taking positive direction of Z-axis as
0 deg. It is positive when measured in the counterclockwise direc-
tion and negative in the clockwise directionm.

X+ 2259
P2
135°
7+ P1 -135°
P2
A2250@
A13500 A-1350¢

In the figure above, the angle is expressed as Al35 on 1 mm unit system
control since the angle is taken in the counterclockwise direction.
For the angle shown right, A225 and A-135 result the same taper.

If no point of intersection is obtained with the commands X and A, or
Z and A, an alarm results.
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11-3. DIRECT RADIUS COMMAND

In conventional programming, circular interpolation is activated by G@2 and
G@3 codes associated with I and K words used to indicate the coordinates of
the center of the arc to be cut along with the X and Z words which indicate
the coordinate of the end point of the arc.

This feature permits circular interpolation by simply providing the radius
of the arc along with the coordinates of the end point with X and Z words.

(1) As a G code calling for circular interpolation, G2 or GU3 is used as
in conventional programming.

(2) Radius of the arc is expressed by an L word which must have a positive
value.

(3) Block containing an L word without K or I word needs an arc radius com-
mand .

(4) When expressing the arc using its radius, the commands must contain
both X and Z words. If either of them is omitted, an alarm results.

(5) If an L word is specified in a block containing I and/or K word, an
alarm results.

(6) 1If the distance from the current position to the target point (end
point) is larger than two times the specified radius, it results an
alarm since circular interpolation cannot be performed.

(7) 1In direct arc command programming, one arc command yields two arcs; one
with central angle less than 18¢ deg., and another larger than 18( deg.

The arc with central angle less than 180 deg. is selected.

To obtain the one with central angle larger than 18¢ deg., specify
"CALRG" in the block commanding circular interpolation.

(8) The direct radius command programming is effective in:

LAP

Tool nose radius compensation mode
Subprogram

Simultaneous 4-axis cuts on 28 model
Incremental programming mode (G91)

In the direct radius command programming, the control automatically calcu-
lates the coordinate of the center of the arc, I and K, from the programmed
radius L and the coordinates of the end point, X and Z, to perform circular
interpolation.

See the example in the following page.
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Program:

N1 G@l1 X1 ZzZl1 Fl
N2 G@3 X2 Z2 Lr

Center

+Z

With the commands above, the arc indicated by a thick solid line is
obtained. To move the tool along the arc indicated by dashed lines,
program as follows:

Nl G@gl1 X1 2zl FI
N2 G@3 CALRG X2 Z2 Lr
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SECTION 12 AUTOMATIC CHAMFERING

12-1.

12=24

GENERAL DESCRIPTION

When cutting a workpiece, it is often necessary to chamfer the sharp edge
(either 45 deg. chamfering or rounding). Such chamfering can be
accomplished using conventional taper and circular interpolation G codes
such as G@1, G2 and GU3. However, this Automatic Chamfering Function per-
mits chamfering to be done in a simple programming.

Commands used in this feature are:
G75: Chamfering at 45 deg.

G76: Rounding
L : Size of chamfering

45 DEG. CHAMFERING (G75)

+X
\ (X120.90 z250.00) (X120.00 z115.00)
D
%7///////////// 4 G(XL20-00 Z120.08)
|
//j;2?>B(XllO.@® 2120.@$)
5C

/
é

A(X50.00 z120.00)
+Z

To cut the above shown contour along the Points A, B, D and E, program as:

G75 G@1 X120 L-5 Foo CR

after positioning the cutting tool to Point A.
With the commands above, the cutting tool moves from Point A to B and then
to D, thus automatically chamfering the corner at 45 deg. with the size of

5 mm.

Explanation of the commands are provided in the following page.
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G75

X12¢:
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Specifies chamfering at 45 deg.

X coordinate of Point C

Size of chamfered face

Its sign is determined by the direction of axis movement;

B when Z-axis (X-axis) moves in the positive
direction after X-axis (Z-axis) moved.

..... when Z-axis (X-axis) moves in the negative
direction after X-axis (Z-axis) moved.

By commanding the coordinates of Point E, the cutting tool moves from Point
D to Point E.

Note

Note

Note

Note

Note

G75 is effective only in G@l mode. If G75 is specified in other
mode, it causes an alarm.

G75 is non-modal and active only in the commanded block.

If the axis movement dimension specified in the block calling for
automatic chamfering is smaller than the absolute value of the L
word, and alarm results.

If the axis movement dimensions specified in the block calling for
automatic chamfering are zero both for X and Z, or if neither X

nor Z value is zero in such block, it results in an alarm.

The block calling for automatic chamfering mode can contain only
one dimension word, either X or Z.

The automatic chamfering program is effective in:

LAP
Tool nose radius compensation mode

See the program example in the following page.
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Example (Chamfering at 45°)

9069
60.00 ———
19.0¢ 40.0¢
Z 77
c5 c4
czﬁ:
;: C3
7
P oAV
|
= =
= = = ]
g s = 7
) 1Y § 7
N1gl G@gl1 X6¢ z92 F@g.1 CR
N1¢2 G75 Z6( F@.¢5 L3 CR
N1¢3 G75 X1(¢ L-2 CR
N1@g4 G75 Z4( L4 CR
N1g5 G75 X16¢ L-5 CR
zZ1¢ CR

N10¢6

2452-E
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12-3. ROUNDING (G76)

+X
(x12%?ﬁ 75098) (X12¢00 Z11560)

D
- +C(X 12000 E12009)
g - //>/>/-é;i B(X1144d z1200¢0)

A(X5000 Z120.60)
+2

To cut the above shown contour along the Points A, B, D and E, program as:
G76 G@P1 X120 L-5 TFoo CR
after positioning the cutting tool to Point A.
With the commands above, the cutting tool moves from Point A to B and then
to D, thus automatically rounding the corner at 5 mm radius.
G76 : Specifies rounding of corner
X12¢: X coordinate of Point C
L-5 : Radius of rounding circle

Its sign is determined by the direction of axis movement;

L when Z-axis (X-axis) moves in the positive direction
after X-axis (Z-axis) moved.

W e when Z-axis (X-axis) moves in the negative direction
after X-axis (Z-axis) moved.

By commanding the coordinates of Point E, the cutting tool moves from Point
D to Point E.
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Note

Note

Note

Note

2452-E P-164

G76 is effective only in G@l mode. If G76 is specified in other
than G@l mode, it causes an alarm.

G76 is non-modal and active only in the commanded block.

Rounding is made as 1/4 circle having the radius specified by an L
word.

If the axis movement dimension specified in the block calling for
automatic chamfering is smaller than the absolute value of the L
word, an alarm results.

If the axis movement dimensions specified in the block calling for
automatic chamfering are zero both for X and Z, or if neither X
nor Z value is zero in such block, it results in an alarm.

The block calling for automatic chamfering mode can contain only
one dimension word, either X or Z.

The automatic chamfering program is effective in:

LAP
Tool nose radius compensation mode

See the program example in the following page.
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Example (Rounding corner)

2452-E P-161

90.0p———
60.90——
1 ~J W
a.09 i —
5R
]
-1
A AR
2R
3R
-, -~ A
= s ]
= g 8 2
® ® :
N1gl G@gl1 X6¢ 292 F(.l CR
N1g2 G76 260 I3 ©r
N1g3 G76 X1g¢ L-2 CR
N1@4 G76 Z4{ L4 CR
N1@5 G76 X160 L-5 CR
zZ1¢ CR

N1@6
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SECTION 13 COMPOUND FIXED CYCLE (SPECIAL FIXED CYCLE)
13-1. GENERAL DESCRIPTION

This feature allows a series of cyclic operation, which usually requires
commands over several to more than ten blocks, to be specified by the com-
mands in one block making the most of one of the features inherent in
OSP5@L-G/0SP5¢@@L-G, high processing speed.

There are three types of compound fixed cycle as:

(1) Thread cutting compound fixed cycle (G71, G72)
(2) Grooving/drilling compound fixed cycle (G73, G74)
(3) Tapping compound fixed cycle (G77, G78)

Outline of individual fixed cycle
(1) Thread cutting compound fixed cycle

Two modes of thread cutting cycles as G71 longitudinal thread cutting
cycle and G72 transverse (end face) thread cutting cycle are
available. In addition, combination of M code designating cutting
mode and the one selecting infeed pattern permits the programmer to
select the most desirable mode of thread cutting from available six
types of thread cutting cycles.

(2) Grooving/drilling compound fixed cycle

Two modes of grooving/drilling cycles as G73, cutting in longitudinal
direction, and G74, cutting in transverse (end face) direction are
available; this cycle simplifies the programming of grooving and
parting—-off on OD turning and deep hole drilling on end face cutting.

(3) Tapping compound fixed cycle
Two modes of tapping cycles as G77 right-hand tapping cycle and G78

left-hand tapping cycles are available. This cycle simplifies the
programming for both right-hand and left-hand tapping operationms.
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13-2. THREAD CUTTING COMPOUND CYCLE (G71/G72)
13-2-1. Longitudinal Thread Cutting Cycle (G71)

In G71 mode thread cutting cycle as shown below is performed:

Sﬁarting
‘\\ point of
A \hthread cutting
cycle

v

\ A

1

I I |
1

N LT

T S S

Format:

N@g@gglr G71 X Z A(I) B D U H L E F J M

Description of each word:
X: Final diameter of thread
Z: Z coordinate of end point of thread
A: Taper angle

I: Difference in radius between starting point and end point for taper
thread (expressed in radius)

For taper thread, use either A or I word.
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Cutter tip point angle
(g° < B < 18(¢°; ¢° if no B command is provided.)

Depth of cut in the first thread cutting cycle
(Expressed in diameter)

Finishing allowance
(Expressed in diameter; no finishing cycle is performed if a U word
is not provided.)

Thread height
(Expressed in diameter)

Chamfering distance in final thread ciutting cycle

(Effective in M23 mode; if no L word is provided in M23 mode, L is
assumed as the distance equivalent to one lead.)

Same as in G33 mode

Used to select thread cutting pattern and mode of infeed.
(For details, refer to 2-3.)
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13-2-2. Transverse Thread Cutting Compound Fixed Cycle (G72)

In this fixed cycle, thread cutting cycle as shown below is performed.

A A

N
b\ .
—\ Starting
O point of
thread cutting
cycle

Vv

i r !
7 K

_._1,..,—.1
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Format:

Ng@gL G72 X z A(KK) B D W H L E F J M

Description of each word:

X: X coordinate of end point of thread

Z: Z dimension of final thread cutting cycle

A: Taper angle

K: Distance between starting point and end point for taper thread
For taper thread, use either A or K word.

B: Cutter tip point angle
(g° < B < 180°; (¢° if no B command is provided.)

D: Depth of cut in the first thread cutting cycle

W: Finishing allowance
(No finishing cycle is performed if a W word is not provided.)

H: Thread height
L: Chamfering distance in final thread cutting cycle

(Effective in M23 mode; if no L word is provided in M23 mode, L is
assumed to the distance equivalent to one lead.)

F: Same as in G32 mode

M: Used to select thread cutting pattern and mode of infeed.
(For details, refer to 2-3.)
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13-2-3. M Code Specifying Thread Cutting Mode and Infeed Pattern

In the block calling for thread cutting compound fixed cycle, M codes
specifying thread cutting mode and infeed pattern should be presented.

(1) M code specifying cutting mode

M32 ..... straight infeed along thread face (on left face)
M33  wasin zigzag infeed
M34 ..... straight infeed along thread face (on right face)

(not available with A specification)

When either of these M codes is not provided, the control automati
cally selects M32 mode.

Note: If B word has "0" value, infeed is made parallel to the axis
disregarding of selected mode.

(2) M code specifying infeed pattern
M73 ..... Infeed pattern 1

Infeed is made by D (in diameter) in each thread cutting
cycle until the point D mm away from "H - U (W)" position.
After that point is reached, infeed amount is changed as
D/2, D/4, D/8 and D/8, leaving finishing allowance U (W)
if specified. And in the finishing cycle, infeed is made
as much as the specified amount U (W).

When no U (W) word is provided, finishing cycle is not
performed.

M74 ..., Infeed pattern 2

Infeed is made by D (in diameter) in each thread cutting
cycle until "H - U (W)" position is reached. After that,
finishing cycle is made with infeed amount of U (W). If
no U (W) word is specified, finishing cycle is not per-
formed.

M75 e Infeed pattern 3

Infeed is made to D in the first cycle, to V2 D in the
second cycle, and tof/ n D in the "n"th cycle consecutively
until "H - U (W)" position is reached. When (V/n -V n-1 )
x D becomes smaller than U (W) during the cycle, infeed
amount to be taken after that becomes U (W). Finally, the
finishing cycle is performed with infeed amount of U (W).
If no U (W) word is provided, finishing cycle is not per-—
formed.

When no M code specifying infeed pattern is provided, the control
automatically selects M73.
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With combining the M codes specifying cutting mode and infeed pattern,
six types of thread cutting cycle are available for longitudinal thread
cutting cycle and transverse thread cutting cycle, respectively.

(1) Longitudinal Thread Cutting Compound Fixed Cycle

M32 + M73 Mode

A D is a remainder of
(H - U)/D.

Cutting point

M33 + M73 Mode

Cutting point

D/ 2
D/2
H/2 (D+AD) /4
(D+AD) /4
L7// R |
// 13p/16 D16
A it e D/ 16
LIS ¥ e e i el B
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M32 + M74 Mode

M33 + M74 Mode

H/2

Cutting point

2452-E

|_—--C:utl:ing point

u/2

P-169

OKUMA MACHINERY WORKS LTD.



2452-E P-17(

M32 + M75 Mode

__Cutting point

T e =
D/2
lst cycle § vZh/2
H/2 2nd cycle |
3rd cycle vnD/2
____________ (H-U)/2
"n"th cycle L
v/ . y/2
0 L M K

M33 + M75 Mode

——Cutting point

J2D/4
Ist cycle
---------------- V2D/2
H/2 2nd cycle | sz
(H-u)/2
‘n"th cycle B
————————————————————————————————————————— - u/2
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Transverse Thread Cutting Compound Fixed Cycle

2)

M32 + M73 Mode

oD is a remainder of

(H - w)/D.

Cutting point

M33 + M73 Mode

Cutting point
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2452-E

M32 + M74 Mode

Cutting point

M33 + M74 Mode

IR
=]
ol
o
~
bo
=
o=
)
o
o]
o

AD2
AD/2
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2452-E

M32 + M75 Mode

Cutting point

SO U W VR (R Y O I uen_—— T

V3D

|
1
|
I
I
|
I
(H-W)

9T240 13S7

a1o4o> pug

9T24AD pig

91240 Y3, u,

M33 + M75 Mode

Cutting point

vnD
(H-wW)

91242 pug

S LY £ (A G . i S

9T240 pag

704> 13,1,
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13-2-4. P Codes in the G71 and G72 Thread Cutting Cycles

(2-Saddle Specification)

2452-E P-174

P codes in a compound fixed thread cutting cycle synchronize the start of
If the number of
thread cutting passes differ between the two turrets, the turret which
has completed the programmed thread cutting cycle first will not proceed
to the next sequence and waits for the completion of the thread cutting
cycle being carried out by the other turret.

turrets A and B at each thread cutting starting point.

Example:

OAPT2
N1gg
N1¢1
N1§@2
N1@3

N2@¢
N2@1
N2(2
N2@3

G13
Gog

G71

Gl4
Gog

G71

Xt
Xs
Xa

Xt
Xs
Xa

Zt
Zs S T M P1¢
Za 1 B D H F M |P2¢
7t

Zs S T M P1Q

Za I B D H F M |P2¢g

~Starting point (Xs, Zs)

\

N

.
==

I\

— P2() command
synchronizes

N, the start of

thread cutting

pass for turrets

HF A and B.
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13-3. GROOVING/DRILLING COMPOUND FIXED CYCLE (G73/G74)
13-3-1. Longitudinal Grooving Fixed Cycle (G73)

In G73 mode, grooving cycle as shown below is performed.

[ 1 1 | T when positioning to
b7 TITT 77 T ST ITIS T T :
Lereeriiit g Vrirn the coordinate of
7 vhep posltioning RIS I Pl s, Ve starting point is made
to the coordinate End point K Starting point
of target point is o e rrl-fl_h""-_* me
made L I 1/2
i [ I
+ L
l: 1 :::: D/2
H LN I ,“n ]
ll I L ﬂ—|—:‘l
(N} 1 1
2
¥ i D/2 by
ot 1Y e
1! |
i

e

e e e — e ———

i I e e
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Format:

N@gglr G73 X Z I K D L F E T DA

Description of each word:
X: X coordinate of target point
Z: Z coordinate of target point

I: Shift amount in X-axis direction
(in diameter; @ if no I word is provided)

K: Shift amount in Z-axis direction
(¢ if no K word is provided)

D: Depth of cut (infeed amount)

L: Total infeed amount for tool withdrawal motion (in diameter;
sequence is not performed when L word is not specified.)

P-176

tool

DA: Retraction amount "o" is specified. When no DA word is provided,
the amount set with the optional parameter (long word) No. 7 is
used as the retraction amount. This applies both in the G94 and

G95 modes.

Note that DA command is not effective for A specification.

E: Duration of dwell motion when target point on X-axis is reached

(Command unit is the same as an F word in G@4 mode.)
(If no E word is provided, this sequence is not performed.)

T: Tool offset number determining the tool offset amount when target

point on Z-axis is reached.

(If no T word is provided, tool offset number selected at posi-

tioning to the starting point of grooving cycle is selected.

T

command after this block is the one designated when positioning

to the starting point is performed.)
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13-3-2. Transverse Grooving Fixed Cycle (G74)

In G74 mode, grooving cycle as shown below is performed.

T when positioning to the
coordinate of target
point is made

. s s e o e e e e e e e S g S e o e . S ., e —
EC!_ = Starting
—_—= Deee - N S T o e T o L
(o B T e it o Py Ebd s K bt o Tmentd it )
| T when positioning to
1 the coordinate of
“ D D D K starting point is made
L L
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Format:

Ng@gl G764 X 2z I K D L F E T DA

Description of each word:

.4

Z

DA:

X coordinate of target point
Z coordinate of target point

Shift amount in X-axis direction
(in diameter; @ if no I word is provided)

Shift amount in Z-axis direction
(¢ if no K word is provided)

Depth of cut (infeed amount)

Total infeed amount for tool withdrawal motion

(The sequence is not performed when L word is not specified.)
Retraction amount "a" is specified. When no DA word is provided,
the amount set with the optional parameter (long word) No. 7 is
used as the retraction amount. This applies both in the G94 and
G95 modes.

Duration of dwell motion when target point on Z-axis is reached
(command unit is the same as an F word in G@#4 mode.)
(If no E word is provided, this sequence is not performed.)

Tool offset number determining the tool offset amount when target

point on X-axis 1is reached.

(If no T word is provided, tool offset number selected at posi-
tioning to the starting point of grooving cycle is selected. T
command after this block is the one designated when positioning
to the starting point is performed.)
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13-3-3. Axis Movements in Grooving Compound Fixed Cycle

(1)

(2)

(3)

(4)

(5)

(6)

The axis moves by "I (K)" at a rapid traverse rate along X (or Z)
axis from the cycle starting point.

If no I or K word is specified, this rapid positioning cycle is not
performed.

After the axis is infed as much as "D", it retracts by "DA" at a
rapid traverse rate.

Such peck-feeding cycle is repeated until the programmed target
point along infeed axis direction.

When an L word is provided in a program, the infeed axis returns to
the cycle start point each time total infeed amount in the repeated
peck feeding cycles reaches '"L".

When the target point along infeed axis direction is reached, dwell
motion is activated for the duration commanded in an E word. If no
E word is provided, dwell motion is not performed.

After that, the axis returns to the cycle starting point level, and
then shift is made along another axis direction by the commanded
amount "K" or "I" at a rapid traverse rate.

This completes one grooving cycle. The steps (1) through (4) are
repeated to machine the desired groove.

When the offset tool position (offset number specified in the same
block) reaches or exceeds the target point on X or Z axis direction
along shift direction while the grooving cycle with shift is re-
peated, target point of the shift operation is taken at the final
target point of the cycle; final grooving cycle is performed at that
position. When the axis reaches the target depth in the final
grooving cycle, the axes return to the starting point of the com-
pound fixed cycle.
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13-3-4. P Codes in the G73 and G74 Grooving Cycles
(2-Saddle Specification)

P codes in a compound fixed grooving cycle synchronize the start of
turrets A and B at each groove cutting starting point. If the number of
grooving passes differ between the two turrets, the turret which has
completed the programmed grooving cycle first will not proceed to the
next sequence and waits for the completion of the grooving cycle being
carried out by the other turret.

Example:
0APT3
N1g¢g G13
N1¢1 GOy Xt 2zt
N1¢g2 Xs Zs S T M P1g
Nl¢3 G773 Xa Za I K D L F E T [P2(]
N1g4  GU@ Xt 2zt
N2(§  Gl4
N2¢1  GO¢ Xt 2zt
N2(@2 Xs Zs S T M P1g
N2¢3 G773 Xa Za I K D L F E T |[P2g

N2@4 G@g Xt Zt

W\

1 i 1 | i
T when positioning
7777 77
k/”};;f’f’ 1054 "U?/?Z?%/W to the coordinate of
T when positioning SR S/ AP0 tf/(j.? 4Ll Ve starting point is made
to the coordinate End point 4 K ,Starting point (Xs, Zs)
of target point is ‘i’ —] r ____' ?J |
; f 7
made TH '.::: 1/2
'y ;.:
P2() command synchronizes i :::1 V%
. i i D2
the start of grooving pass i 1l
Jrol B
for turrets A and B. 1! [HH
i i 0./2 L@
| Iy
1]
i u
]
]
)
1
1)

|

[ O O

N

r
1
C
m
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13-4. TAPPING COMPOUND FIXED CYCLE (G77, G78)

13-4-1. Right-hand Tapping Cycle (G77)

The compound cycle called out by G77 conducts the tappind cycle as
illustrated below.

%

Qs
7 7
\- / (-}i_—Qa 'iXEE‘Qj i Qa 433._._.1}{
//;%3 Qs Q7
Z

Format:

1 I
[ 1 1
Z lQu ;

Qs 07
Z K

P

K

Actual Example Illustration Example

N@@l1 G77 X Z K F

Description of each word:

G77:

]

F:

G code to call out tapping compound fixed cycle.

Specify this G code in the next place following a sequence
number (name).

X coordinate of tapping cycle start point (target point)
Z coordinate of tapping cycle end point (target point)

Rapid axis feedrate for axis feed from the cycle start point to
the cutting start point

Feedrate

Axis movements:

Ql:

Positioning of X-axis at the specified positioning target point
(cycle start point) at a rapid feedrate. In this positioning
cycle, no Z-axis movement occurs and thus the turret must have
been positioned at a position where not interfere with the work-
piece during this positioning before calling out the G77 cycle.
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Q2:

Q3:

Q4:

Q5:

Q6:

Q7:

2452-E P-182-5A

The spindle rotates clockwise at a speed active before the G77
cycle is called. Therefore, it is necessary to specify required
spindle speed before calling the G77 cycle.

If this compound fixed cycle is called without designating a
spindle speed, axis infeed does not occur since the spindle does
not rotate and thus the cycle is halted.

Positioning of Z-axis at a position designated by a K word at a
rapid feedrate.

Tapping from the point reached in Q3 to the depth specified by a
Z word at a specified feedrate (F).

The spindle stops once and then starts in the reverse direction
at the same speed as used in infeeding.

Z-axis retraction to a point reached in Q4 cycle at a cutting
feedrate.

Z-axis retraction to a point reached in Q3 cycle at a rapid
feedrate.
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13-4-2. Left-hand Tapping Cycle (G78)

The compound cycle called out by G78 conducts the tappind cycle as
illustrated below.

|
| |
i ! 1Q,
1
Q4 Qs 9\:(@\. ; Q, o Si-—-—1 X
= (P B — — — ]
Qs ; Qs Q:
L o K
Actual Example Illustration Example

Format:

N@@#l G78 X Z K F

Description of each word:

G78:

F:

G code to call out tapping compound fixed cycle.

Specify this G code in the next place following a sequence
number (name).

X coordinate -of tapping cycle start point (target point)
Z coordinate of tapping cycle end point (target point)

Rapid axis feedrate for axis feed from the cycle start point to
the cutting start point

Feedrate

Axis movements:

Ql:

Q2:

Positioning of X-axis at the specified positioning target point
(cycle start point) at a rapid feedrate. In this positioning
cycle, no Z-axis movement occurs and thus the turret must have
been positioned at a position where not interfere with the work-
piece during this positioning before calling out the G78 cycle.

The spindle rotates counterclockwise at a speed active before
the G77 cycle is called. Therefore, it is necessary to specify
required spindle speed before calling the G78 cycle.

If this compound fixed cycle is called without designating a
spindle speed, axis infeed does not occur since the spindle does
v-not rotate and thus the cycle is halted.
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Q3:

Q4 :

Q5:

Q6:

Q7:

Suppl

(1)

(2)

(3)

2452-E P-184-A5

Positioning of Z-axis at a position designated by a K word at a
rapid feedrate.
Tapping from the point reached in Q3 to the depth specified by a
Z word at a specified feedrate (F).
The spindle stops once and then starts in the forward direction
at the same speed as used in infeeding.
Z-axis retraction to a point reached in Q4 cycle at a cutting
feedrate.
Z-axis retraction to a point reached in Q3 cycle at a rapid
feedrate.

ement

While the tapping compound cycle is being executed, the feedrate

override is fixed at 1(@%.

Even when the SLIDE HOLD button is pressed during the execution of
the tapping compound fixed cycle, the slide hold function is
ignored. The single block function is also ignored even when the
SINGLE BLOCK switch has been turned on.

After the execution of the tapping compound cycle (G77, G78), the
spindle stops and the stop state is remained. When cutting is to
be conducted continuously, specify the spindle start command before
progressing to the succeeding operation.
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13-5. APPLICATION OF COMPOUND FIXED CYCLE

13-5-1. Application of Longitudinal Thread Cutting Compound Fixed Cycle

\

Lead 6 mm,
increasing lead: (.2 mm/lead

I~

I}

60
dsa—aw

1
o
o
=

640

35 3

85
87

M32 + M75:
NO@@1l G71 X28 z35 I1l B6@ D1.5 U@.2 H5 L3 E(.2 F6
$ M23 M32 M75

M33 + M74:

NO@@1 G71 X28 z35 I11 B6(¢ D1.1 U@.2 H5 L3 E@F.2 F6
$ M23 M33 M74

Depth of cut in 0
the lst thread
cutting cycle

Depth of cut in
the lst thread

cutting cycle

M32 + M75 M33 + M74
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13-5-2. Application of Longitudinal Grooving Compound Fixed Cycle (G73)

19102 10191
74
20
A 5}’/ﬁ/}f/ﬂ///
/
7] -
. 4
210 —_{////////// 7
309

4110
4190
$240

N@@@l GOU X10¢¢ z100¢ S30¢ T@1G1 M@E3 M42
NG@g2 X240  z300¢
N@@@3 G73 X10¢ z21¢ 145 K18 D2¢ E(¢.2 F@.3 T@1¢2

Note: (Z-axis tool offset amount of #2)
- (Zz-axis tool offset amount of
=2@

13-5-3. Application of Transverse Grooving Compound Fixed Cycle (G74)
- Drilling Cycle -

A S S AL
/] Zs

R P T /

7t O
| z K\\ NN NN\
 TI7TT7 77777
a /
BT BI T T
N@@d1l cgg S T M
N@@gg2 Xs Zs

N@@@3 G74 Xs Za K D L E F

Note: G74 block must contain both X and Z words.

P-186
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SECTION 14 MIRROR IMAGE FUNCTION (2-Turret Model)

14-1.

OUTLINE OF MIRROR IMAGE FUNCTIONS

The mirror image function allows the programmer to program cutting with
turret B in the same manner as programming with turret A.

As the number of the tools to be mounted on the turret (B), the CNC lathe
having two turrets, rear and front, is becoming more popular.

XB+
1

ZB +

Distance between
Chuck front and rear
turrets (fixed)

ZA+

As shown above two turrets, rear (B) and front (A), are arranged in both
sides of the spindle centerline. Since these turrets are mounted on the
same one saddle, they cannot be controlled independently, but move simulta-
neously with separated by the distance indicated above.

It is the Mirror Image function that can simplify programming for two-
turret model and help the machine to demonstrate its best performance.
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OPERATIONS

When making a part program for two-turret model, there lies a program -
although the conventional programming technique applies to the program for
turret A, how to the program is to be prepared when turret B is selected.

The Mirror Image function for X-axis can solve the difficulties when

programming for cutting cycle with turret B. For the machine equipped with
this function, the programmer should prepare a part program only taking the
part contour into consideration and disregarding the turret to be selected.

For 1nstance, if the programmer programmed a part assuming turret A, the
mirror image function automatically converts X-axis moving dlrectlon,
spindle rotation direction and direction of arc cutting when turret B is
selected. Therefore, the same workpiece can be cut when turret as finished
by turret A tools.

Details of the Mirror Image function are provided in this section.

o [
The main differences are that the and are used to select the

turret, and that Gl3 and Gl4 codes used to select the turret are necessary
in a program.
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This section deals with the actual programming procedures and axis motions

14-3. PROGRAM AXIS MOTIONS
resulted from such programmed commands.
14-3-1. G Codes
(1) Selecting turret

a) Selecting turret

G codes are used to select the turret.

G13

Turret A

Gl4

Turret B

b) Selecting tool

When selecting #4 tool on turret B, program:

Gl4
GUd X z TO4LO4

LF
LF

When selecting #3 tool on turret A, program:

613
GO¥ X 2z T@303

LF
LF

(2)

Forward Reverse

Programming spindle rotating direction

When turret B is selected, the mirror
image function starts the spindle in
the reverse direction when M@3
"spindle forward" command is exe-

cuted.
Turret A: G13 M@3
Turret B: Gl4 M@3

When the turret is changed, while the
spindle rotation does not change
until a new spindle rotation command
is provided.
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14-3-2., Cautions on Programming

(1)

(2)
(3)

(4)

(5)

G codes selecting the turret, Gl13 and Gl4, must be designated in a
block without other commands.

If other commands are designated in the block containing G13 or Gl4,
such commands are ignored.

Resetting the control automatically selects G13 and cancels Glé.

Switching from G13 to Gl4 or from Gl4 to Gl3 is ineffective in the
following cases.

If intended, NC alarm "G13/Gl4 CHANGE" results.

a) While G41 or G42 active (tool nose radius compensation mode)
b) While G91 active (incremental programming mode)

c) While LAP2 active

d) While G96 active (constant cutting speed mode)

If the change of the turret is required while the operation mode as
indicated above, cancel the mode once before programming turret
selecting G code.

When switching of the turret is executed, commands other than X and
Z words are all canceled. However, tool number and tool offset
number active when Gl13 and Gl4 are switched remain active since they
are stored when executed.

G and M codes that are reversed by mirror image function are:

G2 —= G@3
G4l —= G42
M@E3 —= M@4

Note that these codes remain effective after switchover between G13
and Gl4 has been executed (switchover is impossible while G41 or G42

is active).

{Program Example>

N@@gl Gls4
N@@2 G@gd X2 z2 M@3
N@@3 G13

Ng@s  GO@ X2 zZ2 M@3

With the program above, the spindle rotates in the reverse direction
when M@U3 in N@@2 is executed. M@3 in N@@4 calling for spindle for-
ward direction rotation causes NC alarm "M@3/M@4 CHANGE".
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(6) When a programmed cycle is to be repeatedly executed using "GOTO"
statement, care should be exercised on the following point:

{Program Example>

N@gl Gg¢g X Z1

N@@2 G@1 X2 Z2 F.S.T.M
N@@3 Gl4

Ng@4 GOg X3 Z3

N@@5 GOTO N@@l

When the program above is executed, the first cycle of the commands
in blocks N@@l and N@@F2 are executed with the tool on turret A (Gl3):
in the second and later cycles, those commands are executed with the
tool on turret B (Gl4). This is because "GOTO N@@1" does not reset
the control and Gl4 designated in N@(@3 remains effective for the
second and later cycles. It is necessary, therefore, to designate
G13 or Gl4 in the first block of repetition when the cycle is
repeated using "GOTO" statement.

14-3-3. Cutting Program

Turret B

GI Fl

3
2 4

Turret A

An example of a program for the workpiece as shown above is provided,
When cutting is carried out by the tool on turret A, cutting edge of the
tool traces the path A-B-C-D-E-. To the contrary, when cutting is
carried out by the tool on turret B, it traces the path A'-B'-C'-D'-E'-.

{Program Example>

NO@l Gl4 Gl4 is necessary when
N@g@g2 GUg XA ZA S3¢¢ T@lgl LF turret B is used.
NG@3 G@1 ZB F@.2 M@3 LF

N@g4 XC LF

N@@5 XD ZD LF

N@@6 ZE LF

N@@7 G2 XF ZF 1 K LF

N@g@8 G@1 ZG LF

NGg@9 GU@ XH ZH M@s LF
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14-3-4, Cutting Operation

Axis and turret operations are explained below for turret A and turret B,
respectively.

(1)

(2)

Turret A

When the program does not contain Gl4, cutting program is executed
by the tool(s) on turret A (G13).

The commands in N@@2 select tool number @1 and tool offset number @1
of turret A. N@3 in NU@3 rotates the spindle in the forward direc-
tion and cutting is performed along the path A-B-C ... as shown in
the figure in 14-3-3.

Turret B

When the program contains Gl4, cutting program is executed by the
tool(s) on turret B.

The commands in N@@2 select tool number @1 and tool offset number @1
of turret B, M@3 in NQ@3 rotates the spindle in the reverse direc—
tion and cutting is performed along the path A'-B'-C' ... as shown
in figure in 14-3-3. For arc cutting called for by the commands in
N@@7, direction of cutting is also reversed.
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14-4 ., MACHINE OPERATION AND DISPLAY

14-4-1,

14-4-2.

Operation Panel

Selection of the turrets, A and B, for setting and display of actual

o . (1 A
position, zero offset and tool offsets can be made by pressing the
(1
or key.
Display of Mirror Image:
While the mirror image function is active, message ''MIRROR IMAGE"
appears at the top of the CRT.
Zero Offset

For details of Zero Offset, refer to the Operation Manual for OSP5¢(¢L-G/
OSP5(0@@L-G.

For mirror image, select turret A or B first by using the 1&;4 andl&,b

keys. After that, set the zero position for respective turrets.

Setting Zero Offset Setting Zero Offset
for Turret A for Turret B
Select turret A by Select turret B by
- 4 . 7
pressing the pressing the
key. key.

\

Set zero offset value
in ordinary manner.

|

Completion of Zero
Offset Setting
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Tool Offset
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For setting tool offset, also refer to the Operation Manual for
0SP5((L-G/0SP5(@PL-G as in setting zero offset. Selection of the turret
is made using the proper turret selection key as in setting zero offset.

Setting Tool Offset
for Turret A

|

Select turret A by

pressing the

key.

Setting Tool Offset
for Turret B

|

Select turret B by

pressing the !"/

key.

L

Set tool offset value
in ordinary manner.

/
Completion of Tool
Offset Setting
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14-5. OTHERS

(1)

(2)

Designation of turrets A and B

On lathes having flat bed, models LS3(-N, LH35-N and LH55-N, the
front turret is the turret A and the rear the turret B.

On lathes having slant bed, model LC and LR, the upper turret is the
turret A and the lower the turret B.

Sequence re-start

On two-turret model, there are following restrictions on the turret
for sequence re-start operation.

