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BOSCHCC 100 M
User Handbook

CC100 M

Full CNC continuous path
control for up to 4 numerically controlled
axes plus controlled main spindle.

Programming based on DIN 66025,
extended by graphic and arithmetic functions.

i1

Thrrsé
silitng

This manuaNis intended for the use
by the er of the control.

onent parts of the contral, operating
elements, maintenance, working with the
data interface are described in chapter 1.

Reset conditions, the reference system, operation
of the operating panel and the manual panel, and
the technology stores are described in chapter 2.

Chapter 3 describes the conventional
programming to DIN, 3-digit G-codes and
contour cycles.

Parametric functions, user graphic, operation
of the tool compensation and special applications
are described in chapters 4 - 7.

-1
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DESCRIPTION
COMPONENT PARTS

BOSCHCC 100 M

User Handbook

COMPONENT PARTS

X 13,
Y 1326,841
2194757 8w

Operating Panel ‘
graphic screen,\@een
soft keys (b.

main m
inp@t‘ rd

Manual Panel

handwheel, jog buttons, override switches
customer keyboard

reentry / display distance to go

start / stop / emergency stop button

1-2

www.DaltonsWadkin.com

“Logic Modules:

CP/MEM module:

connections for 2 serial
data |/0 devices, operating
panel, external VDU, battery

and software modute

Module PS 75:

Displays for

- Ready (green)

- 24 V (green),

- internal voltage
levels ok (green)
reset button

connections for;

-ready 2

- 24V

SERVO module:

connections for

5 incremental

measuring systems,

analogue outputs
time-critical signals

P1C module or

P L C connection
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BOSCHCC too M
User Handbook

OPERATING PANEL

Operating pane! in main mode AUTOMATIC

axis displays

display E, 3, G, F, T

X 13,952 T
Y 1326.841 = v
Z 194757 E 14294

L

active NC block

soft key display
softkeys 1 to 5 (from left)-———wmed
page back button

T
&

direct selection of main mode

DIN addresses and functions

selection
arithmetic
function

figures and branching

ENTER—

-3
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additional
characters

input — -space

upper
function
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DESCRIPTION BOSCHCC 100 M
COMPONENT PARTS User Handbook
MANUAL PANEL
electronic handwheel CUSTOMER KEYS
override and selection of - function keys NC (F1-F10)
100% button for  traversing input signals PLC (F11-F15)
spindle speed mode .
E.Stop-
button
exit from
contour
rejoin
contour

override and jog stop
100% button (Qelection buttons start y
feedrate $ . display of distance to go
Functions @rride potentiometers: Customer keys:
$The feedrate value is Effective in MACHINE mode;
set on the potentiometer Depression of one of the
in %. keys in the top two rows
The button deactivates triggers an MDI
the potentiometer function, which is stored
{sets value to 100% in memory.
when the potentiometer
is set between 80 and 120%). Bottom row for direct
switching of PLC input
The potenticmeters can signals.
be used in MACHINE and
AUTOMATIC modes.

www.DaltonsWadkin.com
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BOSCHCC 100 M
User Handbook

CP/MEM

battery

X1
25-pole

X12
25-pole

X21

X22
20-pole

X10
4-pole

TN

8o

@
®

* E-FROM
Modul

CP/MEM

® Battery

g,

V24 17 TTY /7 20mA

L]
X 4V
] F ov

oV

b

Overwtite protection switch for machine parameter area.
| = protected

“Start up" test during the runup phase;
switch position 1 = test active

Buffer battery for data in RAM.

The battery must be replaced yearly.

The battery voltage is checked automatically in a 24 hr cycle and
each time the control is switched on. If undervoltage is detected
an error is signalled.

With normal battery discharge {no defect on PCB) a further buffer
period of at least 14 days is quaranteed after the first error signal.

The CP/MEM incorporates a capacitor for the temporary buffering

of the RAM data. If the battery is changed with the,gontrol switched

off the period for which the supply is interrupte@ not exceed 5 min.
To change the battery the battery cover mm@ pened;

the battery is fastened to the cover by me@o a mounting.

Battery: 4.5 V alkali battery, part na. \Q\sm 572.
The executive system soﬁwar@tntained on & plug-in PCB
(soft-board) under the ¢
To change the softwar ove the battery cover and
withdraw the soft-b%. POWER OFF first!)

Serial Data;{&es

Interfa&‘\

mA

&ésired characteristics selected by pin allocation.

Connector: sub-miniature D-type socket.

Interface 2
V.24

Second voltage interface; can be connected in addition to X 11.
Connector: sub-miniature D-type socket.

Ext. VDU monitor (BAS sighals)
Connection for an additional VDU with 75 Ohm.
Connector: BNC socket.

Operating pane! connection.
Connection between controi system and CC operating panel.
Connector: sub-miniature D-type socket with integral coaxial connector.

External 24 V logic DG supply (to supply the VDU in the operating panel)
Connector: Weidmdiller terminal strip. '
Max. cable size 1.5 mm?

1-5
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DESCRIPTION BOSCHCC 100 M

INTERFACES

User Handbook

INTERFACES

iINTERFACES, general

20 mA

V.24

Control Signals
DTR

DSR

Note:
Data Lines

TX

RX

The user can connect
up to 2 external data
terminals at the CP/MEM.

11 (s

ee page 1-5).

1 device of this type can be conr@m

This interface is particularly s i@ for use where long distances are involved
and/or where there Is a hi @ of interference in the surroundings. ‘

With this type of intﬁbeisbne side is active (serves as source of current},
the other mus passive. This is achieved.by specific pin aliocations
in the connecti ee page 1-10, 1-11).

L 4

1 dev@ is type can be connected to X11 or X12,

Thig\interface allows higher transfer speeds than the TTY interface but is
more susceptible to interference.

Data Terminal Ready: Status of readyness to receive data is output {output signal).
Data Set Ready: Status of permission to send is recognized (input signal).

Switch off handshake by means of a bridge, Pins 4 and 6 at the contral side.

Data output at the device sending the data.
Recelipt of data at the receiving device.

Make sure not to confuse the plugs when connecting the devices!
Only connect one device per interface (V.24/20mA) |
1-6
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DESCRIPTION BOSCHCC 100 M

o

INTERFACES User Handbook
DATA FORMAT
1 start bit, 7 data bits, 1 stop bit, "even® parity bit
(1 start bit, 7 data bits, 2 stop bits, "even” parity bit for 110 Bd)
Controi
Characters DC1 Tape reader ON or input START.
(ASCH) DC2 Punch ON or output START. Output comes from the cantrolling device.
It statts the transmission.
DC3 Tape reader OFF or input STOP.
DC4 Punch OFF or output STOP. Output comes from the controlling device.
It interrupts {stops) the transmission.
STX Start of text. O®
ETX End of text. 0
EOT End of transmission.

