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0.1

General notes on the programming instructions

The following assumptions are made in the programmes used for these programming
instructions.

10.

11.

ALL machining is carried out from behind the turning axis.

The user datumdcimal point input is set.

The decimal point is written even when it is automatically generated by
the control,

Block construction is in accordance with DIN 66024, DIN 66025, DIN 66217,
ISO R 1056, 1SO R 1057 and 1SO R 1058.

The programming'examples are written in 1SO code.
Diameter programming is used for the X values, with absolute data
(machine datum set).

ALl geometric values are metric.
For conversion into inch see chapter 8.
For better understanding preparatory functions are even programmed, if

these are commands with reset position.

The maximum values given are limit values for the controls.
They can be limited in practice by the machine, interface and

input/output devices.

These programming instructions are designed for the maximum functional range

of the control. Functions to be realized by options are accordingly marked.

The contents of these programming instructions can be found in the

fold-out program key.

Functions not included in this manual may be available in the control.
However this does not guarantee that these functions will be available

with new equipment or in the case of service.

We reserve the right to amend these instructions for technical
reasons without prior notice.
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1.0 Programme construction

1.1 Tape code

The data on the tape is coded in accordance with defined standards, i.e.,
a given combination of holes always represents the same character. Two
code structures are used.

DIN 66025 (I0S)

EIA-RS 244-A

The control recognises automatically the correct code. Code recognition
results from the first character read % or EOR or LF or EOB. This last
when the appropriate wuser data is set. Each tape must be written
in one of the permitted codes. A change of codes on a single tape or
Jjoining together of tapes with different codes is not permitted and

results in activation of the character parity check.

The characters constituting the two codes have the following common features:

IS0 The number of holes is always even.
EIA The number of holes is always odd.
This criterion of odd or even number of holes is used as a simple check of the

programme following the second character with a error recognition rate of almost 100 %.

The block parity check monitors that the number of characters in a block is
even. Uneven character counts should be completed with "HT" or "sp".
This test can be de-activated.

As an additional test the programme is read into the internal programme store
twice and a complete programme comparison made. When the error is detected

read-in is stopped and the exror indicated on the operators control panel.

Organisation of the word adresses is in accordance with DIN 66025 (ISO).
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1.2 Available characters

The control reads every character contained in the tape code.

only certain characters may be used for defining the programme organisation, as well as

A.10.82

However,

geometry and technology of the actual machining programme.

150 - Code

Adress letters

A,B,F,G,H,1,K,L,M,N,R,S,T,X,Z

Digits 0,1,2,3,4,5,6,7,8

Available special
characters

%: (;); t, /I :

vy v

.9

Non-available

special characters|HT Tabulator
SP  Space
DEL Delete

CR Carriage ret
LF  Line feed

urn

READ [N

the following characters are neither
stored nor executed

© PUNCH-OUT PRINT -0 UT

The following characters are
generated

HT -

SP  (except in remarks)

SP ( after each word except within
remarks)

DEL

CR (sequence CR LF optional)

LF CR CR | .
Selectable (machine data) CR LF

Ct bttt —em ey A e

LF is indicated in the display as

*.
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1.3 Word Construction

A word consists of an address letfer and a series of digits with or without 3
sign . (Addressformat)

The word construction and ftherefore also the input format Is exactly defined by
and is represented in accordance with- DIN 66025 sheet 4.

metric: %04 NO4 G0O2 XL+053 ZL+053 D053 (AL035 angle BD053 radius: only Sprint 8T)
KDO53 FO5 L5 S04 T04 HO6 R2
RL+08

Word Examples

[2‘ = 12345 . 531 609
Address ———————J | T "T Address___J
Sign
Digits Digits
Decimal point
Digits
Word With de¢imal point Without decimal point
input (user datum) input (user datum)
1 um 0.001 or .00 1
10 um ~0.01 or .01 10
100 pm 0.1 or .1 100
1000 pm 1. or 1 1000
10200 pm 10.2 10200
100000 pm 100. or 100 100000

Decimal point input is possible using the following addresses
X,Z,!,K,A,B,F (mm/rev) see 8.2.6

Note: If the setting data decimal point input is changed, the zero
point displacement, tool offsets and parameters are
correspondingly entered.
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1.4 Block construction

Block consistsof several words and the character " Tnd of Block™

The block has a maximum possible length of 120 characters.

Example of a block :

N9234 G Xeo Z F S T M LF
Block number address
Block Number
Preparatory function
Path data
Feedrate
Speed
Tool number ( compensation nr)
Miscellaneous function
End of block
Address for the block number : Main block

N Subsidiary block

Main block -~ in the main block and where appropriate also in the subsequent blocks,
all the words must be given which are necessary to be able to start
the machining sequence relating fo the programme section beginning
with this block.

Subsidiary
block - Contains all the changing functions

Jumps can occur in the sequence of block numbers, e.g., modified or newly
introduced blocks can be designated by introducing a digit into the fourth
decade position. By introducing the character"/" in front of the block number
the block so designated may be skipped by the controt.
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This function is dependant on the switch "Skip".

/ : Main block delete
/N Subsiduary block delete

Thus it is possible to delete certain machining sections such as test cuts,
dry runs for threadcutting or part cuts necessitated by inaccurately defined
offsets, i.e., their execution is not required for each component of the
series. L999 must however be programmed before block delete in order to enable

delete during machining.

It is important to ensure that block deletes form a closed loop (i.e. with

the same starting and finishing point).

A = Starting Point ; V = Premachined contour ;

WZM = Tool Change Point;

+X

Vfﬁ?_. . . . . . . . o o2 . . . et -7

SP00001.0

If required, the blocks 2 to 7 can be deleted.
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1.5 Leader

The leader is used to differentiate between different tapes. All
characters - except % if the automatic recognition is initiated by %,
or LF if the automatic code recognition is initiated by LF, are
permitted in the tape reader. During execution of the programme the
leader is skipped by the control. The leader is not stored.

1.6 Remark

Programme blocks can be more clearly defined using remarks. In this
way it is possible to bring up operator instructions on the display

(part programme picture).

A remark must not contain the characters % ox LF.
The maximum length for a remark is 29 characters.
A remark between M02 or M30 and another M function, e.g. M30
(comment) M40 LF is not allowed.
If more text than one remark is required, several consecutive
remarks can be programmed. Example:
N5 MOO L999 LF
N10 G26 X10,52 Zz15.305 (MAXIMUM LIMIT VALUES WORKING AREA)
(MANUAL CHANGE POSSIBLE)

Incorrect Correct
Z (remark) 100. X100. (remark) Z200.
Z 100. (remark) ROl X100. ROl(remark) 2200,

————

Address
Digits

R-Parametern

Start of remark

Remark
End of remark—

No remark may be inserted between the address and digits or
between a word and its associated parameters.
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1.7 Part Programmes

1 - 7 A005.84

A part programme describes the sequence of a machining process and consists

of the part programme itself and any sub-routines and/or cycles which may

be contained within it.

Thé programme store has space for a maximum of 99 part programmes.

Cycles are sub-routines which the machine tool builder gnters into a non-

volatile area of the memory.

ZLF

NS G91 GO1 X50 F100 LF

N10 Z100

N15 X-30

N20 Z-10

N25 M30

% 1357 LF

N5 G91 601 X50 F100

N10 X-30

N15 Z-10
N20 M30

LF
LF
LF
LF

Programme start when there Is only one part
programme In the store.

Programme start, max. 4 decades ( 0...9999)
Determination of preparatory function, path
data, speed, direction et.,

M30 or M02 programme end with return

to programme start. In the automatic mode when
working directly from the tape reader, M30
initiates tape rewind,

If the programme  input is made via the operator panel, the block numbers

are automatically generated In multiples of five.A new block number can

be entered by clearing the generated block number using the "Clear" button.
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1.8 Sub-routines

Repetitive sequences of functions and movements can be entered into the
control as sub-routines and called up at any time by part programme or

manual data input.

The Nos. LB80 to 199 and L900 to L999 are protectable.

Sub-routine definition

The sub-routines are defined :
- under address L by 2 or 3 decades with following nulls

- at choice alone without block numer or together with other functions

in first block
The end of the sub-routine is defined :

- by M17 alone in a separate block or in the last block together with

other functions (except L address)
For the definition are possible the following versions:

1) Recommended standard version

112300 N5 GOO X.. LF
N10 ...

LY

N... GOO G90 X... M17 LF

2) Another possible version

L12300

N5 GOO X... LF

N10O ...

N... GOO G90 X.. LF
N... M17 LF

3) Smallest possible sub-routine version 1

L,12300 N5 GOO G91 X.. LF
NiO M17 LF
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4) Smallest possible sub-routine version 2.
L12300 LF
N5 GOO G91 X.. M17 LF

5) Curved path machining sub-routine
with fulcrum point calculation without intermediate stop.
(Machine data set for M17 not output to interface).
L12300 N5 GO1 XR.. ZR.. LF
N10 M17 LF
Prerequisite: Interface signal '"Cycles blocked" is set.

Sub-routine call

The sub-routine call is the result of a L address in a main
programme or sub-routine. Three levels of nesting of sub-routines
are possible from the main programme.

L 123 01 Call 2 to 5 decades
Number of repeats with 2 decades.
No data means one repeat.
Number of the sub-routine must be

2-3 decades (01...999).

The block with a sub-routine call may not have M02, M30 or M17
included.