The turret on which sequence re-start is active is turret A when the
block where sequence re-start is to be performed is in G13 mode, and
turret B if it is in Gl4 mode. Sequence re-start is not active on
the other turret.

It will be very dangerous if sequence re-start is activated on both
turrets on two turret model.

Therefore, it is necessary to follow the steps below to activate
sequence re-start on both turrets.

{Program Example>

N@gl  G13

N@g2 GUg X1 zZ1  T@1Q1
N@@¢3  Gla

N@g4  cgg X2 Z2  T@1¢l
N@@5 G13

N@gge6  GOg X3 Z3

N@@7 X4 74 T@202
N@g8  Gl4

N@@G9 G@E@E X5  Z5

N@1( X6  Z6

When sequence re-start is activated from N@(@7, Tl on turret A is
indexed since block N@@6 is in G13 mode.

When sequence re-start is activated from N@1@¢, Tl on turret B is
indexed since block N@F9 is in Gl4 mode.

To activate sequence re-start from N@1( with proper tool number on
turret A indexed, index the turret A to the desired position by
entering the proper T command through the MDI keyboard and then per-
form sequence re-start operation from N@1¢.

CAUTION

Turret indexing position is different from the programmed
position.
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14-6. PROGRAM EXAMPLE

Programming Example with T4 Tool

T@4 (rear turret) on Rear Turret (LH35-N)
7E>J N G X z I,k | F | S,T,M|LF
PR
/// / z LF
Sy 7 N@F1 | Gla LF
X335 S40¢
R RG2S | G0 | ¢ags) | 5299 I
S0 o NG3 X9¢ | z1¢3 Egg LF
T | NG@s | o1 780 720 7
30 | I~ \\\ NG@5 X100 LF
[ N@@6 X13¢ | Z5¢ LF
80 NGG7 730 LF
109 NE@8 X155 LF
X335 M5
NGY9 | cgg (275) 72234 M9 LF
N@g1¢ M@2 LF

Note: For LS-N, program the dimensions in ( ) in N@@2 and N@@9.

(1) Program assuming T@4 is on the front turret.
(2) Select the turret by Gl4.

(3) Spindle rotation command must be M@3.

(4) Program should be made in ordinary manner.
Other cautions:

(1) Select the turret by Gl3 and Gl4 for arc and thread cutting opera-
tions as in straight line and taper cutting operation.

(2) Gl3 and Gl4 must be programmed in a block without other commands.
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NG@1 Gl4 LF

Ngg2 | coo | %335 | 2300 ?32g4 @3 | LE

NG@3 X10¢ |z5¢ LF
I e B e I B

GOUg | X335 | z30¢ M@ 5 LF
N@5@* | G13 LF
NO51* | cog | x27¢ | z3d0 g;gg3 MG3 | LF

* If TP3¢3 in N@51 is not programmed, the tool number and tool offset
number effective in the preceding G13 mode automatically becomes
effective.

* When N, G, F, S and/or M command is not programmed, that programmed
previously becomes effective. (X and Z words become ineffective.)

When neither G13 nor Gl4 is commanded, the control automatically
selects turret A.

Turret indexing can be made at any desired position both on X- and Z-
axis.

Select the turret index position where interference will not occur.

If G13 or Gl4 calling for turret change is programmed while incre-
mental programming mode, constant cutting speed mode, LAP mode and
tool nose radius compensation mode, an alarm results and machine
operation stops.
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SECTION 15 USER TASK 1

15-1.

OUTLINE OF USER TASK FUNCTION

After years of work in data processing, we at Okuma are now able to provide
our customer with the most efficient use of high data processing capacity
in OSP5((L-G/OSP5(@PL~G. We have accomplished this in the development of
User Task Function.

The biggest advantage of the user task function is that various operation
functions and variables can be used. 1In addition, the use of control sta-
tements assure versatility in the user task function.

User task function has two kinds:

1) User Task 1 (standard)
2) User task 2 (optional)

"User Task 1" as detailed in this manual, permits the use of arithmetic
operations, variables, and control statements. However, User Task 1 is
mainly provided to enable continuous automatic operation by controlling
peripheral equipment such bar feeders, loaders and robots. We have also
included functions to control scheduled machine operations which allow
various workpieces to be machined according to the programmed schedule.

"User Task 2" is the authentic user task function with arithmetic opera-
tions, variables and all control statements. Functions available with User
Task 1 are all contgined in User Task 2.
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15-2. FUNDAMENTAL FUNCTIONS OF USER TASK

There are three fundamental user task functions as indicated below:

(1)

(2)

(3)

Control Statement Functions

The statements to control the execution order of programmed sequences,
such as "IF" and "GOTO" which are easily understood, can be used.

Variables

In normal programming, numerical data directly follows the address
characters such as X, Y, and Z. Instead of numerical data, a variable
expressed by alphanumerics can be assigned to the address characters,
and actual numerical data are assigned to the variables in respective
programs. This feature provides program versatility and flexibility.

Example:

Word used in conventional When a variable is used:
program

X135 X=XP1 XP1=135

i

Variable name Numerical data
(alphanumeric) 1is assigned.

Arithmetic Operation Function

This function allows arithmetic expressions to be directly programmed
as a word data.

Example:
Word used in conventional When arithmetic operation
programs: function is used:
X135 X = 10¢ + XP2 XP2 = 35

Provided in later pages are the detailed descriptions of respective
fundamental user task functions.
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Control Statement
User Task 1 can use following two control statements:

IF
GOTO

Program these control statements either at the beginning of a block or
right after a sequence name designated at the beginning of a block. Be
sure to provide either a space or a tab code following the sequence name
or a control statement as a delimiter. If not, an alarm results.

For "IF" statement, it is not necessary to provide a space or a tab since
it is followed by "left bracket - [".

Example:
N1¢@#l GOTOLN2¢¢¢
A space or a tab code
NLAP1,GOTO.NLAP2
The element consisting of more than one address characters (A through
Z) such as a sequence name and a control code must be followed by
either a space or a tab code.
Note 1: Sequence Name
A sequence name is the code to identify respective blocks in a
program, and it consists of four alphanumerics following address
character N.

There are two types of sequence name:

{N> <four alphanumerics>, and
N> <letter> <three alphanumerics>

"Sequence name'" handled in this manual refers to both types of
sequence names.
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15-2-1-1. GOTO Statement - Unconditional Jump

(2)

Note:

Note:

(1) Program Format

<N@>L.<GOTO>L<N1>

Sequence name of the block where jump is
to be made and it must be programmed
without fail.

Indicates '"GOTO" statement.

Sequence name of this block and it can be
omitted.

Sequence name <N1> for jump must be the one in the program con-

taining such control statement.

Function

When the control statement is executed, jump to the programmed block,
<N1> is made unconditionally.

On two-saddle models, jump from the program for A saddle to the

program for B saddle or vice versa is not allowed.

15-2-1-2. IF Statement - Conditional Jump

(1) Program Format

a) <NP>u<IF> <{Conditional expression (qualification)> <GOTO>u<{N1>
I i =

L—This is the <sequence name> to which jump

is made when <{qualification> is true.
This must be programmed without fail.

Jump instruction to be executed when
{qualification> is true. May be omitted.

There are two possible states for the
result of the <{qualification>, "true'" and
"false'.

{qualification> must be expressed in [ ].

Indicates "IF" statement.

Sequence name of this block and it can be
omitted.
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b) <N@>.<IF>u<Local variable> <GOTO>_<N1>

|
.

The <sequence> name of the destination
block of jump to be executed when the
local variable is defined. ’

——Jump instruction to be executed when the
local variable is defined.

This can be used instead of
{qualification>. Jump does or does not
occur depending on whether the local
variable is defined or not.

(2) Function

a) When the <{qualification> is true (Example 1) or when the local
variable is defined (Example 2), execution of the sequence
jumps to the sequence <NI1>,

b) When the <qualification> is false (Example 1) or when the
local variable is not defined (Example 2), the following
sequence is executed.

Example 1:
N1¢@@uLIF [V1LEQL1G].N20@¢ or
N1G@QuIF [VILEQuL1(]uN20¢dd
Means '"equal (=)".
Jump is made to N2(§¢) when variable V1 equals 1¢ (V1 =
1¢). When V1 is not equal to 1¢, the following block is
executed.
Example 2:
N1¢@@.IF ABC GOTO N2(/¢¢ or
N1@@@_LIF ABC N200@

Local variable

If Jump is made to N2@@@ when local variable ABC has been
defined. If not, the following block is executed.
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15-2-2. Common Variable

There are two types of variables used with User Task 1:

— Common variable
- Local wvariable
— System variable

These three types of variables differ in their use and characteristics.

15=2=2-1.

Common Variable

The term "common'" of common variables can be literally understood as
common; they are common to main and sub programs. When the same
variable is used in two or more programs, the variable number used in
those programs must be identical. Therefore, the common variable, the
result of calculation in one program, can be referred to from other
programs.

(1)

Note

Note

Note

Note

Program Format

<V> <one or two digits> = numerical data or expression
Designation of a common variable is made with up to two digits
following "V". Usable common variable is V1 through V32.

In a program, a common variable is used as:

N1@IluV5 = 1¢, or N1@luV5 = V5 + 1

l: Common variables are used in common to A-saddle and B-saddle.

2: Common variables are effective both in a main and a sub
program.

3: Common variables are not affected by control reset or power
turning off operation. That is, the data are retained unless
they are reset or a control program tape is loaded.

4: Common variables can be set or changed by setting a parameter
besides setting or changing them in a program. For detailed
information of parameter setting, refer to Instruction Manual
for OSP5(¢L-G/0SP5¢(¢L-G.
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15-2-2-2. Local Variables

As may be known form the term "local", local variables are the
variables that a user can set as desired with a name easy to distin-—
guish from each other. Up to 127 local variables can be used for A-
saddle and B-saddle, respectively.

(1)

(2)

Program Format

{Letter><{Letter>{two alphanumerics> = Numerical data or expression

IIDH, IINH and Ilvll cannot be U.Sed.

Example: 'DIAl' 'ITHS'

The same name as relative operators, detailed in 15-2-3,
and extended address characters(*1) cannot be used.

*1: Extended address characters are used for LAP, pat-
tern processing, user fixed cycle and other ex- d
tended functions which cannot be covered with
conventional address characters A through Z.
Extended address characters are:

<AA>, <AB>, <DA>, <DB>, <FA>, <FB>, <IA>, <IB>
<KA>, <KB>, <LA>, <LB>, <RA>, <RB>, <SA>, <SB>
<TA>, <TB>, <UA>, <UB>, <WA>, <WB>, <XA>, <XB>
<ZA>, <ZB>, <BC>, <BR>

Characteristics of Local Variables

a)

b)

c)

Local variables can be used independently on A-saddle and B-
saddle, and are cleared when the control is reset.

When a new local variable is set in a main program, that is,
when data is assigned to a new local variable name, that local
variable name and corresponding data are registered in the
memory .

If a local variable name is used without assigning the data,
an alarm results.

When new data is assigned to the local variable already
registered with another data, that old data is renewed.

Main program

In N@@1¢, numerical data "16¢" is
assigned to local variable name
"DIA1", which remains effective up to

NO@1d DIAl = 160 sequence N(@49. 1In N@@E5(, new
: numerical data "2¢@" is assigned to
N@@49 the same local variable name "DIAL".
N@@s@ DIA2 = 2(¢ This clears the old data "16(¢" and it
is substituted with the new data
1 zgm“ .
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d) Up to 127 local variables can be used on A-saddle and B-
saddle, respectively.

15-2-2-3. System Variables

System variable means the variable specific to respective systems and
its name is fixed.

The system variables are set for respective turrets independently and
not cleared when the control is reset.

System variables available are:

- Zero offset variable

- Zero shift variable

- Tool offset wvariable

- Nose radius compensation variable
— Tool interference data variable

— Variable soft-1limit variable

— Chuck barrier variable

~ Tailstock barrier variable

— Droop variable

- Pitch error compensation variable
- User restart variable

— Alarm comment variable

These variables can be set, changed and used in a program according to
the format detailed later. Therefore, they can be effectively used in
programs requiring them, such as work gauging program, tool gauging
program, and post-process gauging program.

They, of course, can be set by selecting ZERO SET, TOOL DATA or
PARAMETER mode. For details of setting procedure, refer to the
Operation Manual for OSP5(@L-G/OSP5¢@¢L-G.

System variables are detailed hereinafter:

Fundamental Program Format of System Variable

System variable .... <V> <{Letter> <Three alphanumerics)

r

Character string in this part is
determined and the use of illegal
character string causes alarm.

All the system variables are pre-
ceded by character "V".
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Zero offset variable
Variable name

<VZOFZ> ........ Zero OFfset of Z-axis

CVZOFEY wveaan wn Zero OFfset of X-axis
SVZORWS wnmwan o Zero OFfset of W-axis

(only for programmable tailstock specification)
SVZOFC? siesanes Zero OFfset of C-axis

(only for multi-machining model)

When setting a variable, designate as VZOFZ = 12364.256.

Zero shift variable

Variable name

{VZSHZ> ..... ... Zero SHift of Z-axis
<VZSHX> ........ Zero SHift of X-axis
CVXSHXD wovesaas Zero SHift of C-axis

(only for multi-machining model)
When setting a variable, designate as VZSHZ = 5(.
These zero shift variables deal with shift amount set by zero
shift operation called by G5@, and the set shift amount is cleared
when the control is reset.
Tool offset variable

Variable name

{VTOFZ> [Tool Offset No.] ..... Tool OFfset of Z-axis
{VTOFX> [Tool Offset No.] ..... Tool OFfset of X-axis

When setting a variable, designate as VTOFZ [5] = 2.634.

2

This indicates that tool offset
amount of Z-axis for #5 is set
2.634.
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d) Nose radius compensation variable
Variable name

{VNSRZ> [Nose R Compensation No.]

NoSe Radius compensation of Z-axis

{VNSRX> [Nose R Compensation No. ]

{ NoSe Radius compensation of X-axis

When setting a variable, designate as VNSRZ [4] = (.8

This indicates that nose radius
(in Z-axis) of the tool assigned
with nose radius compansastion no.
4 is set to (.8 mm.

e) Tool interference data

Pattern 2

ZN ZP 7 \

z S
XP 7 .
V|
XN
Vo) LSS S TTTTTT /
ZN zpP XN Pattern 1
7777
ANy
/ XP
i
s T LSS
4
7
e
7
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Variable name

<VTIZN> [Tool No.] ..... Tool Interference on Z-axis at Negative
end; ZN

{VTIZP> [Tool No.] ..... Tool Interference on Z-axls at Positive
end; ZP

{VTIXN> [Tool No.] ..... Tool Interference on X-axis at Negative
end; XN

<VTIXP> [Tool No.] ..... Tool Interference on X-axis at Positive
end; XP

<VTIPN> [Tool No.] ..... Pattern Number

Note: For the control equipped with the graphic specification,
tool interference data is automatically determined from the
projection amount, tool diameter set on the TOOL SHAPE
selection page and the tool interference variable data.
Therefore, if tool interference data is changed using the
tool interference data variables, the data is not effective.

Variable soft-limit variable

Variable name

SVPVLZY waw vaaaa PositiVe Limit on Z-axis
CVBVLE> oo vwaien PositiVe Limit on X-axis
<VNVLZ?> .evnenns NegatiVe Limit on Z-axis
CVIWVERE e ean NegatiVe Limit on X-axis
SVEVLIWD ivins sas PositiVe Limit on W-axis

(only for programmable tailstock specification)

<UNVLWD o.oeennns NegatiVe Limit on W-axis :
(only for programmable tailstock specification)

When setting a variable program as VPVLZ = 2352.168.

This indicates that variable soft-
limit of Z-axis in positive direction
is set at Z = 2353.168 mm.

Numerical data of these variables are referenced to the origin of
the machine coordinate system (machine origin).
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0D
L1
Ll Workpiece end face
CZ | WR
D1 L2
r_______*_/ 777777777
/7 |cx/2 [

_ J]777 777/

D1

LLLLLLL LS,

D3 [Dp2
1D
CX/2 i
Ll LLLNNS L1/
7

? L

f cz
Y2004

Variable name

KVCHKLY vivevnnnann Jaw dimension L1
CVCHKD> . ..ievuneonn Jaw dimension D1
SYCHRZD svinmmnwvnniss & Jaw position CZ
SVEHEXD ciwaivonni Jaw position CX
SNTELY: wesiss dsvmss Center dimension L2
SVISDA> v imaess Center dimension D2
{VTSDA> ....... «+.. Center position D3
SVWKR> vevvvenncnnn Workpiece end face

These variables should be set in reference to be programming zero.
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h) Droop variable

Variable name

SNINPZS> wwei sawtoin IN Position of Z-axis
SVINEE> sa505 snmcme IN Position of X-axis
KVINPCY> tvivrevnnnes IN Position of C-axis

i) Pitch error compensation variable

Variable name

SVPEVZ> saniaiiin aese Pitch Fillup Value Z-axis
CVPFVXY tevvnnnnnnn Pitch Fillup Value X-axis
CVPEVE? o wnian wnme Pitch Fillup Value C-axis
SNPCHZY o svasvas stsiurs PitCH Z-axis
CVPCHXD v wcosres svaive PitCH X-axis

These variables are used only for the pitch error compensation
specification.

j) Restart variable
Variable name
CSVRSITT S wisni o’ ais Restart

This indicates the restart state in the
sequence restart operation.

#¢¢ = Not in restart
#84@ In restart

Example:

N1¢¢ IF [VRSTTWNE L @] N2¢@
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k) Alarm comment variable
Variable name
VUACM> veiiireennn User Alarm CoMment

User alarm comments up to 16 characters can be
designated.

VUACM[1] - VUACM[16]

Example:
N2@2 VUACM[1] = 'ABC'
N2¢3 VUACM[4] v123"

N2@4 VDOUT[991] = 999

An alarm with the comment is generated as
indicated below when the program shown above
is executed.

Alarm C 9¢9
User reserve code 999 ABC=123

VDOUT[*] is an output variable and level of
alarm to be generated is controllable by the
number to be set at *,

#=099]1: Alarm C
#=0092: Alarm B
*#=093: Alarm A
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Arithmetic Operation Function

Arithmetic operation using variables can be performed. Its programming
may be done in the same manner as general arithmetic expression.

<{Address character>, <Extended address character>, <Variables>
= {Expression>

The expression in the right-hand side, requesting arithmetic operation,
is made from constants, variables, comparison expression, and operators.

15-2-3-1. Arithmetic Expression
Operator Meaning Example Rule and Remarks
+ Positive sign +1234
- Negative sign -1234
+ Sum (addition) X=12.3 + V1
-~ Difference (subtraction) | X=12.3 - V1
* Product (multiplication) | X=V1(¢ * 1¢
/ Quotient (division) X=V1l / 1¢
15-2-3-2. Comparison Expression
Operator Meaning Example Contents Rule
LT (Less Than, <) IF [VILLTLS5]uN1¢@ | Jump to N1Q¢
when V1 is less
than 5.
LE (Less than or IF [VILLELS5]uN1G@ | Jump to N1(G@
Equal to, X) when V1 is less
than or equal to
5
EQ (EQual to, =) IF [VILEQuS]uNI1G@ | Jump to N1(¢ Provide a
when V1 is equal | space on
ko 5. either
id f
NE (Not Equal to, IF [VILNELS5).N1G@ | Jump to N1Q@ S @
i ! . the
%) when V1 is not
operator.
equal to 5.
GT (Greater Than, IF [VILGTL5]uN1¢@ | Jump to N1G¢
>) when V1 is
greater than 5.
GE (Greater than or| IF [VIuLGEL5]uN1¢@ Jump to N1¢¢g
Equal, 2>) when V1 is
greater than or
equal to 5.
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PROGRAM EXAMPLE

A simple program example is provided below to help you understand contents
of User Task 1.

Assume the NC lathe is equipped with the bar feeder. Three types of work-
pieces are machined on the NC lathe according to the programmed schedule.

(1) Assign respective workpieces with file name and program name (or no.):

WELKPIGEE: A wunmy sewmass A. MIN, 014¢¢
Workpiece B .....vvunnne B. MIN, 020d
Workpiece € .vvvvvrnnnnn C. MIN, 03¢¢

(2) After determining the file name and the program name (no.), prepare
the program for the workpiece according to the part drawing.

(3) Before actually machining them on the machine, it is necessary to
determine the number of workpieces to be machined and the machining
order of them - scheduling.

No. of workpieces: A ....veveves.. 20 pcs.
B! e sssreranian s et 15 pecs
G e e smieiiess i 25 pcs

Sequence of machining: A, B and C
(4) Now the programmer can make the schedule program.
Determine the file name of the schedule program, first; the file name
of this example is determined as "SHAFT-1. SDF" since the intended

machining is of shaft work.

(5) Counting of the finished workpieces can be made using the common
variable.

Workpiece A ....vevenen. V1
Workpiece B .tv.vvwennn.. V2
Workpiece C covvvnnnnnnn V3

(6) Prepare the schedule program according to the flow chart in the
following page.
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Function and
Contents

User Task 1

User Task 2

Usable Programs

Main program
Schedule program

Main program
Subprogram
Schedule program
System subprogram

Control Statement
Function

<GOTO statement>
{IF statement>

{GOTO statement>

<IF statement>

{CALL statement>

{RTS statement>

<MODIN statement>
<{MODOUT statement>
<GET/PUT statement>
<READ/WRITE statement>

Variable Function

Common variables
Local variables
System variables

Common variables
Local variables
System variables
I/0 variables

Operation Function

Expression

Calculation = W, /s Fy = By /s
Expression (four rules (four rules)
Comparison KLT>,<LE>,<EQ>, | <LT>,<LE>,<EQ>,

<NE>,<GT>,<GE>

<NE>,<GT>,<CE>

Boolean <OR>,<AND>,<EOR>,

Expression <NOT>

Function <SIN>,<CO0S>,<TAN>,
{ATAN> ,<ATAN2>,
<{SQRT>,<ABS>,<BIN>,
{BCO>,<ROUND>,<FIX>,
<{FUP>,<DROUND>,
<DFIX>,<DFUP>,<MOD>

Supplement:

Program either a space or a tab code following control statements indi-
cated below.

<GOT0>,<CALL>,<RTS>,<MODIN>,<MODOUT>
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SECTION 16 TAPE CONVERSION FUNCTION (0SP3¢@@L —= OSP5(@L-G/0SP5@@@FL-G)
16-1. OUTLINE

This function is used to convert programs prepared for OSP3@@@L. and stored
in a bubble memory into those applicable to OSP5(¢@L-G/0SP5(@¢L-G.

Items converted are:

(1) Simultaneous 4-axis control program

(2) Constant speed cutting program

(3) Address characters specifying variable pitch
(4) Endless operation

(5) Nose radius compensation (end up) function
(6) LAP

16-2. OPERATION
For the store programs prepared for OSP3(@()L, refer to the instruc-
tions provided in 4-2-1 (1) of the Operation Manual for OSPS5@@L-G/
OSP5(@@L-G.

Conversion of the program can be made in the following procedure:

1) Press the EDIT AUX key under MODE.
MODE

(2@ Dﬁﬂ@

2) The CRT display is shown below:

~
( PROG OPERATION

DATE ‘ DIR | PIP ‘ EDIT ‘ FREE | LIST | |[I':‘.)(TEND]

(FE2IEIEDEEBIEDNES)

OKUMA MACHINERY WORKS LTD.
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3) Press the function key [F8] (EXTEND) two times and the CRT display on
the function line changes as shown below:

— ~
PROG OPERATION

= EX
= EX

TAPE l | | | | ‘ Iznmm
CONVERT { ] y

(FUJE2)(F3)(Fa4)(F5)(F8)(F7Z)(F8)

4) Press the function key [F1] (TAPE CONVERT).
The CRT shows "C=".

5) Enter "input-file-name" and "output-file-name" through the keyboard.
{input-file-name>,<output-file-name>

6) Press the WRITE key. The CRT display changes as shown below:

Y
( PROG OPERATION CONVERT [OUTPUT FILE NAME]

= EX
= EX
C  |INPUT FILE NAME], [OUTPUT FILE NAME]

CONVERT 3000 to 5000 (Y/N) P

TAPE ,
CONVERT

EFVIE2EIEDEDEBDFEDNESD)

, I ' I ‘[EXTEND]
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7) When conversion is to be made, key in "Y" then press the WRITE key.
When conversion is not required, key in "N" instead of "Y" then press

the

CAUTIONS

WRITE key.

(1) When only "input file name" is designated, a program for
OSP5(@L-G/0SP5(()L-G assigned with the same file name is
created and the program for OSP3(@@L is erased.

(2) TFor other cases, designate both "input-file-name" and "output-
file-name".

(3) When the input file assigned with the designated file name is
not found, message "file not found" appears on the CRT and tape
conversion operation terminates.

(4) 1If the output file assigned with the file name presently
designated already exists, message 'file exist over write
(Y/N)!" appears. Pressing the WRITE key after keying in "Y"
erases the old file and tape conversion is executed.

Pressing the WRITE key after keying in "N" terminates the
tape conversion operation without executing conversion.

(5) To check the results of the converted program(s), refer to the
instruction in 4-2-3 (4) of the Operation Manual for OSP5¢(¢L-G/
0SP5(¢@L-G.

(6) When a new command value to be generated in tape conversion
process cannot be calculated, "?" is entered at the location
where such new data is to be entered.

16-3. CONTENTS OF CONVERSION

16-3-1. Simultaneous 4-Axis Control Program

(1) Simultaneous 4-axis control part

a)

b)

c)

M codes calling for start and end of simultaneous 4-axis
control, M1l and MI{@, are deleted.

For Program Stop and Optional Stop M codes, M@ and M@l, P code
with the numeral value "1" larger than the value of the P code
just preceding it is added for respective turrets to synchronize
execution of these M codes.

P codes already designated for respective turrets are renewed in
the manner that the synchronization is maintained.
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(2) Independent control part

a) For G codes selecting turret, GI3 and Gl4, P code with the
numeral value "1¢" larger than the value of the P code just pre-
ceding it is added.

b) The first P code, appearing in the independent cutting mode
after completing simultaneous 4-axis control, is assigned with
the numeral value "1¢" larger than the value of the P code
having the largest value in the preceding simultaneous 4-axis
control program.

Note 1: GI3 and Gl4 should be designated in one block without other
commands.

Note 2: M@(J and M@l should be designated for both turrets A and B.

Example:

0SP3¢@gL 0SP50@L-G/0SP5Q@@L-G
N@g@g1l M11 CR N@g1 CR
N@@2 G13 CR N@@g2 CR
N@@3 G@¢ X1 z1 P1 M1 T1 S1 CR N@@3 G@¢g X1 Z1 P1¢ M1 TI S1 CR
N@14 M@l CR N@14 M@l P11 CR
N@15 Gl4 CR — = N@15 Gl4 CR
N@lé G@¢g X1 Z1 P1 M1 T2 S1 CR N@16 GP¢ X1 z1 P1¢ M1 T2 Sl CR
N@24 M@1 CR N@24 M@l P11 CR
N@25 M1¢ CR N@25 CR
N@26 Gl4 CR N@26 Gl4 CR
N@27 G@¢ X2 z2 T3 S2 M2 CR N@27 G@@ X2 z2 T3 S2 M2 P21 CR

16-3-2. Constant Cutting Speed Program

In simultaneous 4-axis control program, the turret on which constant
cutting speed (CCS) is effective is determined by the designated turret
selection command effective just before entering simultaneous 4-axis
control and G code indicated below is added following G96 calling for the
CCS operation.

CLIW wwovun & CCS on turret A (G13)
Gl1T wmuwwn i CCS on turret B (Gl4)
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Example:
0SP30J@L 0SP5(@L-G/0SP5(@@L-G
N@G@L M1¢ CR N@@1 CR
N@@2 G13 CR N@@2 G13 CR
N@@G9 M11 CR NG@9 CR
N@lg G13 CR N@g1d G13 CR
N@1l G@¢ X1 z1 P1¢ S1 Tl M1 CR N@ll G@¢¢ X1 Z1 P1¢ S1 Tl MI CR
N@12 G96 X2 Z2 P2¢ S2 CR —= N(12 F96 G11¢ X1 22 P2¢ S2 CR
N@2¢ M14 CR N@2¢ Gl4 CR
N@21 G@¢ X3 zZ3 P1¢ S1 T1 M1 CR N@g21 G@@ X3 Z3 Pl¢ S1 T1 M1 CR
N@22 G96 X4 Z4 P2(¢ S2 CR N@22 G96 Gl11¢ X4 74 P20 S2 CR
N@3¢ M1¢ CR N@3¢ CR

16-3-3. Address Characters Specifying Variable Pitch

The address character used to command pitch variation amount per pitch in
cutting variable pitch thread is converted from "K" to "E".

Example:
0SP3(3@@L 0SP5(¢@L-G/0SP5(@JL-G
N@gl G@g X1 z1 CR N@@1l G@gg X1 Zz1 CR
N@@2 G34 X2 Z2 K F CR N@@2 G34 X2 Z2 E F CR
N@@3 G34 Z3 CR N@@3 G34 Z3 CR
§ —_ ¢
N@@7 cg@ X7 27 CR N@@7 G@@ X7 27 CR
N@@8 G33 X8 Z8 K F CR N@@8 G33 X8 Z8 E F CR

16-3-4. Endless Operation

In tape conversion, code M31 is converted into code M@2.

Example:
0SP3(¢gL 0SP5(¢@L-G/0SP5@@@L-G
N@@1 G13 CR N@@1l G13 CR
S —
N@@F9 M31 CR Ng@9 M@2 CR
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Ng@9
Ng1¢

16-3-6.

N@@1
N@g2
NG@3
NG@s
N@@5
NGF6
NGG7
NG@8
N@@9

2452-E P-221-R4

Nose Radius Compensation Function

For G40 GU@ calling for end up of the nose radius compensation function

programmed for the OSP3(@¢L, imaginary point (I, K) is created from X2,

Z2 commanded in G4¢ G block and X1, Zl provided in the preceding block
with tape conversion.

I =2X2-X1
K =22 -21
Example:
0SP3(@@L OSP5@@L-G/0SP5¢@@FL-G
Gyl X1l z1 CR NO@E9 G@1 X1 71 CR
G4U GOU X2 z2 CR NU1¢ G40 GU@ X2 z2 I K CR

Note: G4¢ and G@@ must be designated in the same block.

LAP

(1) The address character "L'" expressing stock amount is converted into
"U" or "W": "U" in longitudinal cutting and "W'" in transverse (end
face) cutting.

(2) In a program for OSP3¢¢(L, cutting conditions for roughing cycle are
specified along with the commands specifying final contour. For
0SP5@¢L-G/0SP50@PL-G, contour defining commands containing both
final contour and rough cut conditions are separately provided from
the finish cut conditions; in actual cutting stage, finish cut con-
ditions are called for from the contour defining commands.

Example:

0SP30g(L 0SP5(0@L-G/0SP5(@@L-G
G@g Xt 2zt CR NOg@l G@@ Xt Zt CR
‘Xs Zs Fr Sr Tr Mr CR N@@2 Xs Zs Fr Sr Tr Mr CR
G85 CR N@@3 G85 NLA@l U D CR
GU@g Xt zt L (U W) D CR N@@4 GEE Xt Zt CR
Xa Za Ff Sf Tf Mf CR Sf Tf Mf CR
GJ1 Xb Zb CR G87 NLA@1 CR
Xe Zc CR NLA@1 G81 CR
G8¢ CR N@@5 Xa Za Ff CR
GOg Xt Zt CR N@@6 G@F1 Xb Zb CR
N@@7 Xe Zc CR
N@@8 G8¢ CR
N@@F9 G@d Xt Zt CR
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(3) Thread cutting cycle commanded by G33 is performed in a compound
fixed cycle and continuous thread cutting cycle by G34 and G35 is
performed in LAP.

For G33 thread cutting cycle which is converted into compound thread
cutting cycle, G71 or G72 is added depending on thread cutting
direction, longitudinal or transverse.

Example:
0SP3Q0@@L 0SP50¢L-G/0SP5¢(@L-G
N@@#l Gcgg S1 T1 ML CR NGG1l Gg¢ S1 T1 Ml CR
N@@2 Xs Zs CR N@@2 Xs Zs CR
NG@3 G86 CR NQ@3 G88 NLAGL H D CR
NG@L D E CR NLAG1 G81 CR
N@@5 GU@ Xa Za CR ———— = N@@5 G@F Xa Za CR
N@@#6 G34 Xb Zb K F CR NQ@6 G34 Xb Zb E F CR
N@@7 Xc Zc CR Ng@7 Xc Zc CR
N@@8 G@g xd zd CR NQ@8 G@g xd zd CR
N@@9 G8¢ CR N@@9 G8¢ CR
Example:

0SP3(0¢L 0SP5(@@L-G/0SP5(@F@L-C
NGOGl Ggg S T M. CR NOgl Ggg S T M CR
N@gg2 Xs Zs CR N@@2 Xs Zs CR
N@@#3 G86 CR N@g3 G71 Xb Zb IDHELI F CR
N@@4 D E@ CR — = N@@7 Xt Zt CR
N@@5 G33 Xb zb (I K) F CR
N@g6 c8¢ CR
N@@7 Xt Zt CR

Example:

0SP3(@¢JL 0SP5(@¢L-G/0SP5(@F@FL-G

NG@1l Gy¢ S T M CR N@@1 cgg S T M CR
N@@2 Xs Zs CR N@@2 Xs Zs CR
N@@3 G86 CR N@@3 G72 Xb zb K D H El F CR
N@@s G82 CR NG@8 Xt Zt CR
NG@5 D E¢ CR
N@@#6 G33 zb Xb (I K) F CR
N@@7 G8@ CR
N@@8 Xt Zt CR
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(4) With OSP5(¢¢L-G/0SP50@¢L-G, grooving and drilling cycles are per-
formed not in LAP but in compound fixed cycle.

When grooving and drilling cycles are performed in compound fixed
cycle, G code is converted into G73 or G74 depending on direction of
cutting, longitudinal or transverse.

Example:

0SP3(@gL 0SP5((@L-G/0SP5(@@FL-G
N@g@#l GUYg Xt Zt S1 T1 M1 CR N@@l G@¢g Xt Zt S1 T1 Ml CR
N@@2 Xs Zs CR N@@2 Xs Zs CR
N@@E3 G83 CR N@@3 G73 Xa Za K D Fr CR
N@G4 D E CR N@@7 GU¢ Xt Zt K D Fr CR
N@@5 G@l Xa Za Fr CR
N@g@6 G8¢ CR
NO@7 GU@ Xt Zt CR

Example:

0SP30@0L 0SP5@(@L-G/0SP5((@@L-G

N@¢l GU¢g Xt zt S1 T1 M1 CR N@@l G@¢ Xt Zt S1 T1 M1 CR
N@@2 Xs Zs CR N@@2 Xs Zs CR
N@@3 G&3 CR N@@3 G74 Xa Za I D Fr CR
N@@4 G82 CR = N@@4 GO@ Xt Zt CR
N@@s D E CR
N@@#6 G@l Xa Za Fr CR
N@G7 G8¢g CR
N@@8 G@@ Xt zZt CR

Note: When stock "L" or "U" or "W" is "@", finish cut cycle (G87)
is not carried out.
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The OSP5((L-G/OSP5(@(L-G has a tape convert function that converts a part

2452-E P-224-R4

RESTRICTIONS ON TAPE CONVERT FUNCTION (OSP3@@(¢L —= OSP5((¢¢L-G)

program for OSP3(@@L into one compatible to OSPS@@L-G/0SP5(@@L-GC.
However, this function cannot convert all OSP3(@@L part programs; some

minor (not explained in the Programming Manual) or special specifications

cannot be converted.