&

Sub-miniature D-type connector @
25-

pole . i "sesceenossene
socket on device O\Ec .oo.ooo.o-o.JO
plug on cable 6 :

Piug: side for soldering

\OQ
)

¢

Reading in Data | CC KY N Tape Reader
- )
Comm DTR » DSR Status
Pata RX . TX Data
Data output cC Punch
Status DSR DTR Command
Data TX RX ’ Data

1-7
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BOSCHCC 100 M

INTERFACES User Handbook
V.24 CABLE
Cable iength max. 15 m
transfer rate
max. 9600 Baud, always
with handshake
Signal levels high +3Vto +12V
low -3Vio-12V
cC 0 Peripheral
X11/X12

>

*
’\Q V.24 connection

_.{_.-1_—)_3

<’,:|—1—§——)- 2

i

Status > ——}—=m{> 6
(I

Status —t =]} 20
i

(> 7

Lops

RX

>

DSR

DTR

GND

screen

Note: X12 interface does not use handshake signals.

1-8
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DESCRIPTION BOSCHCC 100 M
INTERFACES User Handbook
20 mA CABLE
Cable lengths: CC active max. 15m
CC passive max. 100m
Baudrates:

max. 4800 Bd with handshake
max. 300 Bd without handshake

Signal levels: high approx. 20 mA
iow approx. 0mA
max. external voltage dro@

CC active The CC serves as source of current: C)O

Pin Aliocation %

CC X11 Peripheral
6 (e.g. Mini Cass)

—amm [} 23 TX +

-} 13 TX-

-]} 22 RX +

[ 3
d i
] [ i ]
1
[ I
L L :
Ll data =
[
@5 ] : T e=l-12  RX
] [
: |
DSR+ 14 ~(|eme— : : : —amm )~ 19 DTR+
Status {3
DSR- 18 —(|ems— : : i {-}-16 DTR-
|| |
DTR+ 16 |cmw——yf—| {11 DSR +
| | Status =1 |
DTR- 21 ~(|ems—oiH ; {14 DSR-
I
|

Activein 9 —( -“l_i._

Active out 10 {

free 1 ® 'S am |- 1 screen

1-9
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DESCRIPTION BOSCHCC 100 M
INTERFACES User Handbook

it
& 5,
{

20 mA TERMINAL

CC passive The peripheral device serves as source of current.
Max. admissible voltage drop in the control 2V.
The supply to the driving device can be up to 24V.

T
Pin Allocation CC X1 Periphery
e.d. MINI Cass

_{\\(v g )
RX+ 22 «|um 2 ’“é)— 13 TX+ {
RX- 12 (o ¥ 25 TX-
TX+ 23 | —-— > 12 RX +
TX- 13 (| Y 24 RX-
DSR+ 11« ¥ 16 DTR+
DSR- 14 > 21 DTR-

> 14 DSR +

o @,Q
DTR- $1s{m

M > 1 screen M :

»()- 18 DSR-

1-10
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DESCRIPTION BOSCHCC 100 M
PERIPHERALS User Handbook

PERIPHERALS

CASSETTE UNIT DCR-TERMINAL eject! button
BOSCH Cassetten Terminal @
P e e i ? @
]f A s P
i i o Q10! QL0
8 B 6 | ©
L o Qrd| quo
@ ITI )| o |%rs
1 i I 1
P ! Q>0
{1 L———F_—_“._-:..."-._:::':.;:"—""I ;,: Qe Y ©
/0% S OoN___ .l O
/
© P\

GENERAL Q\; |

erecording process: - device not ready

ECMA 34 6 .

estorage capacity: ,\'OQ"—"-,,A-) - bad cassette
256 KB, unformatted ®\ '

sdata format and baudrate Q e o | - beginning of
Q

set on back recording

sparallel and serial $ Qe @ - end of recording
interface $
é - mains and DCR
switched an
OPERATING ELEMENTS
) ©
A S A F
Read (DCR — serial) - Q:0|Q0 - Read (DCR — parallel)
‘@S ©
Write (serial — DCR) - Q0| QO - fast rewind
S h backward © © S h f d
earch backwards - - Search forwards
QO | QxO
©

|
i-

-

1
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DESCHIPTION BOSCHCC 100 M
PERIPHERALS User Handbook

BOSCH Cassetten Te.rrninal ©

? 6
-]

QLo

-
(.

@

QO
©
CO

R |0/,

O

L

READ _ WRITE | WRITE Il
(DCR ~— CC100 M) (CC100 M — DCR} " CC100 M— DCR)

7

L J
. insert cassette insert cassette N l \Q insert cassette
© @ (06 ©
Q<O QO Q<O
©S ©
QtO Q=0
Y |
data can now be @ cassette winds forwards
transferred Q Q=0 7
Y - O
© ¢ casselte winds forw. O
O<O $ a little, ti;en stops ;
data can now be ©S
$ stored QO
© @
O Q=0
Y Y
ie cassette winds forw.
endmarker is.generated a little, then stops

! !

© . data can now be
Q0O stored
Le)
O
Y

endmarker is generated

1

©
Q<O

1-12
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DESCRIPTION

BOSCHCC 100 M

PERIPHERALS User Handbook
DCR Rear Panel
BAUDRATE
Schalterst. 2 = 110Baud Schalterst. A = 2400 Baud
- 4= |50 " " C= 4300 ™
- 5= 300 % - - E=9600 *
" 7 = 1200 v u
PARALLEL
U CODE

U
05aTR| [ @S@ﬂ

' e
O
®

BAUDRATE(_PARITY STOP-BIT
OFF 1

ogé"w@ 0001(®) 2

/
SERIAL
220
SUH\; 1 [
T Jp
<) é il i
® Vor Otfnen des Gehduses Netzste
Settings:
1. CODE: BIN \,\'()Q
2. BAUDRATE: C (= 4800 &0@'
3. PARITY: EVEN
;4. STOP BIT: 1 ontrol)

5. Connector for use with CC 100 M is SERIAL

6. Cable used: 046266

Explanations;
NETZ EIN/AUS - MAINS ON/OFF
Schalterst. - switch position

Vor Offnen des Gehauses Netzstecker ziehen!

1

6

- Unplug mains cable before
apening the housing !