As a result of a sub-routine call with a selected CRC G41/G42, the

CRC will be adjusted afterwards, whether or not a path address has
been programmed in the first and last sub-routine block (in accordance
with para. 8.1.7 "Blocks without path addresses).
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1.9 Sub-routine call-up, Sub-routine nesting.
Part programme Sub-Routi Sub-rout ine Sup=raqutine
b 9534 LF 2300 e L 12400 Uhsbgut
Single nesting
%9534 LF ] L12300
|
P
L ~112301 J
\\\
-
\\
\
V ~dMT7
M30/M02
| Double neéffng
%9534 LF _w|L12300 // 112400
//// /// /
.~ / ~7112499 Reps#ﬂ
L/L12305 I5 Rl titions
N ﬁepe+— \‘~\\\ \
*\\\ ﬁﬁons \\‘EE;
J ~ \\ 1 ~JMT7
\\ \\
, \\§\
M30/M02 SJIMT7
Triple nesting ‘
%9534 LF //\ L12300 //1 112400 ///f L12500
s s + P //
e 7 /’,
. /// /// - /
/ | / LN L1503
7 Ve N | Repe
od e ~ {tion
(12301 112401 { N
~~~~~ A —— N \\
' T~ dMT7 \\\\
| IMT7
M30/M02
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Sub-Routine Nesti

ng

4 4011 LF

1 -11

N1 G390 G94 .. S .. T1501 M.. LF

N2 GOO X52. Z60. LF
N3 L 12301 LF

N9O M30 LF

L 12300

N1 G91 GO1 X-11. LF
N2 60O X 11. LF
N3 L 12402 LF
M17 LF
L 12400

N1 G91 GO0 Z5. LF
N2 GO1 X-16 LF
N3 GOO X 164 LF
NA M17 LF

Programme execution

5P 00098.1

A.10.83

Part programme 4011

Call up sub-routine 123,
single cycle ( L12301)

Suberoutine 123
Call up sub-routine 124,
2 repetitions ( L12402)

End of sub=routine

Sub-routine 124

End of sub-routine.
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1.10 Tape formats

<sus RouTiNes g {sP} LF | Liz300 LF | N1....LFl N2 Mi7 LF £

Leader Rewind stop & Subroutine 123 End of sub routine
block start

fLizaoo LF | N1 ....LF | N2loritting cycle)... LF| N.. w7 LF %
Sub routine 124 (remark) End of sub routine
§L12500 LF ) N, ... LF l Neoo ... LF l N.. M7 LFI N.. MO2 or M30 LF<<:
Sub routine 125 End of sub End of subroutine
routine block
< Previous part programm| % {1234} LF |  (CARRY OUT MEASUREMENT) {
Leader Part programme 1234 (remark)
T LF | N.. ....LF | N200 MO2 or M30 LF <
Part programme End of part programme
<s70F | 692 T01 ... LF| 692 T02 .... LF| M02 or M30 LF <
Tool compensations End of tool compensation block
<gzoF | esoNi ... LF | 659 N12....LF | MO2 or M30 LF <
Zero offset End of zero offset block

{} Characters In brackets can be omitted
SP - Subroutine ( Sub - Programme)

The sequence in which the above tapes are entered is un-important.
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Division of the memory into the area for part programs and the area
for sub-routines is automatic.

- Tool offsets and zero offsets are entered in the appropriate memory

areas using the designations TO (Ipol gffset) and ZO (ggro Offset).
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2.0 Path Data

2.1 X , Z axls commands

The address for the axis commands X and/or Z determine the axis which is to be

traversed in accordance with the associated digital value. When using absolute

data input ( 6905, the values for the X axls are diameter values or radius values
(machine parameter) Using G91 the values always refer to the radius.

X
A

- 100 -

SP00003.0

Machining behind the Turning axis.

Absolute data input

N51 GO1 G9O Z75. LF

N52 © X60.235. LF X values denote diameter.
N53 ... LF

Incremental data input

N51 GO1 G91 Z-25.LF

N52 X15 Z-40. LF X values denote radius
N53... LF
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i

75 -]

P

100

oy

SP00004.0

Machining in front of the turning axis.

Absolute data input
N42 GOt G90 Z75. LF
N43 X60 Z35 LF X values denote diameter

N44 .... LF .

Incremental data input
N42 GO1 G691 Z-25 LF
N43 X15 Z-40 LF X values denote radius

N4d ... LF
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2.2 Mirror Image

Using the input signals "Mirror Image X" and/or "Mirror image 2" the following

values will be inverted or interchanged in the control:

X Axis
Mirror image of

- Programmed axis command values with sign (inc. G92 displacement)
~ Cutter radius compensation G41 — G42 or G42 — G41 (see section 4.3.2)
~ Tool length compensation (see section 4.3)

- Position of tool cutter point (see 4.3.2)

Direction of movement G02 — GO03; GO3 — GO2

There is no mirror image of

~ Zero point offset
- Differential resolver offset (DRF)

- Preset offset

Z Axis
Mirror image of

- Values programmed with sidn (inc. G92 offset)
- Cutter radius compensation G41 — G42, G42 — G41
- Direction of movement GO02 — G03 ; GO3 — GO2

There is no mirror image of
- Zero point offset
~ Tool length compensation

- Position of the tool cutter point

Differential resolvexr offset (DRF)

Preset offset

The mirror image for the X axis is always the axis.

The mirror image for the Z axis is'always the workpiece.

The machine manufacturer decides upon the M-function to realize the "mirror" signals.

If there .is a change ' to "mirror image" during a program, L999 must be called

up after selecting "mirror image".
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3.0 Preparatory functions

The preparatory functions describe the movement of the machine slides,
type of interpolation, type of dimensioning, time-related influences
and activate certain operating conditions within the control.

The preparatory functions are assigned to the groups Gl to Gl4 ( see
programme key).

Only one preparatory function from each of the fourteen groups may be
included otherwise only the last value programmed is recognised.
Preparatory functions designated by ¥ in the program key, must not be
included in a block with another function.

The reset data are only effective after switching on the control, resetting
or at the end of the programme. They do not have to be programmed.

Modal preparatory functions can only be overwritten by words from the
Same group.
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3.1 G90/G91: Absolute and incremental data programming

Absolute Data Input G90

-

When using absolute data input all data are referred to the fixed zero
point of the workpiece.
The X values are recognised as diameter and radius (machine parameter).

Absolute data  input simp1ifies entry to and exit from a programme.
It may also simplify editing of the geometry of the programme.

Incremental Data Input G91

Incremental position data means that each dimension corresponds to
the distance to be traversed. For this reason one talks of incremental
measurement or of incremental data input. The numerical value of the
axis command indicates the distance to be traversed in order to reach
the end position. Incremental data are preferred for use with sub-
routines which have to be called up in different operating positions
of the machine (recessing, etc.).

Note: Tool offsets are taken into account for both incremental and
' absolute programming (see also block increment calculation in
section 8.2.3).
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G90/G91 .  Absolute / Incremental data programming
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130

SP00006.0

Absolute data Input G0

N1 G90 GO0 X40 295
N10 ...

Incremental Data Input G91

N1 G90

N10 691 GOO X 30. Z105

Tool travels from any position

Tool travels from P, to P

3

to the point P1
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3.2 GOO Rapid Traverse

The distance programmed in a block with GO0 is traversal at the highest possible
rate, i.e. atrapid traverse,in a straight line. At the same time the control
monitors the axes in order to prevent them exceeding the maximum permissible
rate ( machine paraméfer).

The preparatory function rapid traverse ( G00) initiates aufamdtic
exact stop (G09). When GOO s programmed, the value of the feedrate
programmed under address F remains stored and can be reactivated using e.g.,

GO1.
Example : Posltion approach using rapid traverse. ( see G90/G91).

4 1234 LF
N1 G90 G00 X20. 295, LF

Block number 1—

Absolute data Input

exact position approach in rapid

position ( target)
End of block
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3.3 G011 Linear Interpolation

The tool traverses at the preset feedrate along a straight Line to the required
final position.

Paraxial and traverse movements at any angle may be executed,

—
—
o

65 .80

SP0O0007.0

Absolute data input

N2 ...
N3 GO1 G690 280 F10 LF
N4 X30 265 LF

Incremental data input .

N2 ... ‘
N3 GO1 G91 Z-30. F10. LF

. N4 X5. Z-15 LF
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3.4 G10/G11 Programming in polar co-ordinates (only with Sprint 8T; option)

Gl0 Linear interpolation rapid traverse
Gll Linear interpolation feedrate (F)

SP00008.1

N14 @90 ¢l0 Z200 XO B4l.42 AH135 LF  (P2)
N15 Gll1 B56. 56 LF  (P3) B
N16 B58.2 A¥l49 IF  (P4)

>
Il

Angle
Radius

The angle always refers to the axis programmed first in the block in the

positive direction ( in this example from+Z to 4+X in the shortest direction).

The positive'direction of the first programmed axis corresponds .to
an angle of 0°. | ' '

The positive direction of the second programmed axis corresponds to
an angle of 90°.

The angular value is always absolute and positive. 4

The centre point is modal until re-programmed. At the end of the
programme (M02/M30) the centre point is reset.

When programming in polar co-ordinates for the first time, both
centre point co-ordinates must be entered in absolute data.

The incremental data input of the centre point (using G91) always
refers back to the last programmed centre point.
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3.5 G02/GO3 Circular interpolation

Together with axis commands the interpolation parameters determine the circle
or arc. The starting point "KA" of the circle or arc is determined by
the previous block and the end point "KE" is fixed by the axis values X and
Z. The interpolation parameter determines the circle centre "KM" :
a) Either using the vectors I and X with sign over a range from O to 3600.
I in X direction, X in Z direction: The sign is determined by the
co-oxdinate direction from the starting point to the centre point.

b) Or directly using the xadius B ( only with Sprint 8T ; option)
(-]
+B angle less. than or equal to 180
-B angle greater than 180°

Do not program radii if the traverse angle is 0° or 3600.
Thus circles must be programmed using the interpolation parameters I and X.

P

KE
KA

+B
KM

SP00005.1

An interpolation parameter I or K with value O need not be programmed
(except in contour description, see chapter 6.1).

If the end point co-ordinate has not changed with respect to the circle
start, it does not have to be programmed. For circles at least one axis
must be programmed ( XO or ZO ).

The direction in which the arc is traversed is determined by GO2 or GO3.
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GOZ/GOB determine the traverse direction of the circle fixed by X,Z,1,K, or R
Right hand co-ordinate system (DIN 66025)

602 in clockwise direction

GO3 in counter-clockwise direction

Operating area

co?

cos

—-——--—’-—'-Z _____ __T_z .

o1 /

Behind the furning axis

In front of the turning axis

o
-

A G-k
x%
+|
P2
,2 ()
& .1 : g
. - . . I . . . — . :...-.Z s
W 65 80 Mo | S
n
N5 G03 G90 X40 z80 KI5 10. LF - Tool traverses from P1 fo P2
N10 G02 X70 z65 KO. I'15 LF Tool traverses from P2 to P1
or
N5 GO3 G90 X40 Z80 B+15.LF Tool traverses from P1 to P2
N10 G02 X70 7265 B+15.LF Tool traverses from P2 to P1
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3.6 G633 Thread cutting with constant pltch

Single pass or multi-pass turning » facing and conical threads with constant
pitch can be machined using G33,

G33 Links the main spindle speed to the feedrate. An encoder generatesa no, of,
pulses per spindle revolution and these are decoded in the control and fed to
the feed drives. Thus the feedrate is directly Linked with the spindle speed
and no feedrate programming Is required. '

During threadcutting the feedrate override switch, the "Feed off" button, the
spindle speed override switch, and the.operating mode " Single Block" are all
non-operational. However, the feedrate under F remains stored and is re-activated
the next time GO1, G02, GO3 and G11 are programmed.

In order to produce threads requiring several passes the feedstart is initiated

by the zero mark of the encoder. This ensures that the threadcutting Is always
started at the same angular position of the workplece relative to the tool. ALl
cuts must be carried out at the same spindle speed in order to avoid variations

In the piteh,

The direction of rotation and spindle speed must be programmed before the
threadcutting instruction in order to allow the spindle to reach its operating
speed.,

Further threading blocks G33 immediately after each other (thread
to thread, are possible. To ensure safe hand over, so that all
spindle pulses are calculated, adhere to the.smallest block length
"Smin" having the following relationship:

. _ -5 ‘rev, Sum ;
Smin (mm) = 1,7 . 10 . n\ﬁiﬂ) . L‘?Ev%j' ty (ms)

n = Spindle speed, L = thread pitch,
ty = 12 ms or length of auxiliary function output.
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The thread length 1is entered using the path addresses X and / or Z taking

into account the acceleration distance and overrun distance in which the feedrate is

increased or decreased.
The values may be entered as absolufe or incremental data.

The thread pitch is entered using addresses I and K,

For longitudinal threads the pitch is entered using K, for facing threads
using I and for taper threads using both I and K. I and K values are always

entered as Incremental data without sign.

Thread pitch : 0.001 mm fo 2000mm , -max fo 10000 ‘
Using M37 the programmed thread pitch  can be reduced by a factor 1 : 100,

Right or left hand threads are programmed using the spindle rotation direction
M03,M04.
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3,6.1 Thread cutting with constant pitch on variable angle tapers

The angle of the taper, on which the thread is to be cut, can be changed in steps.
In the case of turned - threads this permits a smooth run out. An example
for programming such a taper is given in section 3.6.8.

3.6.2 Multi-start threads

Thread cutting always starts at the synchronised point by the marker on the encoder.
The feed Is not enabled until this signal Is received. An offset can be programmed
for the position of the starting point for the thread. It is thus possible to cut
threads using the right or left flank of the cutter as well as varying the offset

to cut single, double or multi-start threads. A single pass for a multi start
thread is programmed in the same way as the single start thread.

After completing the first pass, the starting point is offset by h and the

next pass Initiated.

Thread pitch
Ah = Number of passes

See also exémpte "multi-start t hreads" (3.6.7)

The Individual passes must be executed at the same spindle speed In order to
avoid different thread pitch errors.
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The tool can approach at right angles to the cutting direction or along

the flank.

-—

SP00015.0

Infeed direction " at right angles to the cutting direction"

\(/8\7 \T 8/%
A

, i

|| 182 8

o 2z, = §

"Infeed along flank.

AZ =AX

tan € /2

—
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3.6.4 Single start, cylindrical thread

Pitch h = 2 mm ; thread depth t = 1.3 mm
Radial infeed direction

X
A
P40 dff
hae— t P2
* 1P5
58
‘ AR
n T

—~ 25 -t 50 -

- 78 - 9
=
=3
&

Absolute data Input

N20 GQO S... LF '

N21 GO0 X 46 Z 78. LF (P1)

N22 X 38.7 LF (P2)

N23 G633 Z 22 K.2LF (PB)

N24 GO0 X 46. LF (P4)

N25 Z 78 LF (Pl)

N26 X 37.4 LF '(95)

N27 633 Z22 K.2 LF (P6)

N28 G600 X46. » LF (P4)
Incremental data lnput

N20 G91 S... LF

N21 GOQ X-~... Ze'voo LF (P1)
N22 X-3.65 LF (P2)
N23 G33 Z-56. K 2. LF (P3)
N24 GOO X 3.65 : LF (PY4)
N25 Z 56. LF (P1)
N26 X-4.3 LF (P5)
N27 G33 Z-56 K 2. LF (P6)

N28 GOO X 4.3 LF. (PY)
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3.6.5 Single start longlitudinal thread with constant pltch
Pitch h = 2 mm; Thread depth t = 1.3mm ; infeed angle & = 3%0°
Infeed direction along flank. o
X
Iy X=46
P4O /"‘ 7=80,483
P34 F27
Pé?:/ ‘ ‘
< Se
e
. . -—---—Z
nd T
|2 ———— | .
| ———.95 — et 50; - °
- 18 - o
[=}
8
&