Generally, program items not explained in this section are output in the
original OSP3(J()YL form even after passing through the tape convert.

Therefore, specifications not listed as convertible among those modified
according to the change of the control from OSP3@¢@L to OSP5(¢L-G/
0SP5(@L-G are not accepted or executed by OSP5(@L-G/0SPS5(G@JL-G.

Inconvertible Specifications:

Specifications

0SP3@@@L

0SP5(@L-G/0SP5(@@L-G

Programming Format

Command value "@"

Value "@'" is omissible
and just "X" or "Z2" is
acceptable.

Value "@" is not omis-
sible and program must be
made as "@" and "Z@".

placed at
a block.
after the
ignored.

any position in
The commands
slash code are

NO@1 GO¢ X100 /z10¢

+/- sign "+" and "-" signs may be | The signs must be placed
placed at any position right before the numeral
before the next address value as below:
character. See example
below:
X10@-21+¢¢ X-10¢ z+10¢
Space Spaces may be placed at Spaces must not be placed
any position. See between numerals or be-
example below: tween numerals and chara-
cters:
X1 ¢ z 1 0¢ X1¢ ¢z 100
(not permissible)
M@2 Leading zero is omissible | Leading zero is not
and '""M2" is acceptable. omissible and the code
must be given as "M@2".
/ (slash) The slash code may be The slash code must be

placed either at the
beginning of each block
or right after a sequence
number. Otherwise, it is
interpreted as a division
calculation.

N@@1l /GUg X10¢ z1¢¢
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Specifications

0SP3¢gL

0SP5@@L~G/0SP5(@FL—G

Programming Format

% code

Commands may be program-—
med in the first sequence
following the % code.

% N@@gl Gcgg ...

The % code must be
followed by an end of
block command, LF or CR.

% CR (LF)
NGG1l cog ...

Thread Cutting

8 times F command

Combined with M27, a
thread lead is programmed
following address
character F in 8 times
the actual lead.

Fooo M27

19 times F command

Combined with M28, a
thread lead is programmed
following address
character F in 1( times
the actual lead.

Fooo M28

Codes M27 and M28 cannot
be programmed since
numerical values smaller
than (.@@l mm are
programmable.

Fo.ooo000

Designation of
reference axis of
thread lead

For a thread having an
angle of 45 deg. or
larger to Z-axis, its
lead is referenced to
X-axis.

Code M27 is used to
change reference axis of
thread lead from Z-axis
to X-axis.

Simultaneous 4-axis
Cutting

Gl3 and Gl4

Axis movement commands
and other commands can be
programmed in the same
block containing G13 or
Gl4 selecting the turret
used for cutting.

Both G13 and Gl4 must be
specified in a block
independently.

M@@ and M@1

These M codes may be
programmed only for one
turret.

These M codes must be
programmed for both
turrets A and B.

Mirror Image

Gl3 and Gl4

Axis movement commands
and other commands can be
programmed in the block
containing G13 or Gl4.

Both G13 and Gl4 must be
specified in a block
independently.
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Specifications

0SP3¢@gL

0SP5((¢L-G/0SP5(@@L-G

Nose Radius
Compensation

)

tart-up

NG GO@ X¢ z¢
N1 G42 X1 Z1
N2 G@l1 X2 z2 F1

PQ(XQZ@)

Py (XpZy) P1(X;2)

With the commands in
block N1, the cutting
tool is positioned so
that the tool nose comes
to contact both straight
lines P@P1 and P1P2.

Py (XgZg)

Py (X7Z2) 21321

With the commands in
block N1, the cutting
tool is positioned so
that the tool nose comes
to contact the straight
line PI1P2 at point Pl.

LAP

Sequence branch

Sequence to which jump or
branch is made after the
completion of rough or
finish cutting cycle is
specified following
address character Q.

Since commands of contour
or shape definition,
rough cutting cycle, and
finish cutting cycle are
independently programmed,
no sequence branch func-
tion is available.

Inconvertible special specifications of OSP3@@@L

-~ Parameter program (user task)
- Tool life management
- Gauging functions (work gauging, tool gauging, post—-process gauging)

— Robot

— Programmable tailstock function

— Bar feeder

- Multiple machining model (C-axis linkage, C-axis commands, fixed cycle)

— Scheduled operation
- Overload detection on Z-axis

Other functions available only on a specific model and machine designed

for custom-use generally cannot be converted.
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SECTION 17 TAILSTOCK SPINDLE ADVANCE/RETRACT FUNCTION BY M CODES

17-1.

17=2

— With Confirmation Limit Switch -
M CODES USED FOR ADVANCING/RETRACTING TAILSTOCK SPINDLE

M55 & e Tailstock spindle retract
M56 ...... Tailstock spindle advance

Selected mode is not influenced by turning on the control or by resetting
tt.
For the two-saddle models, the M codes above may be designated at either

G13 or Gl4 mode.

The time duration in which the tailstock spindle advance should be
completed after the tailstock in-position signal has been input during the
tailstock spindle advance movement, commanded by the M56 code, is set by
parameter (word) No. 14 in increments of (.1 seconds. The loading of the
NC control software sets this time at (.8 seconds.

ALARM MESSAGES
138 ALARM-A Tailstock spindle advance answer

In-position answer signal is not input within 5 seconds after the
tailstock spindle advance command M56 has been executed.

Index : None
Character-string: None
Code 3 2

139 ALARM-A Tailstock spindle over advance

The tailstock spindle over-advanced during program execution.

EC input #6 Bit 5 | Bit 4 | Bit 3
U 0 1
Index 3 None
Character-string: None
Code : 1
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464 ALARM-B Tailstock spindle over-advance

The tailstock spindle over-advanced.

EC input #6 Bit 5 | Bit 4 | Bit 3
0 [ 1
Index - None
Character-string: None
Code z 1

140 ALARM-A Tailstock spindle conditicn illegal

The spindle rotation command is designated while the tailstock spindle
is not advanced for shaft work, or 1ot retracted for chuck work.

The tailstock spindle is shifted from the correct position in shaft
work while the spindle is rotating.

The tailstock spindle is shifted from the retraction end position in
chuck work while the spindle is rotating.

The tailstock spindle advance or retraction command (M55 or M56) is
designated for chuck work or while the spindle is rotating.

The alarm does not take place when the interlock function is canceled

Index § TURRET or None
Character-string: None
Code : R Spindle rotation command is

designated. M55 or M56 is
designated for chuck work.

2 e The tailstock spindle is shifted
from the correct position. M55 or
M56 is designated while the spindle
is rotating.

Note 1: The confirmation limit switch is not used for the U.S.A. specifi-
cation.

Note 2: The LH55-N is not provided with this function to assure safety of
operations.
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SECTION 18 SCHEDULE PROGRAM

18-1.

18-2.

OUTLINE

The schedule program is used for performing machining of various types of
workpieces continuously and automatically when these workpieces can be
loaded and unloaded automatically by the robot, the autoloader or other
material handling equipment. By combining the schedule program with the
machining programs, continuous and automatic machining can be accomplished.

The following statements are included in a schedule program:
(1) Statement for selection the main program ..... PSELECT

(2) Statement for specifying the order of
schedule program block execution ....eeeveee.. IF, GOTO

(3) Statement for setting variables .......eeeeon. VSET
A schedule program can be made using the statements indicated above, and
various types of workpieces can be machined automatically and continuously

by executing the schedule program.

For operation procedures on schedule program execution, please refer to
Section 4-1-6 in the Operation Manual.

PROGRAMMING

(1) Statement for selecting the main program for execution (PSELECT):

Using the statement PSELECT, program the main program name and the
subprogram name to be executed along with the number of repetitions of
the called program.

As shown below, the SHAFT.MIN file contains an OSHTI1 machining
program, and a SHAFT.SUB file is provided for the subprogram called
from that program.

File name: SHAFT.MIN

OSHT1

G13 File name: SHAFT.SUB
OSHTS
G gg X Z

CALL OSHTS RTS

M@2
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Program as follows for executing the machining program "n" times.

PSELECT SHAFT.MIN OSHTl. SHAFT.SUB Qn.
]

Number of repetitions

Name of file com-
prising subprogram

Machining program

Name if file com-
prising the required
machining program

Note: When the program is to be executed one time, it is not
necessary to program a Q command.

Command Q9999 causes the program to be repeated infinitely.

Statement for specifying the order of schedule program block execution
(IF, GOTO)

The IF statement causes a jump to the specified sequence number or
name if the indicated conditions are fulfilled.

N@1¢ IF[V3 EQ 1¢] N@2¢ (Jump is made to N@2¢ when the numerical
value assigned to the variable V3 equals
1¢. Otherwise, the block following N@1¢
is executed.)

N@2@ PSELECT

The GOTO statement causes a jump to the specified sequence number or
name.

N@1@ GOTO NQ@2¢ (Jump is made to N@2d.)

N¢2¢ PSELECT

Note: Conditions stated following the IF statement can contain
EQ (=), NE (=), GE (>), GT (>), LE (X), and LT ().
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(3) Statement for setting variables (VSET)

This is the statement for assigning common variables VI through V32.

v7

V1

Vé

(4) End

o e wsosesies Assignment of numerical value 1 to variable V7

Il
=
~I
+
—

......... Assignment of numerical value of "V7+1" to
variable V1

Vg + V11 ...... Assignment of numerical value of "V1g+V11" to
variable V6

of schedule program (END)

Program the END statement at the end of a schedule program.

N@@l PSELECT

N@g2

18-3. PROGRAM

Ngg1
NG@2
N@g@3
N@g4
Ng@5
N@@6
N@@7
NG@8
NG@9
Ng10

Explanat

NO@1:
N@@2:
N@@3:
N@@4
N@@5:

¢ END

EXAMPLE

VSET V1=(¢

PSELECT SHAFT.MIN,OSHT1,SHAFT.SUB,Ql(@
VSET V1=VI1+1

IF [V1 GT 1] N@@7

PSELECT SHAFT.MIN,OSHT2,SHAFT.SUB,Q5¢
GOTO N@(8 _

PSELECT SHAFT.MIN,OSHT3,SHAFT,SUB,Q2((¢
IF [V1 GT 2] NQ1¢

GOTO N@@2

END

ion of example program:

Variable V1 is assigned with numerical value zero (V1=().
Machining program OSHT1 is executed 10§ times.

Variable V1 is set to "VI1+1" (V1=V1+1).

If V1 is greater than 1 (V1 > 1), the sequence jumps to N@@7.

Machining program OSHT2 is executed 5@ times.
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SECTION 19 LATHE AUTO-PROGRAMMING FUNCTION (LAP)

19-1.,

GENERAL DESCRIPTION

LAP (Lathe Auto-Programming) is the function to make full use of high-speed
processing capability which characterizes the OSP5@(L-G/0SP5((()L-G series.
With this function, the control automatically generates tool path to pro-
duce the required part contour.

In this function the program comprising, dimension data of the final con-
tour to be finished including rough cut conditions is prepared as the
Contour Definition Program; when it is called out with the cutting con-
ditions specified, the control automatically generates tool path for
respective rough cut cycles, and then finish the workpiece to the
programmed dimensions.

This feature permits the programmer to complete the part program simply by
picking up the dimensions specified in an engineering drawing and, there-
fore, it simplifies programming as well as it reduces programming time;
this furthermore facilitates tape check procedure and also tape punch pro-
cedure.

Various cutting modes available with the LAP can cope with any type of
cutting intended.

Features of LAP are:

(1) No special programming language is needed. The same programming
manner as in conventional programming technique can handle the LAP
“function.

(2) Tape preparation time can be greatly reduced.

(3) Programming for rough cut cycle can be eliminated, and this simplifies
manual calculation while programming.

(4) Change of cutting conditions such as depth of cut and feedrate is
possible during rough cut cycle.
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19-2. CLASSIFICATION OF FUNCTIONS

19-2-1. Classification of Cutting Cycle

2452-E

AP Mode I  .....ivv.enn for bar turning
AP Mode II .....c00v.. for copy turning on forged workpieces
AP Mode TII .uicevrcans for thread cutting

Longitudinal Cutting Mode

Transverse Cutting Mode

P=233

AP Mode I

AP Mode II

AP Mode III

/) /

PELEPTET T

X
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19-2-2. G Code Used to Designate Cutting Mode

G85:

G84:

G86:

G87:

G88:

AP Mode I

Used to call out bar turning rough cut cycle.
Change of rough cut conditions for bar turning
AP Mode II

Used to call out copy turning mode.

Finish cut cycle

Used to call out finish cut cycle.

AP Mode III

Used to call out continuous thread cutting cycle.

2452-E P-234

The above indicated G codes calling out AP modes are used in combination
with the G codes provided below, which are used to indicate direction of

AP mode cycle cutting execution (contour specification):

G82:

G81: Start of longitudinal contour definition

G8@: End of contour definition

Start of transverse (on end face) contour definition
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19-3. PROGRAM FORMAT

19-3-1. G Codes

G Code Description

G8( End of contour definition

G81 Start of contour definition, longitudinal
G82 Start of contour definition, transverse

G84 Change of rough cut conditions, bar turning
G85 Bar turning rough cut cycle

G86 Copy turming cycle

G87 Finish cut cycle

G88 Continuous thread cutting cycle

19-3-2. M Codes

M Code Description

M32 Straight infeed along thread face (on left face) in G88
M33 Zigzag infeed in G88

M34 Straight infeed along thread face (on right face) in G88%
M73 Infeed pattern 1 in G88

M74 Infeed pattern 2 in G88

M75 Infeed pattern 3 in G88

* Not available with the A-specification.

19~3-3. Parameters

Parameter Description

D Depth of cut in rough cut cycle
1) Alarm
2) D> ¢

DA Depth of cut after rough cut conditions change point A
1) DA =D
2) DA > ¢

DR Depth of cut after rough cut conditions change point B
1) DB = DA
2) DB > @

FA Feedrate after rough cut conditions change point A
1) FA=F
2) FA > ¢
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Parameter Description

FB Feedrate after rough cut conditions change point B
1) FB = FA
2) FB > @

E Feedrate in rough cut cycle along finish contour
1) F active at entry of LAP mode
2) E> ¢

XA X coordinate of rough cut condition change point A
1) No change of cutting conditions
2) | xa] < 99999.999

XB X coordinate of rough cut condition change'point B
1) No change of cutting conditions at point B
2) | xB | < 99999.999

ZA Z coordinate of rough cut condition change point A
1) No change of cutting conditions
2) | za| < 99999.999

ZB Z coordinate of rough cut condition change point B
1) No change of cutting conditions
2) | zB| < 99999.999

U Stock removal amount in X-axis direction for finish cut

cycle

1) u=4
2) U>4¢

W Stock removal amount in Z-axis direction for finish cut

cycle

1) w=4g¢
2) W>4

H Thread height in G88 thread cutting cycle
1) Alarm
2) H> ¢

B Tip point angle of thread cutting tool in G88

1) B=g¢
2) @ < B < 18¢°

1) Default
2) Restriction on numeral data specification.
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Note 1:

Note 2:

Note 3:

Note 4:

2452-E  P-237

The following words should be specified in incremental values.
D, DA, DB, U, W and H

D, DA, DB, XA, XB, U and H words should be commanded in
diameter.

In thread cutting cycle using the M73 pattern, "H - U" must be
greater than or equal to D:

When more than one alphabetic characters are used in succession,
the control interprets such expression as a variable.

Therefore, it is necessary to use a delimiter for extended
address characters:

DA=, DB=, FA=, FB=, XA=, XB, ZA= and ZB=
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19-4. EXECUTION MODE OF LAP

19-4-1. G85: Bar Turning Cycle

Format
Y0103 G83 WPl D E U W e
NG1¢3: Sequence number
G85 G code calling out bar turning cycle
To be provided right after sequence number (name)
NLAP1: Sequence name in the first block of contour defining blocks
Blank: Enter either tab or space code
D 'Depth of cut in rough cut cycle
F Feedrate in rough cut cycle
U Stock removal in finish cut cycle, X component
W Stock removal in finish cut cycle, Z component
G84 Change of rough cut conditions

With the commands above, the control starts searching of contour defini-
tion program beginning with the sequence name NLAPl. After assigning
parameter data of D, F, U, W and G84 for NLAPl, the control starts bar
turning cycle.

Note 1:

Note 2:

Note 3:

Note 4:

No S, T or M code may be provided in the G85 block.

D word is used to specify depth of cut in rough cut cycle. When
the command indicating change of cutting conditions is provided,
the D word is effective up to such point, XA and ZA.

D word which has a positive value must be provided in the G85
block without fail, if not, i.e., if the numeral data of the D
word is not positive, or if it is omitted, an alarm results.

F word is used to specify the feedrate in rough cut cycle. When
the command indicating change of cutting conditions is provided,
the F word is effective up to such point, XA and ZA.

If no F word is provided in the G85 block, the feedrate ef-
fective before the execution of the G85 block is effective.

F word must be positive. If not, an alarm results.
When U and/or W word is not provided, U and/or W is assumed g,

U and W words must be positive or zero. If not, an alarm
results.
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19-4-2. G84: Change of Cutting Conditions in Bar Turning Cycle

Format
N coven. G85 N couen
$ G84 XA=(ZA=) DA= FA=
$ XB=(ZB=) DB= FB=
) L 1 L ] TR |
(1) (-2} (3) (4)
(1): Indicates that the commands are continuous.

(2): Specifies the point where cutting conditions are changed.
(3): Depth of cut after cutting condition change point
(4): Feedrate after cutting condition change point

These commands should be programmed in the block containing G85 calling
out the bar turning cycle. Since the number of characters in one line
will be very large if these commands are specified in the same one line
with the commands directly associated with G85, they are provided in dif-
ferent lines preceded by "$" character which indicates that the commands
in these lines belong to the same block.

With these commands, cutting conditions can be changed from the desired
point(s) during rough cut cycle from the desired point(s). If change of
cutting conditions is not necessary, omit them. .

Note 1: G84 and following commands must be provided after "N ..... G85
N o ", if any.

Note 2: For OD turning, coordinate values of "LAP starting point",
"rough cut condition change point A" and "rough cut condition
change point B" must be provided so that they become smaller in
this order. For ID turning, they should be provided so that
they become larger in that order.

Note 3: 1If rough cut condition change point A and B both exist within a
range where cut is made present position, the rough cut cycle
after the infeed of D is carried out under the conditions of FB
and DB.

Note 4: 1If tool path exceeds XA when cutting cycle is performed with the
depth of cut D from the present position, the cycle is performed
with D provided the present position is outside XA, and with DA
when the present position is on XA.

Note 5: In lomgitudinal cutting, ZA= and ZB= commands may not be pro-
vided. In transverse cutting, XA= and XB= commands may not be
provided, either.
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19-4-3., G86: Copy Turning

Format
NO123 G86 NAR2 D F U W
N@123: Sequence number
G86 G code calling out copy turning cycle
To be provided right after sequence number (name)
NLAP2: Sequence name in the first block of contour defining blocks
Blank: Enter either tab or space code
D Depth of cut
F Feedrate
U Stock removal in finish cut cycle, X component
W Stock removal in finish cut cycle, Z component

With the commands above, the control starts searching of contour defini-
tion program beginning with the sequence name NLAP2. After assigning
parameter data of D, F, U and W of NLAP2, the control starts copy turning

cycle.
Note 1:

Note 2:

Note 3:

Note 4:

No S, T or M code may be provided in the G86 block.

D word is used to specify depth of cut in each cycle and must be
provided in the G86 block without fail.

D word value must be positive. If not, an alarm results.

F word specifies the feedrate for the blocks until an E word is
provided in the contour definition program.

If no F word is provided in the G86 block, the feedrate effec-
tive before the execution of the G86 block is effective.

When U and/or W word is not provided, U and/or W is assumed "@".

U and W words must be positive or zero. If not, an alarm
results.
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19-4-4, G87: Finish Cut Cycle

Format
N@2¢3 G87 NLAP1 U W
1 [ { PRI R N | | S

N@2@3: Sequence number

G87 : G code calling out finish cut cycle
To be provided right after sequence number (name)

NLAP1l: Sequence name in the first block of contour defining blocks

Blank: Enter either tab or space code

U : Stock removal in finish cut cycle, X component

W : Stock removal in finish cut cycle, Z component
With the commands above, the control starts searching of contour defini-
tion program beginning with the sequence name NLAPl. After assigning
parameter data of U and W of NLAPI, the control starts the finish cut
cycle.

Note 1: No S, T or M code may be provided in the G87 block.

Note 2: As a feedrate, the one provided in the contour definition
program is effective.

If no F word is provided in the contour definition program, the
feedrate effective before this block becomes effective.

NOTE THAT THE G87 BLOCK CANNOT CONTAIN AN F WORD.
Note 3: When U and/or W word is not provided, U and/or W is assumed "@".

U and W words must be positive or zero. If not, an alarm
results.
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19-4-5. G88: Continuous Thread Cutting Cycle

Format

N¢143 G88 NLAP3 D H B U W M32 (M33, M34) M73 (M74, M75)
[N} ] L (.} L ] L I

N o NS Y S

N@143

G388

NLAP3

Blank

U

W

Sequence number

G code calling for continuous thread cutting cycle
To be provided right after sequence number (name)

Sequence name in the first block of contour defining
blocks

Enter either tab or space code

Depth of cut

Height of thread to be cut

Tip point angle of thread cutting tool

Stock removal in finish cut cycle, X component

Stock removal in finish cut cycle, Z component

M32 (M33, M34): Cutting mode

M73 (M74, M75): Infeed mode

With the commands above, the control starts searching of the contour
definition program beginning with sequence name NLAP3. After assigning
parameter data of D, H, B, U, W, M32 (M33, M34) and M73 (M74, M75) for
NLAP3, the control starts the thread cycle.

Note 1:

Note 2:

Note 3:

No 8, T or M code may be provided in the G88 block.

D word is used to specify the depth of cut in the first thread
cutting cycle. After that the depth of cut in each thread
cutting cycle varies according to the selected infeed pattarn.

D word which has a positive value must be provided in the G88
block without fail. If not, i.e., if the numeral data of the D
word is not positive, or if it is omitted, an alarm results.

H word must have a positive value and must be specified in the
G88 block without fail. 1If not, i.e., if the numeral data of
the D word is not positive, or if it is omitted, an alarm
results.

H value must be greater than U and/or W value. If not, an alarm
results.
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Note 4: B word specifying the tip point angle of thread cutting tool
must have the value within a range of § deg. to 180 deg.:

g° < B < 18¢°
When no B word is provided, it is assumed "(".

Note 5: M32, M33 and M34 are used to select cutting mode:

M3 canes straight infeed along thread face (on left face)
M33 ..... zigzag infeed in G88
M34 ;e straight infeed along thread (on right side)

When neither M32, M33 nor M34 is provided, the control selects
the M32 infeed mode.

Note 6: M73, M74 and M75 are used to select infeed pattern. When no
such M code is presented, the M73 pattern is automatically
selected. 1In the M73 pattern, "H - U" must be greater or equal
to ''D".

If not, an alarm results.

OKUMA MACHINERY WORKS LTD.



P-244

2452-E

(24 [

)
41

+Z

7
S5 \\

lllll ! €L +X
...... S I
(X'?Z)
“aa @3\: 19 m%{m\ y 3
0L

SC U £ 4

ce
L 4 ri
%, E\ 79 mw/ (9%92) (PX'PZ) ad
o JH P 99 68 vi
I
% & mw gy 8¢
(/p|68 : ge
uﬁ s 4\ Vi / 14 s 12 Vi 32
2s 18 pd e
WA_‘Q o 9% \ tmE 12 92
g | VXl oy ez
\m /|81 \\WF
.5 8
F d —
2
%l
2
NI - .ml —-H 7
o |/ 1
e I
T ]9
(SX*'szZ)) -

uorirsod Surjlaeis gy
Iy
"

J
X(1X*1Z)

uotjrsod @8ueyo ToO]

Sutuan] Teurpn3iTtduo] - weidoiqd pue Yied 1001 (1)

WVED0¥d ONV SNOILINAA dVT 40 NOILVNVTIAXHE °"G-6T1

(Sutuany 1eg) I 9POW dV "T-G-6T

OKUMA MACHINERY WORKS LTD.



NLAP1 G8l1
NGGd1  Gog
N@@Eg2 Gyl
N@@@3
N@@@s  G@3
N@@g@s  G@1
N@gge
NG@@7
NGg@8 c8Q
N@1g1l Ggg¢
N@g1g2
N@1¢3 G85
$ G84
$

N@2¢1 Gcgg
N@2@2
N@203 G87

Contour Definiti

Xa Za
Xb Zb
Xc Zc
Xd 2Zd 1Ia Kd
Xe Ze
Xt zZf
Xg Zg

on
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——————=Feedrate and spindle speed for finish
cut cycle

Feedrate for rough cut cycle, rough
cut along contour

-———r———— Start of contour definition

—h—

Sd Ed
Se Ee
Sg Eg

———————————————————— End of contour definition

Rough Cut Cycle

= Depth of cut and feedrate up to Point
A (XA)

Stock removal amount in finish cut
cycle

Tool change point

Xt Zt Starting point of AP

Xs Zs STM S, T and M for rough cut cycle
FEL == Calls for rough cut cycle

NLAP1 D F U W Continued line; Point XA

XA= DA= TFA= cutting condition change point

XB= DB= FB= Continued line; Point XB
\—"1’—"

Finish Cut Cycl

Xt 2t
STM
NLAP1

cutting condition change point

e

—= Depth of cut and infeed amount from
Point A/B (XA/XB)

Tool change point
S, T and M for finish cut cycle
Calls for finish cut cycle
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(2) Tool Path and Program - Transverse Cutting

Tool change
_ - position
=k (BeaXe)

/ .
| AP starting

(Zc. Xe)

]
]

(Zd,Xd) )

34

X+

(Z£,Xf)

11

position
(zs, Xs)
5
(Zg . Xg)

P-246
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NLAP2
N@@21
N@@22
N@@E23
N@@24
N@@25
N@@26
N@@g27
N@@28

Ng111
N@g112

N@113

N@211
N@212
N@213

2452-E P-247-R5

Contour Definition

= Feedrate and spindle speed for
finish cut cycle

=Feedrate for rough cut cycle, rough
cut along contour

G82 ——m e Start of contour definition
GU¢§ Xa Za —r
Gl Xb Zzb Fb Sb Eb
Xc Zc Fe Se Ec
Xd Zd Fd Sd Ed
Xe Ze Fe Se Ee
Xt Zf
Xg Zg Fg Sg Eg
Bl e e e S 3 R End of contour definition

Rough Cut Cycle

Depth of cut and feedrate up to
Point A (ZA)

Stock removal amount in finish cut
cycle

Tool change point

GO@ Xt Zt Starting point of AP
Xs Zs STM S, T and M for rough cut cycle
ey iy Calls for rough cut cycle
G85 NLAP2 D F U W Continued line; Point ZA
G84 ZA= DA= TFA= cutting condition change point
ZB= DB= FB= Continued line; Point ZB
G s

cutting condition change point

—= Depth of cut and infeed amount from
Point A/B (ZA/ZB)

Finish Cut Cycle

G@@g Xt Zt Tool change point
STM 8, T and M for finish cut cycle
G87 NLAP2 Calls for finish cut cycle
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(6) Outline of Bar Turning Cycle

a) Rough cut cycle in longitudinal cutting

1)

2)

3)

With the commands in block N@1(Jl, positioning at the tool
change point 1is performed.

With the commands in block N@1¢2, S, T and M commands for
rough cut cycle are selected, and then positioning at the
LAP starting point is performed.

When no S, T or M commands are provided in this block, those
selected in the preceding block(s) become effective.

With the NAP1 command in block N@1@3, the control searches
the program assigned with the program name NLAP1. Rough cut
cycle in bar turning mode is performed on this program.

In the same block, cutting conditions for rough cut cycle
are also specified.

D swivaia o depth of cut

F aaena feedrate

1 X component of finish allowance
W oeeono Z component of finish allowance

When cutting conditions are to be changed during rough cut
cycle, provide the following commands with G84.

XA .... X coordinate of cutting condition change
point A

DA .... depth of cut after point A

FA .... feedrate after point A

If cutting conditions are to be changed again, further pro-
vide the following commands.

XB .... X coordinate of cutting condition change
point B

DB .... depth of cut after point B

FB .... feedrate after point B

Cutting condition change point(s) must be programmed in the
block containing G85. For clear programming, commands asso-
ciated with such point(s) are provided in different lines,
each line preceded by the $ character which indicates that
the line following it continues the preceding line.

When an F word is not provided in this block, the feedrate
commanded last becomes effective.
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5)

Final contour

2452-E P-249

Point data of cutting conditions change point(s) must become
smaller in the order of the AP starting point, XA and XB
when OD turning is intended. 1In the case of ID turning,
they must become larger in that order.

Upon reading the commands in block N@@@l, the control calcu-
lates the intersection point of the following two straight
lines. The line parallel to Z-axis running at "Xs - D/2"
and the one passing the two points (Xs, Zs) and (Xa + U, Za
+ W). Positioning at the calculated point A (Xp, Zp) is
then performed.

Select the AP starting point (Xs, Zs) with respect to the
coordinate point (Xa, Za) to meet the following
requirements:

Xs < Xa for ID cutting
Xs > Xa for OD cutting

Lf too large a finish allowance U is taken to the degree
"Xa+U" falls outside "Xs" with respect to the workpiece, it
results in an alarm.

Cutting is performed in the G@l mode up to point B where the
straight line parallel to Z-axis and passing point A inter-
sects final contour of rough cut cycle. The feedrate in
this cutting cycle is as selected by the F word when rough
cut cycle is called out.

G@1

; A(Zp.Xp)
/
Final tool path in rough cut cycle

L——

m Usp  (Za+W.Xa+U)

(Za,Xa) ‘l‘("_
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After point B is reached, cutting is then performed along
the final contour of rough cut cycle up to the point whose X
coordinate is Xb+D. If G8(¢ indicating end of contour defi-
nition is existent before such point is reached, cut along
the final rough cut contour is performed up to the point
specified in the block preceding the G8@ block.

Feedrate in this cut is as specified by E which is provided
in a contour definition program. If no E word is provided
in the corresponding contour definition program, the one
specified last becomes effective. When an E word has not
been specified, the feedrate specified when calling out
rough cut cycle becomes active.

\//////4

After the completion of cutting explained in 6), the cutting
tool relieves from the workpiece in the direction opposite
to infeed direction along X-axis and toward Zs along Z-axis
as much as .1 mm on the respective axes (in diameter in the
case of X-axis).

g.1mm
@.1 on

///////ﬂl
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8) This completes the first rough cut cycle. Z-axis returns to

Zp determined in step 4) at a rapid traverse rate and then
X-axis to Xp.

Z-axis return

/
/

/
4

//d|

(Za.Xa)

9) The steps 4) through 8) are repeated up to the cutting con-
dition change point. After that point, the same cycle is
repeated with the depth of cut (D) and feedrate (F) changed.

Feedrate F D72 I/XA

Feedrate FA DA% /

Feedrate FB DB/2  /

v
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If cutting along a descending slope is performed in step 6),
and when contour to be cut exists below the point of cutting
(Xp), cutting is first performed along the contour until the
programmed depth of cut is reached and then it is performed
in parallel with Z-axis up to the point where the straight
line passing that point intersects the final rough cut con-
tour. Cutting along the parallel line is performed at the
feedrate specified by an F word (FA/FB).

I
D(DA, DB)/2 Feedrate Ea
Feedrate F(FA, FB)*

L

Steps 6) and 7) are repeated after that. Z-axis then
returns to the point where cutting along Z-axis is started
in step 10/). After the completion of positioning of Z-axis,
X-axis is positioned at the point, where previous cutting
cycle has been started.

Z—-axis return path

AN D
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Steps 1¢/) and 11) are repeated until the most recessed sec-
tion along X-axis is cut. After the final cutting on such
section, both X- and Z-axis relieve as indicated before, and
then positioning of X-axis is made at the point having coor-
dinate value '"the first cutting level along the descending
slope + (D + (J.1)" mm. Z-axis returns to the point which
has the coordinate value as that of the point from which the
cutting cycle of the descending slope has started with depth
of cut D. Positioning of X-axis at that point is then exe-
cuted.

After completing the cutting along the descending slope,

cutting before starting such cutting is resumed and steps
after 4) are repeated.

(Zs.Xs)

13)

Ist path with depth of cut [}2 /
"D" in curret i .

descending slope /
cutting
J

€ Feedrate Ef /

LILF ST /

The steps indicated before are repeated until X-axis reaches
the level where tool path is generated below "Xa + U" if
ordinary infeed along X-axis is taken. When such level is
reached, the final rough cutting is carried out along the
contour up to point B leaving finish cut allowance.

The feedrate in cutting along the final rough cut contour is
the one specified by the E word.

Final contour of
r rough cut cycle
u?
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14) At the completion of step 13), the axes return to the AP

starting point (Xs, Zs).

There are two patterns of axes return motion as:

Simultaneous two axes return when the first block of the
contour definition program (the block following the one con-
taining either G81 or G82) is controlled in the G@§ mode, or

Positioning along X-axis is made first and then Z-axis
returns to the AP starting point when the above indicated

block is in the G@1 mode.

Z—-axis return path when
N@@P1 is in G@l mode AP starting

X-axis return path
when N@F@F1 is in GQI
mode

point
(Zs, Xs)

Axes return path when
NAOP1 is in GO mode

(Za+W.Xa+U)

B

(Za,Xa)

If the N@@@l block has neither G nor GUl, the return operation

is carried out assuming G@(@.

This completes a rough cut cycle.
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Finish cut cycle in bar turning

With the commands in block N@2@1, positioning at the tool
change position is performed.

With the commands in block N@2¢2, S, T and M commands for
finish cut cycle are selected.

With the NLAP1 command in block N@2@3, the control searches
the program assigned with the program name NLAPl. Finish
cut cycle in bar turning mode is performed on this program.
The finish cut cycle is performed following the dimension
data provided in the contour definition program in the spec-—

ified cutting conditions for the finish cut cycle.

After the finish cut cycle is completed, the commands in the
block following N@2@3 are executed.

on bar turning

both U and W words are specified for descending slope

cutting, overcutting will occur on slopes. Therefore, never
program those commands at the same time when cutting descending
slopes.

For longitudinal cutting, use only a U word and only a W word
for transverse cutting.

With U or W word presented, X- or Z-axis is constantly offset
depending on the specified word.

b)
1)
2)
1)
4)
5)
(4) Remark
a) 1If
b)

Maximum allowable number of descending slopes in the AP Mode I

The maximum programmable number of descending slopes is ten

(19).