-13
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DESCRIPTION BOSCHCC 100 M

PERIPHERALS » User Handbook

MINI CASSETTE UNIT

GENERAL
srecording process: : 6 Error O error indicator
ECMA 34 %
Test O ready indicator
estorage capacity: 6

20 KB each side OQ
edata format and baudrate &\

set on back Q
eautomatic self-diagnosis $ .

after switch-on with

*Ready" indicator

eserial interface with
V24 or 20 mA

OPERATING ELEMENTS

O
Reset button
Write button
{data transfer
CC 100 — Mini-Cass) O
Read button
O (data transfer
Mini-Cass — CC 100)
1-14
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DESCRIPTION

BOSCHCC 100 M

Settings:

PERIPHERALS User Handbook
Rear Panel of MINI CASS
N R NN R N D (NN B (NN NN e N I N B
ON  OFF 0,63T LINE
::'f BAUDRATE
i s,
e
t - 400
SELECT VOLTAGE
MODE- . Yrasz0md @::32—
. 150-8IN =,
-3 Q0G0000O0D000C0
T 3 . @@H ©00¢000000000 y@

1. code: BIN @

2. MODE: 4 6

3. BAUDRATE: 7 (= 1200 Baud) &\

4. cableused: 20mA -25m pa@ 266
*

Q
Data carrier: $$

Digital mini-cassette LDB 400 part no. 910749

Control 1 Mode | Number of Parity Start Stop Operating Binary
data bits bit bit bit buttons data
active
micro 5/8 4 7 even 1 1 yes no
ICC 100/200/300
1-15
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DESCRIPTION BOSCHCC 100 M
PROGRAM HEADER User Handbook

PROGRAM HEADER

EXTERNAL PROGRAM PRODUCTION

The following text explains the methods by which part
programs and part program type subprograms (or cycles)
are produced.

Such programs are constructed from program language elements
to DIN 66025 and can be produced by one of the following
methods:

Ty,

1. via keyboard input, using the program editor in

2. via the manual panel with "Teach In’, ip G

3. via a programming unit onto a ;ﬁ\hﬁ {paper

tape, for instance}, outside th

4. by computer, outside th

&

Programs produced & the NC must conform to the

NC machine ¢ e NC syntax.
In addition prg which are input from a data carrier

(tape or di sette) or via an interface (V24/20 mA)

must have der (header) and a trailer. Leader and

trailer Beginning of the individual program lines,

a s the program identifications of the header lines
a blocks must be provided in the correct format.

Note: When data needs to be transmitted the external data carrier
must be activated before the control.

.
#

1-16
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BOSCHCC 100 M

User Handbook

CC100 - PROGRAM HEADER (general format)

1 2356 7 8 g 10“ 12'[3 u‘ls ‘617 58192021?.2232&2526272883(}313233&35363738391-0"1!.2LaLLLSA’.SL?LBLB5051525351.55555758596061526361-
1
r4
3
4 EIRIQ]_SH[LIFIT 2
5 {_G[5}4 xJ=| |518]_]7[5] y[=] {70 10 FHEREANAR Ex -0l .13/
3
7
1 23 . 5 6 7 s 9. n 2 1!.‘5 517 laﬂ20212232;’.252627283303132333:’.3535373839!.0‘1!.2"31.!.45&5‘7&‘950515253&5555575859606‘626364
;
2
3
¢ VIAR|[TIABL 3
5 Vo[ = 101.10 VIT[ol=] o[ 10 VR 10L10 v[T2] Z] lol]o
6
7
! 2 4 6 7 8 9 'K.}“ !213 1:.15 ‘Bﬁ 1819202122232!.25262725;5303‘32333!.3536373839!-0“&2LsLL‘SLSHLBLg505‘52?%5755596061526361.
) [
2
: £
¢ Toi0[C 1
5 Rl=|_ [I0[. [0 DIRi=[ B[, [SI0[0]1 L= {010 SENDEEN
[ ]
7
QN 1
1 22:%67 8 9 ﬂ'l‘l 12131!.15ﬁw18’92021222324252627282303132331.35337 39@ LLLSLEL7LBL95051525354555657585960615263&
1
2 9
El T
: CRICLE 1A BENE 5 |
s [ N7 G,%,O ;
6 P \ i
Pragram header wi 2-digit program numbers
1 23, 5 6 7 8 9 ‘D" 1213 1.'.15 .617181920212223 303132333L3536373839w“LZ“LL-"SLGWLBH‘KJSIﬂSBSLSSSGS?SGSQEOmEZ&&
1
2
3 A
4 P|RIOJGIRIAM 4 P NMAMIE M | IRWED A
s {13 GI1 [X[1[01]0 : 1
o LN |2 GHIX[2[SIY[110[F | F
Program header with program numbers of over 2 digits
. .
23, 5 5 7 8 9 :0“ ‘213“15‘517 1&19aniZZB2!.526?’28293)31323331.3535373&39!-0“LZHLA'.LSLBHLBLQSOS‘SZSB545556575359606‘626364
1
2
3
4 RIO|GIRIAM 1{00]_ IPIRIOIGR M AME BN {12
s NI G1[XHI[YI0
61 N7 G XE2i51Y11j0lF 10 [g[G
7
8 -
Note: The control characters listed below are generated as foliows:
DC2 = CTRL R ({device control 2)
STX = CTRL B (start of text)
ETX = CTRL C (end of text)
EOT = CTRL D (end of transmission)
DC4 = CTRL T {device control 4)
*) CR LF must be in columns 63 and 64 respectively,

1-17
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Program Header - Original Print-out

Data is output by the control in this format, and the same format must be used when
programming data externally {see also previous page).

Tool —— IDENTIFICATION AS TOOL DATA ———
————— TOOL === === === === — oo e ] e
T1 = 18.0 DR= 0.0 = 200.0 = 0.0
T2 = 0.0 DR= 0.0 L= 0.0 = 0.0
Zero Shift —— IDENTIFICATION AS ZERO SHIFT
--ZERO- SHIFT~—-»~—~-~~~~~—--———-—----—--——-——--{Q ——————————
G54  X= 91.20052 = 0.0 = 55555 0.0
G55 X= 0.0 Y= 0.0 Z= 0 0 = 0.0
O\Q‘
Vanable |—-—--- IDENTIFICATION AS VAR *‘—-—-—-———ﬂ
== =VARIABLE==m-mmrmmmrmmee: vcmme R e m e rmmm e
V1 = 45.0 70710
BRO ;@ INCH/METR. ACCESS LEVEL
= R/W ENABLED
-~ ~PROGRAM- -~ | M—-RW‘ED——-4 —————————————
N1 G879
Program N 2 Gl X200¥F2000
N 3
N 4 ROGRAM END)
Cycle —— I[DENTIFICATION AS CYCLE ——

— CLE----ZU--*******“****’**—~"M--RWED---5 _____________

N1 G92 X0 YO
N 2 M21

= gpace character
Identification The access level is identified as follows:
Letters
RWED read, write execute, delete permitted
RE read, execute permitted

E execute permitted (cycles only)

Dimensioning:
M = metric | = inch

1-18
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PROGRAM HEADER IN DFS FORMAT

Different
possibilities

Explanations

The CC 100 program header in DFS format has been designed on the basis of the
header format of the cc 200/300, in order to create uniformity in this area for
the future. Specific types of files can be loaded and output.