AX = (46-38,7) /2 = 3,65 AX =(3.65 + 1.3)/2 = 4.3
AZ = 3,65 .tan € /2 AZ =4,3 ., tan € /2
AZ = 3.65.tan 30° AZ = 4,3 . tan 30°
AZ = %,65.0,5774 AZ =4,3 ., 0,5774
AZ = 2.108 AZ = 2,483
Absolute data input
N33 G90 S ... LF
N34 GO0 X46. Z 80.483 LF  (P1)
N35 X38.7 Z 78.375 LF  (P2)
N36 G33 Z 22, K2 LF (P3)
N37 GO0 X46. LF  (P4)
N38 280.483 LF (P1)
N39 X37.4 1Z778. LF (PS)
N40 G33 222 K2 LF (P6)
N41 GO0 Xd46 LF  (P4)
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Single start facing thread with constant pitch

3-16

Pitch h = 2mm ; thread depth. t = 1.3mm

Infeed direction at right angles to cuiting direction.

i rog2 e 1
o
!
}
!
e Pﬁpzjg—ffl\ _,
WY . A
| | |n— — M 5
80 —————={ 3
2
Absolufe data input
N41 69O S...
Nd2 GO0 X 4. 7 82
N43 Z 79.35
N44 G633 X 36. 12
N45  GOO 782.
N46 X 4
N47 Z 78.7
N48 633 X 36 12
N49  GOO 782,
N50
Incremental data input
N41 691
N42  GOO  X-... Z-...
N43 | Z-2.65
N44 633  X16. 12
N45  GOO Z 2.65
N46 X16
N47 Z 3.3
N48 633  X16 12
N49  GOO Z 3.3

N50

LF
LF
LF
LF
LF
LF
LF
LF

LF
LF
LF
LF
LF
LF
LF
LF
LF

(PN
(P2)
(P3)
(P4)
(P1)
(P5)
(P6)
(P4)

(P1)
(P2)
(P3)
(P4)
(P1)
(P5)
(P6)
(P4)

A.10.82
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3,6.7 Multl-start +hread‘wifh constant pitch

Radial infeed direction ; pitch h = 6mm,

double start, ‘ ‘
In the example, each fhread start is machined in two passes. After the
first start has been machined the second start is machined.with the starting

point displaced A h

Ah -

thread pitch / number of starts = 6/2 = 3mm

A.10.82

thread depth t = 3.9 mm ;

..

X
\

Pé‘ y Pl P7
|
gt =S —
1={ Ah=3
E-
_é LS8
MIB_' c—/
30— S
40— S

- 10 5 = g
Absolute data input.
N35 G0 S ...
N36 GOO X 66. 115. LF (P1)
N37 X 56, LF (P2)
N38 G33 30. K 6. LF (P3)
N39 GOO X 66. LF (PY4)
N40 115. LF (P1)
N41 X 52.2 LF (P5)
N42 G33 30. K 6. LF (P6)
N¥3 GOO X 66. LF (PY)
N4Y 118 LF (PT7)
N45 X 56. LF (P8)
N46 G33 30. K 6. LF (P3)
NUT GOO X 66. LF (PY4)
N48 118. LF (PT)
N49 X 52,2 LF (P9)
N50 ‘G33 | 30. K 6. LF (P6)
N51 GOO X 66. LF (P4)
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3.6.8 . Single start taper thread with constant pitch ‘
Radial infeed direction

Pitch h = 5mm thread depth t = 1,73mm « = 15
Both end point coordinates must be written.
The pitch for the leading axis only must be programmed (assignment:
X corresponds to I and Z corresponds to K). The leading axis is the
one with the largest travel. If both are of equal length, the.X axis
is the leading axis. With angles (x) smaller than 45°  the pitch
~will be programmed using K. With angles greater than or equal. to
45° the pitch will be. programmed using I.

o

X
)
- 165 -
—- 105 - "'
- 100 -0
: P4¢ oP1 Z=]
P3 K
' 4 = {
3 —~dpy f
YT
o ‘ Om<
w . .
- 170 - 2
o
&
‘Calculation of the start and end point co-ordinates for the thread ‘
A =170 D=C+ (70 . tanx) . 2
B=A-1,73.2 D=2C+ (70 . 0,2679) . 2
B =T0 - 3,46 D = 63,86 + 37,506
B = 66,54 mm D = 101,366 mm
C=zB-(5. tanw) . 2
C = 66,54 - (5 . tanx) . 2
C = 63,86 mm
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Absolute data input
N31 G90 s ...
N32 GO0 X 110 Z 170.
N33 X 65.86
N34 G33 X 103.366 2z 100.
N35 Goo X 110.
N36 Z 170,
‘ N37 X 63.86
| N38 G33 X 101.366 2z 100.
N39 Goo X 110,
Calculation of the points P2 and P3
X(P2) = C + 2 mm
. X(P2) = 63.86 mm + 2 mm
X(P2) = 65.86 mm
X(P3) =D + 2 mm
X(P3) = 101,366 mm + 2 mm

X(P3) = 103,366 mm

K 5,

K 5.

LF
LF
LF
LF
LF
LF
LF
LF
LF

A.10.82

(P1)
(P2)
(P3)
(P4)
(P1)
(P5)
(P6)
(P4)
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3.7 G 34 thread cutting ( increasing pifch)
The thread pitch increases per rgy by the value programmed under F up to the

max imum possible pitch,

elg.’

N.. 634 G 90 Z17. K2,  FO.1 LF|

Starting pitch.2mm I
Pitch change + O.1mm per rev

i.e., after five turns the thread pitch is;
2mm + (5 x 0.1mm) = 2.5mm

3.8 G35 thread cutting ( decreasing piich)

The thread pitch per rev decreasesby the value programmed under F to
the minimum possible pitch.

N.. 635 G90 Z17. K200. FO0.5 LF

Starting pitch 200 mm ———-———-l '
Pitch change 0.5mm per furn

i.e,, after +en_+urns the thread pitch is ;
200 mm - (10 x 0.5mm)} = 195 mm

The use of M37 is not permitted yi+h G34 and G35.

The examples for 634/G35 correspond to those given for G33. The thread
cutting blocks must be programmed to correspond to decreasing or Increasing
thread. The maximum pitch change is 16 mm.

The value is .calculated by the known start and end pitch as

follows:

start pitch2 - end pitch2 The value is used without
2 . thread pitch sign.

F =
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3.9 Smoothing and feedrate ramp time for threadcutting

For thread cutting purposes a feedrate ramp time can be programmed
for synchronisation with the main spindle. The programmed value

G92 T.. defines the smoothing time and causes the spindle speed
during this value to be averaged. The ramp time is determined by
the available approach distance. The shorter the available approach
distance, the shorter must be the ramp time. The longer the
available.approach distance, the longer the ramp time recommended
to spare the machine. The programmed time simultaneously generates
the smoothing time. The actual spindle speed will be averaged

over this value to give a continuous feedrate limit.

The ramp time is programmed in its own block or entered by the
operator as follows:

N.. G92 T. LF

six values are available:

Programme value with G92 T. LF o] 1 21 31 4] 5

Ramp time to thread cutting
feedrate (ms) 0112 |36 | 84{180 (372

For normal operation T = 3 = 84 ms is recommended.

4Feedrate
Va1 —_ y——= ———
i T=0 /7 T=3 // =4
/ 7

Vi

12 % @ I 32 ()

01 2 3 4 5 =

I"ramptirhemms forl=4—e]| programmed value g
: &
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3.10 609 Exact stop ( non modal)
G60 - Exact stop (modal)

During the function G09 or G60 it is possible to traverse exactly to a target

v _ position ( within the exact stop Limit),
In this case the feedrate and following
error are reduced fo zero.

SP00013.0

The function G09 or G60 “can be used, e.g., when sharp corners are to be
machined or for cutting grooves or reversing direction. In blocks with

GOO.lf is not necessary. to write G09 since this Is contained within GOO.
G09 is effective In blocks non-modal

G60 is modal and is cancelled using G64 ( a continuous path operaflon5.

Examples of direction changes with and without speed reduction,

Without G09/G60 With G09/G60
u———-h-xi -———dh——]
2
| &
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3,11 G63 Tapping using compensated tap holder

The prepérafory function 663 is progrémmed for tappling operations ~using
a compensated tap holder. There Is no functional relationship between
spindle speed and feedrate.

Spindle speed is progrémmed using address S‘énd a matching feedrate using
address F. The longitudinal compensating holder must be able to absorb the
+olerénce between feedrate and spindle speed as well as the spindle decel -
eration after reaching position.

With G63 the feedrate override switch Is non-operational. Depending upon
The design of the inferface control the spindle is also stopped "Feed Hold".
The splndle speed override switch is effective..

T, is only possible to use G63 In blocks with Linear interpolation Gbl.
G64 is used to cancel G63.

3,12 G64 Conflndous path operation

The preparatory function G64 is used In order to produce continuous. transitions
from block o block thus avoiding relief cuts. Moreover, transitions
Involvlng alterations of the tangents can be smoothed ( see flg without 609/
G60).

G64 s modal (reset state) and cancels G6O.
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3.13 G04- Dwell Time

The dwell time is normally programmed using address X. It can also

be entered using address F.

for X between 1 ms and 99999 999 ms
for F between 1 ms and 99 999 ms

With the exception of GO4 no further preparatory functions
may be written in a block containing a programme dwell.

e' .g.’

N.. G04 X11.5 LF

Dwell 11.5 s
always without sign

If required a sequencé of blocks with dwell times may be written.

Dwells may be required for relief cuts or perhaps during changes in speed
and machine switching functions ( steadies, tail stock etc.,).

GO4is ron modai.
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3.14 G70/G71

G70 Inch input system
G71 Metric input system

The reset state is determined by machine parameter during commissioning.
A change of input . ., system during operation of a part programme

is not possible. Any change must be programmed in the first programme
block, i.e. the chahge must be inserted before the comment. The range
of values for the individual input systems is given in chapter 8.2.

The display refers to the respectively valid input system (see Operating
Instructions page 2-4),

When changing from G70, G71 , it is the responsibility of the operator
or programmer to ensure that the appropriate user data (see Operating
Insutructions pages 4-17 and 4-18) have previously been set in the
appropriate input system. ' |
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3,15 G25/G26 Programmable working area limit

The programmable safe working area gives machine protection against fauliy
programming or operation. On reaching the Limit of the working area the
péTh data inpdf Is Interrupted ( programme stop and alarm). The existing
following error is processed.

The programmable working area is only effective In the automatic mode.
The effect is that of the software Limit switch ( see interface description
2.9.7) . The working area lLimits refer to the machine .zero point. The yalue
in the X direction always refers to a radius value.

Nooo 626 X .. Z.. LF

G625 minlmum Work area -I—
G626 maximum Limitation

Co-ordinate values for the limitation

G26

Xmax]

7~ O
G25
Xmin

The point F ( slide reference point 5 may operate within the shaded area.

SPD0022.3
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3,19 Zero point offsets (Z0)

70 = set. ‘ Z0 (G54-55) + add. ZO0 (G59) + ext. 2ZO(PC) + add. 2O

The zero point offset is the difference between the workpiece zero point
(to which the measurements are related) and the machine zero point.
Note: When CRC is applied zero point offset cannot be changed.

Example of zero offset in one axis with Sprint 8T, 8T.

detivate
G54-G55
e ity
"axternal
zerp offset
7'5
1.20 + 2.2
" G54 2?0. G55 {220.
I
|
| | l
N I
wesult ¢ 257.5 654-G55 N\,
overwrites eriginal .
word in activated - . 257.5 gxtvsupp;, offset
70 store . + (ext. add, zexro-
offset)1.5
259 ‘
-+ ' G591 300
G53‘active corresponds to switch open G53 o
_tool..offset
Actual Z0 = 559

value :I . " '*[ "gommand valuel|

‘ Incrémént &afeulation .
Incresént =coimand; ~ ~actuay - + 50 + %0
value “value '
9o = 559

Interpolator

'

$P00315.3
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3.17.1 G54/55 Adjustable zero point offset

Values for the zero point offset for each axis can be entered info the control
manually via the operator's panel, through user program or through tape.
Absolute data blocks (690) are used to calculate the final block point when
the associated axis is programmed. With Incremental data blocks ( G91) any
change in zero point offsets is taken into account.

Example:

Change from G54 to G55 in an incremental data block. The resulting difference
between 70 (G55) andzo (G54) is included in the calculation ( see block
increment calculation chapter 8.2).

Two adjusféble zero point offsets per axes.(GS4/555 can be selected.
When a zero point offset is included In the calculation, the external zero

point offset originating in the interface control for the corresponding axis
is also taken Into account (external zo plus supplementary offset).

IMW1__,
500 |
M ‘ ) -
. ;____ z . —7 G54: Input values XMW i O
W1 f ZMW | = 500
- ZMW2 . =g 655: Input values XMW ,, = 600
1100 "l o ZMW ,, =1100
W2 g
+X S
[72]
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Selecting the settable zero poinf offset using .G54/G55

N150

G54

N180 G55 .... LF

LF - selection of zero point offset 1

- selection of zero point offset 2

Entering the adjustable zero point offset via extra tape

% Z0 LF (zero offset)
N5 G59 N1 X... Z... LF - 1st 20 per
N10 G59 N2 X... Z... LF - 2nd %0 per
N15 M02 or M30 LF

3.17.2

The settable zero point offset can also be

programme.

% 1234 LF

N5 eunn.. LF

N15 G59 N2 X... Z... LF - 2nd Z0 per
N20 .....

axis - selection by G54

axis - selection by G55

loaded in the user

selection by G54
selection by G55

axis -
axis -

In the above examples, the second addresses N1.or N2 designate

the zero point offset 1 and the zero point
cases the address N is not a block number.
within a block must be maintained.

offset 2. In both these
The programming sequence
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3.17. % G59. Programmable additive zero point offsetf -

A.10.82

659 together with addresses X and Z can be used to programme a additional
zero point offset. These programmed values are then added during the
calculations to the values of the adjustable zero point offset.

1100 = ~
sz

ZMW1
500
XMW1=0
. . -—-+7
Wi f |
M2y o
o
- 600 =g

SP000242

Adjustable zero point offset :

0
500

Input values XMW
ZMW

1
1

Programmable additive zero point offset:
Input values XMW, = _6he

ZMW2 = 600

Total zero point offset:

XMW = 600
MW = 1100

In a block with G59 X.. Z.. no other information may be

programmed.
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Application example

The contour has been programmed exclusively in absolute data. In.order to
achleve a finishing depth cut the entire contour can be offset in the co-
ordinate direction X using programmable zero offsets ( active).

Select: N .. G659 X ... LF
Cancel : : N.. 659 X0. LF

Programmable additive
zero point offset only In X

N
!
+
N
SP00025.0

Following end of programme MC2, M30 or progrémme Interrupt the values of the
. programmed zero point offsets for X and Z are automatically cleared since they

will be reset at the programme start or following programme restart.
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3.18 Gb53 Inhibit zero point offset

By machine data selection G53 has two different effects:

N424 bit 2=1
Reference to machine zero point

Machine data

Machine data N&424 bit 2=0

Reference to control zero point

Blockwise suppression of:
Settable ZO (G54-G55)
Programmable additive Z0 (G59)
External ZO

Exteriial additive ZO
PRESET-offset

G92-offset

DRF-offset* EE
(Handwheel shift)
Remaining effective:
Selected tool offset

* After progfamming G53 the
remaining DRF-offset is
ineffective until reset or
-end of .programme. .

Blockwise suppression of:
Settable Z0 (G54-G55)
Programmable additive ZO0 (G59)
External ZO

External additive ZO

Remaining effective:
Selected tool offset
G92 offset

PRESET offset

DRF offset (Handwheel shift)




8T/Sprint 8T (P) 3 - 33 A.10.82

Reference point for G53

X
_J=
N
|
-
= 7MSo— : : :
J SO | z
re—— ZSW

SP00297.0

M = Machine zero point
§ = Control zero point
ZMS = Sum of the offsets through DRF, PRESET, G92
ZSW = Sum of: - settable Z0 (G54-G55)
- programmable additive Z0 ( G59)
- external Z0
- external additive ZO
WK = Sum of all the tool offsets Z axis
F = Slide reference point

The actual value display is related to the control zero point.
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Example 1:
Reference to machine zero point

N1232 T1300 Cancel TO

N1234 G53 X.. Z..

Travel to the zero point in

the machine actual value system

34 A.10.82

Reference to control zero point

N1232 T1300 Cancel TO

N1234 G53 X.. Z..

Travel to the zero point in the
control actual value system.

As above but with cancellation
of G92-offsets.

N1232 T1300 Cancel TO

N1233 G92 Cancel G92-offsets
N1234 G53 X..Z..

Travel to the zero point in the
control actual value system
(PRESET/DRF)

The position value G53 X.. is effective in diameter measurements

when the machine data 'diameter programming' is set.

It is wise to cancel the TO if the need arises, otherwise by

programming G53 X.. or G533 Z.. both axes travel to remove the zero

point offsets.
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Example 2:

Set actual value after reference
to machine zero point

N1232 T1300
N1234 G53 X... 2Z...