—

For the shape illustrated above, the number of descending slopes

is

five. If more than ten descending slopes are programmed, an

alarm results.
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19-5-2. AP Mode II (Copy Turning)

(1) Tool Path and Program - Longitudinal Turning

y 4 Tool change position
77 (24Xt
5 s
///‘\\\\\\ . 2
il
i T 12 / o
13 -7,
A starting
7 8 Ee 1 ':position D
(Zc.Xe) 11 2 Eb Clasxs) (D
! D
TR / 72
X+ Ec H——— = — —
14 Eb /
/
o // / v %
Fb (Za.Xa)
7+ (Zb,Xb)

Contour Definition

= Feedrate and spindle speed for finish
cut cycle

Feedrate for rough cut cycle, rough
cut along contour

NAP2G G8l ———— | | —— Longitudinal of contour definition
N@2¢1 G@¢ Xa Za PEER S

N@2¢2 G@gl1 Xb zb Fb Sb Eb

N@2@3 Xec Zc Fc Sc Ec

R o e L — End of contour definition

Rough Cut Cycle

Depth of cut

Stock removal amount in finish cut
cycle
N@g121 G@¢ Xt 2zt Tool change position
N@122 Xs Zs STM Starting point of AP
e S, T and M for rough cut cycle
N@123 G86 NAP2(¢ D UW Calls for rough cut cycle

Finish Cut Cycle

Tool change point

N@221 G@U¢ Xt 2zt S, T and M for finish cut cycle
N@222 STM
N@223 G87 NAP2(¢ Calls for finish cut cycle
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NAP3(
N@3@1
N@3¢2
N@30¢3
N@304

N@131
N@132

N@133

N@221
N@222
N@223

2452-E P-257-R5

Tool change

(2) Tool Path and Program - Transverse Cutting _7® position
= :
o (Zt.Xt)
s
-7 -
AP starting position
s /(:{-}--{5)

L3/2 <(Za.){a)

Fb

12 |8 4

(Zb,Xb)

X+

(Zc,Xc)

Contour Definition

= Feedrate and spindle speed for finish
cut cycle

G82 - ———— — — — —_ End face of contour definition
GUg Xa Za ——
G@l Xb zb Fb Sb
Xe Zc Fec Sc
215 P S S S S End of contour definition

Rough Cut Cycle

—— Depth of cut and feedrate

= Stock removal amount in finish cut
cycle

GU¢ Xt 2zt Tool change point

Xs Zs STM Starting point of AP

: ; S, T and M for rough cut cycle

G86 NAP3( DF UW Calls for rough cut cycle

Finish Cut Cycle
GUg Xt 2zt Tool change point

STM S, T and M for finish cut cycle

G87 NAP3(@ Calls for finish cut cycle
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(3) Outline of Copy Turning Cycle

a)

Rough cut cycle in longitudinal cutting

1)

2)

3)

4)

With the commands in block N@121, positioning at the tool
change position is performed.

With the commands in block N@122, S, T and M commands for a
rough cut cycle are selected and then positioning at the AP
starting point is performed.

When no S, T or M commands are specified in this block,
those selected in the preceding block(s) become effective.

With the NAP2() command in block N@123, the control searches
the program assigned with the program name NAP2(). Rough cut
cycle in the copy turning mode is performed on this program.

In the same block, cutting conditions for rough cut cycle
are also specified:

D ..... depth of cut
| . X component of finish allowance
W oewems Z component of finish allowance

Program also F word if required. When no F word is pre-
sented in the contour definition program, either, the
feedrate commanded last becomes effective.

Upon reading the commands in block N@2@1 in the contour
definition program, the control calculates the point of
intersection of the following two straight lines. The line
parallel to Z-axis running at "Xs - D/2" and the one passing
the two points (Xs, Zs) and (Xa + U, Za + W). Positioning
at the calculated point A (Xp, Zp) is then performed.

Along with the positioning, the control calculates the
distance (XOFF, ZOFF) between these two points (Xp, Zp) and
(Xa + U, Za + W).

Xp = Xs - D

Zp = Za + W + (Zs - Za - W) (1 - D/(Xs - Xa - U))
XOFF = Xp - (Xa + U)
ZOFF = Zp - (Za + W)
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See explanatory illustration below:

IXOFF./2

/

(Za,Xa)

If too large a finish allowance U or W is commanded, causing
the infeed direction to be reversed and an alarm occurs

5) Cutting is started from (Xp, Zp) to the target point (%*1)
calculated by the OSP5(¢@L-G/0SP5(¢(¢L-G.

Target point (¥1): The point obtained by offsetting the
points commanded in the contour defini-
tion program in parallel with respective
axes as much as (XOFF + U, ZOFF + W).

Cuttlng is performed at the feedrate specified by an E word
in each block of the contour defining blocks.

/

Feedrate ke, %)

Ec

(Zp.Xp)
XOFE@

Contour definition

ZOFF — U2
(Zb.Xb) (Za.Xa) \v
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6) Step 5) is repeated up to the contour definition ends (G8(
active).

Z-axis then returns to the Z coordinate of AP starting
point, Zs.

Zs

AP starting
position
(Zs.Xs )

7) This completes one cycle of rough cutting. New ZOFF and
ZOFF are calculated and steps 4) through 6) are repeated.

8) The above indicated steps are repeated until the infeed
point reaches or exceeds '"Xa + U". At such point, the
control takes (@, () for (XOFF, ZOFF) and performs cutting
along the path offset from the specified contour by the
amount (U, W).

At the end of the defined contour, Z-axis moves to the same
Z coordinate position as the AP starting point and then X-
axis moves to the AP starting point.

Zs

AP starting
position
(Zs.Xs)

9) This completes the rough cut cycle and the block of commands
following N@123 is executed.
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b) Finish cut cycle

1)

2)

3)

4)

5)

With the command in block N@221, positioning at the tool
change position is performed.

With the commands in block N@222, S, T and M commands for
finish cut cycle are selected.

With the NAP2( command in block N@223, the control searches
the program assigned with the program name NAP2(). Finish
cut cycle in bar turning mode is performed on this program.

The finish cut cycle is performed following the dimension
data provided in the contour definition program in the spec-
ified cutting conditions for the finish cut cycle.

After the finish cut cycle is completed, the commands in the
block following N@223 are executed.
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19-5-3. AP Mode III (Continuous Thread Cutting Cycle)

(1) Tool Path and Program - G34 and G35 Mode

o e
(Zd.Xd) / \\

=

AP starting position(Zs,Xs)

X 3
’ < 8
3 g 2 .
(Zc.Xe) 18 i 7 K
23 ; 12 ;
. 17 ,
; = 57 T

(Zb,Xb) (Za.Xa)

Contour Definition

NAP4@ G81

N@G4Gl G@F Xa Za

N@4G2 G34 Xb Zb E F J
N@4G3 Xe Zc

N@4G4 GP1 Xd zd

N@4@5 G8¢

Programming Calling for Thread Cutting Cycle
N@l41  G@@ STM

N@142 Xs Zs
N@143 G88 NAP4Y  M32(M33, M34) M73(M74, M75) B H D U
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a)

b)

c)

2452-E  P-263-R5

Outline of continuous Thread Cutting Cycle

With the commands in NO141, S, T and M commands for thread
cutting are selected.

Positioning at the AP starting point (Xs, Zs) is carried out
with the commands in block NO142.

B, H, D and U words in block NO143 specify the data necessary
for thread cutting cycle.

| (— tip point angle of thread cutting tool
1 TR height of thread to be cut
D e sia depth of cut

U ..... stock removal amount for finish cut

Two types of M codes are used to select the mode of thread
cutting and tool infeed pattern.

G88 NAP40 calls out contour definition program and executes the
required thread cutting cycle (AP Mode III).

For details of thread cutting cycle, refer to (3).

Note 1: For thread cutting on end face, use G80 - G82 for
defining the thread contour as in AP Modes I and II.
Program M27 which selects reference axis of thread lead
on X-axis in G34/G35/G112/G113 block. Finish allowance
is specified by a W word instead of U word.

(3) Detail of Thread Cutting Cycle

a)

The data necessary for thread cutting cycle are as follows:

Thread Cutting in Thread Cutting in
Longitudinal Direction

Transverse Direction
(on End Face)

I

B : Tip point

H : Thread height f— H——~
D : Depth of cut in the 1lst cycle

W): Finish allowance
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M Code Specifying Thread Cutting Mode and Infeed Pattern

In the block calling for continuous thread cutting cycle, M
codes specifying thread cutting mode and infeed pattern should
be specified.

1)

2)

M code specifying cutting mode:

M32: s ue straight infeed along thread face (on left face)
M33 5 i6 i zigzag infeed
M34 5 i o straight infeed along thread face (on right face)

When neither of these M codes is specified, the control
automatically selects the M32 mode.

M code specifying infeed pattern:

M73 45 a Infeed pattern 1
Infeed is made by D (in diameter) in each thread
cutting cycle until the point D mm away from "H -
U (W)" position. After that point is reached,
infeed amount is changed as D/2, D/4, D/8 and
D/8, leaving finishing allowance U (W) if spec-—
ified. And in the finishing cycle, infeed is
made as much as the specified amount U (W).

When no U (W) word is specified, finishing cycle
is not performed.

M74 ..... Infeed pattern 2
Infeed is made by D (in diameter) in each thread
cutting cycle until "H - U (W)" position is
reached. After that, finishing cycle is carried
out with infeed amount of U (W). If no U (W) word
is specified, finishing cycle is not performed.

M75 i wan Infeed pattern 3
The depth of cut in the first thread cutting cycle
is "D", and that in the second thread cutting is
(Y2 -1) x D. [The depth of cut in the nth thread
cutting cycle is ({fn =fm-1) x D.] The thread
cutting cycle is repeated until "H - U (W)" posi-
tion is reached. When (/m -/n-1 ) x D becomes
smaller than U (W) during the cycle, infeed amount
to be taken after that becomes U (W). Finally,
the finishing cycle is performed with infeed
amount of U (W). If no U (W) word is specified,
finishing cycle is not performed.

Note: Since X commands are specified in diameter, actual
infeed amount id "D/2"

When no M code specifying infeed pattern is programmed, the
control automatically selects M73.
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With combining the M codes specifying cutting mode and infeed pat-—
tern, six types of thread cutting cycles are available for longitu-
dinal thread cutting cycle and transverse thread cutting cycle,

respectively.

1) Longitudinal Thread Cutting Cycles
M32 + M73 Mode
CuFtlng AD §s
peint remainder of
L e (H-1U)/D
D72
D72
H72
Ds2
/ AD/2
s S s
_____________________ E D716
BRI . eyt T — ) |
ur2
M33 + M73 Mode
Cutting point
_W—__ T
D 2
D 2
H72 (D+aD) 4
S o ____ %
(D4+aD) /4
4/ § 2T
_ __________ [sp/16 D716
? i S s g~ o
| AR - oo oot o —

OKUMA MACHINERY WORKS LTD.



2452-E P-266

M34 + M73 Mode

Cutting point

D/2

D2 \\\\

D/2 \
B I 4 H2
D/2 \\\

D/ 8 D /4 \

D16 + - { ..
DEIE e ———F T e e e :
T2 ——f X,

M32 + M74 Mode

—— Cutting point

D2

D2

D/2
A =

D-s2

D2
. U2
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M33 + M74 Mode

Cutting point

2452-E P-267

TN N 0% R | A f e
H-2

M34 + M74 Mode

Cutting point

- ——————

D2

AD/2 |
u/2

vr2
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M32 + M75 Mode

—Cutting point

—_—_———— NN NN NN e —_—— e —

1st cycle | ./Zp/2

e 2nd cycle
_________ 3rd cycle VnD/y
(H-1),
unllth cyc]_e
_________________________ U/2

M33 + M75 Mode

—— Cutting point

\/E_D/4
- J?E_EXEE‘EL V2D
H/2 [__ /[ [ ___mdcycle | Do
3rd cycle (H—U}/2
_____________________________________ | U2
8 T S S . & L P e P Ce PR i
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M34 + M75 Mode

— Cutting point

___m__j_hT__ _____ ~
D2
vans J st cyele\
... 2 gols N s
b nd joyele _
(H-U) 2 .. : \
§ STl . I ’
U2 e ] B
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Transverse Thread Cutting Cycles

2)

M32 + M73 Mode

AD is remainder of

Cutting point

M33 + M73 Mode

N
=
P
o
A
oty
o
-
o
Fs ]
3
O

D

sqgagtJqum U}hﬁp%

T

j g

%

©0
P
=t
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M34 + M73 Mode

D

D/8
D/
/2| AD

Cutting point

M32 + M74 Mode

Cutting point

et o
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M33 + M74 Mode

Cutting point

M34 + M74 Mode

4
o
par
o
=y
B0
=
o
4
o
=
O

OKUMA MACHINERY. WORKS LTD.



2452-E P-273

M32 + M75 Mode

Cutting point

|||| T

2D
3aDn

nD

9T242 Uﬁw_

(H-W)

3T240 pag

|-

e o v e o s e e TR e e S

M33 + M75 Mode

Cutting point

91240 paig

91240 y3 u,

(H-W)
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2452-E

M34 + M75 Mode

(H-W)

w
-

Cutting point
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19-6. PRECAUTIONS

Precautions in using the LAP function are provided below:

(1)

(2)

(3)

(4)

(5)

(6)
(7)

(8)

Be sure to designate contour defining sequence name right after the G
code calling for execution of LAP program:

G85, G86, G87 and G88

The G81 and G82 codes used to indicate the start of contour definition
must be assigned with a proper sequence name.

For absolute or incremental programming, G9¢ and G91, the mode
established when G85, G86, G87 or G88 is commanded becomes effective.
However, it will be changed if G code selecting another dimensioning
system is specified in contour definition program.

Concerning G64, G65, G94, G95, G96 and G97, the mode established when
G85, G86, G87 or G88 is commanded becomes effective. Once
established, it cannot be changed within the contour definition
program.

Concerning G@@, GOl, GU2, G@3, G31, G32, G33, G34, G35, G64, G65, G9(,
G91, G94, G95, G96, G97, G112 and G113, those effective when G85, G86
or G88 is commanded become active after the end of the LAP.

Nesting from LAP to LAP is impossible.

If a G code calling for the LAP (G85, G86, G87 and G88) is provided
while nose radius compensation mode is active, an alarm results.

Nose radius compensation can be activated during LAP; however, be sure
to cancel the activated nose radius compensation mode before the G8(
block which indicates the end of contour definition.

NLAP1 G81
Ngggl  cgg Xa Za
N@@g2 G41(G42)GEP Xb zb Fb

: \J[j: Be sure to activate and cancel

the LAP function between G81

: (G82) block and G8@ block.

N@E@1g E&@f X Z
)

Ng@1ll G8¢
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19-7. APPLICATION OF LAP FUNCTION

In this section, an example using the LAP Mode I is provided.

// X122

o 7102
I
X 54
Z102
o
ol 3
EL 3“3 E ‘ﬁﬂa
— = LA
Il it
o
\3C | 15¢
ey L g
...._.39_.-
55
65 1
75
8d
16 ¢
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Example of Program

00@d1
NAP1  G81
N@@l  GOg XS54 Z1¢2
Ngg2 GOl Z1g¢ F@.2
NGG3 X60 297 o
NGG4 Z83 ke
N@g5  GU2 X66 z80 13 o
N@g6 GOl X71 &
N@g7 X74 Z75 Ef.4 +
NG@8 z57 o
N@@9  G@2 X78 Z55 12 E@.45 K
N@1¢  G@l X89 2
N@g11 X92 Z53.5 E@.4 g
N@12 Z3¢ ©
N@13 X96 E@.45
N@14 X1¢2 z27
N@L15 X122
NGl6  G8( -
N1G@ Ggg x84¢ zZ1¢2 (*1)
N1(1 S90¢  TP1¢g1 M43 M@3 (%2)
N1g2 X122 (*3)
N1¢3  G85 NAPI D8 U@.2 F@.45 (*4)
N1g4  GOg X80y z1¢2
N1G5 S10¢¢ T@30¢3 (*5)
N1¢6  G87 NAP1 (*%6)
N1¢7  GUG X8¢¢ z1¢2
N1(g8 S95¢  T@SES
N1(¢9 X80 z85
N11¢  G33 X72.9  Z65 Fl.5
N111 X723
N112 X71.9
N113 X71.73
N1l4  GU@ X8¢¢ z1g2 M@5
N115 M@2

*1: Tool change position

#2: 8, T and M for rough cut cycle

*3: Rough cut starting point

*4: Calling for bar turning rough cut cycle

*5: 8, T and M for finish cut cycle

*6: Calling for finish cut cycle

Note: Contour defining program beginning from G81 and ending with G8(

may be entered any part within the above indicated program.
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19-8. SYNCHRONIZATION CODES FOR LAP

If a P code is designated within the G85, G86, G87 and G88 sequences, the
execution of the programmed LAP function by the turrets A and B is synchro-
nized at the start point of the LAP. If a P code is designated within the
contour definition sequences between the G81 (or G82) code and the G8(
code, execution of the LAP by these turrets A and B is synchronized at each
cycle start position of the LAP cycles.

Note 1: P codes in the contour defining sequence (sequences beginning with
the G81 or G82 code and ending with the G8@ code) are independent
of P codes designated in other parts of the program. Therefore, P
codes in the contour definition sequences may be designated in the
order within the sequences.

Note 2: For assuring the synchronization of turrets A and B at each cycle

start point of the LAP functions, P codes must be programmed in
the G85, G86, G87 and G88 sequences.

Program Example

OAPTI

N1G¢  G13

N1¢l G@@ Xt Zt

N1@2 Xs Zs S T M P1Q

N1¢3 G85 NLAPI D F U W
N1g4  GOg Xt Zt

N1@5 Xs Zs S T M P3¢
N1(6 G87 NLAPI1
N1¢7 GO¥ Xt Zt M P50
NLAP1 G81
N@g1 G@¢ Xa 2Za
NGg2  Ggl Zb F
N@@3 Xe Zc
N@@4  G8¢
N2@@ Gla
N2(1  G@¢ Xt 2zt

Contour N2@2 Xs Zs S§ T M P1¢

Difinition| N2¢3 G85 NLAPI D F U W
N2@4  GQg@ Xt Zt

N2¢5 Xs Zs S T M P3¢
N2@6  G87 NLAP1
N2¢7 GQ@ Xt 7zt P5(
NLAP1 G81 M

N@gl  GU¥ Xa Za
N@g2 GOl Zb F

NG@3 Xe Zc

N@@4  G8¢
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Starting point

R e o v oo W 0 ¢ M
______ 3 (1)
|
D ~—(2)
|
(3)
(4)
(5)
- 5)
(5()6)/'// B (Xa, zb) B
o (Xa, Za)

P2¢ in N1¢3 and P10 in N@@2, or P2¢ in N203 and PI1¢ in N@G@G2 allows the
synchronization of the start of turrets A and B at each cutting cycle start
point (1) through (7) above.

P40 in N1(0)6 and P1¢ in NU@2, or P4¢ in N2(¢6 and P1¢ in N@@2 allows the
synchronization of the start of turrets A and B at the starting point of
the finishing cycle (point (7)).

Programming P2 in N@@3 will allow the synchronization of the start of the
cutting at points (1)' through (7)'.
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SECTION 2¢) TOOL NOSE RADIUS COMPENSATION FUNCTION

2(-1. OUTLINE

2¢-1-1.

General Description

The data processing performance of the OSP5(@(L-G/0SP5(Q@(L-G series is all
the more enhanced by one distinctive feature: The Tool Radius Compen-—
sation Function.

The tool tip point radius of most cutting tools used in turning operation
is the cause of inconsistencies between the designated tool paths and the
actually finished workpiece contour. With the tool radius compensation
function, such geometric error is automatically compensated by simple
programming.

In die sinking or milling operation, cutting is performed by a large
diameter milling cutter. There, control systems are equipped with the
Cutter Offset function where the actual tool path generated is offset
from the designated path by the amount equivalent to the radius of the
cutter used. This is a standard function with OSP5(J@#@ series control-
lers. However, in comparison with the cutter offset function, the tool
nose compensation function offers special features that are requisites
for lathes.

2(¢-2. TOOL NOSE RADIUS COMPENSATION FOR TURNING OPERATION

20-2-1.

Tool Offset and Nose Radius Compensation

In turning operation, various types and different shapes of tools are
used to finish one workpiece. ID cutting tools, OD cutting tools, rough
cut tools, finish cut tools, drill, etc. Accordingly, the tool nose
radius compensation function has to be activated simultaneously with the
tool offset function.

e |

Nose radius
compensation
Position
offset

The tool nose radius function is activated by a six-digit T command:

Fl

T oo oo oo

Tool offset number (@l to 32)
Tool number (@1 to 12)

Tool nose radius compensation number (@l to 32)
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Tool Nose Radius Compensation at Discontinuous Point

One of the characteristics of turning operations is that there are many
discontinuous points along a tool path. What more, many of those point
have angles smaller than 18( deg.

Fig. 2¢-1 Tool Path in Path 5@¢L-G/50¢¢L-G

Point A in Fig. 20-1 constitutes a discontinuous point with an angle less
than 180 deg. In this case as the OSP5@@L-G/5QQ@L-G features the tool
nose radius compensation function, it can generate a tool path by simply
entering the coordinates of points A and B.

OKUMA MACHINERY WORKS LTD.



2452-E P-282

2(-3. COMPENSATION OPERATION
2(¢-3-1. Geometrical Cutting Error Due to Tool Nose Radius

If cutting along paths A-B-C-D-E in Fig. 2(-3 is intended without acti-
vating the tool nose radius compensation function, the portions indicated
by hatching lines will remain uncut and cause a geometrical errors. This
is because the tool setting is made to locate the imaginary cutting point
P in Fig. 2(-2 at the datum point and trace programmed path as controlled
by NC commands. However, the actual cutting tip point is not precisely
located on that datum point because of the tool nose radius and this pro-
duces geometrical errors.

Nose R

Point P

Fig. 2(-2 Tool Setting Point

D C | /“»
N

Fig. 20-3 Tool Path and Resulting Error
- Without Tool Nose Radius Compensation -

The tool nose radius compensation function automatically compensates the
inconsistency between the designated and actual tool paths caused by the
tool nose radius.
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2(¢-3-2. Compensation Movement

With the tool nose radius compensation function activated, the tool path
is compensated as illustrated in Fig. 2(¢-4 to eliminate the portions left
uncut, shown in Fig. 2()-2. This assures accurate finish as programmed .

777777
TN

Fig. 2¢-4 Tool Path with Tool Nose Radius Compensation
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2(¢-4. PROGRAMMING
Programming commands, G, M and T codes, used to activate the tool nose
radius compensation function, are detailed in this section.
2¢0-4-1. G Codes
G4@: Used to cancel the tool nose radius compensation mode.

G41l: Tool nose radius compensation - Left
Used when the tool moves on the left side of the workpiece.

G42: Tool nose radius compensation — Right
Used when the tool moves on the right side of the workpiece.

Note 1: The term indicating the side of the workpiece, right or left, is
determined according to the direction in which the tool is

advancing.
XA+
A
. : turret
G42: nght'to e . Z A+
X+ workpiece 4707472777—
/]
R — : S— Two—-saddle
7+ specification
-1 1G42
G4l: Left to B ZB+
workpiece
turret
XB+

Fig. 2(-5 Designation of G4l & G&42

Since G41 and G42 codes are selected to meet the coordinate system the
machine employs, they should be selected as below for lathes which have
the coordinate system in which the positive direction of X-axis is
directed to the operator's side. LH and LS series, for instance.

Designation of those G codes for lathes equipped with a rear turret (with
the mirror image function) can be made in the same manner as for the two-
saddle model. However, turret designation, A and B is inverted.
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XB+
B
t
7 B+ urret
G41
G42
Z+ h77:t7777?77# Mirror
image
P
function
_L;izﬁﬁzﬂﬁllﬁ active
) ZA+
A
turret
XA+

2(—4-2. T Codes

Six numerical characters following address character "T" specifies the
nose radius compensation number, tool number, and tool offset number.

To set offset data through the keyboard, 32 pairs of compensation data

for the tool nose radius and tool offset function can be entered (g1
through 32). For the tool number, (1 through 12 are available.

T oo o0 o0

Tool offset number

Tool number

Tool nose radius compensation number
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Program Example
Provided below is the program to cut the contour shown in Fig. 20-4.

Dimensioning commands, miscellaneous function commands, and other com-
mands used for cutting that contour without tool nose radius compensation
feature are all designated in the same manner; only G codes calling for
tool nose radius compensation mode and T command in which the nose radius
compensation number is added are newly entered in the program.

Nooo

Nooo G@g Xa Za
Nooo G@1 Zb F
Nooo Xc Zc
Nooo Zd
Nooo G2 Xe Ze I K
Nooo G@@ Xf zf
Nooo ... ...
CAUTION

If no point of intersection is obtained from the commanded
dimension words, a program alarm occurs.
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2()-5. TOOL NOSE RADIUS COMPENSATION DATA

As seen in the previous section, programming procedure to activate the tool
nose radius compensation function has been simplified. However, to finish
workpieces accurately using this function, the tool nose radius of the tool
to be used must be measured precisely and the measured value entered
correctly in the NC memory.

2@-5-1.

Measuring Nose Radius

Measure the center of the tool nose circle with respect to the tool tip
reference point which is taken as the imaginary tool tip point for tool
presetting. See Fig. 2(¢-6 below.

The imaginary tool tip point indicates the ideal tool tip point which can
be expressed only by the tool offset amounts without tool nose R.
Actually, such tools are not present.

When the control has no tool nose radius compensation function, it
controls the coordinated axes motion so that the tool tip reference point
follows the programmed path.

Ideal tool without nose R
(hatching lines area)

Center of nose R

Compensation amount

Imaginary tool t%E_//,r
\\\\\Légtual tool tip

Fig. 20-6

In the measurement of nose R compensation data, both the nose R compen-—
sation amount and the direction of nose R center in reference to the ima-
ginary tool tip.

Direction of nose R center in reference to the imaginary tool tip is
expressed in the following two ways:

a) By positive and negative signs of X, Z compensation amounts
b) By a P number

If method a) is used, positive and negative signs are determined from the
position of the nose R center in reference to the origin as in Fig. 2¢-7.
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X—
T

Origin (imaginary tool tip)

Fig. 20-7

X+ Center of nose R
Z+
///— Z+
N
Z+

Signs of Compensation Amount by Nose R Center Position

With method b), coded numbers are assigned in advance for individual nose
R center position orientation to distinguish the directions.

P=3

P=7

Compensation amount = (f when P = 9

Fig. 2¢-8 P Numbers for Nose R Center Positions
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2(-5-2. Setting Compensation Amounts

Set the tool compensation amount at the NOSE R COMP columns at the TOOL
DATA SET screen. The compensation amounts can be set in the same manner
as setting tool offset amounts.

Orientation of nose R center in reference to the imaginary tool tip may
be set either by positive or negative sign preceding the compensation
amount or P number. If P numbers are used, set the number at P column.

Tool Offset and Nose R Compensation Data Setting Screen

a) Monochrome specification

( )
TOCL DATA SET N [z}
Fags 1 Aturret UNIT 1mm
BI=13 ¥ TOOL OFFSEZT o * HOSE-R COMF
NO. T XA Z A L o) F
1 A 0. 060 0. 0o 0.068 @
z A 5. 000 0. @oe 0. BeE 0.00 O
I oA 0. oan . BB 0. 6a0 0.000 G
4 @A 0. 000 0. 600 . B0 0,660 o
= A 0. BO0 0. Bae . Bee 0.EE0 O
£ A 0. 600 0. 606 0. Bac 0.ea0 @
e 0. Be0 0. o G. @00 C.B00 O
g A 0. o 0. oG G. B0 0.000 @
& A .00 5. 8OO 0. Bac 0.60C ©
o A 0. ee0 G.00a G. @o0 C.085 O
11 A . Ba0 . 000 0. B0 G.6E5 O
12 # 0. e 0. goe G. oEo C.e00 o
LAST DETR o @.080  »= 200,020 I=  ZO0.000 TOOL T O
CONST.| COMNET.
I AL ADT ‘ SUE ITEM | ITEM! | CSTENDD )

CFIE2DEIEDEDEEFEDES)
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b) Color graphic specification (optional)
= - )
DETs FET i ]
1 LT Leorn
A TOOL OFFSET 4 IHOSE-F COME
Ho, T A ) L5 Z A F
15 0, 0% &, 000 Cooon o
s [ H ol C. o0 c.oot @
C / | 0. Gao C.oo0 €
4 | 1 G. G0 C.000  ©
= A { ! . 00C C.oon O
- - ]
e a || -,J C. 00 c.oon ©
T = &, po0 0,000 6
& 3 ] L NOSE-F DIF 0. Gac G.eon  C
& & % . Boo C.eoco ©
- —
1G4 ‘ e AR @, 000 0,000 O
1 4 + C. QB¢ T.eac o
1z 5 0. ooG G, 0oc C. @ Cc.ooon C
LAST DaTA o 0.000 ¥=  200.00C Z=  Z0C.000 TOOL T O
‘ , CONET. [ CONET. [ SUIDE
L By ADD SUE | ONAOFF | ITEM1 | ITEMI | CETEMDI )

(F JE2)IE3)I(F4)(EB)FB)F 7)(F 8)

Compensation Amount Setting Procedure:

The procedure to set compensation amount is explained below assuming the

following conditions.

Unit SYsLem « cuwewes cosus aaecen
Tool number
Turret

Nose R compensation amount .....

R I R N I R I R T

L R I e I I I I S

1 mm
T@1¢201
Turret A
X+0@.35
Z+{@.35

When an imaginary tool tip orientation is designated using a number, it
is not necessary to use a plus (+) and minus (-) signs to set compen-

sation amount.

The copensation value is to be set at compensation number "1".
1) Select the tool data setting mode.
2) For the two-saddle model or two-turret model, change the display by
; (1 4
pressing the key.
3) Locate the cursor at the XA column of NOSE R data.
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After pressing the function key [F1] (SET), key in [@1[.1[3]1[5] and
press the WRITE key. Then, move the cursor to the ZA column and key
in [@][.]1[3]1[5] after pressing the function key [F1] (SET), then
press the WRITE key.

Make sure that the compensation amounts have been correctly input.

The maximum setting value of the nose R compensation amount is
+999.999 mm.

Set the imaginary tool tip orientation by a coded number. First
locate the cursor at the P column of the tool offset number 1. After
pressing the function key [F1] (SET), key in the imaginary tool tip
orientation number and WRITE key.

For the details of the tool tip orientation number, refer to 2@-5-3.
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2(¢-5-3. Relationship between Imaginary Tool Tip Orientations and Coded Numbers

The relationships between the imaginary tool tip point orientations and
the coded numbers are shown in Fig. 2@-8.

When the data set as the tool nose radius compensation amount is required
to be used as set, set the imaginary tool tip orientation at "@".

When the tool tip orientation number "2" is set, the calculation below is
carried out. This means that the signs used for setting the nose radius
compensation data are ignored.

= — (Set value for nose R on X-axis)
+ (Set value for nose R on Z-axis)

Nose R on X-axis
Nose R on Z-axis

[l

Graphic Specification:

~
TOOL DATA SET N 5]
Fage 1 LNIT 1mm
BC=1f # TOOL OFFSET % NOSE-R COMP
NO. T HA 7 & A A F
1 A 0. GO0 0, O0s el R
A NEN T &, a0 G.Ge0 @
A | B 0. BEn G.oez  ©
4 A ( O. Bed 0.0 ©
s A ! o.BeR G.eEE  ©
& A @.Eos 0.6e6 G
T A | = @, BeG o.oo0 o
& A NOSE-F DIRC C.Bon @.600 O
ERRS I 0. 6o C.oeC O
18 A | e il ©. Bo0 p.EER G
11 & + ©. BEC G.GOB G
1z A o. ooo G, oo G. @m0 p.goc @
LAST LSTA i 0.00z ¥= Z0D.0BE Z=  Z00.00C TOOL T @
CONST.[ CoMST.[ GUIDE
=g AL SUE | CHeoFF | ITEMT | ITEM! |LExT£HDJ
b

(FOE2E3NEFEDEs)FE8s)IFAOACFES)
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When the guide display below is indicated, set '"3". Note that the orien-
tation number is determined from the tool shape selected for each tool in
the tool shape selection step and the tool offset number. Therefore, if
the setting of these parameters is not correct, wrong numbers will be
displayed.

Graphic Specification:

d Y
TUETE DLATE SET ! =
LEIT 1
Vi
P i
1 =
OFFSET M Skl
i = INTERFER AREH
z= @
TI=
=IE
TG ’
SET S0 1XIND ZTEM? ITEME
. J

EFDCEDEIEFEDEYEFEs)EFENDES)
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2¢-6. DISPLAY

The CRT displays various data (see Operation Manual for the OSPS5(¢¢L-G/
OSP5@@0L-G). The data displayed in the tool nose radius compensation mode
are as follows.

2()-6-1. Actual Position

Actual position data is displayed on the CRT as with the conventional
control system. However, the data displayed on the CRT could be dif-

ferent from the programmed data because of the tool nose radius compen-—
sation.

|
|
NN . %
B’ B A
\ — Command point
Point indicated

on display unit

2(0-6-2. Alarm Display

If an alarm in relation to the tool nose radius compensation function
occurs, the ALARM light under STATUS DISPLAY goes on and the CRT displays
the associated alarm message indicating its contents.
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2(-7. OTHER REMARKS

2()-7-1. Conditions of Nose Radius Compensation Function

(1)

(2)

(3)

The OSP5@(L-G/0SP5(JJL-G usually operates in the 3-buffer mode. See
Fig. 2(-9. While the positioning command from point A to point B is
being executed, the positioning point data of points C, D and E are
read and stored in buffer. This is called the 3-buffer function.

When the tool nose radius function is activated, the target point E
is calculated from straight lines DE and EF. This means that the
data in the block four blocks ahead the current target point are
read if the tool nose radius functions is active.

The fourth positioning point

Reading point The second

positioning

point
The third
positioning
point B éﬁ

The immediate N 1
target point Present too

position

Fig. 2(¢-9 Data in Buffer

Availability of Nose Compensation on Model with Rear Turret

For machines equipped with a rear turret, the tool nose radius com-
pensation function can be activated. However, G code selecting the
turret, Gl13 and Gl4, cannot be programmed while such a mode is
active. If the turret selection is required during the tool nose
radius compensation mode, cancel mode one by providing G4@ before
commanding G13 or Gl4.

Availability of Nose Radius Compensation during LAP Mode

The tool nose radius compensation function can be activated during
the LAP mode of operation.

OKUMA MACHINERY WORKS LTD.



2452-E P-296

(4) Availability of Nose Radius Compensation during Simultaneous 4-Axis
Cuts Mode

For two-saddle models, the tool nose radius compensation function
can be activated. In this case, programs for respective turrets
must contain nose radius compensation program independently.

o | |
o | B I _ r2
E o | G42 G42 G4
5 ® : o ! !
o g G81 G81 | !
" a | | | NO | YES :
38 g 5 G42 YES : G4IB |
22 o]
=l ! ! Call for . cas VO
S|~ 2 Gdfﬁ Gdlﬁ_ e i I
| g T
2928 cse | 8¢ crele i !
o | | I I
! | | 40
I | | T
| | !
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Path of Tool Nose "R" Center in Tool Nose Radius Compensation Mode

To execute the motion shown below in the following program in the tool
nose radius compensation mode, the path of the tool nose R center is
obtained as follows:

N1
N2
N3
N4
N5

X+

G42. X1 EZi

XZ 22

X3 Z3
G4l X4 74

X5 1Z5

N5

’ 7

N5 N4 N4
NS ;;>\
Z+ N3

N2

\3/

(1) To obtain point N2' when the center of the tool nose R is at point

N1', proceed as follows:

a)

b)

c)

Draw a straight line parallel to the tool advancing direction,
N1-N2, offset in the specified direction, (to the right since
G42 is specified), by the tool nose radius compensation amount .
This yields the straight line passing N1' and N2'.

Draw a straight line parallel to the tool advancing direction,
N2-N3, offset in the specified direction, (to right or above
N2-N3 since G42 dominates the compensation mode) by the tool

nose radius compensation amount.
passing N2' and N3'.

This yields the straight line

The nose R center for commanded point N2' in the point of inter-

section of these two straight lines.