The uniform DFS program header has the following {basic) format:

= x  file + file « «J file « ic* * access
(DFS ’ type number L’ name] suffix ] ' level )

At the positions indicated by an asterisk it is possible to @
insert one, several or no space character (s). O

(DFS, Pxx)
(DFS, Pxx, . suffix) $®
(DFS, Pxx¢, name . suffix)

(DFS, Pxx, . suffix, RWED)

(DFS, Pxx, name . suffix, HWB@

O
>

|dentification of@ogram header in DFS format {defined storage).
L 2

- File ty@$

Spe@t etters identify the file type:

P program

C = cycle

E = text

K = compensationtable (KD)
V = zeroshifttable (V0)

X = variables (X0)

L = machine parameters
File number

- Program numbers can contain up to 9 digits, cycle numbers up to 2 digits.

File name
The file name can contain up to 15 characters, which can be ietters as well as numbers.
Tables are transferred without name. The file type to be transferred is simply
identified as X0, VO or KO.
1-19
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Note

- Suffix

The suffix consists of one letter and determines the dimensioning
method (| = inch/M = metric).
It is separated from the file name by a decimal point.

- Access level

The access level is defined by a 2-character code.
2-char.: RE (read, execute)
4-char.: RWED (read, write, execute, delete) @

Input of file name, suffix and access level is not com;@ry.

They are purely optional . .

If no file name is programmed the suffix ca &iﬁed. The cantrol will then
automatically assume the dimensioning etric (= suffix M).

if a file name is stated in the progra the suffix must be entered too.

Examples of DFS program header for diﬁ@le types

(DFS, P12) @%\' - transfer of a single program,

program number 12

(DFS, P@ . - transfer of a metric program,

$ program number 10

@C 4,TOOL CHANGE . H - transfer of the tool change
cycle in inch format

(DFS, P1, TEST RAPID.M,RWED) - transfer of program P1 with
metric dimensions under access
level RWED
(DFS, X0) - transfer of the variable table
(DFS, Ko " compensation table
(DFS, V0) " zero shift table
1-20
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Examples:

(DFS,P 1,TEST RAPID.H,RUED)
(EFs;E 79, i, RUED)

{DFS,¥ 0)

(IFS,% 0

(BFS3,¥ &)

O@

OPERATING SEQUENCES FOR OUTPUT AND INPUT

s

*
*
The files to be output are determined via soft key,a &&@d on the
screen in reverse video: 6&'

SELECTED FILE ONLY if specific file had
reviously been selected.

PROGRAMS OR CYCLES 5@ - Qutput if no specific file
\ had previously been selected.

@' Whether programs or cycles
are output depends on the
Q

file type active at the time.

PROGRA D CYCLES - Selection via soft key.
FILE + TOOLS - Qutput of a specific file,
FILE + ZERO SHIFT as well as tool, zero shift
FILE + VARIABLES or variable file.

Files to be loaded can be transferred several at a time in any sequence.

If loading via interface is selected in main mode MEMORY a specific
number of files can be selected by soft key operation:

ALL FILES START | PORT NO | BAUDRATE | CONTROL
YES NO YES NO

L How many? (1...99) D

1-21
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CHECKSUM

- Whatever the tape format, programs can be output with or without checksum.
- The DFS program header is output without checksum.

- In each program block

the checksum is inserted directly before the CR LF control character,

Position, caleulation, input/output of the checksum

1) Position of the checksum

At the end of the data and before CR LF, a space,
the character " and then the checksum value (a 2-digit number}are written.

eg. N-11---Gi CRLF becomes
N-11---Gt-nn CR LF

N\

- = space
nn = 2-digit number for the checksum 0
2) How to calculate the checksum N ¢

Every character between the LF of the previ \and the " is included into the checksum
calculation. The ASCH! vaiue of each charac dded up and multiples of 256 are

eg. N-11---G1-nnCR

removed until 255 or less remain, w\ainder is converted into a hexadecimal number.

CODE ASCI VALUE 6

: § 32
G $ 71
1 49
- 32

456 - 256 = 200 = C8
The block will now read:

N-11---G1-.C8 CR LF

3) Input/output of the checksum
INPUT SK "CONTROL YES" active - control checks syntax

SK"CONTROL NO" active - control checks the checksum, if it

exists, otherwise it checks the syntax

OUTPUT SK"CHECKSUM YES/NO" is called up via SK"FORMAT".
SK"CHECKSUM YES" active - programs are stored with checksum

SK"CHECKSUM NO" active - - programs are stored without checksum

1-22
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MAIN MODES
SURVEY The operation of the control is subdivided into the following main modes, which are
directly selectable by pushbuttons:
EDIT MACHINE AUTOMATIC INFO
il
working with manual execution of additional
stored data operation programs information
display direct execution execution of status displays,
input, without storage stored @axis
modification of: | execution of cycles programs, cycles ‘3 lays, error list
programs, C’
subprograms, reference axes, execution o deletion of;
cycles, reference cycle, continuous Q programs,
tools MDI, block g variables,
zero shifts manual machine, varia b tool/zero shift
operation, s ;@e tables
variables teachin 4 §k selection,
C'D eak points, control reset
reentry
input and customer kes@ with/without MTB SERVICE
output via | handwhee \ path compensation | only for machine
data inter- jogb tool length tool builder
faces compensation
V.24/20 mA $ N
CPC test
‘ baudrates \\%istance to go distance to go SERVICE
display display load M-parameters

automatic
generation of milling logbook
header lines conditions set clock
for PROGRAM/ mode
CYCLE etc. read in text

The active main mode is displayed continuousty in the top right corner of the screen.

To come out of the current main mode altogether:
Use the page back button to revert through the levels until the 1st soft key level is reached,
then select new mode. Exception: For change-over MEMORY/EDIT to AUTOMATIC
no paging back required.