N1235 G53 G92 X... Z...

The block G53 G92 is compulsory.

35 | A.10.82

Set actual.value after reference
to contrxol zero point

N1232  T1300
N1233  G92

N1234 G53 X... Z...
N1235 G53 G92 X... Z...

Depending on machine data 'Diameter programming X axis with G92",

G353 G92 X...

programmed value will relate to diameter or radius.
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3.19 G92 Setting actual value store '

The function G92 should only be used for special applications.
For normal applications it is recommended to use the settable
zero point offset G54/55, the programmable zero point offset

G59 and the tool length preset T... (separately adjustable

from tool wear). No additional character may be written in a
block with G692 X... Z... (Exception: setting of actual value
after reference to machine zero point (3.18) G53 G92 X..s Z.oo.).
Exception: If G02/GO03 is still effective in the 1st G group,

GO0 or GO1 must be written before G92.

Without G92 the control zero point (S) and machine zero point ‘
(M) coincide. The control zero point is the reference point

for all internal control calculations. Using G92 X... Z... the

control zero point can be displaced with reference to the

machine zero point. This function is particularly advantageous

when no program interrupt and restart within the program is

anticipated, e.g., machining of batch components with short

program cycle times.

Resetting all G92 offsets

If G92 is programmed alone, i.e. without X and Z address, all
summated G92 offsets for each axis are reset. The control zero
point (S) again coincides with the machine zero point (M).

Example: N... G92 LF

The setting of the position memory is cleared also at end of
program (MO2 or M30) and with reset.
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Example

The position of the shoulder on each turned component of a series varies
more in the longitudinal axis due to automatic chucking than the available
machining offset. To prevent the operator from having to continually

adjust the zero point offset, a guage is moved in until it touches the
shoulder and the operative block is interrupted. Using G92 and taking

gauge léngth into accoﬁnt, this position referred to the workpiece

is set as a tool offset and the workpiece length set as the Z position.

Only then does the actual machining programme start ( all dimensions in mm ).
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AL= vesition displacement
X M= fnachine zero point

X
l S=_centrol zewe point - -
__—.-J AL -~

1

-

M@s ' W]

. J‘G Y ‘ | =_Z
300 -——-————-—-—-J

| — 350 ____1- Gauge Jlengfh 100mm-as. tool, 5315

[ — : .

| 450 —to— §
&

Programming :

N... T3131 LF. |

N ... G54 Z-999. LF - (Traverse into workpiece until gauge

N G92 Z 300 LF contact interrupts block).

N ... (MACHINING PROGRAMME)

The control sets the actual value to 450 using the following calculation:

lc. of TO, 20
WRT: ; Example from Example Example withoutzo ,
- a um th . - 1_ .'f .

%2?%r?gwl 70l without 7o | withoutTO

G54 Zero point offset . 50 0 0

+Z Setting position 300 300 300

+ TO gauge longitudinal 100 100 0

offset
pctual value z 450 400 300

The setting of the actual value store using G92 is cancelled at the end of
~the programme (M02 or M30) and with RESET.
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3.20 694/695/696/697 Feedrate F,M36, M37

Feedrate F in mm/min or in mm/rev.

G95 (F in mm/rev.) is Always a reset state
NTﬁe'p:ogrammed speed is maintained on the path of the cutter point "P"
(imaginary tool point) also with tool nose radius compensation.

Using a feedrate override switch on the operafors‘pénel the programmed
feedrate can be ad justed between 1% and 120%. The lbb% posltion corresponds
to the progrémmed Qélde. During threadcutting the feedrate Input is de- |
activated and the feedréfe override swlitch is non-operational.

The programmed feedrate can be reduced by 1:100 using M37.
With M36 feedrate is as programmed using F.

e.g., N5 ... G94 M36 F10 LF

694 Feedrate F In (mm/min) |
695 Feedrate F in (mm/rev)

696 Feedrate F in (mm/min) and
Consfénfrcuffing‘speed S ( In m/min)

M36 need only be programmed. if M37 has been previously programmed.

|

Feedrate

The relationship between the rotational feedrate and the spindle speed and
Limit values Is shown in the Fig. "Limit data for rotational feedrate"( see
chapter 8.2).
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3.21 G96 S.. Constant Cutting Speed ( v = constant ) (option)

Depending on the programmed cutting speed the control determines the
appropriate spindle speed for the continuously changing diameter.

N5 GO01 G9%6 X.. S.. F.. LF

- em—————

Constant cutting speed in ( metre/min).

This correlation of turning diameter, spindle speed and feed rate ensures
optimum matching of the programme to the machine, the workpiece material
and the tool. ‘

The zero point for the X axis must be the turning axis. This is ensured
by returning to datum. The NC derives the position of the tool tip from
the actual value, the tool length compensation nos. 1-32 and the supp-

lementary tool length compensation G92 I... K... and calculates from this
the spindle speed. Any actual value displacement by G92 X... or PRESET
or zero offset from handwheel is ignored for v = const. The actual value
displayed refers to the radius. In G96 selection block the X axis must
also be programmed.

When function G97 is programmed the constant cutting speed is switched
off and the actual speed value frozen. This function is used to avoid

' ﬁndesirable changes in speed in the event of intermediate blocks in the

X direction without machining.

Change of Gear range

A gear is selected and used for constant cubting speed. It is acceptable

at any time to change gear at an appropriate part in the programme.
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3.22 G92 S.. Limitation of spindle speed

It may become necessary ( e.g., with constant cutting speed G96) to limit
the spindle speed at some point, i.e., to continue machining at a certain
point with a constant spindle speed. The limitation is programmed in a

separate block using address S in rpm prior to the programme section in
which it is to be effective. The function G92 S... may be used more than

once in the programme.

N.. G92 8300 IF

No further commands in the same block

Spindle speed limited to 300 rpm.
This limitation is not effective with G94 or G95.

Cancellation of this limitation also results from using G92 S....,
whereby the maximum speed for the selected gear stage must be writteg

under S. G92 will stop the spindle.

3.23. G26 S... Monitoring of the actual spindle speed

The speed monitoring G26 S... is a workpiece or chuck- dependant
safety speed for the complete part program, independent of speed
programmed using G94 to G97. G26 S... limits the speed command value
and monitors the speed actual value. The function G26 S... has been
created primarily for the operator. '

G26 S... See operating manual for input.
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3.24 G40/41/42 cutter radius compensation (CRC) .
Machining behind the Machining before the
turning centre turning centre
G40 Cancellation of CRC Cancellation pf CRC
G41 Tool left from Tool right from
workpiece workpiece
G42 .... right .... ceee left ....

Machining behind the turning centre

+X4

G4l | @

Q
-]
N
[y}
[«
o
o
7 n
Machininag before the turning centre
A
o
@
N
[}
o
©
o,
)
_——-——»
+xY G41

Using CRC the workpiece contour is programmed. The control calculates the
path for the cutter radius centre (equidistant calculation) and the inter-
section points of these equidistant paths at acute transitions. CRC can be
used for inside and outside contours, obtuse and acute angles and at acute

and tangential transitions. There are no contouring errors. .
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The functions G 40 / 41 / 42 can be entered with or without path data.
After programmlng G41 or G42 the cutter radius compensation becomes
effective in the machining plane with the first movemenf ( X and / or Z)
Acfivaflon Is only effective In blocks with GOO or GO1 Within the
programme ( from block to block) a change from G41 to G42 or vice versa

is possible. In this case the CRC does not have to be de-activated using
640,

In a stock removal cycle the correcf correlation of G41 / 42 is aufomafic.
At the end of the.cycle G40 is aufomafically effective ( see section 7. 3)

Exémgle: activate, change, de-~activate,

N1SO GO1 G4l  X... Z... - actlvate
N190 G42 X... ‘ - change

N200 Xeur Z...

N210 G40 - "de-actlvate.

Example : activation and de-activation of the cufter radius compensation
25551 LF

N10 T 1212 M.. M.. LF - Select tool
N20 60O X100 7212 5190 “MO4 LF  and offset
N30  GO1 G41 X90 F5 LF - Activation of CRC;

the corrected path
is reached at the
end of this block .

N80 . GO0 G40 X200 Z350 | LF - Deactlvation of CRC
N90 T2222M. M.. LF  Tool change

N100  GOO X90 721.3 5220 MO4 LF - |

N110 642 GOT X80 F5 LF - Activation of CRC ;
N120 7150  F... LF  at the end of this

block the corrected
pafh Is reached.

N210 GO0 G53 X... Z... S00  TOO LF - Cancellation of
N220 M30

LF  tool offset using T. 00
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Note:

1f CRC is selected (G41/G42),G59, G25, G26, G33, G34, G35, G92 and
@31 or L999 may not be programmed.
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4.0 - Switching and mlscelléneous functions S,H,T,M,

The swlfching'énd miscellaneous functions are given out In the block in which
they are programmed. A maximum of 3 M functions, 1S, 1 T and 1 H, can be
programmed in a single block. The output to the interface is in the following

sequence:

- simultaneous output of all programmed functions with the exception of
a-second or third M function which may be programmed.

- oufpuf of the second M function

- output of the third M function.

A machine parameter is used to determine whether or not the functions are outputted
before or during axes movement. Exact specifications are given by the machine
tool builder. The following applies for output of the functions during axes
movement : | '

If a new value is to become effective before axes movement, the new function
must be written in the previous block,
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4.1 S Word

The S word can be used in the following ways :

Spindle speed in coded values

Spindle speed in rpm or 0.1 rpm.,

(Determined during commissioning).

Cutting speed in metre/min or C.l metre/min.
(determined during commissloning).

The use of both formats for spindle speed and cutting speed is not possible. '

4.2 Adxiliary functions H

For switching functions on the machine or moVemen*s, which are not under
numerical control, one auxiliary function per block Is available using the
address H and this can be programmed Using up to a maximum of 6 decades.
For further details see the programming instructions of the machine tool
builder.
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o

4,3 T Word tool command

The tool command determines the tool ( tool numbep required for a particular
machining sectlon and also the relevant tool data ( tool.offset number).

T 12 32

Tool command address

Tool number OO..99
( 1 or 2 decades)

Tool offset number :
(TO select : 01, . 32 or 1...9)

(TO cancel : 00 or O5

(1 or 2 decades depending on machine panaﬁefer)

. Tool offset number

\
The tool data are stored under a tool offset number., Offset values for up
to 32 tools can be stored.

Tool offset:
Each of the 32 tool offsets consists of:

Tool length compensation X axis A :
Tool length compensation Z axis Wear compensdion
Tool geometry X axis

Tool geometry Z axls Insert

Cutter radius
Position of the tool tip

Additional programmable tool length compensations G92 I... K...
(see 4.3.1).
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4.3,1 Tool offset without using CRC

The effective tool offset is the sum of the tool geometry and the tool
length compensation. This sum corresponds to the dimension XSF or ZSF.

g
Il

theoretical tool tip point:

V]
I

cutter radius centre

I

slideway reference point

XSF

ZSF —=

SP00114.0

The programme is written for the path of the cutter radius centre S.
The length compensation refers to the cutter radius centre.

|

Cutter radius centre path

Workpiece contour.

SP00113.0




8T/Sprint 8T (P) b -5 A.10.82

Offset calculation :

When changing the tool offset number the difference between the 0ld and new
values is calculated.

The following is determined during commissioning:

The resulting difference

- is traversed directly after the change in offsets;
no axis command is necessary for traverse of the tool
offset or the difference;

- is first considered when traversing of the appropriate axis

occurs.

Note: With CRC (G41, G42) the difference is traversed in both axes in
addition to the cutter radius.

Any external tool length compensation is added to the wear compensation
value effective at that time. The new value is then entered in the
active tool length compensation store ( wear ). The new tool offset
becomes effective in the next block, if 1999 has been programmed in the
preceding block (empty intermediate memory, see 7.6).

Additional programmable tool length compensation;

This facility allows the values for the tool geometry to be changed in a
part programme. When this additional tool length compensation is programmed
it is automatically added with the correct sign to the tool geometry values
in the X and Z axes. So with G92 I.. K.. the presented value will

be loaded into the correction memory T33 and automatically added
to the selected tool offset compensation. '

N.. G92 I.. K.. LF

Address I effective in X

Address K effective in Z
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4.3.2 Tool offset using cutter radius compensation (option)

Using cutter radius compenséfion the workpiece contour can be programmed.

' The tool Llength compensation to be Inputted refers to the cutter point

"P", Both the cutter radius and the position of the cutter point must be
entered. The control fthen calculates the path to be traversed. No contour
errors occur.

The .cutter radius compensation. is.effective affer execution of the block in
which it Is programmed (G41, G42) ', i.e., the following block Is
traversed properly

SP00029.0

theoretical tool tip
cutter radius centre

S cutter radius

m O un T
n

machine slide reference point




8T/sSprint 8T (P) 4 -7 A.10.82

In order to calculate the cutter radius compensation, the.control requires
some indication of the position of the tool cutter point. A total of

nine designations are used to represent the theoretical Line between the
tool tip "P" to the cutter radius centre "S".

The line of sight is always from § to P.

Machining behind the turning centre

+X

-7

SP00030.0Ail

1 2 3 4

+X

+X

When XSF and ZSF are selected as tool dimensions instead of XPF and ZPF

'(dimensioning cutter centre point - slide reference point), identification 9

must be used for each tool.
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4,33 Tape format for input of tool offsets .

Tool offset values can be entered not only via the operator panel but also

via the data input interface.

TOOL OFFSETS FOR ... Remark

4 T0 L&  (TOOL OFFSET)
- - Offset start and rewind stop

N5 G92 T1 X.. Z.. B.. A.. LF

N10 G92 T32 X.. Z.. B.. A.. LF
N15 G92 T13 X.. Z.. B.. A.. LF

N.. MO2 oder M30 LF | o
T = Tool offsef number

X = Tool geometry in X axis

Z = Tool geometry in Z axis

B = Cutter radius

A = Tool tip position

4.3.4 Programming of the tool offsets within a programme

Tool offsets can also be.entered within a user programme.

ln.+his case, the start condition % TO LF and the finish condifion MO2 or
M30 LF are omitted. [ )

% 1234

N5 G992 T X.. Z.. B.. A.. LF
N10 G92 T32 X.. Z.. B.. A.. LF
N15 G692 T13 x.. Z.. B.. A.. LF
N..
N.. M02 oder M30 LF
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4.4 Miscellaneous functions M

MOO Programmed stop ( uncondlfionél)

MOO makes it possible to interrupt the programme in order to make a measdremenf or
for some other similar purpose. After making the measurement the machine can