The center of tool nose R advances from point NI1' to N2'.
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To obtain point N3':

a) Draw a straight line parallel to the tool advancing direction,
N2 - N3, offset in the specified direction, (to the right or
above N2 - N3 since G42 dominates the compensation mode), by the
tool nose radius compensation amount. This yields the straight
line passing N2' and N3'.

b) Draw a straight line parallel to the tool advancing direction,
N3 - N4, offset in the specified direction, (to the left since
G41 is specified), by the tool nose radius compensation amount.

This yields the straight line passing N3' and N&'.

c) The nose R center for commanded point N3 is the point of inter-
section of these two straight lines.

The center of tool nose R advsnces from point N2' to point N3'.
To obtain point N4':

Follow the same procedure indicated above using points N3, N4 and
N5.
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SECTION 21 APPLICATION OF TOOL NOSE RADIUS COMPENSATION PROGRAMMING

21-1.

G41 AND G42

The G41 and G42 codes are used to call out the tool nose radius compen-
sation mode. Since the use of these G codes are often confused in
programming a part, this section deals with their particular differences.

G41: This tool nose radius compensation code is used when the cutting tool
moves on the left side of the workpiece in relation to its advancing
direction.

CAUTION

The terms "left" and "right" used in tool nose radius compen-
sation mode are defined with respect to the established coor-
dinate system. Therefore, for models LH and LS, the G4l code
is used when the cutting tool advances on the left side of the
workpiece, viewing the turret from the lower side.

G42: This tool nose radius compensation code is used when the cutting tool
moves on the right side of the workpiece in terms of its advancing
direction.

CAUTION

The terms "left" and "right" used in tool nose radius compen-
sation mode are defined with respect to the established coor-
dinate system. Therefore, for models LH and LS, the G42 code
is used when the cutting tool advances on the right side of the
workpiece, viewing the turret from the lower side.
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21-2. BEHAVIOR ON TOOL NOSE RADIUS COMPENSATION MODE ENTRY
21-2-1. General Description

NG GO X@ z¢
Nl G42 X1 Zl1 Toooooo0
N2 G@l X2 2zZ2

The following case uses the above program to perform OD cuts with an OD

turning tool having a positive nose radius compensation amount for each
axis Rx+, Rz+.

Starting N ¢ (Z¢.X¢)
point

(Z2\ c.X2¢)

(Zl1c.X2c)

KA AL

N 2 (22, X2) WOI‘kpiECE//

N1 (Z1,X1)

Without the tool nose radius compensation function, positioning is made
so that the tool tip reference point is located exactly at the programmed
coordinates. At the start up of the tool nose radius compensation mode
activated by either G4l or G42, positioning is carried out so that the
tool tip circle contacts the segment passing the programmed coordinates
in the block containing G41 or G42 and those in the next block. This
motion of axes is called "Start-Up".

At the start up of the tool nose radius compensation mode, both X-and Z-
axis might move even if the block contains only one dimension word,
either X or Z. (See Program Example 1.)
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21-2-2. Program Examples

(1)

(2)

Example 1

N1 GU¢ X10¢ z10¢ sS1¢g¢ TUL@d1gl M@3
N2 G42 X80

N3 G@1 Z50¢ Fgj.2
X+
N1q
|
|
‘/ B
I 2+ !
______.{.-'
N3 N 2

Although the programmer might expect the axis movement indicated by
broken lines because N2 block contains only an X word, the actual
tool path generated at the start up of the tool nose radius compen-
sation mode is as shown by solid lines.

Example 2
The desirable program for entry into the compensation mode:

N1 G@¢ X100 zl1¢¢ S1¢¢¢ TEL1@1@El M@3

N2 X80
N3 G42 Z90

N4  G@1 Zz5¢0 FQ@.2

In this program, the G42 block contains only a Z word, and points
N2, N3 and N4 are all positioned on the same straight line.

Note: Either G@@ or G@l must dominate the operation mode when
entering into the tool nose radius compensation mode.
Otherwise, an alarm will occur.

N1

N4

N N2
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Example 3

When neither X nor Z word is presented at the start up of the tool
nose radius compensation mode, or when the same point where the axes
are presently located is specified in such start-up block: posi-
tioning is executed so that the tool tip circle comes in contact
with the segment passing the designated coordinates and the coor-—
dinates in the next sequence. The tool nose radius compensation
motion is activated from the following sequence.

X+

Z+

N1 G@1 X5¢ z10¢g F@¢.2 S100¢0 TOl01¢l MQ@3

N2 G42
N3 X6¢  z8¢
N4 X1¢@¢ z5¢

With the program above, the tool tip circle is positioned so that it
comes into contact with segments N2N3 and N3N4. That is, the blocks
of commands after N3 sequence are all performed in the tool nose
radius compensation mode.

Note: TIf the same point as in the start—up block is specified in
the succeeding block, an alarm will result if the successive
two blocks after that do not have dimension words, X and Z.
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(4) Faulty program example 1

N1 G@1 X5¢0 z1¢¢g F@.2 S10¢¢ TQ101¢1 M@3

N2 G42

N3 X50  z1gg
N4 X6¢  z8¢
N5 X1¢@¢ zsg¢

Since sequence N3 designates the point identical to the one
designated in the start-up sequence N2, an alarm occurs.

(5) Faulty program example 2

N1 G@¢l1 X50 z10¢ F@¢.2 S5¢¢ T@lglgl M@3

N2 G42

N3 S1¢dg
N4 M@8
N5 X5¢0 z10d

N6 X6¢ z8¢

Since sequences N3 and N4, the successive two sequences after the
start-up of the tool nose radius compensation mode, do not contain X
and Z axis movement commands, an alarm occurs.
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I and K Command with G41 and G42

In the block containing G41 and G42, by entering I and K words that spec-
ify the imaginary point, along with X and Z words that specify the nose
radius compensation start-up, unnecessary axis motion required in conven-
tional start-up program is eliminated.

Example:

N1 GU¢¢ X1¢¢ z106¢ F¢.2 S10¢0¢ T@l@11l M@3
N2 G42 X 60 Z 8¢ K2¢

N3 Gl X 8¢ Z 65

N4 Z 50

N4

\

! N2' " .

2. €= Imaginary point for
N2 "~ positioning (I, K)

If block N2 containing G42 has no I and K words, positioning of the
cutting tool by the commands in block N2 is executed so that the tool
nose R comes into contact with line N2-N3 at designated point N2 and then
moves along the path indicated by broken lines at point N3.

Addition of I and K words in block N2 positions the cutting tool to the
point where the tool nose R is brought into contact with straight line
N2-N3 and imaginary straight line N2-N2' when the commands in block N2
are executed. Execution of the commands in block N3 brings the cutting
tool to the programmed point N3 where the tool nose radius compensation
is not active.

Note: I and K words should be commanded in incremental values. 1In this
case the dimensions are referenced to point N2.

When only either I or K is provided without the other, the control
interprets such word to have "@" value. Therefore, K@ in the
above program can be omitted.
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21-3. BEHAVIOR IN TOOL NOSE RADIUS COMPENSATION MODE

The tool nose radius compensation function provides means to automatically
compensate for the tool nose radius in continuous cutting.

Since such compensation is made automatically, there are some restrictions
in programming when the tool nose radius compensation function is used.

21-3-1. Straight Line to Straight Line Cutting
(1) Midpoint on a Straight Line

When specifying a midpoint on a straight line, the point should be
commanded carefully.

Cutting tool stops at
this point in single
block mode of operation

X+

When point N2 is located on line NI-N3, the cutting tool is posi-
tioned so that the tool tip circle comes into contact with line
N1-N3 at point N2,
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(2) Returning along Straight Line

X+ m

NI 7777 A7

Such axis movement causes no problem when the program is made
without using the tool nose radius compensation function. However,
with the use of this function the axis movements must be programmed
carefully.

Example:

N1 G&42 G@gl1 X1 Zl1
N2 X2 72
N3 G4l X3 Z3

In this example points N2 and N3 are commanded while the cutting
tool is at point NI1.

When the cutting tool advances from point N1 to point N2, G42 is
designated since the cutting tool moves on the right side of the
workpiece with respect to the tool advancing direction. However, in
tool returning motion from point N2 to point N3, the cutting tool is
on the left side of the workpiece with respect to the tool advancing
direction. Therefore, G41 is specified instead of G42.
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X+

N3“

e N7 X

j
/////////43////////////N/l//

The axis movements above are possible by the special processing for
the tool nose radius compensation function.

When the program above is executed, the actual path taken by the
center of the tool nose R is obtained as follows.

a) The center of the tool nose R (N2') at point N2 is obtained as;

i) The line parallel to the straight line N1-N2 is obtained,
with an upward offset (G42) by the tool nose radius amount
effective at NI1.

ii) The line parallel to the straight line N2-N3 is obtained,
with an upward offset (G41) by the tool nose radius amount
effective at N2.

iii) The center of the tool nose R is obtained as the point of
intersection of the two straight lines obtained in steps in
1) and 2). However, since those two lines are parallel to
each other, no point of intersection is obtained in this
case. For such case, the control has a special processing
feature in which the positioning is carried out so that the
tool nose R comes into contact with point N2. Therefore,
the path of the tool nose R center, when the cutting tool
advances from point Nl to point N2, is obtained as NI'-N2'.

b) The center of the tool nose R (N3') at point N3 is obtained in
the same manner as in a).

In this way, the program in the previous page can return the cutting
tool along the same straight line with the tool nose radius compen-—
sation function active.

Note: If any of these three points is not precisely located on the
same straight line, it will cause the tool path to be shifted
considerably from the expected path.
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2452-E P-3(8-R3

Two Lines Making an Acute Angle

X+

As is evident from the figure above, the cutting tool cannot reach
point N2 even when positioning from point N1 to point N2 is
intended. This is because the cutting tool can move up only to the
point where the tool nose R comes into contact with line N2-N3,

The example provided in the previous page illustrates a case where
programmers are apt to be confused. Another example is provided
below:

a) Example of faulty program 1:

Nl G42 G@1 X10¢ 2z1¢¢ F¢.2 S100¢ T@1@101 M@3
N2 Z50
N3 G@g X300 z30¢ M@5

N3

Portion left uncut

//////////ﬁ ]

74 1

%

'S
LTZLLTTETTTL 777777 77 TZATTT 7
N2 N1

The programmer expected to cut up to point N2, (i.e., up to Z5@)
allowing a slight uncut portion on the sharp corner due to tool
nose R. Contrary to this intension, however, the cutting tool
leaves a considerable amount of uncut section since it stops
before reaching the desired point.

OKUMA MACHINERY WORKS LTD.



X+

2452-E P-3(9-R3

To improve such a program, enter one more point in the program as
shown below:

b) Example of improved program 1:

N1 G42 G@1 X1¢¢ zl¢g¢ F@¢.2 sSlggd TO1glgl wM@g3

N2 zZ5¢
N21 X104 [> 10d + 4 x (nose R)]
N3  Gg¢ X30@ z3¢q M@5

N 21

///////////é

7+ /!
N N
(ﬁéf//////////'//u/l////

Portion left uncut due to tool nose

The improved program generates the tool path shown above, and almost
all the cutting can be accomplished as expected except for a slight
uncut section due to the tool nose R.

For relieving the tool along X-axis in the positive direction in N21
block, an X word must have a value larger than four times the nose
R. This is because a distance twice the nose R is necessary for the
tool tip circle to fit in. 1In addition, as an X word is expressed
in diameter, the X word data has to be doubled. That is, the
numerical value in such an X word must be larger than four times the
tool nose R.

If a value smaller than the required amount is used, it might cause
the cutting tool to move in the opposite direction toward point N21
and cut into N1-N2 surface.
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&)

Example of improved program 2:

N1 G42 G@1 X10¢ z1¢¢ F¢g.2 S10¢¢ T@L0l¢l M@3
N2 Z5¢
N3 G40 GU@ X300 z3¢¢g 11¢g M5¢
- 110
N P
N3
7 eeeees
Z+ ’// Vi
ST B S e R PLZZ
N2 N1

The G4( command in N3 cancels the tool nose radius function.
point N2, the cutting tool moves so that the tool nose R will

come into contact with line NI-N2 and Il vector standing at
point N2.

At
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(4) Two Lines Making an Obtrude Angle

NI v

In this section, program to feed the cutting tool along path
N@-N1-N2-N3-N&.

As shown in the figure, angle N2N3N4 is an acute angle and the
cutting tool moves along the line outside of that angle. Therefore,
for point N3, the cutting tool moves to a point away from it.

When preparing a program in which cutting similar to that contour is
required, it is necessary to check the safety of the tool motion so
that it does not strike against obstacles when moving to such a
distant point.

Example:
N@ G42 GO@ X1¢0@ z30¢ S150¢ T@191¢1 M@3
N1 G@1 zZ10¢0 Fg.2
N2 X1@¢4 [> 100 + 4 x (nose radius)]
N3 Ggg X20¢ z3¢¢
N4 Gl z5¢ S1¢gd

It is advantageous to improve the program and eliminate a posi-
tioning sequence to a distant point through commands in N3 block.

If N2N3N4 is not a sharp angle, such a problem would not occur. To
eliminate sharp angles from the required contour, interposing a
short straight line N3-N31 is one possible solution.

X+

N3
N31

Nne /111777777

Z+

N2
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In some cases, such a modification is not possible; to cut a sharp
angle without positioning the cutting tool at a distant point,
follow the steps detailed below.

Example of Improved Program:

Imaginary shape

N

f//N\/?/J///////////

X+
N2 N4
I 7+
NG G42 G@E¢ X1¢¢ Z30¢ S150¢ T@1¢g1@1 M@3
N1 G@1 Z10gg F(.2
N2 _ X104
N3 G@g X200.48 z3¢1
N4 X198.48 Z3@1.24 Fl1
N5 X198 2300.24
N6 G@l1 X2¢¢ Z30¢¢
N7 250 Fg.2 S1009¢

In this program, the cutting tool moves along imaginary square
N3N4N5N6. This permits the operator to estimate the departure of
the cutting tool from the programmed contour. Note that one side of
the imaginary square must be longer than twice the nose radius.
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(5) Two Lines Forming a Right Angle

. Q)

N4///77//4/
5
/]
7dn
// 4451 \\x_
7+ 7z -
N,///////V////@4/

N1 G42 G@1 X10¢ z1g¢g F@g.2 S100¢ TO1¢1¢1 M@3

N2 zZ6(
N3 X150
N4 720

There are no particular problems in this case.

(6) Command of Identical Point

a) If a block without axis movement commands is provided during the
tool nose radius compensation mode, the path of the tool nose R

is quite the same as the one generated when such a block is not
provided.

N1 G42 G@U1 X5¢0 z1¢g¢ F¢.2 S100¢ TE101¢1 M@L

N2 280
N3
N4 X6@¢ z7¢ M@8
X+
N

L
“ T
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When two or more blocks without axis movement commands are pro-—
vided or when the same point as commanded in the preceding
sequence is repeatedly provided during the tool nose radius com-
pensation mode:
In this case, an axis motion that brings the tool nose R into
contact with the programmed contour at the programmed coordinate
point, takes place. When the block of commands containing
dimension words, X and/or Z, is read, the cutting tool returns
to the correct compensated position.
Program 1:

N1 G42 G@1 X5¢ Z1¢¢ F¢.2 S10¢0 TO1G1G1 M@4

N2 z80

N3 z8¢ M@8

N4 X60 Z70
The program might cause overcutting as below:

X+

Overcut portion

Depending on the contour to be cut, such unexpected motion does
not result in overcut as seen in program 2.

Program 2:

N1 G42 G@1 X5¢ 2z1¢¢ F@g.2 S1¢¢ T@l@1gl M@s

N2 780
N3 Z8( M@8
N4 X4@¢ z7d

X+

] Z+

) \
ALLTTTTTTTTTT T

N4
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21-3-2. Straight Line to Arc Cutting (Arc to Straight Line Cutting)

(1)

Arc within One Quadrant

In a program where the cutting tool moves continuously from a
straight line to an arc, the movement of the cutting tool is handled
in the same way as in the case from a straight line to a straight
line.

Na /77T T/
X+
o N7 77777777
N1 G42 G@1 X100 2z1g¢ F@¢.2 S100¢ TOLGL@L M@4
N2 Z8¢
N3 GU3 X140 z6¢ K-20
N4 G@1 z4y

The tool position at point N2 is determined so that the tool nose R
comes into contact with both line N1-N2 and arc N2-N3. At point N3,
the cutting tool is positioned in a similar way - the tool nose R
comes into contact at point N3.

When the cutting tool moves from point N3 to point N4, cutting mode
changes from circular interpolation to linear interpolation. If
discontinuity at point N3 results during the tool path calculation,
an alarm is displayed and machine operation is stopped.
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(2) Arc in Two Quadrants

a) Case where the arc radius is greater than "2 x nose R":

X+

N4

2+

N1 G42 G@1 X10¢ =z1¢gg F@g.2 S1Q00¢ TE1¢1g1 M@4

N2 Z80
N3 G@2 X140 z60 120
N4 G@1 Z4Q

The tool position determined by the commands in N2 block is the
point where the tool nose R comes into contact with line N1-N2
at point N2. In N3 sequence, the cutting tool is positioned so
that it comes into contact with both the extension of straight
line N2-N3 and the extension of arc N3-N4.

b) Case where the arc radius is equal to "2 x nose R":

X+

Z+

L LELELLL LT
N2 N1

Tool nose R = (.8 mm
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Nl G42 G@l X1¢¢ Z10¢ F@.2 S1¢¢¢ TU1G1gl M@4

N2 zZ8(
N3 G2 X1¢3.2 z78.4 1I1.6
N4 Gi1 Z40

When the radius of the programmed arc equals twice the tool nose
R, the cutting tool is located at the point where the tool nose
R comes into contact with both the extension of arc N2-N3 and
the extension of straight line N3-N4, after the execution of the
commands in N3 block. That is, the cutting tool is positioned
right above point N2.

Case where the arc radius is less than "2 x nose R":
(Impossible)

| \ -7~
*/ \ 2N
—_—————— R y
X+ \ J VA - 41
\ -

o

2+ TRES/7T7 7777

N1 G42 G@1 X1¢¢ 2zZ1¢g¢ F@.2 S100¢ TE101¢1 M@4

N2 Z8(
N3 G@2 x1¢2 z79 11
N4 Gyl zZ4q

With the commands in block N3, positioning of the cutting tool
is intended at the point where the tool nose R comes into con-
tact with both the extension of arc N2-N3 and the extension of
straight line N3-N4; however, such a point cannot be obtained.
Therefore, when the control executes the commands in block N3,
an alarm occurs and the machine stops.

CAUTION

When cutting inside an arc, the radius of the arc must be
equal to or greater than twice the tool nose R:

R2> 2 x RN

R = arc radius
RN tool nose R
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(3) Arc in Three Quadrants

X+

ZTt

N1 G42 G@1 X100 z1¢¢ F@g.2 S100¢ TOE1¢1¢1 M@4

N2 X120
N3 G@2 X16¢ z8¢ 120
N& G@1 zZ60

Positioning by the commands in block N2 is carried out at the point
where the tool nose R comes into contact with both the extension of
straight line N1-N2 and the extension of arc N2-N3.

Other axis motions of the cutting tool are identical to those
explained in (2).
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Arc to Arc Cutting

2452-E P-319

Arc to arc cutting can be programmed in the same manner as straight line
to arc cutting.

Ns /ST AL

N1
N2
N3
N4
N5

The tool path is generated so that the tool nose R is brought

G42

G@1

G@2
G@3
GJ1

2+

X10¢ z1¢¢ F@.2 S106¢ TELE1Ig1 M@L
Z8(

X140 z6@G 12¢

X180 z4¢ K-2¢
zZ2Q

contact with each arc or its extension.

If the tool path becomes discontinuous in the process of path
due to an error, the machine stops with an alarm displayed on

Other motions of the cutting tool are as explained in 21-3-2,

Line to Arc Cutting."

into

calculation
CRT.

"Straight

OKUMA MACHINERY WORKS LTD.



21-3-4.,

2452-E P-32¢

Switching from G4l to G42 or from G42 to G4l

To switch the tool nose radius compensation mode from G4l to G42 or from
G42 to G41, it is recommended to cancel the compensation mode once by
specifying G4(.

If a switch-over is to be done with the compensation mode active, care—
fully check the movement of the cutting tool resulting from the switch-
over.

(1) Switch-Over in Straight Line to Straight Line Cutting

\\\\\\\\\\\L\\\_\§3

X+ N4

Expected tool position

2+

N1 G42 GU@ X1 z1 T

N2 Gl X2 z2 F
N3 G41 G@@G X3 z3
N4 X4 74

The motion of the cutting tool generated by the above program is as
follows:

Commands in blocks, N1 and N2 are governed by G42 and those in
blocks N3 and later are governed by G41. To position the cutting
tool at point N2, the tool nose R center lies to the right side of
straight line N1-N2 since block N2 is in the G42 mode. As for block
N3, the tool nose R center lies to the left side of straight line
N2-N3 since block N3 is in the G4l mode. As a result, the cutting
tool is positioned at point A as shown above.

Note: Positioning in block N2 is carried out at the left side of
straight line N2-N3.
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Switch-Over in Straight Line to Arc Cutting

The motion of the cutting tool will be easily understood. The con-
cept is the same as in (1).

Example: N1 G42 G@l X1 21 F1 T

N2 X2 22
N3 G41 G@3 X3 z3 I3 K3

X+ N8

G42

N2
N1
Switch-Over in Arc to Straight Line Cutting

The motion of the cutting tool will be easily understood. The con-
cept is the same as in (1),

Example: NI G42 G@l1 X1 ZzZ1 Fl T

N2 G@3 X2 72 12 K2
N3 G41 GOl X3 z3

N8 // /) ) A

X+
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(4) Switch-Over in Arc to Arc Cutting

The motion of the cutting tool will be easily understood. The con-
cept is the same as in (1).

Example: NI G42 G@1 X1 Z1 Fl T
N2 G@g2 X2 Z2 12 z2
N3 G4l X3 Z3 13 Z3

X+
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21-4. BEHAVIOR WITH TOOL NOSE RADIUS COMPENSATION MODE CANCEL
21-4-1. G40 Given with X- or Z-axis Motion Command

To cancel the tool nose radius compensation mode, the G4@ code is used.
It is essential to understand the cutting tool movements resulted from
the cancel of the compensation mode to avoid unexpected troubles.

In the tool nose radius compensation mode, the tool path is generated so
that the tool nose R is always in contact with the programmed contour.
Meanwhile the axis position is controlled so that the tool tip reference
point traces the programmed contour when the tool nose radius compen-—
sation mode is not active. Therefore, under- or over-cut often results
when entering into or when cancelling the tool nose radius compensation
mode.

04

X+
N4

Portion left uncut

2+

Overcut portion @2 331
RN
£/ A

When cutting the contour comprising straight line segments as illustrated
above, it is programmed as below if the tool nose radius compensation
mode is not active.

N1 GOl X100 2z1¢¢ F@.2 S100¢ TO16101 M@3

N2 Z60
N3 X124
N4 X13¢ z2¢

N5 G@¢ X300 z30¢

With the commands above, the cutting tool moves along the path indicated
by broken lines. That is, positioning for designated Point N3 is made to
Point 03 and to Point 04 for Programmed Point N&4.

The uncut part parallel to straight line N3-N4 is left. Therefore the
tool nose radius compensation function will be effectively used for
cutting such contour accurately. See the programs in the following
pages.
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When tool nose R compensation cancel command is designated:

N1 G42 G@1 X1¢0¢ 2z1g¢g F@g.2 S1¢@@ T@E1@g1gl M@3

N2 7260
N3 X12¢

N4 G4q X13¢ z24¢
N5 G@g X30¢ z3qd

The tool path generated in the above program is shown by solid lines:

Positioning at programmed point N3 is carried out at the point where the
tool nose R comes into contact with point N3, and that at programmed
point N4 is carried out to point 04; the same point reached by the
program in which the tool nose radius compensation function is not acti-
vated.

Therefore, the uncut part will be near point N4 while the section near
point N3 is overcut.

Improved program:

Nl G42 G@1 X100 z1¢g¢ F@.2 S1¢¢¢ T@El@¢1gl M@3

N2 760
N3 X120
N& X13¢ z20¢

N5 G40 GO@ X300 z3¢¢

N5
X+
SRR
W&

AN NN NN N

To cut the exact contour up to Point N4, the G4@ command which cancels
the tool nose radius compensation mode is specified in block N5.

Although the program yields almost the expected contour, the tool nose R
goes beyond the designated point N4 along Z-axis since the tool nose R
comes into contact with line N3-N4 at point N4. When such overtravel
does not interfere or overcut, there are no problems.
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To eliminate such possible overcutting along Z-axis, see the program
below.

Program:

N1 G42 GUl1 X106 2Z1¢¢ F@.2 S100¢ TE1@101 M@3

N2 760
N3 X12¢
N4 X13¢ z2¢

N5 G40 GO@ X300 z30¢ 11¢

X+

{ TRTR R
N4

g 3
Portion left uncut W

z_{_clur—.' to tip circle

SARRB D) vy
N2

I and K words specified in the G4(@ block allows the tool to move to the
point where the tool nose R is brought into contact with both line N3-N4
and line N4-N5. :
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I and K Command with G4(@

In the block containing G4@#, by entering I and K words that specify the
imaginary point along with X and Z words that specify the point where
nose radius compensation is cancelled, unnecessary axis motion required
in conventional cancelling program is eliminated.

N1 G42 G@l1 X10¢ 2z1¢¢g F¢g.2 S1¢¢¢ TO1¢1gl M@3

N2 Z60
N3 X12¢
N4 X13¢ z2¢

N5 G4@ G@@¢ X3¢¢ z3g¢ 110 K¢

Imaginary point
for positioning 7 N5
N5'(K, I) '|'

- RRRAR R

01

Portion left uncut :
due to tip circle 02

Z+ \ \\k
v2 A AN NN

If block N5 containing G40 has no I and K words, positioning of the
cutting tool by the commands in block N4 is executed so that the tool
nose R comes into contact with line N3-N4 at designated point N4 and then
moves along the path indicated by broken lines at point N5.

Addition of I and K words in block N5 positions the cutting tool to the
point where the tool nose R is brought into contact with straight line

N3-N4 and imaginary straight line N4-N5' when the commands. in block N4

are executed. Execution of the commands in block N5 brings the cutting
tool to the programmed point N5 where the tool nose radius compensation
is not active.

Note: I and K words should be commanded in incremental values. In this
case the dimensions are referenced to point N&4.

When only either I or K is provided without the other, the control
interpretes such word to have "@" value.
Therefore, K@ in the above program can be omitted.
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21-4-3. Independent G4{

When G40 code is programmed without other commands in one block, posi-
tioning is carried out at the point where the tool nose R comes into con-
tact with the point specified in the previous block since the G4 block
has no X and Z words which call for axis movement.

N1 G42 G@1 X10¢ z1¢g¢g Fg.2 S10¢¢ T@1¢1d1 M@3

N2 zZ60
N3 X12¢
N4 X130 z2¢
N5 G4g
N6 GBG X3¢@ z3¢@
N6
X+ 5

o NZ\ N\ L VSN C

CAUTION

While cancelling the tool nose radius compensation mode (G4@), the
mode of operation must be either G@U@ or G@Fl. If not, an alarm
occurs.
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RELIEVING TOOL TO CHANGE "S'" OR "M" CODE DURING CUTTING

The tool nose radius compensation function is designed to automatically
compensate the tool nose radius in a continuous cutting program; with the
dimensions of the workpiece programmed, compensation is automatically made
to finish the programmed dimensions. However, such powerful function
requires careful programming which interrupting the continuous cutting to
change S8 and/or M commands.

This section deals with some programming examples in which the programmer
experienced unexpected results by relieving the cutting tool during cutting

on a continuous path.

The original contour and its associated program are provided below:

N4

X+

N“\\\\\\\\\\\13

. TITTTTTTT

N2 N1

N1 G&42 GGl- X10¢ z1¢¢ F@.2 S150¢ TO101¢1 M@3

N2 780
N3 X12¢ z4g S1¢gg
N4 220

The original contour comprises; straight line - slope - straight line and
has no complicated section.

Based on this program, the program to relieve the cutting tool at point N3
in the +X direction in order to change the spindle speed is made. See the
programs provided hereafter.
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21-5-1. Program 2

N1 G42 G@l1 X1Q¢

N2

N3 X120
N31 G@Eg X124
N32 G@#1 X12¢
N4

uSu

X+ e

N4

Z1g¢ F@¢.2 S150¢ TO1¢1¢1
78(
Z4{

S1gdg
Z2(

code change

M@3
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Uncut portion is left

VAOVIRAYTRRNY
N2

The cutting tool is relieved at point N3 in the +X direction, spindle

speed is changed and then continuous cutting is intended:

In this program, the cutting tool is positioned at a point where the tool
nose R is in contact with line N3-N31 at point N31 when the commands in
block N31 are executed since the three designated points N3, N31 and N32

lie on the same straight line.

tioning with respect to the line is on the right.
mands in block N32 position the cutting tool to the point where the tool
nose R is brought into contact with straight lines N31-N32 and N3-N4 on

the right side of the tool advancing direction.

tool to move not only in X-axis direction but in Z-axis direction
although block N32 contains only X word.

Such cutting tool movements leave an uncut portion as shown above.

From N3 to N31, the side of the posi-
To the contrary, com-

This causes the cutting

OKUMA MACHINERY WORKS LTD.



2452-E P-330

21-5-2. Program 3

N1 G42 G@1 X1¢¢ z100 F@.2 S15¢0¢0 TQ1@1¢1 M@3

N2 780
N3 X12¢ 244
N31 GO@ X124
N32 X120 z42 S10¢d
N4 G@1 720
N3 1 -
// Imaginary shape
(7
N32
Nd
/L
N3
X+

Overcut portion \\\\\\\\\\\\\\\Nl
N2

4+

In this program, elimination of the uncut portion caused by Program 2 is
intended. Although the uncut portion is eliminated, this program caused
overcutting, instead; what caused the overcutting is explained hereafter.

When the control feeds the cutting tool from point N2 to point N3, it
reads the position data of point N31 as well as those of point N3. This
permits the tool nose R to be positioned at the point where the nose R is
in contact with the two straight lines N2-N3 and N3-N31. After that,
positioning is carried out at the point where the tool nose R comes into
contact with the two straight lines N3-N31 and N31-N32, when positioning
is made with the commands in block N31. This moves the cutting tool in
the -X direction although the commands in that block specify tool move-
ment in the +X direction. This is expected from the positioning in block
N3, where the tool nose R goes beyond side N31-N32.

Similarly, positioning of the cutting tool in block N32 is carried out at
the point where the tool nose R comes into contact with both straight
lines N31-N32 and N32-N4. This also causes the cutting tool to move in
the direction opposite to the programmed direction.
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21-5-3. Program 4
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N1 G42 GO1 X100 2z10¢ Fg.2 S150¢ TOL@1gl M@3
N2 Z80
N3 X120 z4¢
N31 GUg X126
N32 X12¢ 2743 S10d@
N4 G@1 z20
N31
#]
/] Imaginary shape
4
/]
/|
X+
7
NN AL
N3 N32
7+
3331550 RRR RN
N2

In this program, a tool looping similar to that performed in Program 3 is
made with the numeral values modified to avoid overcutting.

This program almost yields the expected finish. However, there are still
latent problems as:

- overcutting is caused depending on the size of the tool nose R
- the length of side N31-N32 cannot be readily found.

These problems are solved by looping the tool path along a square as
explained later.
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21-5-4. Program 5

N1 G42 G@1 X1¢¢ Z1¢g F¢g.2 S150¢ T@1@¢1¢l WM@3

N2 Z8(

N3 X120 z4Q

N31 G@@ X124 (%*a)

N32 Z42 (*b) S10¢d
N33 G@1 X120

N4 720

*a: > 1200 + 4 x (nose R)
*b: > 4@ + 2 x (nose R)

N3}/ N32

X+

NaN N N N NN N\

N3

Portion left uncut

TN AN NSNS L

N2

In this looping path, the tool nose R moves inside the programmed rec-—
tangle, N3-N31-N32-N33. Therefore, axis behavior can be easily expected
if only these respective sides are longer than twice the tool nose R
(four times on X-axis).

Since this program leaves an uncut portion as specified, it can be
further improved as indicated in Program 6.
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21-5-5. Program 6

N1
N2
N3
N31
N32
N33
N4

X+
N4

G42

GEl X1¢¢ Z10¢ Fg.2 S150¢ T@l@lEl M@3
Z8(
X12¢.5 239
G@@ X124 (*a)
z42 (%b) S10d¢

X120
Gyl zZ20
*a: > 120.5 + 4 x (nose R)
*b: > 39 + 2 x (nose R)
N3}//////////N32

%
/fImaglnary shape

\\\\\\

[~
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&)

N3 S\_
\\\\\\\ 777N33
7+
\\\\\\\\\\\\Nl

Point N3 is shifted in the -Z direction as much as tool nose R to elimi-
nate the uncut part seen in Program 6.

Programs 1 through 5 will provide some clues to complete the program for
the intended cutting.

- As an imaginary shape for tool path looping, select a rectangle or

polygon but not a triangle.

tool movements.

Triangles are apt to lead to unexpected
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21-6. PRECAUTIONS

(1)

(2)

(3)

(4)

(5)

(6)

If either X- or Z-axis exceeds the respective soft-limits, a "Limit
Alarm" results.

During the tool nose radius compensation mode, commands that do not
cause axis motion, although dimension words are present, (zero offset
by G code for instance, or thread cutting fixed cycle (G31, G32 and
G33)) cannot be specified.

To activate the tool nose radius compensation mode from the LAP mode
operation, provide G4l or G42 in the block preceded by the one con-
taining G81 or G82 in which dimensions of cutting in LAP are spec-—
ified. In the LAP mode operation, the tool nose radius compensation
is active both in rough and finish cut cycles.

Be sure to enter G4@ which cancels the tool nose radius compensation
mode before specifying the end of LAP contour designation code G8(.

While in tool nose radius compensation mode, the same point should not
be commanded in succession. However, one block that does not contain
axis motion commands can be provided; the control is designed to
accept such block.

At the start up of tool nose radius compensation mode, the control
starts execution of the commands after it reads in the commands in the
successive two blocks. Therefore, pressing CYCLE START button, in MDI
mode, after entering the commands for one block cannot start machine
operation.

Incremental commands (G91) can be provided in the tool nose radius
compensation mode.
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SECTION 22 USER TASK 2

22-1.,

OUTLINE OF USER TASK FUNCTION

After years of work in data processing, we at Okuma are now able to provide
our customer with the most efficient use of high data processing capacity
in OSP50L-G/OSP5(@UL-G series. We have accomplished this in the develop-
ment of User Task Function.

Operations and functions constructed as one group of instructions are
stored in the memory when assigned with a program name like a subprogram.
The stored subprogram can be accessed from the main program by specifying
the program name representing a group of instructions and the operations
and functions in that program can be executed.

A group of operations and functions to be stored is called User Task
Program and the command to call it is User Task Call Command.

Conventional
program
User task program
> ///
User task call Operations and
command

functions
constructed in
one group

The biggest advantage of the user task function is that various operation
functions and variables can be used in a user task program. In addition,
the use of control statements assure versatility in the user task function.
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There are many fields where user task function can be effectively used;
among them, the user task function in the following fields is very advan-
tageous.

(1) The same contour is repeatedly specified in cutting a part such as a
pulley.

(2) Gears and flanges which have similar contours:

By picking up common and similar contour elements of parts to be cut
according to Group Technology, express those elements using variables.
User task program is programmed using the variables and actual dimen-
sions of a specific part to be cut are provided in a cutting (or main)
program. Thus the parts having the similar contour can be machined
using one user task program.