To come out of the current main mode temporarily:
Select a different main mode directly. The old main mode is retained in the background
(display flashes) and can be reactivated by pressing the relevant mode key once more.
2-1
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Subdivision of active data block | active main mode data biocks:
VDU Display
program
data depending cycle
on main mode variable table
zero shift table
tool table
command line
SKi | SK2 | 8K3 | Ska | SKs
Reset Immediately after switch-on the following modal @18 are active:
Conditions 6
G1linear interpolation 0
G17  plane XY . Q’
G39% programmed mirror ima B@
G40 radius compensation 01'6
G53 no zero offset @
G62 in position opgr@o
G65 programmed feetiate applies to cutter centre path
G66 feedrate aﬁ indle speed can be modified
G68/ GB9 ition as arc/intersection (dependent on machine parameter)
G8o no cle active
Go0 e dimensions
Go4 rate in mm/min
G97. . irect spindle speed programming
$ scale for factor 1
$ no feedrate effective
$ These modal conditions are active in all main modes.
The G-codes which become active on switch-on are denoted with an "A"
in the following descriptions, i.e. G30A.
Note When working in AUTOMATIC or MACHINE mode the control will output’

the following types of messages, as and when appropriate:
MESSAGE o - further operation possible
ERROR»¢¢ - further operation is inhibited

The content of the message can be displayed in INFO mode.
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EDIT

Access to Data

Access Levels

Dimensioning

Commands

Data Interfaces

Copy

2]

In this main mode all user data can be handled {see EDITCR).
Selectable data blocks:

- tool table

- zero shift table
- variable table
- programs

- cycles

The menue for part programs and cycles can be pa&@tards

with soft key "NEXT PAGE”.

*
>
Unauthorized accessing of the data c@&&ented via

softkey operation. Execution is alwa mitted.

The access levels are expn@x@ollows:

- RWED read, write, and delete are possible
- RE only readi executing are possible

-E only eﬁ& is possible (cycles only)

The dim@s can be selected by soft key to be in metric or inch.
L 4 .
@m index and in "active datablock" line:
&M metric

-1 inch

Under this SK the following functions are available in 2 levels:

- resequence block numbers - copy file

- transfer program to a cycie - file protection
- rename a file - delete file

- inch/metric

See chapter on "Data Handiing"
Programs stored in the memory can be duplicated with SK function "COPY".

The user must enter a new file name and the control will select the filte number.

2-3
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Selection via SK "PROGRAMS"
or "CYCLES", program name
. or number
W ,
SK "EDIT
The position of the arrow
indicates which line is
arrow — being worked with. This
" block is repeated in the
edit line which contains a
edit line N cursor (bright rectangle)
cursor
SEARCH (| ~=——ro s | MODIFY
SCROL
GRAPHIC| 1 “[ 4 linsert ((\
. (\‘
Cursor Switch-over between MODIFY/INSERT \p MODIFY
Functions 6 INSERT
Scrolling blocks up/down by $ Z ,
simultaneous actuation of 6 } or 1 - +| SCROLL
N — ==
Moving cursor sidev@\ } or $
Block The cursor is Ea’ to the right of the position
Selection at which is to be inserted/modified.
Search A $ ristic string (sequence of letters, numbers and ENTER ,
Functions characters) from the required line is entered, i.e. G41.
7
Delete - individuat character to the left of the cursor /
Line - content of the [ine to the right of the cursor is deleted MODIFY SHIFT %
Delete
Y
Modify - First delete individual character, /
- then key in new character(s) ENTER ‘
Insert

- enter new character(s)

2-4

www.DaltonsWadkin.com

INSERT

[ENTER

H




www.DaltonsWadkin.com

OPERATING BOSCHCC 100 M
MAIN MODES - User Handbook
MACHINE .l.g.l.

MANUAL MACHINE OPERATION

The manual panel is always activated in MACHINE mode.

REFERENCE | REFERENCE MDI TEACH IN INCH
AXES CYCLE METRIC
driving to input of instructions for $
the reference direct execution; @ ching of
point in one or execution with NC start ¥ dimensioning
several (all) e.g. GO1 X100 START, ., Q,‘ unit
axes seepage?2-6 \ l \ INCH-METRIC
reference cycle 6
call (cycle 79) @
start button 6
TEACH IN -

&&v

Recording of etlt-:-rv@> sample contour (see p. 2-7)
D
- §
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MDI
After SK selection of MDI one block can be executed after
the relevant data has been entered. The execution is initiated
with the start button.
Under the SK HELP the permanently stored drilling and
milling cycles can be selected, parameterized and executed,
as well as the user-definable cycles. ’
REFERENCE | REFERENCE | MDi TEACH IN INCH
AXES CYCLE METRIC
HELP CLEAR
o~ BLOCK
. *
NBORING CONTOUR
~ i P ?\ CYCLES CYCLES
N AN
MTB-specific soft keys (cycles) 6
Note:

- it is not possible to m@ previous SK levels
while a block/c cI@ ing executed.

- G41lG42a$1<3 ermitted.
- MTB RIOTITY ROUTINE can not be called up.

- h& which have been driven onto the software limit
switches can only be moved by means of the JOG

buttons o+ - in reverse direction.

When working in manual mode the type of traversing movement needs to be defined:

- With the jog buttons the axes can be traversed individually
in incremental steps (of 1, 10, 100, 1000 or 10,000 increments).
The max. feedrate corresponds to the iimit determined by the
machine parameter for manual feed (1 - 120,000 mm/min).

- The electronic handwheel can be activated for individual axes.
- Change-cver between feed and rapid.

2-6
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TEACH IN

Definition By tracking the outline of a sample contour with the machine the specific

contour features are recorded by key actuation (soft key RECORD).

During this procedure the control stores the position values of all axes.

A circular movement is generated by positioning to three points of the circle
(soft key CIRCLE COMPUTE). i

MDI function As in MDI mode blocks can be keyed in. The data is transferred into memory
with S *“RECORD".

Operating

Main mode MACHINE 'H' (Q
— P

REFERENCE |REFERENCE | MDI J'EQ&HN INCH
AXES CYCLE AN METRIC
B S
RECORD CIR CLEAR
e —
c&e | BLOCK

]
RECORD , \.()Q

- Storing position axes
- Storing entered bl

- Staring posi@of blocks generated internally

Function Keys

LE
o OMPUTE

- Automatic calculation of circles
- The CC 100 calculates circle data from 3 scanned points
(SK'RECORD POQINT 1', 'RECORD PQINT 2’ and 'RECORD POINT 3')
- Circular interpolation G2/G3 is also modal in TEACH IN mode,
If a linear movement is to follow G0/G1 must be programmend:
Key in GO/G1 before the linear movement and transfer into
memory with SK RECORD.

CLEAR
BLOCK

- Clearing blocks which have not yet been stored from the edit line.

2-7
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TEACH IN

Calculation of The control calculates the radius R from the 3 recorded axis positions and
Circles with generates the circular contour.
Parameter R

The current axis position is the Ist point for the calculation of the circle.

The display will show the last axis position with the calculated radius.