", The information stored In

be restarted by operéf!ng the start key " eycle
the control is maintained. The miscellaneous function MCO Is operational

in alt automatic modes. Whether or not the spindle drive will be stopped. will
be stated In the speclal programming instructions from the machine tool
manufac+ﬁrer. MCO is also effecfi&e In a block without position data. |1

Is possible to programme."MO" or only "M", The subsequent programming of L999
enables the display of a text written after L999. Selection by AUT PP.

M01 Programmed Stop ( condiflonal)

MO1 acts Like MO0 but only when the switch = "Optional Stop':
Is actuated.
It is also permissible to write "M1".

MOZ End of programme

MO2 - with programme return to programme start is written In.the last block
of the programme.
MO2 can be programmed on its own or together with other functions.

A reading-in procedure is stopped by MO2.
Writing M2 Is also permitted. The control Is put Into the reset state

( see programme key ).

M17 _End of sub-routine
M17 is written In the Last block ( alone or with other functions) of a sub-

routine, M17 represents only ‘the end of a sub-routine. M17 may not be
programmed in the same block in which a subroutine Is called up ( when
nesting.)
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M30 End of programme with rewind

M30 acts Like MOZ, except that in automatic mode from tape reader it initiates

tape rewind to rewind stop "%".

MO3 M4, MOS, M19 Main spindle control

If the NC Is equipped with analogue spindle speed output (option), certain M words
are used for spindle control

MO3 ' Direction of spindle rotation clockwise

MO4 Direction of spindle rotation counter-clockwise

MO5  Spindle stop

M19 Orientated spindle stop ( only with encoder )

Using M19 S it is possible to stop the spindle in a pre-defined
position. Positioning from a stopped spindle is also possible.

The angle is programmed using S in degrees (distance from the
marker pulse in the MO3 direction). The angle programmed using
address S is modal. When M19 is programmed without S the stored
value-becomes effective for the angle. A block containing M19 is
only finished when the signal "spindle stop" is received from the
interface. Any of the functions '"M3, M4, M5" is allowed. M19 or

M19 S... must be programmed as a separate block. Positioning of

the spindle occurs parallel to the axis motion independent of block

boundaries.

M36, M37 Decreasing the Feedrate
The feedrate programmed under F in mm/min or mm/rev can be reduced

by the ratio 1 : 100 using a further M function.
- M36 Feedrate remains as programmed under F
- M37 Feedrate is reduced by a ratio of 1 : 100

Unassigned miscellaneous functions
All miscellaneous functions except MO0, M02, MO3, M04, MO5, M17,
M19, M30, M36..- and M37 are unassigned. Exact information regarding

the application of the individual functions is given in the
programme key specific to the machine. A partial definition of
this function is given in DIN 66025.
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. 5 O Parameters

In part programmes it is~possible to apply the parameters RO0ito:'R99
(the machine tool builder can inhibit R50 to R99) to 1# iddresses
except N and @ instead of numeric values. For each parameter “a
certain numeric value is defined in the part programme or sub-routine.
The dimension of the R parameter depends upon its associated address.
R parameters are always written in 2 decades. A maximum of 10
parameters may be programmed per block.

Example:
L51000 LF Parameters RO], Rb5 and R49
N1 Z-R49 SR05 LF used in sub-routine.
. N2 X100. - RO LF
NSO M17 LF
% 5772 LF
N1 ... LF

N37 RO1 10. R49-20.05 RO5 500 LF

N38 L51002 LF Call up of subroutine 510
2 repititions
ROT = 10
@ ‘ RO5 = 500
RA9 = -20.05
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5.1 Péramefer definition

Defining the R parémefer means that each R parameter is given a certaln
numeric value with sign.

The definition of the R parameter can be made in the part programme and/or
subroutine. Up to 10 parameter definitions can be programmed in any one block.

Programmed Execution Result
Operation

ROT 10.78 RO1 + 10.78 RO1 = +10,78
RO2 95.34 RO2 + 95.34 RO2 = +95,34
R03-555, 1 RO3 - 555.1 RO3 = =555, 1

5.2 Assignment of the paramefer in the programme
. Direct assignment An address is assigned directly fto the value defined

for an R parameter

Progr.ammed Execution Result
operation

F RO F ROT F = +10.78
Z RO2 Z RO2 Z = +95.34
X-R03 X R0O3 X = +555,1

Additive assignment
The defined value of an R parameter with the correct sign is assigned

to the digifét vélue of én address.

Programmed Execution Result
operation

X 20.78-RO1 X (+20.78-10.78) X = 10

Z 44.,9-R03 Z 44,9-(~555.1) Z = 600

F10.1 RO2 F o+ 10.14(+95.34) F = 10544

The sequence address, digital value, diameter must be maintained.

No sign is Interpreted as (+5 plus.
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5.3 Parameter Linking

Programmed : g
Type of calculation calculation Exeeufion' Resul+ foued in
Adding RO1 :RO2 RO1+R02 RO1
Subtract Ing RO1-R02 RO1-R02 RO1
Multiplying RO1.RO2 RO1.RO2 RO1
Dividing RO1/R02 RO1:R0O2 RO 1
Square root @10R01 YROT RO1
Sine @15R01 sinRO1 RO1
Definition + RO1 +10
addition RO1 10 RO2 RO1+R02 RO1
Definltion + R0O1-10
subtraction RO1-10~R0O2 RO1-R0O2 RO1

Derlng mdlflptlca%lon and division the Linking of R parameferS\éhd absolute

numbers Is not permlffed

The symbol for mulflpllcafion corresponds. to

that of the decimal point. and the symbol for division corresponds to that

. for block delete.

@ 10 and @15 must be writfen
sine The angte must not exceed -
One Link may be programmed ber block.

{s approx opms.

Rengefof velues smallest velﬁe ;‘1.10_8
‘ ' 1argest value : 2
Display : Floating point ( 2 .8) to ( 2

* Note : These functions are only possible with Sprint 8T.

in YTS.OWH.
360 ©

The sequence of Links Is critical and each of
When calculating the

The calculation time per Link
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5.4 Parameter chéining

Using péramefer chaining certain values can be continually éhanged during
multiple repitition of a programme section or sub-routine. A calculation
is made during each programmed repetition of a chain.

Foﬁr—fotd chélning of pérémefers is the maximum possible.

X10. = ROI f RO2 % RO3 -J/E RO4

SP 00302.0

Célculéfion:

Dﬁring calculation of é new R péramefer value it is only the arithmetic sign
between 2 parameters, which is important.

ExémpLe of chéining 2 péramefers.

RO1 + RO2 RO1 = RO1+RO2

new
new RO2 = RO2
-RO1 + RO2 .new RO1 = RO1+RO2
new - R0O2 = R0O2
RO1 -~ RO2 new :RO1 = RO1-RO2
mew  RO2 = RO2
-R01 -~ RO2 new RO1 = RO1-RO2
new R02 = RO2
RO1 . RO2 new RO1 = RO1.R02
new RO2 = RO2
-R0O1 / RO2 new’ RO1 = RO1/R0O2
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‘ Example of chéinlng fodr parameters
|
-RO14+R02.R03-ROY4 new RO1 = RO14R02
| new  -RO02 = RO2.RO3
new - RO3 = RO3-ROY4
new »I“"’. RO“ - ROLI'

Otherwise the value statements for the individual parameters are stilt
written with sign.

Note : chaining with mulfiplicéfion énd dIQisIon-is only possible with the
SPRINT 8T,
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Exémpte :

% 9534 LF

.

N1 L0105 RO1-10. RO2 81 RO3 3. LF
N6 L0206 RO4 ~1.R05 4. R06 ~1. LF

N100 M30

L00100
N5 X ]000

LF

~ RO1 + RO2/RO3 LF

N10 M17 LF

L00200
N1 Z100.

+ RO4. RO5+R06 LF

N20 M17 LF

The following digital values result

A.10.82

Sub-routine for the fifth
repitition and definition

RO1
RO4

[{]

i

- 10.
1.

RO5=

sz =81. R03

4, ROG =

or five-fold
of the parameter.

1]
W

~1

Using the parémefers in the called
up sub-routine.

L00100 X - RO1+R02 / RO3
Repitition |-Definition | 1000. -10.} 81. } 3.
1 Assigned vélue 1010. 71 27. 3.
2 Assigned value 929. 98.1 9. 3.
3 Assigned: value 902.} 107. 3. 3.
4 Assigned value 893.{ 110. 1. 3.
5 Assigned value - 890.1 111.10.333| 3.
L00200 | Z + RO4. RO5+ RO6
Repitition |Definition 100. -1. y, -1.
1 Assigned value 99. | -4. 3. | -1.
2 Assigned. value 96. | -12. 2. | -1.
3 Ass.igned.value 88. | -2U. 1. | =1,
4 Assigned value 76. | -24. 0. | -1.
5 Assigned value 76. 0. -1. -1.
6 fssigned value 100 n. —a | 21

At the end of the progréhme fhe pérémefers ére given the last value to be

ascerfafned

change of paramefers occurs.

This value is mainfalned until a new definlfion or a further
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® 5.5 Correlation of a R parameter to the address "L"

The R parameters are used to define the sub=routine number as well as the
number of repititions of sub-routines.

Examples:
Sub routine callup Subroutine number | Number of repetitions
PS N13 L123 123 1

N12 .....R01 O
N13 L123 RO1 123 0

N12 .... RO1 99
N13 L123 RO1 123 99

N12 ... RO1 150 1) .
N13 L123 ROT: 124 50

*

N12 RO1 12365

N13 LRO1 123 65
o :

N12 RO1 1236 |

N13 LRO1 12 36

N12° RO1 12.69 |

N13 L123 RO1 123 12

¥ DNote : In these cases (LROl) the parameter value must be 4 or 5 decades.

1) When the repetition numbexr is larger than 99, the rub~routine number

. : is increased by the respective value from the 3rd digit seen from the

right side, e.g. by 12 with a repetition number of 1234.
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‘ 6.0 Short description of the contour ( Only for Sprint 8T; option)

Eor the pdrpose of describing the contour multi -point traces are provided

for direct progrémmlng from the workpiece drawing., The intersections of
the straight sections are entered as. co-ordinate values or as angles.

The Individual straight Line sections can Intersect directly in the form of
a corner or roﬁnded ﬁslng rédli or chémfered. Chamfers énd-fransiflon radil
are progrémmed only together with their magnitudes. The control calculates
all the geometry. Progrémming of the varlous end point co-ordinates is

possible elther in absolute data or Incremental data. The first block of a
contour section must always start with a linear interpolation GO0 or GO1.
Then may. follow G02/G03 with a. circular block.

Angle (A) : Input resolution 0.00001 corresponding to 10 =3 degrees.

The éngle defined ( max 359.9990 5 élwéys refers to the positive direction
of the Z axis.

Right hénd co-ordinéfe system and méchlnlng areé behind the turning axis :

+X

+¥ '
X | |
‘ | a=135° [ a=305°
l I ‘
— -—t7 '
. +Z

-7
o
2
8
° :
Right hand coordinate system and machining area in front of the furning axis
P
' !
{ I
- -7
I |
[ | .
i —+7 : | -7
| =135 | =305 o
+X I §
I | 3
+X +X &
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6;1 Progrémmlng confodrvsecfions

6 -2 A.10.82

Examples (D to ' represent the basic ellemen’rs of progrémming con’roﬁr sections.

These basic elements can be combined in a variety of ways ( see pages 6-4 and 6-5).

C) 2 point sectio

n

X
A X,? or Z5?
A
X4.Z g
L | Z §
[
@ A
X
)
X2?0f22?
|
3
X023 gl
%

(:) 3 point section

SP00035.0

N..«IA.'IX * e ('-' puTe Z

2 2)

fhe second end poinf‘co—ordinéfe'
's calculated by the control.

N..G02( % GO3)I..K..B..X, '

The arc is restricted to one quadrant.
The second end point co-ordinate Is
calculated by the control,

The parameters I and K must both be
programmed in the contour section,
even if their value is zero.

N..Ag.. Bye e XguenZgees

* |SP00036.0

)

The control calculateés the.co-ordinates
(X,, Z,) and generates 2 blocks. -The
anale A refers to. the Intermediate point
(X2, 22? which has not been programmed.

N151 x2... Z2... B—...

N152 X3.. Zoyeoo | *
B - cee deslgnéfes‘lnserfion of chamfe(
‘g ... designates insertion of a radius

The "-" sign is no prefix in this case,

but signifies the special designation of

KB as chamfer.

* the second block can also be a contour section.




8T/Sprint 8T (P)

SP00037.0

Straight Line - arc ( tangential )

®-

2.7
Mg 4
X323 92 Xy Z,

SP00038.0

(:) Arc - sfréighf Line ('fangenfial)

SP00039.0

Arc - Arc ( ’réngen’rfat)

SP00040.0

A.10.82

*
N...X3...Z o s o

The radius inserted must not be greater
than the smaller of the two sections.

N..GO02( of GO3)A..B..X Z

3.. 3-u

Arc not above 180°. .
The sequence A ( angle) and B (radius)
must be observed.

N- .GOZ( ‘{O'r. GO3)B.-A..X3-.Z3|¢
Arc not above 180°, ‘

The sequence B, A must be observed.

No radius can be Inserted In X3, Z3

N..G02( or GO3)I,..K,..I,..K
circle™ :

The preparatory function s programmed for

the first arc. The second preparatory

function is a reversal of the first and is.

not programmed,

20 lXBOZB

’*-The second block can also be a contour section.



(:) + (@) 2 point sections + chamfer

N15 A..X, (.eF*: Zy..) B-..

N16 X3..Z3... *
o
T
(=]
Q
o
Q.
[72]
N15 Ao-oxzooo(‘ or Z2,-.-)B--o .
N16 X3"z3'0l *
° The radius inserted must not
o] be larger than the smaller of
gl the two sections.,
e
[’2]
N15 A1{.A2..x3..z3..B—..
0 o
(%]
S
Q
(o]
&
N15 A1..A2..X3..Z3..B...
e}
<
S
(2]

* the second block cén élso be a contour section.
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‘ @ + @ + @ 3 point .section + chamfer + chémfer

N15 A1..AZ..X3..Z3..B1-..B2-..

N16 X4..Z4.. *

lnsérflon of é second chémfer éf the end
pont (X3, 23,)

!
N
SP00045.0

(:) + (:) + (:) 3 point section + radlus + radlus

N15 A1I.A2..x3..z3..B1..B2..

’ ' *
N16 X4.¢Z4oo » .

Insertion of é second radids at the end
point (X3, Z3 )

~N
SP00046.0

(z) + (:) + (:) '3 point section + chamfer + radius

N15 A1..A2'.X3..Z30.B1

N16 X4--Z4-. *

0B20 .

Insertion. of a radius at end polnt

(X3,\Z ).
In eacg case the next block Is taken into

-account automatically.

\
N
SP00047.0

@*@*@ 3 point section + radius + chamfer

N15 A1..A2..X3..ZB..B..B-..
N16 X4..Z4.. *

Insertion of a chamfer B~ at the end point

SP00048.0

¥ the second bLock cén also be a confodr section,
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At corners where no chamfer or radius is to be inserted BO should

be programmed, if a radius or chamfer follows in the contour section.
(Note: This programming will cause the control to generate a block
with a path = 0. These blocks must take into account the effectiveness
of the CRC. See para. 8.1.7). -

B-0 is interpreted as BO.

A radius or a chamfer can be inserted when the subsequent block is

not a circular block.

The sequence of addresses A, X, Z, B, F etc., is not important,
however, angles and radii must have sequence as defined above( first
angle before second angle, first ¥adius before second radius in the
direction of machining).

6.2 Mode of operation of functions 609, F,S,T,H,M, in the contour section

| f é ggg is progrémmed in the contour section block, this only becomes effective
at the end of the block, i.e., when the final position is reached.

At discontinuities ( corners, edges) within the contour section, the conirol

aﬁfoméfically generates a G09.

Where F,S,T,H,M are programmed in a contour section block, these are effective

at the.start of the block.

Where MOO, MOi, M02, M17, M30 are programmed in a contour section, these

are effective at the end of the block.
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‘ . 6.3 Chaining of blocks

+

Blocks méy be chalned with and without angle dafé and with Inserted radil

or chamfers in any sequence.

?xémpte:

SP00049.0

N10 Z... BS LF
N11 A... X... B7. LF

Ni2 A... A... X... Z... B9. B11. LF
N3 Z... IF
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6.4 Exémples

The angle o< refers to the s?ér#ing point, the angle Fv to the missing

Infermedlafe poinft.
The end point can be programmed in absolute data G9O or: |ncremen+al data G91.

The end point co-ordinates must be- stated. The control calculates the intermediate
point from the known sTarfing point, the two angles and the end point.

Example : Outside contour

105 ' -
20 - -

70°

Y
|
=
o

— N1I

N10 GO0 G90 X30. 1Z105. LF
N11 GO1 A170. A135. X100. z20. F... LF
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Example : inside contour

Dréwing dimensions

SP00051.0

The start point is defined énywhere oﬁfslde the internal taper,

+X

SP00052.0

The perpendicﬁlér to the start point and the extension of the Inside taper
gives the intersection A.

The progrémme Is as follows:

.

N13 GOQ X start Z start LF
Ni4 GO1 A90 A 184. X... Z... LF
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Exémgle : Contour section programming

e

th 1

332 >
246 -