(3) Automatic cycle involving peripheral equipment and/or functions:

Instructions necessary to interlock the machine cycle with bar feeder
or loader cycle, or work loader/unloader, work gauging cycle commands,
instructions for machine interlocked operation with robot or other
peripheral equipment are programmed as user task programs. Activate
this user task function when operating the machine with peripheral
equipment and/or functions.

Peripheral equipment and functions indicated above are all available
from Okuma. However, it is also possible for a user a special func-
tion or operation by using the user task function.

(4) Parts having similar contours:

When dimensions of points where circular arcs intersect or a circular
arc and a tapered segment intersect each other are not indicated on a
part drawing but if those points can be calculated by several
expressions, user task program for these parts can be programmed using
expressions.

(5) Special fixed cycle for a user:

When special fixed cycles or custom cycles are required to be made by
users. :

As stated above, effective use of user task function can realize various
operations and functions. 1In addition, complicated programs can be greatly
simplified with this function assuring accurate and quick programming.
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22-2., TYPES OF USER TASK FUNCTION

Z2EIE

2452-E P-337-R5

Relation between Types of Program Files and User Task Functions

Types of program files are discussed in the Operation Manual of

0SP5(¢dL-G,

Section 4,

"Application" (Publication No.

2446-E) .

Shown

below summarizes the relation between the types of program files and user

task functions.

Schedule
program
file

User task
funection

Main
program
file

User task 1

Main
program
! file

Schedule
program

file

User task

function

program
file

Schedule

Sub—
rogra
file

System /
subprogram
file /[ |

Main
program//p
file

Sub— System
. /program subprogram
'Alle //flle

User task 2

|

Fig. 22-1

Fig. 22-2

Programs in Fig. 22-1 consist of schedule program and main program; User
Task function can be used in these two types of programs. User Task
function applicable in such construction is called "User Task 1". User
task 1 is the standard function.

The case shown in Fig. 22-2 is made from all types of program files and
User Task function can be used in every type of program. User Task func-
tion applicable in such construction is called "User Task 2'".

This manual covers "User Task 2" and functions available with "User Task
1" are all contained in "User Task 2".
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22-3. FUNDAMENTAL FUNCTIONS OF USER TASK

There are three fundamental user task functions as indicated below:

(1)

(2)

(3)

Control Statement Functions

The statements to control the execution order of programmed sequences,
such as "IF", "GOTO" and "CALL" which are easily understood, can be
used.

Variables

In normal programming, numerical data directly follows the address
characters such as X, Y, and Z. Instead of numerical data, a variable
expressed by alphanumerics can be assigned to the address characters,
and actual numerical data are assigned to the variables in respective
programs. This feature provides program versatility and flexibility.

Example:
Word used in conventional When a variable 1is used:
program:
X135 X=XP1 XP1=135

=

Variable name Numerical data
(alphanumeric) 1is assigned.

Arithmetic Operation Function

This function allows arithmetic expressions to be directly programmed
as a word data.

Example:
Word used in conventional When arithmetic operation
program: function is used:

x L35 X = 10¢ + XP2 XP2 = 35 or
XP2 = 35 X = 10¢@¢ + XP2

Provided in later pages are the detailed descriptions of respective
fundamental user task functioms.
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22-3-1. Control Statement

User Task 1 can use following six control statements:

IR SEACBMEnE e sewsiso s
COTO statement sowwwss iwvesss ] User Task 1

CALE SEREEMBAE wawwanh vamenes sevases svivsee b User Task 2
RYS BEALEMBNAE & wpuies v sviss 65 fm st ammesen oo

Program these control statements either at the beginning of a block or
right after a sequence name specified at the beginning of a block. Be
sure to provide either a space or a tab code following the sequence name
or a control statement as a delimiter. If not, an alarm occurs.

For "IF" statement, it is not necessary to provide a space or a tab since
it is followed by '"left bracket - [".

Example:

N1g@l GOTO.N2¢@¢

NLAPlJég;étNLAPZ

The element consisting of more than one address characters (A through
Z) such as a sequence name and a control code must be followed by
either a space or a tab code.

A space or a tab code

Note 1: Sequence Name

A sequence name is the code to identify respective blocks in a
program, and it consists of four alphanumerics following address
character N.

There are two types of sequence names:

{N> <four alphanumerics>, and
{N> <letter> <three alphanumerics>

"Sequence name'" handled in this manual refers to both types of
sequence names.
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(1) GOTO Statement — Unconditional Jump

a) Program Format

<N@> o <GOTO> . <N1>

—— Sequence name of the block where jump 1is
to be made and it must be specified
without fail.

Indicates '"'GOTO" statement.

Sequence name of this block and it can be
omitted.

Note: Sequence name <N1> for jump must be the one in the
program containing such control statement.

b) Function

When the control statement is executed, jump to the programmed
block, <N1> is made unconditionally.

Note: On two-saddle models, jump from the program for A saddle
to the program for B saddle or vise versa is not allowed.

(2) 1IF Statement - Conditional Jump

a) Program Format

<N@> s <IF> <Qualification> . <GOTO0>  <N1>

. This is the
{sequence name> to
which jump is made
when <{qualification>
is true. This must
be programmed
without fail.

This can be omitted.

There are two possible states for
the result of the <{qualification>,
"true' and "false'".

{Qualification”> must be expressed in

[ 1.

Indicates "IF" statement.
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b) Function

1) When the <qualification> is true, execution of the sequence
jumps to the sequence <NI1>.

2) When the <qualification> is false, the following sequence is
executed.

Example:
N1¢@@uIF [VILEQul@]LN20gg
Means '"'equal (=)".
Jump is made to N2(¢) when variable VI equals 1¢ (V1 = 1¢).
When V1 is not equal to 1¢, the following block is executed.

c) Jump by Judgement of Definition of Local Variable using IF
statement

<N2>_,<IF>_,<Local variables name>. .<GOTO> L <N3>

This is the <sequence
name> to which jump is
made when the designated
variable has been
defined.

— This can be omitted.

Local variable name to be judged
whether it has been defined or not
It is not necessary to use [ ] to
express a local variable name.

Indicates IF statement.

Sequence name of this block

This checks whether the local variable name designated is
defined or not. Jump is made to the designated sequence name,
N3, when it is defined and the block which follows this N2 block
will be executed if the designated local variable is not
defined.

Example:
N1@@@uIFLABCLN2(G(

If local variable AC has been defined, jump to N2(@¢ sequence is
made. If it has not been defined, the next block is executed.
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Call Statement - Calling Program

a)

Program format

<Ng> <CALL> <01> <Q1> <Variable setting section)

[:::Assign numerical data to the variables

used in the subprogram to be called.

Indicates the number of repetitions of the
subprogram to be called. (1 through 9999
following address character Q)

When omitted, the control assumes Ql.

Program name of the subprogram to be
called. This must be specified without
fail.

Indicates "CALL" statement.

(4)

b)

RTS

a)

Sequence name of this block and it can be
omitted.

Function
The subprogram designated by <01> is called and executed. When
variables are set in the variable setting section, all of them
are registered.
Example:

N1¢@@ CALL 01234 XP1=15¢ ZP1=10¢
With the designated commands above, the subprogram 01234 is
called and executed. At the same time, variables XP1 and ZPl
are registered.
Statement - End of Subprogram

Program Format

<N@> <RTS>

Indicates RTS statement.

Sequence name of this block and it can be
omitted.
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Function

This RTS statement must always be specified at the end of the
subprogram; this declares the end of the called subprogram and
execution sequence jumps to the block right after the one con-
taining CALL statement.

Example:
Main Program

N1@@@ CALL 01234 XP1l = 15@¢ ZPl = 10

Subprogram

01234
N@G@1 Ggg X Z

NéS@ Ris

When block N1¢@#¢ in the main program is executed, jump to sub-
program 01234 is made. The subprogram is executed from N@@1
and when the control reads the RTS statement in N@5@, Jump is
then made to N1(¢¢l of the main program and the commands in that
block and those after that are executed. At the instance the
jump from the subprogram to the main program is made, variables
XP1l and ZPl are cleared.

Order of program execution:

N100g | ——|01234 |[—=|Ngg1|— ... [ng50]— [N1g01]...
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(5) MODIN Statement

a)

Program Format

{N@> <MODIN> <01> <Ql> <Variable setting section>

Assign numerical data to the variables
used in the subprogram to be called.

Indicates the number of repetitions of
the subprogram to be called. (1 through
9999 following address character Q)

When omitted, the control assumes Ql.

Program name of the subprogram to be
called. This must be designated without
fail.

Indicates ''MODIN" statement.

Sequence name of this block and it can be

b)

omitted.
Function

The designated subprogram is called each time axis motion
command(s) is executed. That is, the designated subprogram is
called and executed each time axis motion command (*1) in the
program calling that subprogram is executed. This function
remains active until the MODOUT statement detailed in (6) is
read.

*] Axis Motion command means the command in G@@, G@1l, G@3 and
G31 through G35 modes which contain either or both of X and
Z words.

(6) MODOUT Statement

a)

b)

Program Format

<N@> <MODOUT>

Indicates MODOUT statement.

Sequence name of this block and it can be
omitted.

Function

This is the statement to cancel the MODIN mode.
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Program Example of MODIN and MODOUT Statements
Main Program Subprogram

N@glL  Gcgg X 2z

Ng3¢

N@31  MODIN 010d¢
N@32 X z N1ggl ¢G@gl X 2z F
N@33 X Z N1@@2
N@34 Z :
N@35 X Z
: - :
N@39 ~> N1¢4@ RTS

N@4Q MODOUT
N@41

NGé@ M@2

Order of program execution:

(vog1] [ng3g] [w31] [ng32] [orgge] [wiged]
[n033| [oigdg| [nigag| [wg34] [oigds] [wigug
[No35] [o100d] [Nigag]

Main and subprograms are executed repeatedly.

N@4G Main programs is executed.

The program is started from N@@l of the main program and the
commands up to N@3¢ are executed in ordinary manner. With the
commands in N{@31 executed, the control is in the MODIN mode
calling the subprogram 01(¢f¢¢). 1In this block, however, the sub-
program is not executed. When the axis motion commands in block
N@32 are completed, the subprogram 01¢@¢@ is called and executed
up to N1@40 in that subprogram. The RTS statement causes jump
to the main program and N@33 in the main program is then exe-
cuted. The same step is repeated up to block N@39 in the main
program. The MODOUT statement in N@4@ cancels the MODIN mode
and the commands in the blocks after N4l are executed in ordi-
nary manner.
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Note 1: Nesting and effective range of MODIN/MODOUT mode

Permissible nesting level in MODIN mode is eight.

Example

Main Program Subprogram
N@@1l MODIN Ol@gg 01¢¢g

; =1 N1@@l GO X Z
N@lg MODIN O020¢¢ :
N@ll G@g@d X 2z N1¢1@¢ RTS
N@12 :

: 02000
Naﬁg MODOUT ‘J N20@l G@@ X Z
N{Jé@j MODOUT . szll(a RTS

The example above shows the nesting of two levels.

The MODIN mode is active from N@@l to N@3¢ for subprogram
01¢¢@ and from NQ1¢ to N@2¢ for subprogram 02(¢J.

Operation Sequence:

1) 1In the blocks from N@@l to N@@9, subprogram 010@(F is
called and executed each time axis motion command is
executed.

2) In the blocks from N@1¢ to N@2¢, subprogram 01Q0@@ is
called and executed first after axis motion command is
executed. Then, subprogram 02@@@ is called and exe-
cuted in succession. In case the subprogram 02@@(@
contains axis motion commands, N2(@l in this example,
010@¢ is executed after such axis motion command is
completed. After the subprogram 02(¢¢ is completed,
the block of commands in the main program is executed.

3) In the blocks from N@21 to N@3@¢, subprogram 01¢@@ is
called and executed each time axis motion commands is
executed.

Note 2: The MODIN mode must be cancelled by the MODOUT statement
designated in the same program. That is, the MODIN mode
activated in the main program cannot be cancelled by the
MODOUT statement in the subprogram, or MODIN mode active
in the subprogram cannot be cancelled by the MODOUT state-
ment in the main program.

Note 3: Maximum number of subprograms usable in a single program is
125.
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READ/WRITE statement

READ and WRITE statements are used for communications with external
devices through the RS232C interface.

They are used in conjunction with GET and PUT statement explained in

(8) below.

a) Program format

<N@> <READ> s <n>
—— Channel designation for RS232C interface
n=l " vsnsn CN@: or TT:
=1 isiies CNI
=2 ... CN2:
s R—— CN3:
2 ave e CN4:
Default: n=
Indicates the READ statement.
Sequence name of this block and it can be
omitted.
<N@g> <WRITE> ., <n>

——Channel designation for RS$232C interface
Same as READ statement

Indicates the WRITE statement.

Sequence name of this block and it can be

b) Function

WRITE

omitted.

Receives the data from the external device connected
to the channel designated by <n> and stores it in
read area (max. of 160 characters) in the JIS8 code.

Sends the data stored in the write area (max. of 160
characters) in the JIS8 code to the external device
connected to the channel designated by <n>.
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d)

e)
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Transmission procedure

It is necessary to change the baud rate and signal construction
in advance for the RS232C interface which is going to be used
for the communication through RS232C interface.

For setting, No. 39 through No. 43 of the optional parameters
(baud rate CN@f: to CN4:) and No. 12 through No. 16 of the
optional parameter bits (signal construction CN@: to CN4:) are
used. For details, refer to the operation explained in 4-3,
"Parameter Setting" of the Operation Manual.

Transmission code

For transmission codes, JIS 8 bit code or JIS 7 bit code (in
this case, use even parity bit) are used.

Transmission finish code NULL or % is used. This selection is
referenced to 3 of the optional parameter bit No. 1. (% is
selected by 1 and NULL is selected by (.)

Others
1) The following situations will cause Alarm B.

— The number of characters of transmission data exceeds 16(.

- Transmission of data through RS232C interface stops for
more than determined period of time.

- An alarm has occurred in the RS232C interface during
transmission.

- RS232C is no longer in ready status.

2) Do not execute list output or punch out using the same
channel of RS232C interface during the execution of the
READ/WRITE command.

3) Execution of the READ/WRITE command and printing out of
measured data cannot be executed at the same time.

While either of them is being execution of the other com-
mand is suspended.

4) READ/WRITE areas are common for A and B saddles. Since the
areas for READ and WRITE are different, execution of the
READ command does not change the WRITE area.

5) Nothing but a sequence number should be placed before the
READ/WRITE command.

6) When using JIS 7 bit code, designate SI code (shift in $F)
at the beginning of communication 1 and designate SO (shift
out $@PE) at the end. Since both SI and SO are treated as
data, include them in the number of characters in
transmission.
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(8) GET/PUT statement
a) Program format

<N@>  <GET> ., <s>, <>

2452-E P-349-R5

i

KNG>  <PUT>, <>, <>

[

This indicates the number of digits to be
read out from the read area where the data
has been stored by the READ statement.
(Max. of 1@ digits)

If "s" equals "(@", this indicates the
number of characters to be skipped.
(Max. of 160 characters)

The variable name used to store the data
in the read area where the data have been
stored by the READ statement.

(common variable, system variable, local
variable output variable)

Indicates GET statement.

Sequence name of this block and it can be
omitted.

This indicates the number of digits to be
written to the write area using the WRITE
statement. (Max. of 1@ digits)

If "S" equals "@", this indicates the
number of space codes.
(Max. of 160 space codes)

Indicates the data to be written to the
write area; variable name, character-

string, or hexadecimal number

(common variable, system variable, local
variable, input variable, "ABC'", $¢A)

Indicates PUT statement.

Sequence name of this block and it can be
omitted.
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Function

GET . v This reads out the numerical data (JIS8 code) from
the read area where the data has been stored by the
READ statement and sets it to the variable desig-
nated.

PUT . cvos This stores the numerical data of the variable and a

character string designated in the write area output
by the WRITE statement. The data is stored in the
JIS8 code.

Function details

BET" oiw wimin First, the code read out in the READ area by the READ
statement is read out as many as the number of the
characters designated in <{> from the position of the
area read pointer (to be referred to as RRP later).
Then, the read out data is converted into numerical
values and set in the type of variable designated in
<{s>. At this moment, RRP is added by <.

RRP is set at the beginning of the READ area when the
READ statement is executed or the NC is reset, and
the data is added when GET is executed. Returning is
impossible.

As mentioned before, since the READ area is common
for both A and B saddles, when it is necessary to
read the mixed data of A and B saddles, synchroniza-
tion by MI@@ is required.

Alarm B occurs in the following cases:

— When RRP exceeds the number of codes read by the
READ statement

— When conversion into numerical data is impossible

Example: When there are more than two decimal points
or code other than § through 9 exists
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When common variable or local variable is designated
in <s>, the real type is used, and when input
variable is designated, the integer type is used, and
for the system variables, data is convert:d into JIS
8 letter codes in accordance with the att-ibute of
the system variable. Then the letter cod: is written
in the WRITE area for as many as the numb:r of digits
designated in <¢> from the position of th: write-in
pointer of the WRITE area (to be referred to as WWP
later). At this moment, WWP is added by {£>.

WWP is set at the beginning of the WRITE area when
the WRITE statement is executed or the NC is reset,
and the data is added when PUT is executed. Return-
ing is impossible.

Character string or hexadecimal number can be used
for <s> in PUT statement. However, the limit for the
number of characters to be designated is 16. <
must not be designated.
Hexadecimal number:

PUT S@gD@A Follow $
Capital letters:

PUT  'ABCD' Finish with '

Small letters:

PUT ' ABCD' Starts with '

Since the WRITE area is common for both A and B
saddles, when it is necessary to transmit the mixed
data of A and B saddles, synchronization by M1(¢(¢ is
required.

Alarm B occurs in the following cases:

— When WWP exceeds 160
— When NULL or % exists in hexadecimal number
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d) Relationship between READ/WRITE and GET/PUT

Data communications are made using the variables (common
variables, system variables, local variables, input/output
variables) and external devices through the read/write area.

lospsggr-¢/osesggor-¢ 1
| |
| |Common variable ¢ GET _ READ < i 325?2231
| |System variable Read ares CN( l; ViR
| |Local variable /ﬂ | ¢ ’
printer,
| |Input/output I etc
| variable '
| PUT WRITE CN1 |
| A |
| I
} Write area ! |
4 |
i CN4 |
| |
| RS232C | |
| interface| |
| l
| f
S | BT L . -~ -~~~ o
Programming
N1 READ @ & vwwwniina swwaiss Data is read from CN{:.
N2 GET w10 wwewisn saveis Message (a) (10 letters) is skipped.
N3 GET Vil »emmma smmeine 11th letter is read in V1.
N4 IF[V1 EQ (] NI11
N5 BET 39 weasviissaaes Message (b) (9 letters) is skipped.
N6 GET LiV2,2 ssiss smsen-s 21st and 22nd letters are read into V2.
N7  GET L,4 veeneeennnnns Message (c) (4 letters) is skipped.

N8 GET u VTOFX[V2],5 ... 27th to 3lst letters are read into tool
offset data.

N9 GET i 4 cuvincncnennn Message (d) (4 letters) is skipped.

N1¢§ GET o VTOFZ[V2] ..... 36th to 4@th letters are read into tool
offset data.

NI11
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Transmission data

1 5 1¢ 15 20 25 3¢ 35 40
A Compensation Yes/No = 1 Offset No. = ,, 3 ., OX = s 0.2 ,0Z =—¢.31
L | I | | | |

(a) (b) (c) (d)

The result of the preceding program:

Ve =1

V2 = 3

VTOFX[3] = ¢.¢2
VTOFZ[3] = -¢.31

Printer is supposedly connected to CN@:

N1g¢
N1¢1
N1g2
N1(3
N1g4
N1(g5
N1¢6
N1g7
N1g8
N1(9
N1lg
N111

N112

BUT w4 L e i 4 spaces
PUT '#% !

PUT 'TOOL wu OFFSET ., DATA'

PUT 'y %!

PUT S$ODGA e Carriage return code
PUT 'N='

PUT VL, 2 '+ e s Tool offset number
PUT ' uX='

PUT VEOFX[VLI].8 i issenees Tool offset value
PUT 'wiz='

PUT VTOFZ[V1],8
BUR . SEDBA: . . o s s Carriage return code

WRITE ¢

The following will be printed when the preceding program is executed.

vuun ®% 0 TOOL wOFFSET w DATA u %%

N=u3uX= wuuwb5.41202Z= Luu 14.339
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22-3-2. Variables

There are three types of variables used with User Task 2:

— Common variable
— Local wvariable
- System variable

These three types of variables differ in their use and characteristics.

(1)

Common Variable

The term "common" of common variables can be literally understood as
common; they are common to main and subprograms. When the same
variable is used in two or more programs, the variable number used
in those programs must be identical. Therefore, the common
variable, the result of calculation in one program, can be referred
to in other programs.

a) Program format
{V> <one or two digits> = numerical data or expression

Designation of a common variable is made with up to two digits
following "V'". Usable common variable is V1 through V32,

In a program, a common variable is used as:

N1@l.V5 = 1@, or N1@luV5 = V5 + 1

Note 1: Common variables are used in common to A-turret and B-
turret.

Note 2: Common variables are effective both in main and subprogram.

Note 3: Common variables are not affected by control reset or
turning power off. That is, the data are retained unless
they are re-set or a control program tape is loaded.

Note 4: Common variables can be set or changed by setting a param-
eter besides setting or changing them in a program. For
detailed information of parameter setting, refer to
Operation Manual for OSP5(@L-G/0SP5Q@@L-G, 4-3, "Operation
in Parameter Mode'" (Publication No. 2446-E).
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As may be known form the term '"local", local variables are the
variables that a user can set as desired with a name easy to
distinguish from each other. Up to 127 local variables can be used
for A-turret and B-turret, respectively.

a) Program Format

{Letter><Letter>{two alphanumerics> = Numerical data or

expression

"0", "N" and "V'" cannot be used.

Example:

'DIAL' '"ITHS5'

The name identical to function names (*2), relative
operators (*2), logical operators and extended address
characters (%2) cannot be used.

*1:

*2:

Extended address characters are used for LAP, pat-
tern processing, user fixed cycle and other extended
functions which cannot be covered with conventional
address characters A through Z. Extended address
characters are:

<AA>, <AB>, <DA>, <DB>, <FA>, <FB>, <IA>,
<IB>, <KA>, <KB>, <LA>, <LB>, <RA>, <RBD,
<SA>, <SB>, <TA>, <TB>, <UA>, <UB>, <WAD,
<WB>, <XA>, <XB>, <ZA>, <AB>, <BC>, <BR>

Explained in detail in 22-3-3.

b) Characteristics of Local Variables

1)

2)

Local variables can be used independently on A-turret and B-
turret, and are cleared when the control is reset.

When a new local variable is set in a main program, that is,
when data is assigned to a new local variable name, that
local variable name and corresponding data are registered in
the memory.

If a local variable name is used without assigning the data,
an alarm results.
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3) When new data is assigned to the local variable already
registered with another data, that old data is renewed.

Main program

In N@@l@, numerical data "16¢" is
assigned to local variable name
"DIAL", which remains effective up

N@@l@ DIAl = 160 to sequence N@@49. In N@@E5@, new
: numerical data "2¢¢" is assigned

N@@49 to the same local variable name

N@@s5@  DIAl = 2(¢ "DIA1". This clears the old data

"16¢" and it is substituted with
the new data "2¢@"

4) Up to 127 local variables can be used on A-turret and B-
turret, respectively.

5) When a subprogram call command (CALL statement) is
programmed in the main and the subprogram with local
variables set in the block containing CALL statement, the
variables assigned with the numeral values in such block are
all registered as local variables and their numeral values
are stored in memory.

Even when the local variable having the same name as the one
already registered before the call statement is programmed
is designated, it is newly registered as a new variable.

Main Program Subprogram
01¢dg
N1Q@¢ CALL 01¢¢¢ ABC=1@¢ N1@5@ CALL 02@¢@ ABC=5¢(¢
& DEF = 15¢ & DEF = 750

/

Registering Local Variable in Memory

ABC 1¢¢ Numerical data assigned to the local
]-————~* variables by the CALL statement in

DEF 150 the main program

ABC 50¢¢ Numerical data assigned to the local
J—-"———- variables by the CALL statement in

DEF 75( the subprogram

As shown above, the variables having the same name as those
already registered are newly registered as different
variables.
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6) When using local variables in the subprogram called the
numerical data assigned last to the local variable is used
when there are several local variables assigned with the
same name registered in the memory.

The local variables set in the block containing CALL state-
ment are all cleared when the RTS statement in the called
subprogram is executed.
Main program Subprogram 1 Subprogram 2 Subprogram 3
- o1 L L0300
ABC=2@, DEF=5@ ’//,f’ 5 ’/f,z’ : ’//,z’ :
N1G® CALL 01606 N1A5¢ CALL 02(0¢ N2P1¢ CALL 03(d¢
& ABC=1§@ DEF=15¢ & ABC=5@9 DEF=75p & ABC=40) DEF=35@
HLPL ees NFQSI N?.ﬁll \
\H“"--Nil¢¢ :Ts\"‘“--k'i's -“"‘--.RTS
\QS (1) ll (2) ﬁ?;;;;r (3)
Registration of local variables
Main program ABC  2¢
DEF 50
Subprogram 1 ABC 100
DEF 150 |  ..... Cleared in (1)
Subprogram 2 ABC 5@¢
DEF 7560 | s Cleared in (2)
Subprogram 3 ABC 400
DEF 35¢ |  ..... Cleared in (3)

In the example above, execution of N2(1¢) in the subprogram 2
registers 4 kinds of local variables ABCs and DEFs and the
subprogram 03(¢§ is executed. If the subprogram 03¢@#¢ con-
tains local variable names ABC and DEF, the numeral data
registered last, i.e., ABC=4()) and DEF=35( are called for.
At the end of the subprogram 03@@¢@, that is, when the RTS
statement in 03(@@ is executed, the local variables
registered by the subprogram CALL 03@¢@@#, ABC=4(¢ and DEF=35(
are cleared from the memory.
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7) When a local variable is newly set in a subprogram, its
name and numerical data are registered in the memory. They
are effective only in the subprogram in which they are set,
and are cleared when the RTS statement in that subprogram
is executed.

Main Program Subprogram

N1¢@ CALL 01¢@d@ |
AN

|
I
|
J
I

-0100¢
|

} Local variables set within
| these blocks are all

| cleared when block N11¢¢

I is executed.

|

“N110¢ RTS
8) When numerical data is assigned to the local variable name
which is already assigned with another numerical data while
a subprogram is executed, the numerical data is renewed. If
several local variables having the same variable name are
registered in the memory, the numerical data of the local
variable registered last is renewed.
Registration of Local Variables Subprogram 2
Main Program ABC 20 02d4¢q
DEF 50
Subprogram 1 ABC 10 N2G 10
DEF 150

Subprogram 2 ABC 50(@=—220 |___+N2@4( ABC=22( DEF=3((

DEF 75@= 300

N21¢@ RTS

While the subprogram 2 is executed, local variables ABC=4¢(
and DEF=35( are registered in the memory but they are
cleared by executing program 3 RTS. Therefore, the
variables registered when program 2 is called in N1@5@ are
effective in the blocks up to N2@39. Therefore, when block
N2(¢4¢ is executed, the numerical values of local variables
ABC and DEF registered in the subprogram 2 are renewed to
22 and 30@, respectively, and those registered in the
subprogram 1 and the main program are not renewed.
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System Variables

System variable means the variable specific to respective systems
and its name is fixed.

The system variables are set for respective turrets independently
and not cleared when the control is reset.

System variables available are:

- Zero offset variable

— Zero shift variable

- Tool offset variable

- Nose radius compensation variable
- Tool interference data variable

- Variable soft-limit variable

— Chuck barrier variable

- Droop variable

— Tailstock barrier variable

— Pitch error compensation variable
— User restart variable

— Alarm comment variable

These variables can be set, changed and used in a program according
to the format detailed later. Therefore, they can be effectively
used in programs requiring them, such as work gauging program, tool
gauging program, and post-process gauging program.

They, of course, can be set by selecting ZERO SET, TOOL DATA or
PARAMETER mode. For details of setting procedure, refer to the
Operation Manual for OSP5(@L-G/0SP5(@@¢L-G.

System variables are detailed hereinafter:

Fundamental Program Format of System Variable

System variable .... V> <Letter> <Three alphanumerics>

l:::'C!haractr-:r string in this part is

determined and the use of illegal
character string causes alarm.

All the system variables are pre-
ceded by character "V".
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Zero offset variable
Variable name

{VZOFZ> vvvveunn Zero OFfset of Z-axis
<VZOFX> tvveeenn Zero OFfset of X-axis
{VZOFW> ........ Zero OFfset of W-axis
(only for programmable tailstock specification)
SUZOEGE s wie Zero OFfset of C-axis
(only for multi-machining model)

When setting a variable, designate as VZOFZ = 12364.256.
Zero shift variable

Variable name

CVEZSHEZY sovmie s Zero SHift of Z-axis
CVZSHXY> vvvvenns Zero SHift of X-axis
<VZSHC> .vvvewn. Zero SHift of C-axis

(only for multi-machining model)
When setting a variable, designate as VZSHZ = 5.
These zero shift variables deal with shift amount set by zero
shift operation called by G5@, and the set shift amount is
cleared when the control is reset.
Tool offset variable
Variable name

{VTOFZ> [Tool Offset No.] ..... Tool OFfset of Z-axis

<VTOFX> [Tool Offset No.] ..... Tool OFfset of X-axis

When setting a variable, designate as VTOFZ [5] = 2.634.

This indicates that tool offset

amount of Z-axis for #5 is set
20634
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d) Nose radius compensation variable
Variable name

{VNSRZ> [Nose R Compensation No. ]

NoSe Radius compensation of Z-axis

{VNSRX> [Nose R Compensation No. ]

NoSe Radius compensation of X-axis

When setting a variable, designate as VNSRZ [4] = (.8

This indicates that nose
radius (in Z-axis) of the
tool assigned with nose
radius compensation no. &
is set to #.8 mm.

e) Tool interference data

Pattern 2
7 '
ZN 7P s
g #
#
P Vg
XP [ .
e
XN 4
VIACL LS S8 r F it TTTT

ZN ZP

AT W Pattern 1
PO 7

Pl i R

L

LN 1] | xe

2mE

; 7777 T ZET 77

L~

L

s

L

L/

OKUMA MACHINERY WORKS LTD.



f)

Variable

{VTIZN>

<VTIZP>

{VTIXN>

{VTIXP>

{VTIPN>

name

[Tool No.] .... Tool Interference
end; ZN

[Tool No.] .... Tool Interference
end; ZP

[Tool No.] .... Tool Interference
end; XN

[Tool No.] .... Tool Interference
end; XP

[Tool No.] . Pattern number

on

on

on

on

2452-E

Z—axis

Z-axis

X-axis

X-axis

at

at

at

at

P-362-R3

Negative
Positive
Negative

Positive

Note: 1In the graphic specification, tool interference data is
calculated in the NC device by the protrusion amount
designated on the tool shape selection page and tool
diameter and tool interference variable for automatic

determination.

Therefore, if the interference data is

rewritten by using tool interference data variables, it
is not used.

Variable soft-limit variable

Variable

{VPVLZ>
{VPVLX>
<{VNVLZ>
<VNVLX>
{VPVLW>

{VNVLW>

name

........ PositiVe
........ PositiVe
........ NegatiVe
sesseas. NegatiVe
........ PositiVe

Limit on Z-axis
Limit on X-axis
Limit on Z-axis
Limit on X-axis
Limit on W-axis

(only for programmable tailstock specification)

........ NegatiVe

Limit on W-axis

(only for programmable tailstock specification)

When setting a variable, designate as VPVLZ

2352.168.

This indicates that variable soft-
limit of Z-axis in positive direc-—
tion 1is set at Z = 2352.168 mm.

Numerical data of these variables are referenced to the origin
of the machine coordinate system (machine origin).
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g) Chuck barrier/tailstock barrier variable

0D

Workpiece end face

SOOANS
\ Iw
Y =
N

CZ
Dl - -
] CX/2
iD CX/2
L1
4
‘ 2/
A1
D1 ;__ CZ
Vs 4 i

Variable name

CVCHRLS v s Jaw dimension L1
<VCHED> sviseeas Jaw dimension D1
{VCHKZ> ....... . Jaw position CZ
VGHRYY saiimisas Jaw position CX
CNESLY o omsnminie s Center dimension L2
{VTSDA> ........ Center dimension D2
SHTSDAY: v sonniviss Center position D3
<VWKR> ......... Workpiece end face

Numerical data of these variables are referenced to the origin
of the program coordinate system (programming zero).

h) Droop variable
Variable name

SVINPZZ ¢ussnisn Droop amount in Z-axis
IN Position Z-axis

{VINPX> ........ Droop amount in X-axis
IN Position X-axis

CVINPES siiisn vas Droop amount in C-axis
IN Position C-axis
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i) Pitch error compensation variable

Variable name

CUPEVZZ? s wes Pitch compensation amount in Z-axis
Pitch Fillup Value Z-axis

SVBPEVXD wawes s Pitch compensation amount in X-axis
Pitch Fillup Value X-axis

LVPENGY (sviin v Pitch compensation amount in C-axis
Pitch Fillup Value C-axis

CYPCHZY wvivnsn wimis Pitch amount in Z-axis
PitCH Z-axis

UPCHX? e s Pitch amount in X-axis

PitCH X-axis

These variables are used only for the pitch error compensation
specification.

j) Restart variable
Variable name
CYBSTTS> saives cus ReSTarT

This indicates the restart state in the
sequence restart operation.

{#aa = Not in restart
#80 In restart
Example:
N1¢g¢ IF [VRSTTNEw @] N2@Q
k) Alarm comment variable
Variable name

<VUACM> ..vvunns User Alarm CoMment

User alarm comments up to 16 characters
can be designated.

VUACM[1] - VUACM[16]
This variable is cleared when the NC is reset.
For the alarm variable, character-string or a hexadecimal code
(preceded by the $ symbol) in quotation marks (' ') can be
used. As character-string, alphabets (upper case and lower

case) can be used. For the procedure refer to 3-1-8.

Note: As hexadecimal code, setting is possible up to four
characters.
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Output of a comment to the CRT is designated with output
variable VDOUT [*]=code number. See below.

*=99]1: 9¢9 Alarm C
*=092: 462 Alarm B
#=0993: 147 Alarm A

As a code number, numbers 1 - 9999 can be used.

Program example 1:

N2(¢2 VUACM[1] "ABC=10¢ "
N2¢3 VUACM[9] ' AABC'
N2@4 VUACM[12] = '=20¢¢"
N2¢5 VDOUT[991] = 999

After the execution of the program above, an alarm with a
comment can be generated in N2(5.

CRT display:
909 Alarm C User dedicated code 999 ABC=1((¢ abc=20(¢

Program example 2:

N2@2 VUACM[1] = 'ABC'
N2@3 VUACM[5] = '=123"'
] = 999

N2(@4 VDOUT[991

When the program above is executed, only ABC is displayed as
a comment.

Set a comment without placing a space between comment
characters. In the above example, since three characters
are set at VUACM[1], the fourth and the following characters
should be set at VUACM[4].

Program example 3:

N1@1 VUACM[1] '-LAK]!
N1@2 VUACM[5] = '=GEAR'
N1@3 vDOUT[992] = '1¢¢g’

After the execution of the program above, an alarm with a
comment can be generated in N1§3.