Display G2/3 X... Y.. R..
The block is stored with soft key RECORD. (Q
Note - The CC 100 automatically generates a program with t@ame "TEACH IN".
If a program with this name is already stored in emaory, this program
has the newly entered TEACH IN functions it.
If several independent programs are to b rated via TEACH IN, the old
program must first be renamed in EDI with SK RENAME.
- Switching of the dimensioning u /METRIC during TEACH IN operation

is not permitted.
Shouild it be attempted a@mess&ge will be displayed:

"inchfmetri'c selecti \ ct".
>
W
o
&
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AUTOMATIC

Execution of programs and/or cycles from memory.
PROGRAM/CYCLE - Selection

The stored cycles and programs are listed in ascending numerical order. The
selection is made by entering the name or the number.

OPERATING PROCEDURE BEFORE START OF PROGRAM/CYCLE
NORMAL step: no

DRY RUN STEP SELECT MILLING LECT
RAPID BREAKPOINT { CONDITIO TARTPOINT
setting a ,0 setting a

break point ‘\Q ¢ program start

in the progra& point
Selection of:

Note:
DRY RUN - test without movement @ If a'start point has
RAPID - test in rapid been selected and
NORMAL - execution as per pr the program Is restarted
active mode displiayed in the

) after M30 the execution
prompt line. % , will begin at the set
L selection size {1-9): start point.
1:si
2:do block

Q-
&: ninefold block
$ (= stop every 9 blocks)

COLLTEST WITH STOP |LENGTHCOMP| CUT. COMP | CPC

ON/OFF YES/NO ON/OFF ON/OFF TEST ‘
| R

when executing dur‘ing dry run, switching off tool CPC test facilitates
programs with if YES the compensation for the DEBUGGING of
path compensation program stops test purposes parametric programs
the tool coll. at error found;
monitoring can if NO the
be switched off program runs
(shoriening of to the end;
block cycle errors are
time) displayed in

INFO mode
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AUTOMATIC

INTERRUPTION / RE-ENTRY during program executlon

Possibility of external intervention by the operator with tool compensation active /

not active, after at least one block has been executed completely:

. Response of machine
" and possible actions:
oY P
Sequence a) Cycle stop feed hold is effective
b) Press \( manual mode/MD! are activated
¢) Manual intervention anual panel is active. spindle
&be stopped or oriented
movement away from contour for O
measuring purposes, for instance 0 “
>
d) Tool change with \Q
- replacement by identical tool 6* ' old values are retained,
- replacement by a different tocl @ input of new tool data is
possible {tool wear is set to 0)
Tool Change
® 6 it is also possible to
\ Q modify the active block;
S \ X re-entry onto linear and
: circular contour elements
This position must allow
e) Drive to suitable position S to direct traversing onto the
start re-entry contour.(no gutomatic evasion
of obstacles)

f) Press \( control drives back onto the
contour, with the tool centre
vertical above the beginning of

TT! the unfinished contour-program

g) — execution is resumed

Note: - (392 must not be active (see chapter 3)

- If main mode AUTOMATIC is selected between exit and reentry the reentry operation is
abandoned and the basic display for main mode AUTOMATIC is displayed. Continuation
is possible via reselection of the program and CYCLE START. ‘
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OPERATING PROCEDURE AFTER CYCLE START
DRY RUN STEP SELECT BREAKPOINT | TABLE
RAPID BREAKPQINT | ON/OFF |
see next page
Switches to after selection (1-9) this soft key
RAPID enter number of allows a
(if FEED HOLD steps (blocks) breakpoint to
is active to be executed, be temporarily
safety conclude with deactivated;
function) ENTER. lfa the NC wil

step number has
atready been set

then execute @

the complete

the actuation of program

this soft key o Q‘
will switch off \ l\

the stepping 6
operation @

breakpoint: N

!S_EARCH ?%{OLL SET
FOR LXQ T BREAKPQOINT
N\ | |
L7
selec ck in mark selected
isplaed program block, which will
be displayed above

_§$

BLOCK JUMP

TARGET

l |

a block in the jump targets ($)
displayed program in the displayed
can be selected program can be
directly selected

After selection of block or a jump target the previous SK line will
appear once more. The breakpoint should then be set.

.
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TABLES
DRY RUN STEP SELECT BREAKPOINT |TABLE
RAPID BREAKPOINT
TOOLS ZERO VARIABLES
SHIFTS
Zero shifts and variables can be checked, tools can be
checked and edited.
TOOLS !0
TOOLS ZERO VARIABLES @ N
SHIFTS 4
A4
Tool data appears in the edit line. ‘\Q‘
AN
TOOL 1 SCROLO‘
NUMBER -\
Tool data can be selected direc@eir number (+ ENTER) or by cursor controt.
The cursor is positioned on value (wear). The wear value compensation
value can now be updat n incremental input. Conclude with ENTER (see p. 4 - 1).
ZERO SHIFTS (b.\
TOOLS +| ZERO VARIABLES
L\ SHIFTS
Z@h data appears in the edit line.
ZERO SHIFT l SCROLL T
NUMBER
Direct selection via number (+ ENTER) or by cursor control {(+ SCROLL).
VARIABLES

TOOLS ZERO VARIABLES

SHIFTS
VARIABLE l SCROLL 1
NUMBER

Operating and function as for zero shifts.
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The INFO mode is subdivided into two separate sections:

sthe machine tool builder section, protected by the MTB code

ethe user section.

Within the user section additional information is made available to the operator.

MACHINE SERVICE MTB LINES RESET
STATUS SERVICE SERVICE DELETE
pass»}ord &ele*ion of:
O - tools
0 - Zero shifts
see next few pagqs(\o - variables
. l N\ . - programs
@6 create control
* reset condition
- load machine parameter 6
- display and output Eoﬁ@*
- set clock &\'
- load text
Text @ and diagrams can be loaded.
- election
LINE PANEL The control is controlled via the operating panel
ON LINE PIC/PLC The control is controlled by the PLC; only limited
facilities available on the operating panel
Y Modes EDIT, MACHINE, AUTOMATIC are inhibited.
CC100M o MESSAGE OTHER PIC/PLC
STATUS STATUS LIST SELECTION | DISPLAY

CC 100M - Display of the set modal functions, potentimeters,
STATUS zero shifts, scale factors, SW limit switches

11O - Status of the CNC-PIC interface
STATUS

MESSAGE - Display of the last 10 error texts with
LIST error number and error location (program, block)
2-13
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selection

CC 100M EXTERNAL MESSAGE AXES PIC/PLC

STATUS STATUS LIsT DISPLAY DISPLAY

TABLE LIST

TABLE LIST PAGE + PAGE -

3

Display of machine status conditions, defined by MT

(Seperate DNC descrsg@?eparatlon)

$$
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AXES THE FOLLOWING SOFT KEYS APPEAR:
DISPLAY
COMMAND LAG MACHINE DISTANCE INCH
POSITION POSITION TO GO METRIC
COMMAND - The programmed position is displayed.
POSITION
LAG - The lag, (also called foliowing error), is displayed.
MACHINE - The actual position is displayed as long as there
POSITION are neither zero shifts nor G982 active.