130 -

————

| N F135° }

220

=
—
ol

N25 o N20 —

SP00053.0

Programming using short contour description

110500

N5 GOO G90 XO0. Z332. LF ' .
N10 GO1 GO9 A90. X66. B-8. F0.2 LF™] Linking using B - 8
N15 A180. A90. X116. Z246. B8. LF ;]

N20 GO3 B4O. A175. X140. Z130. LF

N25 GO1 A135. A180. X220. Z0. LF

N30 M17 LF
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6.5 Switching and auxillary functions In Linked blocks

Linked blocks resdlf whenever blocks inferséctdue to rédii or chamfers.

Exémple:

’ ~
' P11
N oF!
'@5’ . . . . . . . . . . . . . 7 ;
W ' N10 8
~ N25 i N20 N 15— |-— §
(%)

For progrémmlng see 6.10

A block with switching and éuxilléry'funcflons may be Inserted between
Linked blocks.

. Example : see above and pége 6.16

NI0 GO1 GO9 A90. X66. B-8. LF (P11)
N101T M.. H.. LF
N15 A180 A90 X116 7246 B8 LF

The swlfchlng and auxillary func?lons become effective at polnf P ( see
above) Thus the cut leaves the con?our af point P11, The F value programmed
in block NIO becomes effective a+ the sfarf of this block.
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7.0 Cycles

7.1 Méchlnlng cycles (option)

Méchinlng ( canned) cycles are available as perménen#[y - stored sub-
routines for use as standard méchining processes which are often repéafed‘
(input via tape). o

These cycles can be adapted to any parficulér machining problem by writing
in the pérémefers.

Méchinlng cycles cén be épptled to :
Tooi chénge

Pattern repeat

Thread cutting

Deep hole boring.

Machine cycle célt-dp

A machine cycle Is called ﬁp In the part programme or sub-rooflne.

e.g., N... L91 LF

The allocation of a value to a parficutér R parameter can be‘made together
with machine cycle call-up or in the previous blocks., For further details
see the appropriate examples.

Continuation of programming after cycle call-up

A11 cycles end with the G functions GO0, G40, G64, G90. Any other
G functions required at program continuation have to be programmed
anew. '
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The following machining cycles are available:

L91 Retract cycle for tool chénge
L92 Retract cycle for tool change

L95 Stock removal with pattern repeat
L950 Stock removal with pattern repeat

L97 Thread cd++ing cycle

L98 Deep hole boring cycle

inside contour.

retract sequence Z or Z - X

- outside contour
retract sequence X or X-Z2

parallel to axis

parallel to contour (for premolded
workpieces)

The description now follows for each of the cycles

If necessary, the described cycles can be changed. To be noted are
additional indications from the tool manufacturer.




7.2 L91/L92 Retract cycles for. tool change (revolver lathes)

Parameter R 18 / R 19

Using the paramefers R18/R19 a profecfive zone around the workplece can
be wriffen at the start of the programme. This protective zone is then
active throughout the programme. R18/R19 may not therefore be used in
any fdrfher programme. The parameters refer to the workpiece zero point.

R18. Protective zone in X
R19 Protective zone in Z

If fhe value O is programmed for paramefer R18 or R19, this is Interpreted
as an unleiTed protective zone in the assoclafed axes direction. (see
examples)
Note : Clearance movements for rotation of the tool holder may have to

| be programmed together with R18, RL9. '
Call-up :
L91 or L92 is called up, the control adfomafically calculates the optimum
retract position. Before the call-up the tool must be located in such a
position that no collision is possible during retract. For the purpose-
of céLculéfing The‘op+lmUm tool chénge point fthe control takes into account
the greatest tool length of the fooLs‘being used and the active zero point
offset.
Ddring retract to the defined retraci position +he.éc+ive tool offset remains
s+ored depending on whefher the call—up is in X or Z, Ouiside the protective
zone all tool offsets are aufomaflcally de-activated and the machine traverses
to the calculated tool change point,
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Limiting conditions

In the event that the calculated retract position "WW" exceeds the co-
ordinates of the absolute tool change point "AW", the pull-out is only
made to this point or to the corresponding co-ordinate ( If a parameter

has been programmed as O ).

If 191 or 192 is called up and no tool lengths have been entered in the
memory, the retract movement is always made to the absolute tool change

point "AW".
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ExémpLe of inside confodr machining L91

a5 R18 and R19 are programmed. A no-go area Is defined In the X and Z
axes. Retract occurs within this area only along the Z axis and
outside this area in the X and Z axes.

+ AW

W >

x&q¢o§§§3§§§§§§

\§\\:§:§:
\
\

NI RIS 40, R19 65, LF
N2 T M15

N25 191  LF (Pull out)
N26  TI0  MI5 LF (Tool change).



8T/Sprint 8T (P) 7 -6 A.10.82

b5 R18 = 0 and R19 are programmed. »The no-go area is defined
only in the Z axis. Retract occurs only along the Z axis.

SP00056.0

NI T1 R18 0. RI19 65. LF
N2 Ti M15 LF

—

N25 L91 LF (Pull out )
N26 T10 M15 LF (Tool change)
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‘ Exémptes of od‘rslde contour machining L92

A.10.82

as R18 and R19 are progrémmed. The no-go areélis defined in both the
X and.Z directions. Retract within the area only occurs In the X
direction. Outside this area retract follows in both X and Z

directions.
+X AW
i
Www
Wz
.oo
@ | &
——l—-———-~+Z
: Q
2
8
%

N1 RI8 40. R19 65. LF
N2 T M5 LF

N25 L92 LF  @ulLl out) |
N26 T2 M5 LF (Tool change.)
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b5 R18 and R19 = 0 are programmed. The no-go area is defined
ly in the X axis. Retract occurs only along the X axis.

on

///////////

AW

SP00058.0

N1 RI
N2 T

9 0. RI8 40. LF
M15 LF

N25 L92 LF  (pull out)

N26

T2 MI5 LF (Tool change)
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7.3 195 stock removal cycle

7.3.1 195 stock removal cycle ( paraxial roughing )

R20 Sub-roﬁfine ndmber under which the cbnfour is deflned
R21 Starting point of the confour in X (absoLuTe).
R22 Sférfing point of the contour in Z (absoLufe)
R24  Depth of finishing cut In X ( incremental)
R25 Depfh of finishing cut in Z ( incremen?al)
R26 Roughing depth in X or Z (incremenfal)
(not requlred for final pass uslng R29 21, R29 22,)
R27 Cutter radlus compensation ( 41, 42 or 46)
R29 Form determination for roughing and finishing.

The pérémefers to be entered are shown in the diégrém below.

% st 45°X1mm
/L

7 R26

l-‘ﬁ

FINISHING CUT | AR
1\—AR21/22

I8P 00059.0

The sfarflng points R21 ( X) and R22 (Z) are entered with reference to the
contour, For the roughlng pass the control aufomafically displaces the
traverse by the finishing cut depth R24, R25 + 1 mm safety distance. However,
if this distance is not sufficient the starting point for the contour R21,
R22 should be correspdnding1y displaced.

RAV2Z————  Starting point of original contour

T Starting point with displacement.

SP0O006D.
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The machining cycle L95 cén be called up from any collision~free position
With the ald of the final contour description the control automatically
determines the starting points.

The R parameTers-preQiodsly-referred to are modal, i.e., the paramefers
R20, R21 and R22 need not be re-entered for a subsequent finishing pass
cycle following a roughing cycle with L95.

The péréme#er values which are changed are
R24 Cut depth in X

R25  Cut depth in Z
R29 Type of machining "finishing".
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.Confodr (R205

For the purpose of automatic stock removaL the final contour of fhe component
must be described. This is written as a sub-rouilne and called up within the
. gtock removal cycle.

There is no limit to the number of blocks for the sdB;roaﬁhﬁ;
However, in each block there must be a co-ordinate value.

No recess cutting is permitted within the roughing cycle.

The final contour description can take the form of a short
description of the contour. (Only Sprint 8T). The starting point,

fixed by R21, R22, may not be programmed in the first programme
block of the contour.

Example: »
) ——-150———-1 | ;
: C
I % T
+X
A
2 300 - 3
T s z
| 3
>+Z ~
L1000

N1 G690 A165. A120. X250. - Z150. B20. M7 LF

With cycle call Qp L95 the*contour 1s registered using R20- 10.

The corner point B alsorepresents.the guide point for the finishing cycle.
The véldes for the points A and C are determined from the cycle. The end
of the cycle is point B.

ML7 must be written in the last block of the subroutine ( no separate block ).
Deletable blocks in the contour are permitted.
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Type of machining

(R29)

7 - 12

A.10.82

The péramefer R29 describes the type of stock removal ; roughing or

finishing whefher inside or outside contour machining, the form of the

pattern repeat whether longitudinal or facing.

R29 11 longitudinal (Z) outside
R29 12 facing (X) outside Roughing
R29 13 longitudinal (Z) Inside
R29 14 facing (X) inside
Rz9 21 outside %21,23 finishing to final pass
depth.
R29 23 inside
R29 31 longitudinal (Z? outside *Paraxial roughing with one final
R29 32 facing (X) - outside cut parallel Tolfhe contour down
R20 33 longitudinal (Z) inside fo finlsh cut depth
R29 34 facing (X) inside
R29 41 longitudinal (Z) outside *Refer to R 2931 - R2934
. ' and then finally one cut parallel
R29 42 facing - (X) oufside to the contour down to the final
R29 43 Llongitudinal (Z) inside contour,
R29 44 facing (X) inside

¥ In these cases the control éufoméfiqally activates the cutfer radius compensation
in the correct direction providing that previously this has been activated using

R27

( 41 or 42).

With péraxial roughing the cufier_radlus compensation is»suppressed internatly.
At the end of the cycle it is de-activated and If necessary must be reprogrammed.
The correct sequence In time of activation and deactivation of cutfer radius

compensation within the cycle Is controlled aufomafidélly‘by the cycle itself.
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- Example: ’ '

X : ‘ X

b d

R29 11- - Outside contour roughing longitudinal (Z)

R29 12 - Outside contour roughing facing (X)

X X

i '

R29 13 - Inside contour roughing Tongitudinal (Z)

X X

| | B

-
==\
| ———
=

I

SP00062.0.

R29 14 - Inside contour roughing facing (X)
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Examples :
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1. Paraxial roughing
R29 11

QKA Removed stock

Contour para[lé

R29 21

finishing

KN

1.-Paraxial roughing

R29 31

2Roughing cut paratite: '

to contour :

E
SIS
5:’2’?:?‘0?‘:?‘.’:&’.‘
DSB8
2% %% Y% %
EESEREERKK

2NN
PRRRAREIRARERKK

1. Paraxial roughing
R29 41

2.Roughing cut parallel
to contour

3Cut parallel to contour

5P 000631
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Depth of finish cut (R24, R25)

The contour is displaced by the depth

of finishing cut programmed using

+X R24 and R25.

e.g., R24 0.3
R25 0.3

SP00064.0

During the roughing cycle, rough machining occurs down to this depth.

PRATI A

+X

+Z

SP00065.0

[N

In the finishing cycle, machining to the cut depth which has been programmed:

Finishing cut depth R24 0,
R25 0 corresponds to the final

+X .contour

g -+7
l

SP00066.0

Using several finishing cuts it Is possible e.g., to turn down the corners left
after the rough machining with the aid of a copy’ tool, in the event that the
cycles R29 31-R29 34 - or R29 41 - R29 44 are not utilised.
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Stock removal at constant cutting speed

If the machining cycle is to be executed with constant cutting speed, the function

"Constant Cutting Speed G96" must be selected before the cycle is called up.

G96 S180 LF

R20 .. R21.. R22..

L95 Fo.. LF
L91 LF
LF

R24.. R25.. R26.. R27.. R29.. LF
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2140
2120

125

SP00067.0

The contour for which stock is to be removed is written in a sub-routine.

L70000

N1 690 A170 Ai35. X120,
N2 220.
N3 X210, 1m7

- Parameter definition

A Starting point X ~  50mm

4 125mm
Finishing cut X 0.3mm
Finishing cut Z 0. 3mm
Stock removal depth S5mm
Contour L7000

Z30.

R21 50
R22 125
R24 .3
R25..3
R26" 5
R 2070

B30.

LF
LF
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Call-up in the part programme

N16 R20 70 R21 50. R22 125. R2u .3
R25 .3 R26 5. R27 u42 R29 11

L95 F...
N17 L92
N18 T..
N19 R24 2.5 R25 2.5 R27 42 R29 21
L95 F...

N20 R24 - .05 R25 .05 R27 42 L95

N21 R24 0. R25 0. R27.42 L95 F.. ..

or roughing and finishing in a single call-up :

N15 R20 70 R21 50 R22 125 R24 .3
R25.3 R26 5 R2T 42 R29 41 LF
N16 T.. L95 F... LF

A.10.82

LF R29 11 Roughing
LF
LF Retract to tool change
LF Tool change
R29 21 finishing

. LF R24 2.5

R25 2.5 finishing
depth 2.5 mm

LF R24 .05
R25 .05 finishing
depth 0.050 mm

LF R24 0O
R25 0 Finishing
depth 0 = final contour

Paraxlal roughing
1 cut parallel to the contour
1 cut fo the final contour
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7.3.2 L1950 gStock removal cycle - roughing parallel to contour

1950 is derived from 195.

Roughing passes are executed parallel to the contour during which the
contour is projected onto point B.

As with L95 it is necessary to define the R parameter before calling
up L950,

The R parameter corresponds to that with L95 with the exception of
R29 and R26.

Type of machining ( R29 )

The following types of machining are permitted:

R9 21  outside * finishing pass on final contour
(R2Y4 and R25 are ignored)

R29 22 outgide roughing to final pass depth

R29 23 ingide =% finishing pass on final contour
(R4 and R25 are ignored)

R29 24 inside roughing till finishing cut

* In these cases the cutter radius comp. is activated if R27 (41 or 42)
has been effected.

Examples:

¢

LA

S
Xl
5

Vo ¥ Yo\

1070.% % 620020 0% 2o v
ORCREACRREY XN
S PSS
DR XY TX}XOO
EOCACROORE AL
> RIS
XIS
XN KPR
DR XA DN IR
BT IAALK T
XIS
DDV XS X X X
SI0 @ O ' OO v v,V

BRI
LK AR KX
DPCDCIICORRINN
XSO
BRI
S A0LP O W 0O 0200.
DAL IO R0
063%0% %6270 %5: %%
’6~00;~;.A.‘.A.A.A.

.......

0
'0

Hen ;
finishing pags parallel™ g moughing pass. parallel ) ?_\
R2921] to contour 2 R2927] to contour o
Uzl
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Roughing cut path ( R26 )

The control defines the roughing cut depth in the direction of the max.
difference between the starting and finishing point of the contour.
The contour is always machined in the programmed sequence.

Examples :

S

R26 roughing cut aepth
-4— nachining direction

R26

. SP00190.0

)
7
B
~N
=
~
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Example
®

The contour to be cut is written in a subroutine.

17000
NL G90 Al70. Al35. X120. 230. B30. IF
N2 720. IF
N3 X210. MLy LF

ML7 must be programmed in the last block of the subroutine
(no separate block).

Parameter definition: A starting point X 50 mm R21 50
Z 125 mm R22 125
@ Finish pass depth X 0,3 mm R2U .3
Finish pass depth Z 0,3 mm R25 .3
Depth of cut 5 mm R26. 5
Contour L7000 R20 70 .

Call-up in part program:

N20
N25 R0 70 R2l 50 R22 125 R24.3 R25.3 R26 5 LF
N30 1950 F.., LF

Example:

1" . X Co —t——t 'I B ]

SP00191.0

!

ﬁﬁ}_ . . . .
- 125
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7.4 L 97 Thread cutting cycle

This cycle is used for cutting outside threads, inside threads and taper
threads.

The tool infeed Is automatic and takes the form of a diminishing quadratic
with the result that the stock removal rate remains constant.

Before calling up cycle L97 a value must be assigned fo the following

R paramefers:

R21 Starting point for the thread in X ( absolute)
R22 Starting point for the thread in Z ( absolute)
R23 Number of compound feeds

R24 Thread depth (incremental), sign required to define inside
or outside thread, + = inside thread, - = outside thread.

R25  Finishing cut depth

R26 Approach path

R27 Run out path

R28 Number of roughing cuts

R29 Infeed angle

R31 Endpoint of thread In X, (absolute).
R32 End point of thread in Z ( absolute)

‘Only 1Q/R parameters per block are permitted so that two blocks are

required for the value.

Example:

N10 R21 ... R22 ... R23 ... R24 ... R26 ... R2T7 ... LF