CRT display:

462 Alarm B User dedicated code 1(@@ PART=GEAR
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Program example 4:

N3@¢1 VUACM[1]

= $41424344
N3¢2 VDOUT[992] =

2000

CRT display:

462 Alarm B User dedicated code 2@@¢@ ABCD

I/0 Variables

I1/0 variables are the variables effective for signal transmission
between the control and peripheral equipment.

Input variables:

The variable representing signals inputted from peripheral
equipment such as the operation panel, the post-process gauging
unit, the tool gauging system and the touch sensor.

These signals are called "input bit data".

OQutput variables:

The variable representing signals outputted from the control to
the peripheral equipment such as indicator lamps and alarm
display on the operation panel.

These signals are called "output bit data'.

a) Input variable
Variable name
{VDIN> [Input variable no.] ....... Data INput
Left bracket Right bracket
Input
Variable Contents of Data Input Equipment
No.
1 -8 Bit data: @ (OFF), 1 (ON) Panel input
9 1 byte data in which data of wvariables Panel input
#1 through #8 are corresponded to bit {§
through bit 7.
1¢ 5 bits data of hexadecimal number, S Panel input

through SIF
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Input
Variable Contents of Data Input Equipment
No.
11 - 18 Bit data: @ (OFF), 1 (ON) External input (EC)
19 1 byte data in which data of variables External input (EC)
#11 through #18 are corresponded to bit
(¢ through bit 7.
21 - 22 Bit data: @ (OFF), 1 (ON) Panel input
23 - 24 Bit data: @ (OFF), 1 (ON) External input (EC)
31 - 38 Bit data: ¢ (OFF), 1 (ON) Panel output
39 1 byte data in which data of variables
#31 through #38 are corresponded to bit
@ through bit 7.
81 - 88 Bit data: @ (OFF), 1 (ON) Robot input
89 1 byte data in which data of variables
#81 through #88 are corresponded to bit
¢ through bit 7.
8¢1 - 812 1 byte data Post-processing
input
821 - 832 1 word data Post-processing -
input
100¢ - 10@¢4 | Timers: 1 msec., 1 sec., 1 min.,
1 hour, 1 day (with power turned on,
timers are reset to "@" and starts
counting up after that: 4-byte counter)
11¢¢ - 1123 | Condition of external inputs: External input (EC)
#1 through #24
1124 - 1149 | Condition of panel inputs: Panel input
#1 through #26
115¢ - 1165 | Condition of external outputs: External output (EC)
#1 through #16
1166 - 1194 | Condition of panel outputs: Panel output
#1 through #29
1195 - 1218 | Condition of extended external inputs: EC extended input
#1 through #24
1219 - 1234 | Condition of extended external inputs: EC extended output
#1 through #16
1235 - 1250 | Condition of specification codes:
#1 through #16

Note:
customer.

Details of specifications must be discussed with a
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(2) Output variable

Variable name

<VDOUT> [Output variable No.] ...ovevuaconn Data OUTput
! !
Left-bracket Right bracket
Output
Variable Contents of Data Qutput Equipment
No.
1 -8 Bit data: @ (OFF), 1 (ON) Panel output
9 1 byte data in which data of variables Panel output
#1 through #8 are corresponded to bit @
through bit 7.
11 - 18 Bit data: @ (OFF), 1 (ON) External output (EC)
19 1 byte data in which data of variables External output (EC)
#11 through #18 are corresponded to bit
¢ through bit 7.
21 - 22 | Bit data: @ (OFF), 1 (ON) Panel output
23 = 24 Bit data: @ (OFF), 1 (ON) External output (EC)
31 - 38 Bit data: @ (OFF), 1 (ON) Panel output
39 1 byte data in which data of variables Panel output
#31 through #38 are corresponded to bit
¢ through bit 7.
41 - 48 Bit data: @ (OFF), 1 (ON) Panel output
49 1 byte data in which data of variables Panel output
#41 through #48 are corresponded to bit
¢ through bit 7.
81 - 88 Bit data: @ (OFF), 1 (ON) Robot output
89 1 byte data in which data of variables
#81 through #88 are corresponded to bit
¢ through bit 7.
91 - 98 Bit data: @ (OFF), 1 (ON) Robot output
99 1 byte data in which data of variables
#91 through #98 are corresponded to bit
¢ through bit 7.
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Output

Variable Contents of Data Output Equipment

No.
991 Alarm C User code Alarm output
992 Alarm B User code Alarm output
993 Alarm A User code Alarm output

Note: Details of specifications must be discussed with a

customer.

22-3-3. Arithmetic Operation Function

Arithmetic operation using variables can be performed. Its programming
may be done in the same manner as general arithmetic expression.

{Address character>, <Extended address character>, <Variable)>
= {Expression>

The expression in the right-hand side, requesting arithmetic operation,
is made from constants, variables, functions, boolean expressions, com-
parison expression, and operators.

Types and contents of them are detailed on the following page.

(1) Arithmetic Expression

Operator Meaning Example Rule and Remarks
Positive sign +1234
Negative sign -1234
Sum (addition) X=12.3 + V1
Difference (subtraction) | X=12.3 - V1
Product (multiplication) | X=V1¢ * 1¢
Quotient (division) X=vll / 1¢
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(2) Comparison Expression
Operator Meaning Example Contents Rule
LT (Less Than, <) IF [V1 LT 5] N1¢¢ | Jump to N1({
when V1 is less
than 5.
LE (Less than or IF [V1 LE 5] N1¢@ | Jump to N10@
Equal to, X) when V1 is less
than or equal to
5
EQ (EQual to, =) IF [V1 EQ 5] N1¢@ | Jump to N1¢{¢ Provide a
when V1 is equal | space on
to 5. either
side of
NE (Not Equal to, IF [V1 NE 5] N1G@ | Jump to N1¢(¢ the
#) when V1 is not operator.
equal to 5.
GT (Greater Than,>) | IF [Vl GT 5] NI1¢(¢ | Jump to N1¢¢
when V1 is
greater than 5.
GE (Greater than or | IF [Vl GE 5] N1¢¢ | Jump to N1¢@
Equal, 2) when V1 is
greater than or
equal to 5.
(3) Boolean Expression
Operator Meaning Example Rule
OR Logical sum VDIN [11] OR VDIN [12]
Provide a space on
AND Logical product | VDIN [11] AND VDIN [12] | either side of the
operator.
EOR Exclusive OR VDIN [11] EOR VDIN [12]
NOT Negation
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(4) Functions
Operator Meaning Example Rule and Remark
SIN Sine X = 15%SIN [22.5] The numbers after
the function opera-
cos Cosine Z = 15*%C0S [22.5] tion symbols must
be enclosed using
TAN Tangent Z = 15%TAN [12.5] '"'[" and ']'. 1In
addition, they are
ATAN Arctangent (1) X = 15%ATAN [22.5] [ used for specifying
Value range: -9(¢° to 9(¢° the priority of
operation execution
ATAN2 Arctangent (2)* ATAN2 [1(.15] order.
SQRT Square root X = I5%SQRT [224.5] | When two elements
are specified in
ABS Absolute value ABS [V15] "[ 1", place a
comma "," between
BIN Decimal to binary BIN [V15] them.
conversion 4 BYTE
The position of a
BCD Binary to decimal BCD [V2(] decimal point is
conversion 4 BYTE determined 1in
accordance with the
ROUND Rounding off fractions ROUND [V5] unit system
selected.
FIX Cutting off fractions FIX [Vv7]
Unit systems for
FUP Counting fractions as FUP [V15] angle commands are:
a whole number
1 deg. for 1 mm and
DROUND Rounding off the frac- DROUND [V2(] l inch unit system,
tions to three decimal @.001 deg. for 1 um
places (metric system) or unit system, (f.@g¢¢g1
to four decimal places deg. for ¢.@g0¢g1
(inch system) inch unit system.
DFIX Cutting off the fractions |DFIX [V2¢]
blow the third place of
decimals (metric system)
or below the fourth place
of decimals (inch system)
DFUP Count the figures below DFUP [V21]
the third place of deci-
mals (metric system) or
below the fourth place of
decimals (inch system)
as a whole number
MOD Remainder (a-fix[a/b]*b)
*: The value of ATAN2 [b,a] represents the angle of the point defined

by the coordinate values (a, b).

Its range is from -18¢° to 18(¢°.
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22-3-4. Combination of Operations

(1) Operations and functions explained in the previous page can be com-—
bined as needed.

X =Vl + V2 - V3 + V4 * COS [3(¢]

(2) Designating operator precedence by [ ]
Operator precedence can be determined with the use of [ ].
Example:

V1l = [V2 + V3] * V4 + SIN [[[V5 - V6]/V7] + V8]
S i T S -
©) ®
®

®©
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22-4. PROGRAM EXAMPLES

Three typical program examples are provided in the following pages. They
are prepared only for your reference purpose and they do not cover all the
functions available with User Task 2.

Please refer to the examples so that you can make the most of User Task
function for preparing programs.
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\

Contour of material

Fig. 22-3

Assuming three different workpieces having similar contours as shown above
are to be cut, programs are prepared using user task function.

and the cutting speeds are expressed using the local variables

Diameter DX1
Diameter DX2
Diameter DX3

Finish allowance in
longitudinal direction
Wzl

Finish allowance on
diameter UX1

X coordinate of LAP
starting point

Z coordinate of LAP
starting point

(1) Assign respective workpieces with file names:
SHAFT-A
SHAFT-B
SHAFT-C
(2) Since these workpieces have similar contours, their contours are
defined with a subprogram.
File name of the subprogram is "SHAFT-ABC.SUB".
(3) The elements (dimensions) used to define the contour, and the tool
numbers
and the common variables, respectively.
V1l = Roughing tool DX1 =
V2 = Finishing tool DX2 =
V3 = Cutting speed in DX3 =
roughing cycle WLZ1 =
V4 = Cutting speed in
finishing cycle
LZ1 = Longitudinal UDX1 =
dimension LZ1
LZ2 = Longitudinal Xs =
dimension LZ2
LZ3 = Longitudinal Zs =
dimension LZ3
(4) For cutting a workpiece, LAP mode is used.
(5) Described above are summarized in Table 22-1.
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Table 22-1

Work A Work B Work C

SHAFT-A SHAFT-B SHAFT-C
Roughing tool V1 ¢1¢1 @303 #5085
Finishing tool V2 @202 G404 @606
Cutting speed
in roughing cycle 3 100 114 99
Cutting speed
in finishing cycle v4 120 130 150
LZ1 Lzl 20¢ 25¢@ 3¢d
1.7:2 LZ2 15¢ 17¢ 200
LZ3 LZ3 8¢ 109 129
DX1 DX1 3¢ 40 50
DX2 DX2 50 7¢ 90
DX3 DX3 80 12¢ 15¢
WZ1 WLZ1 @.1 @.15 @.2
UX1 UDX1 @.2 @.25 o g.3
Xs Xs 1¢¢ 144 17¢
Zs 7s 210 260 300

The subprogram defining the contour, prepared using local and common
variables, can be programmed as below according to Table 22-1.

$ SHAFT-ABC.SUB

%

01000

NLAP1 G81

N1@¢@l G@¢ X=DX1 2Z=LZl1+2

N1@@2 Gyl Z=LZ2 F@.2

N1g@3 X=DX2

N1g@4 Z=LZ3

N1¢@5 X=DX3

N1@@6 zZ=0

N1¢@g7 G8(Q

N1G1¢ GOU X800 z=400

N1gll G96 X=Xs 2=Zs S=V3 T=V1 M@3 M@8
N1(¢12 G85 NLAP1 D4 F@.35 U=UDX1 W=WLZ1
N1¢2¢0 GOW X800  z4gQ

N1¢21

N1@22 G87 NLAP1
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The main program for each workpiece is programmed as below using the
subprogram.

Workpiece A

$ SHAFT-A.MIN a)
2 - T e TR T e b)
QLY. T T T e e e c)
N1¢1l GO¢ X800 z4QQ

N1¢2 CALL O01¢0¢ V1=¢gl¢gl vV2=@2¢2 V3=10¢0 Vi=12¢0 ...... d)

LZ1=2@¢ LZ2=15¢ 1L2z3=80¢
$ DX1=3¢ DX2=5¢ DX3=8¢ WLZl=@.1 UDX1=(.2 XS=1¢¢ 2zS=21(

N1@3 M@2

a) File name of the main program ... Program $ proceeding the file
name.

b) Specify % code at the beginning of a program.
¢) Program name ... 0l@f in this example

d) With the commands in N1@2, the subprogram O1(¢@ is called and exe-
cuted. Numerical data for the variables used in the subprogram to
be called are all set. When the commands in this block cannot be
written in one line, separated them in several lines with placing
"$" code at the beginning of the 2nd and later lines. The control
recognize those commands as programmed in one block.

Workpiece B

§ SHAFT-B.MIN

%

01¢1

N1gl GO@g X800 z4gyg

N1¢2 CALL O0l1¢@¢@¢ V1=¢3¢3 V2=@¢4@s  V3=11¢ V4=13¢0 LzZ1=25(
LZ2=17¢ LZ3=10¢0¢
$ DX1=4¢ DX2=7¢ DX3=12¢0 WLZ1=@.15 UDX1=(.25 XS=14¢ 2ZS=26(

N1g3 M@2

Workpiece C

$§ SHAFT-C.MIN

%

01@2

N1g1 cg¢ X800 z40d

N1¢2 CALL Ol¢@g@¢ V1=@5¢5 V2=¢g6@6 V3=9¢ V4=150 LZ1=300¢
Lz2=20¢ Lz3=12¢ _ ' B

§ DX1=5@¢ DX2=9¢ DX3=15¢ WLZ1=¢/.2 UDX1=(.3 XS=170 2ZS=36(
N1g3 M@2
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{Program Example 2> ....... (Cutting contour requiring calculation
for defining 1)

ProgrammingI
zero |

135 1

Fig. 22-4

When cutting the contour containing a circular arc and a taper and when the
point(s) of intersection is not indicated on the part drawing, the user
task function featuring operation function is effectively used for pre-
paring a program for such contour.

(1) With enlarging section A, have the control calculate the points of
intersection using the variables and the operation function of the

user task.

C

CL N \/1%f1 i

8 TR 1
ZLs—Q-
ZL2—=

ZL1 ——

DISs2
DIS1 =

§

XD

Fig. 22-5

The points that must be calculated are Z-coordinate of point a and X-
and Z-coordinates of point b. To obtain them, variables are set as

below.
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Set using

V1g
V11

Set using

XD1
XD2
XD3
ZL1
zZL2
ZL3

DIS1 =

DIS2

DIS3
DIS4

= Distance between point

common variables

= Taper angle (15°)
Arc radius (16 mm)

local variables

Diameter of point "a"

Diameter of point "b"
Diameter of point "e"
Z-coordinate of point
Z-coordinate of point
Z-coordinate of point
Distance: DX3 - DX1

2452-E P-378

(11¢ mm)

(19¢ mm)

"a”

npn
"e" (32 mm)

Distance between the center of arc and point '"b"

(along X-axis)

"a" and point "b" (along Z-axis)

Distance between point "b" and point "c¢" (along Z-axis)

The point of intersection can be calculated in the following
equations.

DIS1 =

DIS2
DIS3
DIS4
XD2
ZL2
ZL1

[xD3 - XD1]1/2
V11*SIN [V1¢]
V11*C0S [V1¢]

[DIS1 + DIS2 - VI1]*TAN [V1¢]

XD1 + 2*[V1l - DIS2]
7ZL3 + DIS4
7ZL2 + DIS3
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Since the pattern appearing in Section A can be used in common with
other workpieces, it is advisable to program such contour as a sub-
program. Name such subprogram "RADIUS-TAPER.SUB" (file name).
Setting of variables <XD2>, <ZL1>, and <ZL2> is made within this sub-
program, and other variables are set in the main program.

Subprogram

RADIUS-TAPER.SUB

4

ORT@L

N1G@@g XD2=XD1+2%[V11-DIS2] ZL2=2ZL3+DIS4
$ 2ZL1=7L2+DIS3

N1G@l Gg1 Z=7L1

N1G@g2 G@2 X=XD2 Z=zZL2 L=VII
N1G@3 G@1 X=XD3  Z=ZL3

N1@@4 RTS

— Variables are set in block N1¢¢dg.
- Z coordinate of point "a" is commanded in block N1(@I.

- X and Z coordinates of point "b" and arc radius are commanded in
block N1@@g2.

X and Z coordinates of point "c" are commanded in block N1(¢@3.

RTS in block N1(¢@4 indicates the end of the subprogram.
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Prepare the cutting program as a main program.

File name of the main program is "FLANGE-1.MIN". LAP and nose radius
compensation function are used in the main program.

The main program is shown below.

Main Program

FLANGE-1.MIN
7
01¢(¢

N1¢1 VIig=15 V11=16 XD1=11¢ XD3=19¢ 2zL3=32
N1G2 GUg X80¢ Z300

NLAP1 G81

N1¢3 G@g X76 Z137

N1¢4 G42 Gyl Z135 F@.2
N1¢5 G75 X8¢ L=2

N1(6 Z115

N1¢g7 G75 X=XD1 L-3

N1¢8 CALL ORT@l DIS1=[XD3-XD1]/2 DIS2=VI11*SIN[V1(]
§ DIS3=V11*COS[V1@] DIS4=[DIS1+DIS2-V11]*TAN[V1{]

N1G9 Z-2
N11¢g G4@ Gy@ X200 11¢
N11l1 G8(¢
N12¢ GOg¢ X809 Z309
N121 G96 X202 z137 S11¢ T@1glgl M@3  M@8
N122 G85 NLAP1 D6 F@.35 U@.2 W@.l
N123 GQ@ X80¢ Z300
N124 S13¢  T@2¢2¢2
N125 G87 NLAP2
N126 G@@ X80d Z309g
M@5 M@9
N128 M@2

Note: The subprogram ORT@1 is called for by the command in block N1(8
for defining the contour consisting of circular arc and tape.
Variables used for defining such contour are all set in this
block.

OKUMA MACHINERY WORKS LTD.



2452-E P-381

{Program Example 3> ....... (Cutting contour consisting of repetitive
contour)

In this example, the contour having the repeated same contours in it such
as a pulley is programmed.

Programming zero

! e, -

Fig. 22-6

(1) Assume that there are different pulleys having the similar contour as
above. For simplify the programs of those pulleys, express the con-

tour of part A using variables. Tool offset
effective on
PC11 — EJ_L this point
i TP3¢3¢3
' fLJT‘ T§3d31s

Fig. 22-7
. Numerical Value
Ez;;able Contents for ?his Example
(Fig. 22-6)

PCI11 Pitch between the pulley grooves 2¢ mm

XH1 Height of pulley groove 15

XDl Starting point of cutting 2

ZW1 Width of groove 16

ZW2 Taper amount of groove in Z-axis 4.7

direction

TWI1 Width of cutting off tool 6

DI Value of I of IR $.299

DK Value of K of KR @.954
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Program the pulley groove cutting cycle as a subprogram using the
variables.

Since this program is called for after execution of axis motion
command(s), it is prepared in incremental mode so that it can be used

at any position wherever called.

Subprogram file name is "PULL-PTTNI1.SUB".

Subprogram

$ PULL-PTTN1.SUB

%

OPP1

NI G991 G@g@ z=-(zwl/2)+(Twl/2)

N2  G42 X=-XD1+@.2

N3  G@l =—(XH1*2)-(.2 F@. @5

N4 GOg X=(XH1%2)+XD1

N5 Z=7ZW2

N6 X=-XD1

N7 GOl =—(XH1*2) Z=-ZW2

N8  GO¢ X=(XH1%*2)+XD1

N9 G4l Z=-ZW2 T@3(¢313

N1¢ X=-XD1

N1l G¢l1 =—(XH1%2) Z=ZW2

N12 G@g¢ X=(XH1*2)+XD1

N13 - Z=-7ZW2-DK-(@.3

N14 =-XD1

N15 G@2 X=-(1-D1)*2 Z=DK I=-1

N16 G@l X=—(XH1*2)+(1-D1)%4 Z=ZW2-DK
N17 G@3 X=-(1-D1)*2 Z=DK I=DI K=DK
N18 G@¢ X=(XH1*2)+XD1

N19 Z=ZW2+DK+(@.3%2) T@3¢3¢3

N2§ G42 X=-XD1

N21 G@3 X=-(1-D1)*2 Zz=-DK I=-1

N22 G@1 =—(XH1*2)+(1-D1)*4 Z=-ZW2+DK
N23 G@2 =—(1-D1)*%2 Z=-DK I=DI K=-DK
N24  GOg X=—(XH1#%2)+XD1

N25 Z=7ZW2

N26 G9(

N27 RTS
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In step (2), the program for cutting one pulley groove is made. Using
that subprogram, the program to cut the pulley shown in Fig. 22-6 can
be prepared.

Make this program as a main program: Program file name is
"PULLY-1.MIN".

Main Program

$ PULLY-1.MIN
%

OPLY1
N@@l G13

N@@2 G@¢ X8@d z3dg

N@U3 G96 S70 T@3¢3@3 M@3
N@@4 PHC=2¢ XD1=2

N@@s z10g

N@@g6 MODIN OPP1 XH1=15 2zWi=16 ZW2=4.7 TWi=6
D1=(.299 DK=(.954
N@@7 G@Y X=150+XD1 zZ10¢

NGg8 Ggg Z=1¢@-PCH

N@@9  cgg Z=1¢¢g-[2*PCH]
NO1¢ GOy Z=10¢¢-[3*PCH]
N@Lll GQ( Z=1((@-[4*PCH]

N@12 MODOUT
N@13 G40 c@@ X8G0 z3¢¢ M@5
N@1l4  M@2

The MODIN statement in block N4 places the control in the MODIN mode
in which the subprogram is called and executed every time axis motion
command(s) is completed. 1In this block, variables used in the
subprogram OPP]1 are also set.

In blocks N@@5 through NU@#9, the subprogram OPP1 is called and exe—
cuted every time the axis motion command(s) in those blocks is
completed, thus cutting the pulley grooves.

The use of the CALL statement instead of the MODIN and MODOUT state-
ments also allows the pulley grooves to be cut. However, when the
CALL statement is used instead of them, that statement must be
repeated every time the subprogram is to be called.
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22-5. SUPPLEMENTS

22=5=].

22=5=2.

Sequence Return in Program Using User Task

Basically, sequence return can be performed in the same manner as in con-
ventional program and there are no restrictions to activate sequence
return function.

When variables are set in a block preceding the one where the sequence
return is made, the set data are all registered in the memory.

Simultaneous 4-Axis Control Mode

Selection of the turret can be made only in the main program. The same
subprogram can be called from Gl13 and Gl4 turrets. Shown below is the
example of combination of simultaneous 4-axis control, LAP, nose radius
compensation, and subprogram.

Main Program Subprogram
(G13 0100¢¢
G81 /
CALL 01¢¢¢ - RTS
G8y ///////
CALL 01¢¢1 (010¢1
G81
L
(Gl4 G42
G40
G840
CALL 01¢¢¢ G85 .
G87
CALL 01(¢1 L RTS
M@2

Note: Up to 125 subprograms can be used in a main program and there is
no limit in the number of subprogram files which can be called
from a main program.
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22-5-3. Rules of Operation and Evaluation of Result

(1)

(2)

Type of data

There are three types of data as "integer type'", '"real type" and
"logical type".

a) Integer type

The data of integer type accurately express integer values and
can be zero, positive integer or negative integer.

b) Real type

The data of real type accurately express real values and can be
zero, positive real number or negative real number.

c) Logical type
The data of logical type may be either true (1) or false ({).
Constant

There are two types of constants as "integer constant" and "real
constant".

The constants preceded by either "plus" or "minus" sign are called
"signed constant'.

The constants comprising those are called "generic constant".

a) Integer constant
Integer constants are the constants of integer type. They are
expressed by up to eight digits and are interpreted as a decimal
number.

b) Real constant
Real constants are the constants of real type. They are

expressed by up to eight digits including a decimal point and
are interpreted as a decimal number.
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(3) Types of variables and evaluation of its value
When setting a variable, assignment statement is used:
V =e

where, V = variable name
e constant, variable name, expression, and function

With the setting indicated above, value of '"e'" is evaluated, and the
value of "V" is changed according to the rule.

Note: Abbreviation symbol

[T easn sveimes vas Integer type

[R] wwwwes svwemas vove Real type

[I] — [B] waiininsie Change to real type

[R] — [I] civennn.. Change to integer type
Variable Name of V | Unit System | Type of '"e" Evaluation of Value
System variables 1 mm [1] Not changed

1/1600¢ inch [’] [R] —=[1]

(inch system value is
converted into metric
system value)

(rounding off fractionms)

_fom [1] [I] * 10¢¢ (metric system)
e [I] * 1006¢¢ (inch system)
[R] [R] = 100¢

— = (metric system)
(rounding off fractions)

[R] * 10000
——==(inch system)
(rounding off fractions)

Common variables -~ [1] [T] —[R]
[R] Not changed
Local variables = [1] [1] [R]
[R] Not changed
Extended address - [1] [1] — [R]
character [R] Not changed
I/0 variable - [1] Not changed
[R] [R] —= [I]

(rounding off fractions)
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(4) Rules of operation expression and evaluation of values
Example:
Expression ..... C=A+B
LElement 2
Element 1
Result of operation
Note: Abbreviation symbol
LT 25 aimon s wn Integer type
BB e v wmpmrennias wherai Real type
[I] —= [R] .iiveen Change to real type
[R] — [I] ....... Change to integer type
EB] & coarvans sdieies Logical type
Type of
Type of ——— —— gype Of . Type of Result of
Expression | PCerator SHENE “l%men Element 2 Operation
Al up" non
Arithmetic - Addition [1] [1] [1]
expression
[I] —— [R] | [R] [R]
- Subtraction [R] [I] ——[R] [R]
[R] [R] [R]
+ Positive sign | [I] [1]
- Negative sign | [R] [R]
* Multiplica- [I] ——[R] | [1] —— [R]
tion [R]
/ Division [R] [R]
Comparison LT Less than <
expression
LE Less than or | [I] [1] [b]
equal to <
EQ Equal to = [1] [R] | [R]
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Type of
Type of : Type of Type ok Result of
; Operator Meaning Element 1 Element 2 .
Expression e s Operation
A B ”C“
Comparison NE Not equal to [R] [1] [R] [b]
expression #
GT Greater than
> [R] [R]
GE Greater than
or equal to >
Logical EOR Exclusive OR [1] [1]
expression
OR Logical sum [R] [1] | [R] —[1] (1]
AND Logical (Cutting off | (Cutting off
product fractions) fractions)
NOT Negation [1] or

[R] [1]
(Cutting off
fractions)

[1]
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(5) Operation rule of functions and evaluation of value
Note: Abbreviation symbol
] o Integer type
[B] 50564 memamme soms Real type
[I] — [R] cuu..... Change to real type
[B] — [E] cesucesss Change to integer type
Function i Unit Type of Type of Type of Result
Name System |Element 1 Element 2 of Operation
SIN Sine 1 mm [I] —I[R] | [R]/100¢ [R]
deg.
cos Cosine (metric
system)
1/10009 [R] [R]/10d0 [R]
inch deg.
(inch
system)
TAN Tangent mm [I] —=[R] [R]
inch | [R] \Gegren) [R]
ATAN Arctangent 1 mm [T] —=[R] [RI*1ddg
ATAN2 (1/100¢ degree)
(metric system)
1/1909¢ | [R] [R]*1000d0
inch (1/1900¢ degree)
(inch system)
SQRT Square root - [1] —[R] - [R]
[R]
ABS Absolute value - [I] —=[R] - [R]
[R]
BIN BCD —= BIN = [T
[R] —=[1] - [1]
(Cutting
off frac-
tions)
BCD BIN —= BCD - (1]
[R] —[T1] ~ [1]
(Cutting
off frac-
tions)
ROUND Rounding off [1] [I](Not changed)
fractions - [R] [I]
FIX Cutting off [1] [I1](Not changed)
fractions - [R] - [1]
FUP C?untlng frac- (1] [I](Not changed)
tions as a = [R] _ [I]
whole number
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SECTION 23 INCH/METRIC SWITCHABLE

The OSP5(@L-G/OSP5((L-G allows the system to operate under the desired
dimensioning unit system by setting a proper parameter.

(1) Parameter setting

)

PARAMETER SET &
Page 1 A turret
* OPTIONAL PARAMETER BIT #*
' No. No. No.
01000011 9 ¢0eGedE 17 @O0Q0E0E 25 @OPGEGOY
dPQRE0ee 10 (0000GE0 18 (QUPOOPEE 26 PPOPDOEE
0P00dMD 11  @GPEO00eE 19 0000QE0E 27 0OPBOUGR
0000P000 12 Q0GRGPRE 20 Q0PEEE0F 28 DOBEIGOY
d0000P00 13 0000BQ00 21 GOPIPOEE 29 @OPFEIE0
G000PP00 14 OO0PEGOQ 22  GOQ0Q0OY 3¢ PEPC0P0Y
000adp00 15 (00ddedE 23 QQ0PEEge 31 gPPEE0dD
POPPROFd 16 GOFERREE 24 QEPOEERE 32  GEPBUIRY

o~ W N o

SET | ADD ! CAL I | ITEMT [ ITE[-H|

CEFJE2E3EYIESE)IEDES)

Setting of the dimensioning unit system is possible by the setting of
parameter data at bit ¢, 1 and 2 of optional parameter (bit) No. 3.

Bit @ ..... inch/metric selection
Bit T cawas mm unit (inch unit)
Bit 2 vuewan 1¢ pm unit
Bit 2 Bit 1 Bit @ Operation Condition
A @ 1 a 1 mm unit system
B 1 ¢ ] 1¢ pm unit system
c ¢ ¢ () 1 ym unit system
D @ 1 1 1 inch unit system
E 0 ] 1 1/1006¢¢ inch unit system

The standard setting is A.
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Operations

a) Inside the system, dimension data is all processed in units of
1 ym (metric system). The units for function generation and posi-
tion detection are also 1 pm.

b) For the entry of tool offset data, zero set data, parameter data
and others, the data is entered in units of inches. But they are
stored in units of metric system selected.

For the purpose of display, the data is converted into the unit in
inch system selected and displayed on the CRT.

c) Both program data and MDI data are input in the unit in inch
system. However, they are immediately converted into the data in
units of 1 ym for positioning operations.

d) For instance, when an axis is to be fed in units of one pulse
(#.0@@1 inches), the axis is fed in accordance with the values
converted into those of 1 pm units.

Commands in Theoretical Metric Values
Inch System Metric Values for Positioning
#.000@¢1 inch 2.54 u 3.0
2 5.08 5.0
3 7.62 8.0
¢.9

4 1¢.16 1

The command in inch unit is multiplied by 2.54 to be converted
into metric values. Fractions smaller than 1 um are rounded.
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(3) Unit table (units when "1" is designated)
Metric System Inch System
1 pgm 1¢ ypm 1 mm l/lGGG?nCh 1 inch
Length: X,Z,I, ¢.001 .91 1 0.0001 1
K,D,H,L,U,W (mm) (mm) (mm) (inch) (inch)
Feed (/rev): 7.0g1 @.01 1 ¢.00d1 1
F.E (mm/rev) (mm/rev) (mm/rev) (inch/rev) |(inch/rev)
Feed (/min): g.1 1 1 @.01 1
F,E (mm/min) (mm/min) (mm/min) (inch/min) |(inch/min)
Angle: #.001 g.0¢1 1 g.gg91 1
A,B,C (deg.) (deg.) (deg.) (deg.) (deg.)
Time: @.¢1 g.1 1 g.d1 1
F.E (sec) (sec) (sec) (sec) (sec)
Spindle RPM: 1 1 1 1 1
S (rpm) (rpm) (rpm) (rpm) (rpm)
Surface speed: 1 1 1 1 1
S (m/min) (m/min) (m/min) (feet/min) |(feet/min)
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SECTION 24 GRAPHIC CRT DISPLAY

24-1,

OUTLINE OF GRAPHIC CRT DISPLAY

This function displays the progress of the program in animation in addition
to the programmed tool paths on CRT.

The OSP5(()L.-G has the color graphic CRT on which workpieces, cutting
tools, etc. are differentiated by colors.

The OSP5(L-G has the monochrome graphic CRT on which workpieces, cutting
tools, etc. are differentiated by patterns, line types, and brightness.
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24-2. FUNCTION KEYS USED FOR GRAPHIC DISPLAY OPERATION

The graphic display is possible in the auto, MDI and manual operation
modes .

4 M

AUTO OPERATION

NATERIAL' CLEAR | [EXTEND]

STD | EXT !NORMAL|ENLARGE|TRACEI
GRAPHICIGRAPHICI SCALE | SCALE |ANIMATE

(FIJCE2EIEYYCEsIEB8)IEFEZ(ES8)

(1) Fl (STD GRAPHIC)

Graphic display mode in the scale set from the NORMAL SCALE function
is selected.

(2) F2 (EXT GRAPHIC)

Graphic display mode in the scale set from the ENLARGE SCALE function
is selected.

Note: Switching between the standard and enlarged graphic display
modes during the execution of a program is impossible.
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(3) F3 (NORMAL SCALE)

SCALE mm
49.0¢d
AUTO I SCALE , I | | SCALE [
SCA UIT
L te | ser Q j

FDE2JEIEDESI(EB)(E 7)(F 8}

This function selects the unit length of an axis on the graphic
display. On the graphic display, a dotted line with arrow marks at
both ends is displayed with SCALE indication and scale value. This
represents the scale length.

The standard scale is set in two different methods such as

a) Automatic determination
b) Arbitrary setting

The procedure for setting the standard scale is explained below. Note
that the standard graphic page must be displayed for setting the stan-
dard scale.

a) Automatic determination

The graphic scale is automatically determined by pressing the
function key [F1] (AUTO SCALE). When this key is pressed, the
program is read up to the end of the program (M@2) and the scale
is determined automatically so that the machining area can be
displayed on the CRT.
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Remarks:

1)

2)

3)

4)

)

6)

Before executing the automatic determination, select the
desired program.

If following commands are used in a part program, they are
executed when the program is read by the pressing of the func-
tion key [F1] (AUTO SCALE).

READ, WRITE, GET, PUT, DELETE, SAVE and DEF

If output variables, system variables and common variables are
used in a left member of expression in a part program, they
are rewritten by the automatic determination operation.

If the scheduled operation mode is selected, automatic deter-
mination of the scale value is possible only for the program
selected by the first PSELECT command.

If an alarm occurs during the reading of a program for automa-
tic determination, or if the program reading is looped due to
the statements GOTO, IF and other program execution order
designating commands and automatic determination of the scale
is not completed, then escape such state by resetting the
control.

The drawing area automatically determined is calculated from
the following formula.

Operating area in the &

(cutting G code mode ) x (104 + n)2

Here n is a factor to allow margin in the tool path drawing
operation and set by optional parameter (word) No. 51.

(¢ < n < 100)
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b) Arbitrary determination

4 A
AUTO OPERATION
STANDARD
150 —}
50+
100 T
1 ] 2 | |
5¢ 109 -50 50 100
-50T1
—& — | | :
SCALE mm 50 106 | 15¢ 200 25¢
T ap. 000
= NSC
>_ T
AUTO ‘ SCALEI ] ] | | SCALE I
SCALE | sgT QUIT

EVJE2EIEDEEBSIED(ES)

The scale value can be directly entered through the keyboard after
pressing the function key [F2] (SCALE SET). 1In this scale
setting, setting range is from 12.5 mm to 125¢ mm.

The position of the coordinate axes can be set at a required posi-
tion using the cursor after setting the scale value.