The MACHINE POSITION results from the

COMMAND POSITION minus the lag. @

DISTANCE - The difference hetween the program command
TO GO position and the actual posme
distance to go, is display %
INCH - The default setting i ~ The dimensioning
METRIC system selecte@h soft key determines
the display in er main modes; a change-
over is how, so possible in these modes.
PIC/PLC The PIC program is dis@ and the following soft keys
DISPLAY are offered: '
SEARCH ¢ T : I TABLES | TRIGGER

- addresses

- instructions (command + operator)

- commands (CMD)

- operators
can be searched for and displayed, entered
either with the full number or part of the
number or without the number.

If a string is not found the message STRING NOT FOUND appears in the edit line.
If an instruction, a command etc. is not found the NC gives the message
NOT FOUND in the edit line.

SOFT KEYS - The program display can be scrolted up and
/ @ down line by line (no repeat function)
2-15
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TABLES - makes the following soft keys available:

COUNTER TIMER e
TEMP.STORE

counters 1-8
and timers 1-8
are displayed
with current
and loaded
value.

Y

INPUT T OUTPUT 1 T@sﬂonr—:
MmN
O”
*
soft keys - These soft keys are used t‘?@t the corresponding

INPUT data or clear them fro een. Selected data

OUTPUT is marked by highli the corresponding soft key.

TEMP.STORE Data used in the interface are highlighted in the display.
Several or a data can be selected simuitaneosly.

soft keys -The se!@ata displayed on the screen can be scrolied up

Ol’@l e by line (no repeat function).

TRIGGER Qmakes the following soft keys'avaiiable:
A\
LOW HIGH TRIGGER
‘\Q\ I L | oFF
\*
soft keys - The trigger function responds to a low signal or a high signal.
LOW, HIGH
soft keys - The trigger function responds tc a rising or falling edge.
J I
If one of these soft keys is actuated the fo!lo‘wing soft keys appear:
SEARCH T TABLES TRIGGER
l oFF

The selected trigger condition is displayed in the highlighted line at the top of the screen.

2-16
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The highlighted line at the top of the screen contains the following information:

STATUS - waiting for
(signal has not occurred yet)

- triggered
{signal has occurred)

SIGNAL TYPE as selected by soft key O®
- low level 0

- high level

*
>
- rising edge \QQ
-falling edge ®6

INSTRUCTION - instruction ma y the cursor in the displayed program

\\

ADDRESS - add@re displayed instruction
While the tri nt:tion is switched on it is possible to page through the program.
Softkey T OFF switches the trigger function off. The purpose of the

triggei$c n is the monitoring of signals which occur intermittently;
it is an‘important aid for fault finding.

LINES SERVICE SOFTKEY LINE FOR DNC OPERATION

Lines service

PORT DNC STATUS DNC
SET UP RESET MASK ON OFF

I I I |

I
(separate DNC description in preparation)

2-17
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DIMENSIOQNING - SWITCHING BETWEEN INCH/METRIC

MEMORY mode
TOOLS ZERO VARIABLES | PROGRAMS | CYCLES

SHIFTS :
ACCESS EDIT SAVE
ONJ/OFF

NaN

ACCESS INCH EDIT LOAD Q SAVE
ON/OFF METRIC ~

x\
Vi
x_

|\

*
L 2
0N
TOOLS ZERO wmmaa.% ROGRAMS | CYCLES

(%

NEXT [~ LOAD SAVE

page (N
N4
@, e.g. 1

i\

o
COMMA NEXT EDIT LOAD SAVE
PAGE
INCH RENAME
METRIC

VARIABLES can not be switched to INCHMETRIC.
Whether the file types, tools and zero shifts are to be
effective in metric or inch is determined by soft key.

Effect: The file types program and cycles are stored with the
dimensioning index I/M. Metric is preset for new files.

WWW.DaItonngaalag.com
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MACHINE mode
In main mode MACHINE the INCH/METRIC switching is effected in the first soft key line:
REFERENCE | REFERENCE | MDi TEACH IN INCH
AXES CYCLE METRIC

Effect: The selection is effective for all functions in MACHINE m.ode.

The selection is retained even after a hardware reset and it
also applies after a switch into INFOC mode.

AUTOMATIC mode

File types such as programs and cycles are already dé':neg)

with respect to the dimensioning during the generdtj CEess.
The chosen dimensioning method also applie xecution.

The axis measurement formal H/METRIC) selected in INFO mode
sets the priority for the ax\ ay in machine mede.

A,

INFO mode

MACHINE BRVICE MTB LINES RESET
STATUS SERVICE SERVICE DELETE
CC 100M /O MESSAGE OTHER PIG/PLC
STATUS STATUS LIST SELECTION | DISPLAY
CC 100M EXTERNAL MESSAGE AXES PIC/PLC
STATUS STATUS LIST DISPLAY DISPLAY
COMMAND | LAG MACHINE DISTANCE INCH
POSITION POSITION DISPLAY METRIC

- The desired dimensioning method is selected for the particular axis display
{command/position, machine position, lag, distance to go).
- On switch-on the dimensioning method last active is reactivated.

www.DaltonsWadkin.com
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GENERAL

LOAD / SAVE

DATA HANDLING

The CC100M has two serial data interfaces, the sockets of which
are located on the CP/MEM board.

The first interface, which is identified by the controlas -
"Port No. 1", is connected to socket X11. The second _*
interface, identified as "Port No. 2", is connected ;
to socket X12.

1st

PERIPHERAL . \Q :

A

V24/TTY Port No.1 50-

Q%
V24 Por@. 50-9600 Bd
X

N
2nd g{b

PERIPHE

N

Input and output of data is possible in main modes INFO and
EDIT. interface selection and parameterisation are made via soft keys.

In main mode "EDIT" the following types of data can be loaded and saved:

(soft keys:)

TOOLS ZERO VARIABLES | PROGRAMS | CYCLES
SHIFTS

In "INFO" mode it is possible load machine parameters,

M-functions, texts and graphics.