N15 R28 ... R29 ... R31 ... R32 ... L9T LF

The individual parameter values are represented in the following sketches.
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R20 Thread pitch

The parameter represents the value of the thread pitch. |t Is always written
as a paraxial value without sign..

min 0.001 mm

max. 2000 mm

R21 and R22 Start Point for thread

V/
7/
7/
/
E /
B a@
ot ..{ —————— _
& =
R2Z2] Ipog g
| S
&

Parameters R21 and R22 define the original starting point for the thread (A).
The starting point for the thread cycle is B which Is located in.front of the
thread starting point at a distance given by parameter R26 ( approach path).

In the X axis the starting point B is located imm above the parameter value R21.
This raised plane is generated automatically in the centrol.

The thread cutting cycle can be called up independantly of the tool position
and infeed to point B is effected at rabld traverse rate. |

R23 Compound feeds

Any number of compound feeds can be selected. They are entered using parameter
R23,
e.g., 3 compound feeds R23 3.
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R24 Thread Depth

The depth of thread is entered using parameter R24,., and the sign determines the
infeed direction, 1.e., whether it is an outside or Inside thread. ( + Inside .
thread, - outside thread).

SP00069.0

R25 Finish cut depth

R25 gives the finish cut depth. When a finish cut depth is programmed, this depth
is subtracted from the thread depth and the remaining value divided into roughing
cuts, After the roughing cuts have been completed a finishing cut is made followed

by a certain number of cleaning cuts programmed under R23.

The roughing depth is automatically
calculated and divided Into roughing
cuts.

R4

Finish cut depth R25.

SP 00070.0
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; ‘ R26 Approach path
R27 Runeout path

The approach and runeout paths are programmed without sign.
The parameters represent paraxial, incremental values.

In the case of taper fhreads_fhe control calculates the approach and run-out
paths with regard to the taper and determines the corner points B and C.

B
N
n,

@D

SP00071.0
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R28 Number of roughing cuts.

The number of thread roughing cuts is determined by the parameter value.
The control automatically calculates the individual infeed depths for
constant stock removal. This ensures that the cufting pressure remains

constant throughout the roughing cufts.,

The desired cutting depth A t s calculated using the following formula.

= —t_ .1
at= Vi

+ = R24 - R25
i = actual cut
Example:

Thread depth t =10
Number of roughing cuts =5
Finishing cut depth = 0.1

R24

2..Step

6.260

3 Step
PR

7,667

[da)
o
4.AS+ep‘
—
F@ Step -

8,854

* 01mm ‘Finishing -cut
T

SP00072.0
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R29 Infeed angle for longitudinal or facing leads

For longitudinal or facing threads the cutter approach can be made at any
angle. For conical leads oblique feed-in is not possible.

No sign is required .with the angle data

o

e.g., E£/2 = 30 R29 30

|
¥
I\\‘:’;

SP00073.0

In the cycle the angle is written In accordance with the machining directions.

SP00074.0

R31 and R32 Thread end point

The original end point of the thread is represented by the parameters R31
and R32 ( see page 7-28 point D),
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Example : External lead

7 - 28

A.10.82

N140 R20 2. R21 60. R22 150. R23 2. R24 -1.3

R25 0. R26 10. R27 8.

N150 R31 60. R32 95. L97
N160 GOO X... Z...

R28 7. R29 29 LF

LF
LF

R20=2 !
] |-t
5 -
T 1 T
i / ! ! NP ] R29=29
C 7 4 - N
R27=8mm P 3 L R26=10mm
3 S
= &
b
o
R32=95 E
R22=150 S
o o
[« 9
[’2]
End point X R31 = 60 mm = R21
End point Z R32 = 95 mm
Number of clearing cuts R23 = 2
Finishing cut depth R25 = 0
Number of roughing cuts R28 = 7
Infeed angle R29 = 29°
N130 75 M15 LF
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|
. 7.5 L98 Deep hole drilling cycle

D i 1.V

~ R26

SP00076.0

A value must be assigned to the following parameters before calling up cycle L98.

R22 Start point In Z direction, values entered as absolute.

R24 Degression magnitude is programmed incrementally without sign

R25 The first drilling depth Is programmed as incremental without slgn.
R26 Final drilling depth (absolute)

R27 Dwell time at start point ( for chip removal )

R28 Dwell time at bottom of drill hole ( chip breaking).
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R26 Final Drill Depth

The drill depth is reduced by a constant diminishing amount until the end
point R26 is reached.

If a particular drill depth is theoretically less than the diminishing

value, it is maintained at this magnitude.

If the remaining infeed depth is less than twice the degression
magnitude, the remaining amount is halved and the last two infeeds

are executed with this new value. This ensures that the last infeed

is not executed with a value which is too low. This calculation always
results in a minimum infeed of half the degression magnitude.

At the end of the cycle, the drill point is located at start point A.

— 5?A
L—r2s
R25-R24
R25-2XR24

R25-3xR24

R25-nxR24

SP00077.2
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Example:

Start point
Diminishing value
1st drill depth
Final drill depth

Dwell time at start point
Dwell time at drill depth

Call up in program:

7 =31

Z = 157 mm
20 mm
50 mm
5 mn
28
1s

A.10.82

RR2 157
R4 20
R25 50
R26
Re7
R28

N

R22. 157. R24 20. R25 50. R26 5. R27 2. R28 1. LF

— — — Rapid traverse

L98 Fooo Sooo Moto LF
M
17 17 21 21 31 50 : A
— o B - IS S
- |5
r— 158 oo
157 o
0 5 21 37 57 17 107 157
50

3 — e

S St S Smt— G (— — —— R S— — — — ——r—y

21 r i g GUED e e Smmm Snenrd SN SRR SRS S S

Pt vy st ey bt cm— S S— ] f—— — G S S fu— G — iy

21 —me e
" T_______. ——————————— n
TR | RN | SRS | gttt | i, ——] .
17 RSN | SRR | SRR | SR | EE SR ;
r_._ — ——--T————. ——————— r ——————— —-1 g
I . ©
Safe-.ty margin e &

—— Feedrate
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7.6 L999 de-activation of read-in of NC blocks

A series of functions from the operator's panel or interface control
is not directly registered in the active store of the NC but indirectly

via buffer store. To these functions belong the following:

- mirror image

- R parameter input

- external additive zero offset

- external zero offset

- external tool offset

- clear text remarks

for the operator after programmed stop MOO

~ block delete after programme stop MOO
If these functions which are actuated in the active program are to be
effective in the block following their selection, the block buffer stores
must be emptied. Alternatively the selected control signal only becomes

active a few blocks later.

In each program the buffer store can be emptied by a single call-up of

the subroutine 1.999. The subroutine L999 must be defined as follows:

L99900 LF
@ 31M17 LF

The control registers the status "Buffer store empty" in the interface
control and the selected control signal or the required external data

input can be enabled.
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Example 1:

Activation of external tool offset, e.g. after a measurement

of the tool
Ni5 M ... Read-in activation of external tool offset
N20 L999 Empty buffer store
(no further calculations are carried out
before execution of blogk 15)
N25 .... The new tool offset is calculated.
Example 2:

Clear text remarks for the operator after MOOQ

N ... MOO L999 LF

(OPERATING NOTE) note can be read in PP picture
N ...
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8.0 Appendix

8.1 Cutter radius compensation (CRC)

8.11 Activation of CRC

8.1.2 CRC in the programme

8.1.3 De~-activation of CRC

8.1.4 MOO, MOL, MO2, M30 with CRG

8.1.5 Special cases with CRC

8.1.6 Repetition of previously activated G functions
' (G421, G42) with the same offset number

8.1.7 CRC for combination of several block types
8.2 Input systems, diagrams and tables

8.2.1 Inexact input of I, K and radius

8.2.2 Reference points

8.2.3 Calculation of Path

8.2.4 Limit data for rotational feed ,
8.2.5 Spindle speed as a function of turning radius for V = constant
8.2.6 Input format

8.2.7 Code table

8.3 Programme key

8.3.1 Programme key Sprint 8T

8.3.2 Programme key 8T.
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8.1 Cutter radius compensation (CRC)

In the following all the stop points are indicated by the
character S.

In all figures the cutter is shown as starting from position 9.
8.1.1 Activation of CRC

o
- for inside contours (angle between block N10 and N11<< 180 )

Start Point.
In the block following activation
block start vector ( length R) is

constructed perpendicular to the
programmed path.

Block start vector.

SP00079.0

- for outside contours ( angle between block N10 and N11, 180° to 270°)

Start polnt
- SP00080.3
(Angle between block N10 and N11 > 270° )

Start point

SP00081.3|
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8.1.2 CRC In the programme

- Inside contour ( angle between 2 blocks < 180°)

Straight line - stralght Line

In each case the cutting point
of the corrected path is

calculated
o
o
oo}
[=}
o
[=)
Q.
(2]
Circle - Circle
o
(v
w
Q
(=]
o
o
(2]
‘ - outside contour ( angle between 2 blocks 180° to 270°)

Straight line - stralght Line

The cutting point of the
corrected path is calculated.

SP00084.0
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Straight Line - circle

SP00085.2
SP00086.1

A vector ( length R) is constructed perpendicular to the end point of the
circle ( or start point) A. The cutting point is calculated between the
tangent at point B and the corrected path In block N11 ( or N10). ‘

Circle - Circle

e i =3 A vector of length R is constructed

' at right angles to the block end point

or start point.

The cutting point is calculated between

the tangents ard point B1 and B2. .

SP0008T.2

Straight Line - circle arc > 270°

A vector of length R is constructed at

right angles to the end point or start

point of block N10 or N11.

A compensating traverse is made beyond

the programmed confour by the cutter

radius R to prevent damage to the workpiece. ‘

SP00088.2
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Change of compensation direction

SPp0089.2

A perpendicular vector of length R is constructed at the end point of the block
| with the old compensation direction ( here G42) and at the start point of the block
| with the new compensatlon direction ( here G41).

A small chamfer is made at point A because at this point no cutter point calculation
is made.

In order to obtain exact machining at point B in this example, !t would be necessary
to de-activate in block N12 using G40,

Change of iool offset number (T..., T...)

The following applies when the tool offset Is changed :

1. The cuf*er;nlnf at the start of the
block is calculated using the old tool
! offset. ’
2. The cutisr polnt at the end of the block
is calculated using the new tool offset.

kP 000901
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8.1.3 Deactivation of CRC

~ for inside contours ( angle between block N10 and N11 < 180°)
Straight Line -'straight 1ine - Circle. .~ straight line

SP00091.2
SP00092.3

Circle - Circle .

In the Last block with CRC a vector
of Length R is constructed at right
angles to the programmed path,

SP00093.2

During transition to a straight Line the programmed end point Is approached directly.
During the transition to a circle the programmed circle Is approached with offsets
until the perpendicular to the circle end point is reached. The approach [s then made
along the perpendicular to the end point.

If an end point co-ordinate (X or Z ) is reached before the perpendiculars, the other
co-ordinate is approached directly ( see diagram above).
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- for outside contours ( angle between block N 10 and N 11, 180° to 270° )

SP00094.2

( angle between block N10 and N11 > 270° )

SP00095.2

The corrected path is calculated and traversed up to the cutting point
at the start of the block in which the CRC is de-activated.

G40: De-activation of cutter radius compensation ( CRC )
T00: De-activation of cutter radius comp. and tool length comp.

The CRC must be de-activated in the last block at the latest.
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8.1.4 MO0, MO1, MO2 and M30 with CRC activated

MOO, MO1 : The NC stops at point S for single block ( the points are shown in the
diagrams.)

M02, M30 : - with at least one active axis.

SP00096.0

= without movement™

yR
|

e

..
0
o
ase
v'e

0097.0

NS Z1000 | NG M02 LF

SP

In nelther case is the CRC traversed.
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8.1.5 Special cases with CRC

Since the NC only uses the next block for calculation of the cutting point, the
following contour errors can result with inside contours:

Intermediate block for the activated
compensation is too small.

Machining is not Interrupted. An alarm
(506) Is displayed and cancelled at the
end of the programme.

SP00099.0

The compensation direction for the CRC is maintained and the traverse direction reversed.

N3 ‘The pylt out path in N2 must be greater than.

- pull 3

v - + e twlce the cutter radius ( otherwlse the tool
' would execute the movement In the wrong

direction).

SP00100.0.
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- outside contour and acute angle

SP00102.3

SP00103.0

SP00104.1

:, IAX1|~ + |Ax

A.10.82

In order to prevent a

conditional hold in continuous
path operation resulting from
intérieulate blrocks which are too
small, the path followed is
dependent on a tolerance d
determined during commissioning
(max. 32000 pm),and will be as
follows: .

lax, | + |az,| 2 a
iax1|+[§x2++lazﬂ-+lazﬂ > a
Travel will be A, B, C.

kﬁflJ"+h|Az1| <‘d

Travel will be direct from A to C

ﬂ +|Az”'+laz2|< a
Does not cause a compeﬁsated'
motion. From point A an arc will
be described around the programmed
middle point.

/// Contour error.




8T/Sprint 8T (P) 8 - 11 A.10.82

‘ 8.1.6 Repetition of previously activated G function ( G41, G42 )
with the same offset number

' If a previously programmed G41, G42 is repeated, a vector with the
length R perpendicular to the programmed path is constructed at the
starting point of the following block.

| ohne G41
4 N7

S

o G4l

et~ =0 ]

SP00342.0

N7 GHl Xeeoo Zewse LF = Error: GU41 repeated!
N8 Zeoos LF
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8.1.7 CRC for combination of several block types

Type:

Paths in CRC plane

Example: N.. G9l X100 LF
Paths = 0

Path addresses have been programmed, but there will be no

movements, since the path equals 0.
Example: N.. G91 X0 LF

Block without path addresses (block of auxiliary functions)

No path addresses have been programmed, but only
auxiliary functions, dwell, setting functions,

subroutine definitions, subroutine end alone in the block

Example: N... X100 LF
N... MO8 LF
N... GO4 X10 LF
N... TO101 LF
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Two paths

[ —XJ -0

N5 G91 Z100 LF
N6 X-100 LF

iy

sp0033h.0

One'auxiliary function block" between paths

! N5 G91 2100 LF
2 N6 MO8 LF
NT X-100 LF

Block N6 is executed

at point S,
Q
2
o
&
0
| . Two "auxiliary function blocks" between paths
- S ~ '
- -~ N5 G91 Z100 LF
Rl N6 MO8 | LF
N7 M09 LF
N8  X-100 LF
N9 2100 LF
The blocks N6 and N7 are

executed at point S.

SP00332,0

There is a contour error,

. c except at tangential passages.
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One block "path = 0" between paths

S N5_ G91 Z100 LF
- N6 Z0 - LF
N7 X-100 LF
There is a contour error,
except at tangential passages.
o
8
8 ‘
a
"
Two blocks '"path = 0" between paths
N5 G91 Z100 LF
N6 20 LF
NT Z0 LF
N8 X-100 LF
There is a contour error,
o except at tangential passages.
(o}
o]
a.
0

One block "path = 0" and one "auxiliary function block"

between paths

_ s N5 G91 2100 LF
N6 Z0 LF
N7 MO8 LF
N8 X-100 LF

The block is executed at point P.

There is a contour error, except

at tangential passages.

SP 003350 -
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One "auxiljarv function block" and one hlock "path = AV

between paths 1