The standard scale setting operation ends by pressing the function key
[F7] (SCALE QUIT).
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F4 (ENLARGE SCALE)

2452-E P-398-Al

- ~
AUTO OPERATION
EXTENDED
T~ 7
150 [~ - N ] /’,,:_1
wet T
501 TL__ _:lk
’//T e :\\“ '
E%; 50 100 150 200 250~
;RAME FRAME | | | " SCALE|
L ENLARGE | REDUCE QUIT y,

(EVE2)EIEJDNESDESIEDESR)

The display area to be zoomed up from the standard grap
enlarged graphic display can be set as needed.

Pressing the function key [F1] (FRAME ENLARGE) reduces

cating the display area. Pressing the function key [F2
REDUCE) enlarges the display area indicating frame. Se
tion of the display area frame is made using the cursor

enlarge scale setting function terminates when the func
(SCALE QUIT) is pressed.

hic display or

the frame indi-
] (FRAME

tting the posi-
key. The

tion key [F7]
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F5 (TRACE/ANIMATE)

7 Y
AUTO OPERATION
[TRACE] / [ANTHATE
STD I EXT |NORMAL'ENLARGErrRACE/ i I
MATERIAL |CLEAR| [EXTEND
N GRAPHIC|GRAPHIC! SCALE | SCALE |ANTMATE [ } )

FDE2DEIEDEDEDEFEDES)

The graphic display mode is selectable from the three modes indicated
below by pressing the function key [F5] (TRACE/ANIMATE). Note that

selection of the graphic display mode must be made before starting the
operation. The selected mode can not be changed during the operation.

a)

b)

c)

TRACE /ANIMATE mode

In this mode, tool shape, chuck shape, blank shape and tailstock
spindle shape are displayed in addition to programmed tool paths.
The blank shape is actually removed in accordance with the
progress of the part program.

TRACE mode

In this mode, only the programmed tool paths are drawn.

ANIMATE Mode

In this mode, tool shape, chuck shape, blank shape and tailstock
spindle shape are displayed and blank shape is actually removed in

accordance with the progress of the part program.

Display of the tool paths is not available.
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(6) F6 (MATERIAL)

The blank shape, chuck shape and tailstock spindle shape registered
are displayed.

(7) F7 (CLEAR)

Tool paths, blank shape, chuck shape and tailstock spindle shape
displayed on the CRT are all cleared.
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GENERAL PRECAUTIONS FOR ANIMATION MODE DISPLAY
(1) Scale value setting range
Setting ranges of the scale value are indicated below:
Normal scale: 12.5 mm to 125¢ mm
Enlarge scale: #.4 mm to 1250 mm
(2) Relationship between animation display and scale value
Available animation display differs depending on the scale value
setting and the relationship between the set scale value and animation
display available is summarized in the table below.
Function Tool Shape Blank Removal Tool Path
Scale Value Display Display Display
1250 mm - 5 mm o 0 o
5mm - 2.5 mm X o o
2.5 mm - ¢.4 mm X X o
(3) Animation drawing speed

The animation drawing function has a limit in the drawing speed
(feedrate of 1 meter per min. will be the maximum drawing speed at a
scale value setting of 25 mm).

This means simulation with the animation drawing in the machine lock
mode automatically overrides the specified feedrate (animation speed
override). In actual machining operation, however, animation speed
override is impossible and if program is executed at a feedrate for
which animation drawing is impossible, the control displays the
message "ANIM SPEED OVER" and erases animation drawing. In this case,
only programmed paths are displayed on the CRT.

Note: To clear the message "ANIM SPEED OVER", press the function key
[F7] (CLEAR) after the part program has been completed.
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(&)

Parameter data for selecting the elements of animation and tool paths
drawing

For the display or drawing of animation and tool path, display ele-
ments can be selected by a parameter data - optional parameter (bit)

No. 16.
Bit ON/OFF
Bit ¢ Jog feed path drawing
Bit 1 Rapid traverse path drawing
Bit 2 Cutting feed path drawing
Bit 3 Blank shape drawing
Bit 4 Chuck shape drawing
Bit 5 Tailstock shape drawing
Bit 6 Tool shape drawing
Bit 7 Blank removal drawing

24-4, HIGH SPEED DRAWING
Programmed tool paths can be drawn at a high speed in the machine lock and
dry run on mode. Setting of the single block function is effective. 1In
this programmed path drawing operation, since the tool path in the G@¢
rapid traverse mode is not the same as the actual movements, this must be
taken into consideration.
24-5. DISPLAY PAGE
rf .
AUTO OPERATION SHAFT.MIN OSHT1 N1¢@ 35
STANDARD (TRACE)/[ ANTMATE |
ACTUAL POSITION
XA 150.000 .
ZA 150.000 50
XB 15@.@@@1*1
ZB 150.0¢0
lc  ¢.0p¢1*2
SCALE
20. g 1f 5}9 |
MACHINE TIME 190
1 : @3 : 59
-5¢ -+
= GR
STD EXT | NORMAL |ENLARGE|TRACE/ : |
L GRAPHIC'GRAPHIC]SCALE | SCALE |ANIMATE ”ATERIALlCLE“R [EXTEND] J
CEDE2EIIEDESIESIEZDES)
*] Data in | ] is available for two-saddle models.

*2 Data in [ ] is available for multi-machining specs.
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24-6. MACHINE TIME DISPLAY

24

7.

Actual program execution time in the automatic and MDI mode operation is
counted and displayed. While the control is in the slide hole mode or the
program stop mode, such time is not counted.

In the high speed drawing mode (machine lock and dry run on), machine time
display is not available. If machine time calculation is required through
the execution of the high speed drawing operation, optional function for
this operation is necessary.

ADDITIONAL FUNCTIONS FOR MULTI-MACHINING MODELS

The function keys available are basically the same as used for standard
models.

(1) Standard graphic display

For the blank display, the page key is used for switching the view
angle from the side to the front and from the front to the side. This
display change is possible even during the progress of cutting opera-
tions. Note that the page key is not effective for other than the
multi-machining models.

TN
r_ AUTO OPERATION SHAFT.MIN OSHTL NI¢g 35
STANDARD
[TRACH/ANTHAT
ACTUAL POSITION
XA 150.000 L
ZA 150.¢¢0 5¢
[ XB 15w.md¢]
ZB  150.0¢0- °
C ¢.00d
SCALE mm L , ,
20. 999 5 19¢
MACHINE TIME
1:03: 59
= 56 = B
- GR
STD EXT ,NGRNAL'ENLARGE!TRACE/
L GRAPHIJCRAPHIC SCALE | SCALE |ANIMATEMATERIAL CLEAR | [EXTEND] )
* Data in [ ] is available for 2-saddle models.
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N
AUTO OPERATION SHAFT.MIN OSHTI NILO 35
STANDARD

ANTHAT
ACTUAL POSITION FRONT
XA 150000 coy
zA  150.009 199
XB 15¢.¢ﬂﬁj %
ZB  150.000
Cc 0.00d 54 -+
SCALE mm
20. 44 cisd ; y N , cdf
MACHINE TIME g sy s¢ 1y
1: @3 : 59
5S¢ T
10U+
c27y
- GR
STD EXT INORNAL|ENMRCE|TRACE/L1 ;
L GRAPHIJGRAFHIC SCALE | SCALE |ANIMATEMATERIAL CLEAR | [EXTEND] _J

% Data in [ ] is available for 2-saddle models.

The front view is displayed on the coordinate system on which C-axis
angle is fixed as shown above. The indications on the scale represent
X-axis values (in radius).

Enlarged graphic display

In the enlarged graphic display mode, switching the view angle between
the front and side views is possible as in the standard graphic
display mode.

Standard scale setting

Independent scale setting on the side and front views is possible.

For setting the scale for these two views, first display the required
view. When the same scale setting is used for both of the displays in
common, then the setting is necessary only from either of the
displays. 1In this case, specific scale value is set both for the
front and side views.

Setting procedure is the same as used with standard models.

Enlarged scale setting

In the enlarged graphic display mode, independent scale setting for
the different two displays - front and side. As in the scale setting

from the standard display mode, display the required view and setting
should be done from that display.
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Switching between trace and animation displays

As with the standard models, the function key [F5] (TRACE/ANIMATE) is
used for selecting the three different display modes.

a) Trace/Animate
Side View:

Tool shape, chuck shape, blank shape and tailstock spindle shape
are displayed. Tool paths are also displayed in cyan and the
blank is removed as the progress of cutting.

While the C-axis is connected (only for A-turret tools for two-
saddle model), the tool paths are displayed in magenta and remo-
val of blank will not occur.

Front View:

The front view of the blank shape is displayed and the tool tip
point is indicated by red marker. During the cutting, the tool
outline is displayed in the specified interval*l. Removal of
blank does not occur.

The marker and tool outline are displayed only while the C-axis
is connected,

*1: The tool outline is drawn in dots in accordance with the
tool mounting direction, tool diameter (D) and cutting

angle (Al) when the revolving tool is selected (tool
classification code: 27-38) as the tool shape.

Tool Front Display Tool Side Dispaly

] + 1
__.J/ 7 D 1 Al
Tool point *<__.~ S To?l
: point
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The interval of the tool outline drawing is the distance the tool
point has moved from the previous tool outline display position as
indicated below:

Drill diameter + T%a

"n" represents the factor to designate the tool outline drawing

interval and is set at optional parameter (word) No. 55 within a
range of 10 to 1(¢@.

The tool outline is drawn on the display, in addition to the con-
ditions indicated above, when the feedrate is changed from the
rapid traverse to cutting feedrate or the commanded point is
reached (with C-axis connected).

Trace
Side View:

The display is only tool paths, chuck shape and tailstock
spindle shape. As in case a) above, tool path is drawn in
magenta while the C-axis is in connection (only for A-turret for
two-saddle model) and in cyanic in other cases.

Front View:

The tool point position is identified by red marker and tool
outline is drawn in magenta in the specified interval for
cutting feed (only during C-axis connection). Blank removal
will not occur. Tool outline drawing conditions are the same as
in a) above.

Animate

Side View:
Tool shape, chuck shape, blank shape and tailstock spindle shape
are displayed. Tool path display is not available. Removal of
blank occurs in accordance with the progress of cutting. Note
that when the C-axis is in connection (only for A-turret for
two-saddle model), removal of the blank does not occur.

Front View:

Same as in case a) above.
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Blank drawing function key
Side view:

Blank shape, chuck shape and tailstock spindle shape registered are
displayed.

Front View:
Blank shape registered is displayed.

This function key is effective only for the page currently displayed.
That is, pressing this key while the side view is being displayed

displays only the side view of the blank and front view of the blank
cannot be display. This is the same for the front view display page.

Delete function key
Side View:

Tool paths, blank shape, chuck shape, the tailstock spindle shape
and tool shape displayed on the side view page are all deleted.

Front View:

The tool outline drawing and the blank shape displayed on the side
view page are deleted.

This function key is also effective only for the page currently
displayed.

Others

Parameter for canceling front view:

Setting "1" at bit 8 of optional parameter (bit) No. 19 cancels the
display of the front view as with the standard models. With this
parameter setting, functions (1) through (7) above are all ineffec-

~ tive. Initial setting of this parameter is "@¢" (front view display
active).

Differences in side view display depending on whether the front view
display is available or not are indicated below:

When the front view display is canceled, the blank shape obtained in
the process of cutting is stored and can be displayed again even
after the display mode is switched from the standard (enlarge) to
the enlarge (standard) and then back to the standard (enlarge).

When the front view display is selected effective, then the
switching of the display mode cancels once. Here, the switching of
the display between the standard and the enlarge indicates the
switching operation while the control is not in operation.

The parameter setting requires turning off of power three minutes
after the new parameter data has been set.
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24-8. TOOL FORM SELECTION

Procedure to set the tool form used in animation display is explained
below.

The operation to set the tool form means that the data necessary to select
the form pattern appropriate to the tool to be used from the tool form pat-

terns already defined.

1) Select the TOOL DATA SET mode.

MODE

SEENEE Jﬂﬁ

2) Press the function key [F7] (ITEM#) to display the TOOL FORM SELECT
page.

3) Using the PAGE keys IEI ]:l , display the screen for the tool number
to be set.

4 ™\
TOOL DATA SET M @
Pzas 1 - _ UNIT lmm
BZ=1C * TOOL FORM SELETT

TOOL MO, 1 [ TOOL CODE MO. 1f ROUGH 0D-
FORM CODE MO, 1 ;
TOOL EDGE DETH

TOOL AHGLE Fl= 20,000 y
EDEE AlELE z= 3. 00 | |

H = .
STICKIMG CUT L 5. 080 i —‘
i | H

OFFSET MC. et

o= ITEFFER ARER
oME= 0
oHz= 0
=1E
=T ] B ‘ FIND | ‘ I ITEMT | ITEM!
o J

(FUCE2JEIEYIESEB)FEADES)
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Press the function key [F3] (TOOL KIND) to display the page from which

the tool code number can be set.

5)

TOOL LATE SET M
Fags 1 UMIT Lmm
bSO FORM SELECT 4

TooL Mo, 1 TooL COLE MO. 1 FOUEH OL-
FORM ZODE MG 1

= Tl CODE THRELE —

MO M, 40, I

1 ROUGH OD- 10 FIMISH 00— 13 3

Z FOUEH I0- 11 FINISH ID- ot I

I PGS FACEL 12 FIMISH FaoET 21 SROOYVE FRCE-
< FOLGH OD= 12 THREAD oD 22 DRILL,HSE

S ROUGH IL- 14 THREALD IL- 23 DRILL,CAREIDE
& POUGH FACET 1S THREAD FRCEL =4 DRILL, CENTER
T FINISH oD- 1& TAREARD OL- < F

g FINISH ID- 17 THREAD ID- 26 RECESS IDn

& FINIZH FRCEIL 18 THREARD FACET

g

ool 1tem zods

T T Tl

ZET I AT

EVEDIEIEDEDNFIENESD

Input the tool code number.

If keys [3] and [WRITE] are pressed, the display indicated below is

displayed.
Y
TOOL DETA SET M o
FPage 1 UMIT 1mm

* TOOL FORM SELECT
TOOL MO, 1 | TOOL CODE MNG. 10 POUGH O 4
FORM CODE MO. 1

—FORM PATTERN FIGURE —

=Ti
tool item code MO,
tool form code NO, '3

=
-]

TooL
FIMD

ITEMT | ITEM:

SET

ADD |

CEDOE2AE3I(F 4)(F5)(FB8)(F7Z)(F8)
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Input the FORM CODE NO.

If form code "3" is designated, the display will change into the page
as shown below.

TOOL DATE SET M o

Fags ! | | UHIT Lren

BC=ZF 4 TOOL FORIM SELEIT

TOOL MO, 1 [TOOL CODE MO, 3
L@HﬂCﬁerw_g

TOOL £D3E DATH

TOOL AN

EDZE Al

STITKINE U7 L oo 002

OFFSET MO <« |

| POLEH FRIEL |

=T}
ool 1tem oocs MOL L3
tool form cods M2, 13

. Tl
SET Y KIND

Hanl

|ETam

(FDE2)EIEYDESESIEDES:)

From this page, set the TOOL EDGE DATA by locating the cursor at the
required data position.

TOOL ANGLE Al
EDGE ANGLE A2
STICKING OUT L

Input the offset number (ON1 - ON3) of this tool by locating the cursor
at the required offset number data position.

This number is used to designate the tool form provided as the graphic
guide at the tool offset setting page.
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24-9. DRAWING BLANK SHAPE

The user graphic commands (UGC) are provided so that arbitrary blank shapes
may be drawn on the color graphic CRT.

(1) Definition Format
The format used for blank shape drawving is indicated below.

DEF WORK ... vuvrivennneeennnens Declaration of blank definition

A group of user graphic
commands used for
drawing blank shape

BND: caimimis smmimiaiom s smins s sa End of blank shape definition

BRAW' s svinwiisn srvmses suivies o o Blank shape defined is drawn

(2) User Graphic Commands (UGC)

The user graphic commands are largely classified into four types such
as drawing point setting, line drawing, circle drawing and painting.

The explanation below provides the format of the representative com-
mands .

1) Coordinate System for Drawing and Setting Unit

The coordinate system used for drawing the blank shape is the Z-X
coordinate system having the programming zero as the origin.

The unit system used is:

1 mm for metric system, and
@.1 inches for inch system

( X4 -

~

i \\Programming zero

N : /
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Setting Drawing Point

POINT [20, X0]

Note: The command underlined may be used instead of fully
giving command characters. POINT, for instance, can be
commanded by the underlined characters PO.

The POINT command simply sets the starting point (Z@, X@) for the
drawing and no actual drawing operation occurs.

This sets the last reference point (LP) for the drawing.

Drawing Straight Line

LINE [Z1, X1]<,line-code>

A straight line is drawn from the last reference point (LP) of the
drawing up to the commanded end point (Z1, X1). The end point is
referenced to the LP. That is, the command must be given in a
relative value. After the execution of the command, the LP is
established at the end point of this command.

= Solid line

Dotted line ———————-
Short dashes line — —— — —
Long dashes line
= Alternate short and long dahses line — - ——-—
Alternate long and two short dashes line —-——-—
No axis display

= Erasing

Line code:

Il

e IR R O R N
|

Default is "¢ (solid line)".

Circle Drawing

CIRCLE [Z1, X1], [Zec, Xc] <,rotation-direction><,line-code>

An arc is drawn in the following conditions:

Starting point: LP
End point ¢ (21, X1)
Center : (Ze, Xe)

The coordinates of the end point and the center are referenced to
the LP. After the execution of the command, the LP is established
at the end point of this command.
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Rotation Direction:

R: Clockwise R (clockwise)

L: Counterclockwise ﬁ

Default is "R (clockwise)". L (counterclockwise)
Z

—

Line code: Eight codes as used for drawing a straight line.

5) Painting

PAINT (or PF) <number-of-vertexes><,vertex—coordinates>
{,tile-pattern>

The PAINT command is used for painting triangles, rectangles and
circles defined on the absolute coordinate system.
Number of Vertexes:

@: Circles or sectors

3: Triangles

4: Rectangles

Vertex Coordinates:

The designation of coordinates depends on the number of vertexes
specified.

Number of vertexes = )

[z1, x1], [z2, X2] [Zec, Xc] <,rotation-direction>
Zl, X1: Start point

Z2, X2: End point
Zc, Xc: Center

X4 R (rotation direction)
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Number of vertexes = 3

(21, ¥a],[22, %2], [23, %3]

(X1 £ x2 £ X3)
X AZ2,X2) (% Xs )
(Z,,%)
z

Number of vertexes = 4

lz1, x1],[2z2, %2],[2%3, X3],[24, %4]
(X1 £ X2 £ X3 £ X4)

(Z4,
5 0 Xy)
(ZS:XBJ
= Z

Note that the coordinates of vertexes must be given in absolute
values.

Tile Pattern:

No drawing (all dots off)

All dots painted; on every other horizontal line

Dots alternately on and off; on every other horizontal line
Oblique line; from upper right to lower left

All dots painted

All dots painted; on every other vertical line

Dots alternately on and off; on every other vertical line
Oblique line; from upper left to lower right

~N U P W =e

-3

Default is "4'".
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PAINTI <number-of-vertexes><,reference-point-coordiantes>
{,vertex-coordinates><,tile-pattern>

The PAINTI command is used for painting triangle, rectangles and
circles defined on the incremental coordinate system in reference
to the reference point specified.
Number of Vertexes:

@: Circles or sectors

3: Triangles

4: Rectangles
Reference Point Coordinates:

The coordinates of the reference point for defining a shape;

[(z¢, xd]
The values must be given in absolute values.

Vertex Coordinates:

The designation of coordinates depends on the number of vertexes
specified.

Number of vertexes = (f

[z2, x2], [z2, X2] [Zc, Xc] <,rotation-directiond

Zl, X1: Start point
Z2, X2: End point
Zc, Xc: Center

XT R (rotation direction)

%zn +2Z5,Xo+X2)
(Zo+2Zy, Xo+Xy ) —j<zo+z,; Xo+Xc)

(Zﬂtxﬂ

Number of vertexes = 3

[z1, x1],[z2, X2],[z3, X3]
(X1<X2<X3)

( ZO+23, XCI"“{'; )

(Zot2Z,, Xo+‘(2)
_l (ZO+7|, \(0‘{'\.1 /

(Zo,Xo)

= _
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Number of vertexes = 4

[z1, X1],[z2, X2],[z3, X3],[24, X4]
(X1<X2<X3KX4)

X (Zd+7Z4, Xop+X,)

(ZgZy, Xp+Xy)
(Zo+Zs, X¢g +Xp)

( Zgl‘+‘21 .Xl}} ‘}"X1 J
. 7

(Zg, Xd)

Tile Pattern: Eight patterns, ( through 7.

PAINTS <reference-point-position>,[Z@, X0#],[a, b]
{,tile-pattern>

The PAINTS command is used for painting a rectangle having lengths
of a and b.

Reference Point Position:

This specifies the position of the reference point on the rec-
tangle being painted.

LL: Left lower =
LC: Left center LU

CU

LU: Left upper //’////4/

CU: Center upper Zggbj;;y/

RU: Right upper LC ﬁj;é;/:///‘ac b
CL

RC: Right center
RL: Right lower
CL: Center lower LL

RL

Reference Position [Z@, X{]:

The coordinates must be
specified in absolute values.

Tile Pattern: Eight patterns, ¢ through 7.
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PAINTP <reference-point-position>,[Z¢, X01,[a, b]

{,angle-code><, tile-pattern>

The PAINTP command is used for painting rectangles and triangles.

Reference Point Position:

This specifies the position of the reference point on the rec-
tangle and triangle being painted.

LC:
CU:
RC:
CL:

Left center
Center upper
Right center
Center lower

Reference Position [z(, X(]:

— sy
Lo /
(Zg, X% b (Zp,Xd)

The coordinates must be specified in absolute values.

a X X A a X
CU(Zg,Xg )

N

ib

RC

N\ |-

7 - 7 %ﬁ - CL(Zp, Xg) —

Angle Code:
@: Angle A of triangle is 3(°
1: Angle A of triangle is 6(°
2: Angle A of triangle is 12§°

Default is "¢ = 3¢°".

Tile Pattern: Eight patterns, § through 7.
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(3) Example of Painting
a) Blank material viewed from side

This item explains the procedure to paint the blank shape indi-
cated below.

70 mm -

X |

A

Painted

This painting operation uses the PAINTS command.

Reference point [Z§, X@] = [0, (]
Dimensions [a, b] = [7¢, 96]

PAINTS LC,[d, @],[7d, 96],4

The opening in the blank should be defined using the tile pattern
"@'" which represents all dots off.

Reference point [Z@, X¢] = [¢d, (]
Dimensions [a, b] [70, 46]

PAINTS LC,[d, ¢1,[70, 46]1,0

Therefore, the painting is programmed as indicated below:

DEF WORK

PAINTS LC,[@, @1,[70¢, 96],4
PAINTS LC,[¢, @#1,[7¢, 461,0
END

DRAW

Using simple commands, the same painting is programmed as indi-
cated below:

DEF WORK

PS LC,[d, 01,[70, 96]
PS LC,[d, @1,[79, 46],0
END

DRAW

OKUMA MACHINERY WORKS LTD.



Example Program 1

| LC

Example Program 2

X
!
300

/’/1/2ﬁ?3;‘7'

/

/'/ ¥ gg///

IC
=1 fgﬁ—f ——z
—300 —20¢ 100 200 309

2452-E P-419-A4

Reference Point ..... LC
DEF WORK

0S KCM [-10¢, ¢, [3¢¢, 200]
END

Reference Point ..... LG

DEF WORK

PS LC, [-1¢d@, 01, [30d¢, 40¢]

PS LC, [-10¢, ¢], [30¢, 20¢],
@, (*1)

END

Note: @ (*1) indicates drawing not
to be done.
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Example Program 3

X k Reference Point ..... LC
1 DEF WORK

400 Ps Lc, [ @, 01, (200, 600]

PS LC, [2¢d, @1, [200, 40d]

3¢9 END

20—

100

1@0—,5f"‘

200+

3gg—-—

400

Tile patterns in the examples 1, 2 and 3 are painting of all dots.
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b) Blank material viewed from front (only for multiple machining
specification)

Description of Commands:

DEE WORK winonsiais aeios a5 Definition statement - Front view of
blank
PF ¢. [0, ¢], 10¢, D ..... Command to draw blank

Designation of diameter of circle
to be painted

—™Circle diameter

—=Coordinate of circle center
(coordinate of apex)

—Designation of circle

END wvewws auivenies s R iR End statement

or
DEF WORKF

PL ¢, [0, 01, [, 01, 10¢, D

Designation of diameter of
circle to be painted

—=Circle diameter

Coordinates of reference point
+ Coordinates of apex

L—— Coordinate of circle center

—=Designation of circle

END
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Example Program

DEF WORKF
PF @, (¢, @], 100, D
END
DEF WORKF
PF ¢, [@, ¢], 200, D
PF ¢, [0, @], 10¢, D
PF @, [0, @], 50, D
END
2001
156 DEF WORKF
0 PI ¢, [10¢, 1001, [@, @], 20¢, D
o (109, 106], [0, 01, 109, D, ¢
50 e (*1)

END

Note: @ (¥1) indicates drawing not

1
]
1
|
i
50 100 150 20¢ to be done.
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24-1¢. HOW TO SET DRAWING POSITIONS OF CHUCK AND TAILSTOCK

To set the chuck and tailstock positions on the CRT screen with respect to
the workpiece material, input proper data at JAW SIZE (L1, D1), JAW POSI.
(CX, C€z), CENTER (L2, D2), CENTER (D3) and FACE (WR) on the *CHUCK/
TAILSTOCK BARIER* page in the PARAMETER SET mode.

Example:

X
t
199
sibo
150 // ///5 200 .
2 -j),
/;{C%"/’/C;
109
PARAMETER SET
PAGE A TURRET UNIT 1 mm
*CHUCK/TAILSTOCK*
JAW SIZE Ll= 0D L1 | WR FACE
Dl1= : Le [
JAW POSI. CX= DIJ—_ cz | /}‘_',
(A CX/2
CENTER  L2= T 'TL_i_"éf_"—<D3 &
D2= .k%; N
D3= = :
FACE WR= DiI_:*h___J B
I CZ |
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When the following data is input at the *CHUCK/TAILSTOCK BARIER* page in
reference to the blank material illustrated above, the chuck and tailstock
are drawn as below.

Ll = 5¢

D1 = 5¢

CX = 204

czZ = -15¢

L2 = 50

D2 = 5¢

D3 = 2

WR = 20¢ X

160

—150 200

= z
L,

199

Note: If the blank material shape is not symmetric in reference to Z-
axis, the chuck and the tailstock cannot hold the material
correctly.
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Changing Chuck and Tailstock Dimensions

JAW SIZE L X

———————— S

JAW SIZE D

E;‘ CENTER L

CENTER L1

2452-E  P-425-A4

CENTER D

CENTER Dl

Chuck and tailstock dimensions can be changed by setting required values
at parameters No. 18 through No. 23 of optional parameter (long word)
which can be displayed in the parameter set mode.

No.
No.
No.
No.
No.
No.

ccccc

JAW SIZE L
JAW SIZE D
CENTER L
CENTER D
CENTER L1
CENTER D1
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24-11. SYSTEM VARIABLES FOR ANIMATION DISPLAY
The tool shape data, chuck barrier data and tailstock barrier data can be
commanded in the same manner as conventional part program using the system
variables.

(1) Tool Shape Definition

The seven system variables indicated below are used for defining the
tool shape.

Variable Name Contents Data Size
VTLIN[I] Tool classification code 1 to 26
VTLFN[I] Tool shape code 1 to 4
VTLA1[I] Tool angle @ to 360.000
VTLA2[1] Edge angle -360.00¢ to 360.000
VTLL[I] Holder length/Sticking out @ to 9999.999

length/Drill length
VTLD[TI] Holder diameter/Drill diameter # to 9999.999
VTLW[I] Tool width ¢ to 9999.999

The index [I] of the system variable is designated by the tool
number.

The tool number indicates the station number of the turret.
For the tool life management specification, the system variable name

is assigned in the format VGR**[I]. The index [I] is the tool group
number.
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Tool Classification Code: 1 = ROUGH 0D +
2 = ROUGH ID +
3 = ROUGH FACE ¢
4 = ROUGH 0D —
5 = ROUGH ID —
6 = ROUGH FACE 1
7 = FINISH 0D -
8 = FINISH ID «
9 = FINISH FACE *+
1¢ = FINISH OD -
11 = FINISH ID -
12 = FINISH FACE 1
13 = THREAD 0D «
14 = THREAD ID +
15 = THREAD FACE
16 = THREAD 0D —
17 = THREAD ID -~
18 = THREAD FACE 1
19 = GROOVE 0D |
2 = GROQVE ID 1
21 = GROOVE FACE +
22 = DRILL HSS
23 = DRILL CARBIDE
24 = DRILL CENTER
25 = RECESS 0D ~
26 = RECESS ID ~
Tool Shape Code: 1 Tool shape number which corresponds to the
2 tool shape usable for the tool selected by
3 the tool classification code.
4
1 rJ 2 fJ 3 4
Sticking out]L L
length r o I“_L_“
(ROUGH OD=—, FINISH OD=—)
Example: ROUGH OD
TOOL NO. TN=2
TOOL ANGLE  Al=8(¢°
EDGE ANGLE A2= 3°
STICKING OUT L=4( mm
VTLIN[2] = 1
VTLFN[2] = 1
VTLAL[2] = 80.dd¢
VILA2[2] = 3.¢d¢
VILL[2] = 40.d¢g
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(2) Chuck Barrier Definition

2452-E P-428-A4

The four system variables indicated below are used for defining the
chuck barrier.

Variable Name

Contents

Data Size

VCHKL Chuck jaw length @ to 9999.999
VCHKD Step on chuck jaw ¢ to 9999.999
VCHKX Gripping diameter -9999.999 to 9999.999
VCHKZ Distance from programming zero | =9999.999 to 9999.999

% | VCHKZ
V &
CHKD é //’_
SPLS AL
Iy
4
Z >Z
e
f VCHKX Programming Zero

Py

OKUMA MACHINERY WORKS LTD.



2452-E  P-429-A4

(3) Tailstock Barrier Definition

The four system variables indicated below are used for defining the
tailstock barrier.

Variable Name Contents Data Size
VWKR Blank face position -9999.999 to 9999.999
VTSL Sticking out length of § to 9999.999
tailstock spindle
VTSDA Center hole diameter @ to 9999.999
VTSDB Tailstock spindle diameter @ to 9999.999
X
VIR Blank face
VTSL g
—

— - ; »iZ
?QL% VTSDB
Programming ,

VTSDA Ll

Zero
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24-12. BLANK MATERIAL DRAWING METHOD

To draw blank material, designate the blank material drawing commands and
display the shape (square, rectangle) of the material by pressing the

material shape key.
(1) Blank Material Viewed from Side

Description of Commands:

DEF WORK .aiivewan soewavine o SR R Definition statement
PS LU, (169, -1¢¢], [20¢, 3¢d] ...... Command to draw blank
L—————————-—Blank material size
Width 200
Height 30¢
L =Coordinates of reference point

z 1¢¢
X -10¢

L= Reference point

END: s itwiaa e 60es 0 o s oase Wi e esiarn ot End statement

Note: To draw blank material, at least the above indicated three
statements must be written.

Reference Points:

“

LU CU RU
/// /
Blin?
LC mater

)

RC

)

LL CL L
—Q‘r > 7

Minimum Setting Unit: 1 mm (@.1 in.)
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Example Program 1

Reference Point ..... LU
DEF WORK
PS LU, [-10¢, 10¢], [30¢, 2¢¢]
—T300 END
—200
LU
= —Z
-300 200 —-10 300
Example Program 2
Reference Point ..... LU
DEF WORK
A PS LU, [-1¢¢, 20¢], [30¢, 404¢]
L PS LU, [-10¢, 1061, (300, 200],
@, (*1)
LU END
%’5122222 Note: @ (*1) indicates drawing not
LU to be done.

| | P

%%l{@%@’z
W,

L300
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Example Program 3

Reference Point ..... LU

DEF WORK

PS LU, [ @, 3001, [200, 600]
PS LU, [20¢, 20¢], [200, 400]
END

0
- Y

a0
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(2) Blank material viewed from front (only for multiple machining
specification)

Description of Commands:

DEF WORK . ..'ieeeennnnnnncnns Definition statement - Front view of
blank

PF @, [0, @], 10¢, D ....... Command to draw blank

F _[———_*-Designation of diameter of circle to be

painted

Circle diameter

——Coordinate of circle center (coordinate of apex)

——=Designation of circle

BND 53500000 nmmms son srmmimmnis sies End statement

DEF WORKF

PL 6, [0, 01, [4, 61, 109, D

( ]:———~a—Designation of diameter of

circle to be painted

——=Circle diameter
Coordinates of reference point + Coordinates of apex

L——————---Coordinate of circle center

Designation of circle

END
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Example Program

1
[
|
| 4

R
50 100 150 200

2452-E P-434-A4

DEF WORKF
PF ¢, [¢, ¢], 10¢, D
END

DEF WORKF

PF ¢, [0, @], 200, D
PF ¢, [0, 01, 100, D
PF ¢, [¢, @], 50, D
END

DEF WORKF

PI ¢, [100, 10¢], [0, 0], 20¢, D

PI ¢, [10¢, 10¢], (@, ¢], 100, D, ¢
(*1)

END

Note: @ (*1) indicates drawing not to be
done.
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ALARM-A  Chuck condition illegal

Chuck open or close command (M83 or M84) is designated while the
spindle or the milling tool spindle is rotating. Or while the exter-
nal interlock signal is active.

This alarm does not take place for SMW chuck, or while the internal
interlock is deactivated.

Index 3 TURRET
Character-string: None
Code : ) No spindle zero speed signal (Bit 3
of EC input #9 is @f.)
A - The spindle is not at a still.
(5 rpm or higher)
3 e s Spindle rotation command is ON.
4 vewswos External interlock signal is active.
(Bit 7 of EC input #9 is (f.)
5 s wvess No milling tool spindle zero speed
signal (Bit 4 of EC input #22 is @)
B e sa Milling tool spindle is not at a
still.
S Milling tool spindle rotation com-

mand is ON,

ALARM-A Chuck open

A spindle rotation command or a milling tool spindle rotation command
is designated while the chuck is not closed, or the chuck close signal
1s turned off during the rotation of the spindle or the milling tool
spindle.

This alarm does not take place while the internal interlock is deac-
tivated.

Index : TURRET or None
Character-string: None
Code : i o a— Spindle rotation command is

designated.

2 e A Chuck close signal turned off during
spindle rotation.

S Milling tool spindle rotation com-
mand is designated.

& s oweasews Chuck close signal turned off during
Milling tool spindle rotation.
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SECTION 25 CHUCK AUTO OPEN/CLOSE BY M CODES
25-1. M CODES USED FOR OPENING/CLOSING CHUCK

MB3 veseda Chuck close
M84 ...... Chuck open

Selected mode is not influenced by turning on the control or by resetting
it
For the two-saddle models, the M codes above may be designated at either

Gl3 or Gl4 mode.

25-2. ALARM MESSAGES

117 ALARM-A Chuck clamp

During a chuck open/close operation, ID/OD gripping was changed. Or
low chucking pressure state has continued for more than two seconds.

Index : None
Character-string: None
Code : 19¢ ..... Low chucking pressure state has con-—

tinued for more than two seconds
(Bit 6 of EC input #1 is @.)

None .... Both panel OD gripping signal (Bit @
of panel input #6) and panel ID
gripping signal (Bit 1 of panel
input #6) are OFF.

3! wwwes a Both panel OD gripping signal and
panel ID gripping signal are ON.
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