N5 G91 Z100. LF
- N6 MO8 LF
N7
N7 zZ0 LF
N8" X-100 LF

The block is executed at point S.

There is a contour error,

8 except at tangential passages.

g

o

o

7

Activation of CRC in _a block "pgth = 0"

N5 G91 X-100 “LF
N6 G41 TO101 Z0. LF
N7 X-100. LF
N8 Z100. . -

° There is a contour error!

©

<t

[y}

o

o

&

De-activation of CRC in a block "path = 0"

N5  G91 Z100 LF
N6 G40 Z0 LF
N7 ' N7 Z100 X+100 LF

There may be a contour error!

SP00344.0
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8.2 Input systems, diagrams and tables

8.2.1 Inexact input of Interpolation parameter or radius .

The circle end point is monitored and any programming error ( assuming it is oufside
the tolerance range) is recognised. Alarm 308 is displayed and circular interpolation

cannot start.

When the programming error Lies within the tolerance range, the fraverse is made
exactly to the end point of the arc: but then the path between start and end point

is as follows:

Interpolation parameter or radius

too large too small

SP00107.1
SP00108.1

The setting range ( machine datum) for the tolerance "T'" around the circle end
point "KE" is I micron to I 32000 microns This monitoring of the
circle end point can be supressed by using a large value. The tolerance range

is entered as a magnitude without sign.




.
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8.2.2 Reference points

C%Pck Workpiece

+
>
SP00112.0

P = Tool setting point
= Machine zero point
= Workplece zero point

= Machine réference point

m 2 = =
1

= Machine slide reference polnt

WR = Workpiece reference point

XMR, ZMR, eftc Reference point co-ordinate for each axis

XMW, ZMW, efc

]

Sum of zero offsets for each axis

XFP, ZFP Workplece dimenslons.
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8.2.3 Path calculation

- 18

G91 in the first block with motion

Path = Incremental dim. + ZO

+ TO

G91 from the second block with a motion

A.10.82

Path = incremental dim. + Z0O

(new)

- 20414y * TO

(new) ~ T9(o01d)

Path = Incremental dimension

© e e

When the ZO and TO are not changed, the formula is simply:

: Zero point | _
| | offset . — T0— Lo ég;remenal.
Machine Path -
Zzero point ‘ 3
Position at Position, 8
programme start after 19%..-3
block with motion &

G90 in any block with a motion

Path = Absolute‘dfm.(new)—absqlute dim.  14)%20 (new) "Z0%01d)*

+T0(néw)—To(old)

Zero point Absolute :
offset 2 (command value) =I10.P2 |=-
- for P2
Zero point
_ Absolute
——offset P1 "1 ommand om ~ path
, value) o ath
é? @P for P1° 4
achine Workpiece P1 P2
zero point zero point
- Actual -
B value 1 Actual _
value 2

SP00106.1
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8.2.4 Limit data for rotational feedrate

Dmax = 10 000 min -1 .

A TR PEANINY

SPINDLE SPEED —e
‘\)\

¥ e“’@/
s)‘:t:\\‘)?\)

0 |
./@/ l
. % \
#l' 0’ ! N8
| |
| N £
g
1 | é
07 07 0? 1 ' 50 ! 0 mmu 10*
—_— ROTATIONAL FEEDRATE THREAD PTPCH
—_— THREAD PITCH ROTATIONAL FEED . —-
—_— FEEDRATE IN M/MIN -

Relationship between rotational feedrate and spindle speed
Relationship between pitch and spindle speed ( thread cutting G33 )

n max.1 can be achieved with ROD encoder comnected 1:1
N max.2 can be achieved with ROD encoder connected 1:2
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8.2.5 Spindle speed as a function of turning radius for V = constant.

2 400
2 200 -
2000 +

1 800 4 Rule of thumb :

*
for 160 mm radius (320 mmd)

the circumference = 1 m

1 600 -

1 400 1 Therefore the spindle speed

1 2001 corresponds to the cutfing speed

1 000
600 4

600 -

400 1

200+

T T T T T T T Y T T
20 4 60 80 100 120 140 160 180 200 220 240 260 260 300

——mm Turning
radius

%) exactly 159,164 mm
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8.2.6 Input format
Address Metric Inch, , Degrees
h— smallest smalles mallestT Sma 1les
definition Decades Increment| Decades|ncremen Decades fincrement Decades|; o non
Path data (linear axes) ‘
Interpolation parametey * 53 s 4.4 3.5 -
Badins
Path data ( rotary axed) - - - £ 5.3
- 5. -3 - 4. 10744 - 3. 10-5 . 10-3
Chamfexr 5.3 10°3 mm 4.4 0-*inch 3.5 0 inch gegreec
Work area limitation 4 5.3 . 4.0 s 3.5 L 5.3 5
Zero point offset
Thread pitch 4.3 3.4 2.5 .
Cutting speed S | o | or . or ‘
(Weighting factor set 0.! m/min 0.! Ft/min 0.1 Ft/min
éuring commissioning) 40 L or 4.0 N or ‘40 T or
Spindle speed S 0,1 min-! 0.1 min-! 0.1 min-!
, RE . 19) degrees
Linear feedrate (F) 5.0 mn/min a.t fo-1ineh/ 8.1 o 'ﬁgﬁh/ 5.0 |9%8n
hread pitch increase 1/ inch inch/
or decrease F ‘ 2.3 | 1073 rev 1.4 |oYrev 1.4 |10-tcev
Rotary feedrate (F)
Lgth add lgth 4 4.3 t 3.4 t 2.5 Inch
T‘i’ff’,l . [[Bdius : 3.3 3 t 2.4 y : 1.5 "
oliset Kgeayw E 1077 mm T s 0.00 |0
Fbrm 1 1 T
Factor (G92) 3.5 3.5 3.5
' X 5.3 5.3 5.3
Dwell r 2.3 1073 sec >3 1073 sec 53 103 sec
Angle 3.5 'Odégree
Angle for oriented 0 |
spindle stop ; 3. degrge
- Dimension depends on associated (internal floating point)
ft - Parameter all combinations (2 decades for call-up)
G. prep. function 2 2 2
M. functions ? 2 2
H. functions 1t%0 5 1104 1 to 6
Block numbexr 1104 1 to 1 to a
Special functions @ 2 (4 )

Using inch input (G70) the smallest input increment can be changed from 10-” inch to

10 " inch by modification of setting datum.

The parameters (RO0O-R99) and special functions @ 00 -~ @ 99 are always written as 2 decades.
For all other functions ( except address L) the leading zeros can be omitted.
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8T/Sprint. 8T (P)

8.2.7 Code table

1laowed 5
Prog,Leader

X

X

X

EA 244 A

1

ion

'3

3

t

ina

8y 7(6|Py4

8{7]6|5(4|71|3]2

harac)Hole comb

al
o

RT

TAB

<=EOB
LC)

ZWR

—

—~

EOR

IRR

uc

Code table

it no. Ptestbit
rack no. Sprake

i

Prog.Leader

Al]lowed

X

X

X

X

X

X

X

1
1

150
DN 66024

Pl7]615]4

2

3

6|7]6[5[4|T|3]2

Charac{Wole combination

NUL

sp

DEL
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8.2.8 Block preparation time

The block preparation time is the time needed by the control to °
prepare one block, so that it can be accounted for in the
working block. .

The block preparation time for the 8T and Sprint 8T is:

80ms without CRC )
100ms with CRC ) Working from memory

When working from the tape reader an additional 4ms per
character has to be calculated.

To avoid free cutting (as in feed interruption on the contour)
the feedrate or distance travelled per block must be selected
so that the block preparation time is not undercut. That means:

s = Path (mm)
t is equal to or greater than £ v = Speed (m/min)
v t = 80 or 100 - (ms)

As the control has 4 - 8 blocks permanently in buffer behind the
working block, individual blocks may undercut the block
preparation time.
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int 8T (P)
rogram key

8.3.1 Program key Sprint 8T
Group | EIA | ISO Code Chapteny Function and Meaning
EOR | ¢« 1. Rewind stop, program start for tape read-in
EOF. | ¢ '
EOB | ..LF 0 to 9999 1.7 | Program number
0 : Main block
n N Subordinate block
1 9999 . s
/o /: to 14 | peletable maif block
/n N Deletable subordinate block
00 3.2 |Rapid traverse
01 ¢ 3.3 Linear interpolation ] ;
10 3.4 Polar coordinate programming rapide |
X 3.4 Polar_coordinate prggramnun% linear interpol.
G1 g 6 02 3.5 |Circular interpolation clockwise .
03 3.5 |Circular interpolation counter-clockwise
33 3.6 |Thread cutting constant pitch
34 3.7 |Thread cutting linear increase
35 3.8 |Thread cutting linear decrease
Dwell, predetermined using addresses X or F;
G2 9 G .04 3.13 | own block
G3 g G =09 3.10 | Speed reduction for exact stop
m 25 * 3.15 |Minimum limit; machining area X,Z
G5 q G . 26 * 3.15 {Minimum limit; machining area X,Z
3.23 | Comand value check
a0 @ 3.24 |No cutter radius compensation
a6 G 4 3.24 |CRC left hand side
9 42 3.24 |CRC right hand side
G7 q G " 53 3.18 | Zero offset suppression
68 g G 54 © 3.17 | Zero offset 1
55 3.17 | Zero offset 2
G9 g G W 59 * 3.17 Proggammable additive zero offset
' 3.17 | Loading of zero offsets G59 N..
60 3.10 [Exact stop
G10 g G 63 3.11 | Tapping with compensated tap holder
64 ¢ 3.12 ConglnuOus path operation
611 " 70 3.14 | Input system inch, g Reset state via machine
9 7 3.14 | Input system metric) parameters
612 6 9 ® - 3.1 Absolute data input
9 91 3. Incremental data input
?}g getting actual gagatstores with X,2
| " * . esetting actual data gtore
613 g 6 % 3.22 | Command %alge, limitation wgth_s
3.9 Smoothing time for thread cuttlﬁg .
4.3.1] Additional programmable tool offset with I+K
4.3.4| Loading of Tool offset G92 T..X..Z..B..A..
94 3.20 |Feedrate using address F in mm/inch
95 @ 3.20 Feegrate using address F in mm/rev
G14 g G 96 3.20 |Feedrate using address F in min/rev,
3.21 |and constant cutting speed (S = m/mln)JfoI G964
97 3.21 |peactive G96, store last speed command-value
0.001 to $99999.999 | 2.1 Path data in mm
x | X [70.001 to +99999.999 | 3.13 |Dwell time in sec
z z 0.001 to $99999.999 | 2.1 Path data in mm
a At 0 to 359.99999 6.1 |Angle degrees for contour section
0 to 359.99999 3.4 Angle in degrees for polar coordinates
0,-0 6.1 |Corner for contour section .
b g +)| +0.001 to +99999.999 |3.4/6.1 |Radius for contour section and polar coordin.
-0.001 to -99999.999 [ 6.1 Chamfer for gontour section_in mm |, 7in mm
$0.001 to $99999.999 | 3.5 Radius for circular interpolation in mm
0.001 to $99999.999 | 3.5 Interpolation parameters for X axis in mm
i I 0.001 to 2000.000 3.6 |Thread pitch in mm
0.001 to :9999.999 3.6  |Lengthcompensation in X
0.001 to $99999.999 | 3.5 |Interpolation parameters for Z axis in mm
k K 0.001 to 2000.000 3.6 |Thread pitch in mm
3.6 Lengthcompensation in 2

0.001 to $9999.999
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Program key Sprint 8T (continuation)

Group'| EIA | IS0 Code Chapter| Function and meaning
r R 00 to 49 5.0 Parameter
1 to 15 000 3.20 | Feedrate in m/min (see 4.4)
: 0.001 to 99.999 3.13 Dwell in sec
f F 0.001 to 50.000 3.20 | Feedrate in mm/rev
0.001 to 16.000 |[3.7/3.8 iThread pitch increase or decrease in mm/rev
4.1 Spindle speed rpm or 0.1 rpm or )
! to 9999 3.21 | Constant cutting speed min/mm or 0.1 m/min
s S 1 to 9999 3.23 | Spindle speed limitation in rpm or 0.1 rpm
0 to 359 4.4 Spindle orientation in degrees from encoder
(marker pulse
00.. to 99.. 4.3 Tool number
»01t0 .32 4 OF g 4.3 Tool offset activation
t T ..00 or .0 4.3 Tool offset de—-activation
0,1,2,3,4,5 3.9 Feed ramp time
h B 1 'to 999999 4.2 | Auxiliary function
001.. to 999.. 1.8 Subroutine number
! L ...01 to ...99 1.9/5.5 | Number of subroutine repetitions
M M = 00 4.4 Programmed stop, unconditional
" 01 4.4 Programmed stop, conditional
02 4.4 'Program.end without rewind) written in the
M2 m M 17 - 4.4 Subroutine end . last block of pro-
30 4.4 Program end with rewind gram (subroutine)
03 4.4 Spindle rotation clockwise )
M3 o M 04 4.4 Spindle rotation counter-clockwise
05 ¢ 4.4 Spindle stop L )
19 4.4 Oriented spindle stop angle in degrees using S
Ma " 36 3.20/4.4 | Feedrate programmed using F ; Effective also
m 37 3.20/4.4 | Feedrate in mm/min or mm/rev) with G33
M5 m M 00 to 99 4.4 Misc. function unassigned except grps (M1 - M4
i L 91 7.2 Retract cycle for tool change sequence Z-X
‘ 92 7.2 Retract cycle for tool change sequence X-2
1L 95 7.3 Stock removal cycle
1 L 97 7.4 Thread cutting cycle
1 L 98 7.5 Deep hole boring cycle
1 L 999 7.6 Clear active stores
5-4-21)| ( 1.6 | Remark start
7-4-2") ) 1.6 Remark end
€08 | LF 1.4 | Block end
1) Punched tracks
* No other preparatory functions may be written in this block
.® Reset state (ground state after reset M02/M30 control switch on)
® Tn blocks, all others modal
+) Other addresses selectable (A.B.C.U.V.W.0.E.P.H)
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8.3.2. Program key 8T . e
Group | EIA | IS0 Code Chaptey Function and Meaning
EOR | % 1. Rewind stop, program start for tape read-in
0 %
Eo% «.LF 0 to 9999 1.7 | Program number
0 : Main block
n N Subordinate block o
1 to 9999 . ubo b
fo | 14 | Deletable main block ‘
" / Deletable subordinate block
00 3.2 [Rapid traverse
01¢ 3.3 |Linear interpolation . ]
10 3.4 Polar coordinate programming rapid “
1 3.4 Polar_coordinate prggrammxné linear interpol.
Gl 9 G 02 3.5 |Circular interpolation clockwise .
03 3.5 |Circular interpolation counter-clockwise
33 3.6 |Thread cutting constant pitch
34 3.7 | Thread cutting linear increase
35 3.8 | Thread cutting linear decrease
l
Dwell redetermined using addresses X or F; |
G2 g G W04 3.3 {own biogk ® i
p |
G3 9 G = 09 3.10 | Speed reduction for exact stop ,
m 25 * 3.15 |Minimum limit
G5 g G w 26 * 3.15 |Minimum limit;
3.23 |Comand value check S '
40 ¢ 3.24 |No cutter radius compensation ‘
G6 G 41 3.24, | CRC left hand side
s 42 3.24 [CRC right hand side
67 9 G m 53 3.18 | Zero offset suppression
68 a 54 ® 3.17 | Zero offset 1
9 55 3.17 |Zero offset 2
G9 g G m 59 * 3.17_ | Programmable additive zero offset
: 3.171Loa fhﬁ of zero offsets G59 N.. -
60 3.10 |Exact stop
G10 9 G 63 3.11 |Tapping with compensated tap holder
64 ® 3.12 Conglnnous path operation
611 6 70 3.14 | Input system inch, 3 Reset state via machine
g 7 3.14 | Input system metric) parameters
612 G 90 ® 3.1 Absolute data input
9 9 3.1 Incremental data input
g-}g I‘:‘ietting actual cllagatstoies with X,Z
] * . esetting actual.data gtores
613 9 G % 3.52 gommagc_l \glalge, %mu.tﬁtl.on with S
. moothing time for thre uttin
4,3.4 \1oading c)gf tool otl;‘fset G%g"%oo igZBA
94 3.20 [Feedrate using address ¥ in mm/inch
95 ¢ 3.20 Feegrate using address F in mm/rev
G14 g G 9% 3.20 |Feedrate using address F in min/rev, v_
' 3.21 land constant cutting_ speed (S = m/m1n)JfoI G96
97 3.21 |Deactive G96, store last speed command~value
0.001 to $99999.999 | 2.1 Path data in mm
X X 0.001 to +99999.999 | 3.13 [Dwell time in sec
.4
z z 0.001 to 199999.999 | 2.1 [Path.data in mm
0.001 to $99999.999 | 3.5 |Interpolation parameters for X axis in mm
i I 0.001 to 2000.000 |, 3.6 |Thread pitch in mm ' '
0.001 to $9999.999 | 3.6 . |Lengthcompensation in X
0.001 to #99999.999 | 3.5 Interpolation parameters for Z axis in mm
K K 0.001 to 2000.000 [ 3-6 [Thread pitch in mm
0.001 to $9999.999 3.6 |Lengthcompensation in Z
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., Program key 8T (continuation). L

Group,| EIA | 150 | . . code . .- |Chapter Function, and meaning K
r R 00 to 49 5.0 Parameter '
| ] to 15000 3.20 | Feedrate in mm/min (see 4.4)
0.001 to 99.999 3.13 | bwell in sec
f|F 0.001 to 50.000 | 3.20 | Feedrate in mm/rev
0.001 to 16.000 |3.7/3.8 | Thread pitch increase or decrease in mm/rev
‘ 4.1 Spindle speed rpm or 0.1 rpm or .
) ! to 9999 3.21 Constant cutting speed min/mm or 0.1 m/min
s 5 | to 9999 3.23 Spindle speed limitation in rpm or 0.1 rpm !
0 to 359 1 3.4 Spindle orientation in'degrees from encoder
- imarker pulse
00.. to 99.. 4.3 Tool number
..01to ..32 , Or 4 4.3 Tool offset activation
t T ..00 or .0 4.3 Tool offset de—activation
©0,1,2,3,4,5 3.9 | Feed ramp time '
h M+ ! to 999999 ‘| 4.2 Auxiliary function
‘001,. to999.. | 1.8 Subroutine number
! L «+.01 to ...99 1.9/5.5 | Number of subroutine repetitions
Mi m M = 00 4.4 Programmed stop, uncogd@tional
| 01 4.4 Programmed stop, conditional
02 4.4 Program_ end without rewind) written in the
M2 m M v 4.4 Subroutine end ] last block of pro-
30 4.4 Program end with rewind gram (subroutine)
03 4.4 Spindle rotation clockwise .
M3 m M 04 o 4.4 Spindle rotation counter-clockwise
. 05 4.4 Spindle stop . .
19 4.4 Oriented spindle stop angle in degrees using S
W N 36 3.20/4.4 | Feedrate programmed using F 3 Effective also
m 37 3.20/4.4 | Feedrate in mm/min or mm/rev) with G33
M5 m M 00 to 99 4.4 Misc. function unassigned except grps (M1 — M4)
) L 91 7.2 Retract cycle for tool change sequence Z-X
92 7.2 .Retract cycle for tool change sequence X-Z2
] L 95 7.3 'Stock removal cycle ‘ I
1 L 97 7.4 'Thread cutting cycle ]
] L . 98 75 Deep hole boring cycle I
1 L 999 7.6 Clear active stores
s-4-21) ( 1.6 Remark start
7-4-2Y) ) 1.6 Remark end
E0B LF 1.4 Block end

1) Punched tracks :

* No other preparatory functions may be written in this block

® Reset state (ground state after reset M02/M30 control switch on)
® In blocks, all others modal

+) Other addresses selectable (A.B.C.U.V.W.0.E.P.H)
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