Programs, tools, zero shifts and variables can only be cleared.
2-20
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LOAD Operating procedure:

- Select main mode EDIT

- Actuate soft keys as shown below:

TOOLS ZERO VARIABLES |PROGRAMS | CYCLES
SHIFTS
NEXT PAGE LOAD SAVE

Optional: Key in program number or name and press "ENTER",

COMMAND | NEXT PAGE | EDIT ILOAD O "SAVE
C
"4
. (\‘
ALLFILES | START PORT NO ~ DRATE | CONTROL
YES| NO YES|NO

(
- Soft key "ALL FILES" $

"YES" selected: All files on the @carrier are loaded.

"NG" selected: Only th ified number of successive
files (number is re are loaded.

" T;e loading cperation is started; the

ata. After the initial actuation the
es to "STOP" and can be used to stop the

- Soft key "ST

- Soft key "PORT NO*: Enter port number 1 or 2. The corresponding
interface (X11 or X12) will be activated.

- Soft key "BAUDRATE": Set baudrate. A list of the code
numbers for the baudrates appears on the screen. The baudrate

set on the control must be the same as the ohe set on the peripheral.

- Soft key "CONTROL YES/NO™
With CONTROL YES the syntax is checked.

With CONTROL NO only the checksum is checked, if it exists.

If the program or cycle does not contain checksums the
control will carry out a syntax check.

WWW.DaIt(?né\ﬁgdkin.com
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Note

Protection

SAVE

Under SK "PROGRAMS" it is also possible to load cycles, tool

compensations, zero shifts and variables; the same applies for SK "CYCLES".

Cycles are loaded in succession, like the programs.

When the {ast program or cycle has been loaded the load operation

is stopped. If there are tool, zero shift and variable files on

the data carrier loading is stopped after each filg, if an EQT signal separates the files.

If the subsequent files are to be loaded too SK "START" must be actuated for each one.

When lcading data via serial interfaces programs are automatically
protected against overwriting. if a program is {oaded which is
already stored in the memory the control will ask whether to

- overwrite the existing program (input 1)
- store the program under a new number  (input 2) @

- abort the loading operation (SK "STOP"
A program with overwrite protection can not be overwij
Error message: “file protected". Q

Operating procedure:

- Select main mode EDIT

)4’

- Actuate soft keys as show

TOOLS ZE \)’ VARIABLES |PROGRAMS |CYCLES

LNEXT PAGE | LOAD .JSAVE

- @n : Key in program or cycle name or number and actuate "ENTER".

ANOTHER START PORT NO BAUDRATE |CHECKSUM
SELECTION YES/INO

The screen displays the message "SELECTED FILE ONLY" (highlighted characters)
- Soft keys "START", "PORT NO" and "BAUDRATE" are operated as for loading.

- Soft key "CHECKSUM" switches the generating of a checksum,
which is to be output, on and off.

PROGRAMS [ START FILE + FILE + FILE +
+ CYCLES TOOLS ZERQSHIFTS | VARIABLES
2-22
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Note

Comment

Delete

- Soft key "PROGRAMS + CYCLES" determines whether only gither
programs or cycles are to be saved, depending on the selection
in the first SK line, or whether programs and cycles are to
be output. (Display with highlighted characters.)
The page back button resets the display to "SELECTED FILE ONLY".

- Soft keys "FILE + TOOLS", "FILE + ZEROSHIFTS" and "FILE +
VARIABLES". When one of these is selected the corresponding term
will be displayed in highlighted characters.

If one of these soft keys is selected the parameters "from" and "to" must be
defined. Unlass this is done no page back or other selection is possible.

The parameter ranges are as follows:

tools 1-48;inpute.g.: 1,7,14,15,16, 23, 44 @

zero shifts 54 - 59; input e.g.: 54, 57, 58
variables 1-99,A-Z;inpute.g.7, 9,10, 25& LX
>

Only the numbers should be entered, not the %aleci letter
codes. The sequence for the variables is nu;{q irst, then letters.

Output without file selection: $
y_4

TOOLS ZERO BLES |PROGRAMS | CYCLES
SHIFTS

X
NEXT@zE\ LOAD SAVE
(A ‘

4
PROGRAMS -RISTART PORT NO BAUDRATE | FORMAT
CYCLES '
N CHECKSUM | FORMAT

YES NO DFS CC100

Soft key "PROGRAMS + CYCLES" offers the choice of outputting
programs or cycles. Either pragrams or cycles are preselected,
depending on the choice made in the first soft key line.

During the output of programs and cycles the selection of
the dimensioning unit "INCH" or "METRIC" is output in the program header.

Main mode INFO

Operating procedure:
- Activate main mode "INFQO"
- Continue with soft key operation

MACHINE SERVICE MTB LINES RESET +
STATUS SERVICE SERVICE DELETE
2-23
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DELETE DELETE DELETE DELETE CONTROL
TOOLS ' ZERQOSHIFTS | VARIABLES PROGRAMS | RESET

Caution

Note

The selected soft key is highlighted on the display.
The delete operation can be aborted with the page back button.

When the "ENTER" key is pressed all programs will be
deleted, even those with write protection.

Delete function in main mode EDIT

in main mode "EDIT" programs are deleted individually {or
cycles, depending on the soft key selection), and oniy 1
without read/write protection can be deleted in this
Operating procedure:

&
- Select main mode "EDIT" 6
o

- Continue with soft key operatio

TOOLS ZERO __ 7] VARIABLES | PROGRAMS | CVYCLES

SH[F!'&\)Q‘
N

Q@n PAGE LOAD SAVE
A *
Select m or cycle by name or number.
] AND | NEXTPAGE |EDIT LOAD SAVE
COMMAND PROTECTION | INCH DELETE RENAME
ON OFF

If an attempt is made to delete a program or cycle with
read/write protection the message “file protected" will appear on the screen.

In "EDIT" mode it is not possible to delete too! data, variable data and
zero shifts.
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TOOLS, ZERO SHIFTS, VARIABLES

These types of data can be loaded and saved in "EDIT" mode;
they can only be deleted in "INFO" mode.

Load .
Soft keys:
TOOLS ZEROSHIFTS | VARIABLE PROGRAMS | CYCLES
- ACCESS EDIT O\‘;)NE
ON/OFF Fab
Y
o
ACCESS INCH EDIT SAVE
ON/OFF METRIC -
(
The soft key "INCH/METRIC" does no@ or variables,
v _.4
START 8@«40 BAUDRATE
\
Note

Data can also be loaded 4% “PROGRAMS" or "CYCLES"
Write protection is t ective. The selection of inch or metric made in this way
is not stored or@ carrier and must be made at the control.

$$

AN

P
i
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é{{;ﬁ:‘
Y
Save TOOLS ZEROSHIFTS | VARIABLES PROGRAMS |CYCLES
ACCESS EDIT SAVE
ON/OFF
START PORT NO BAUDRATE FORMAT
CHECKSUM | FORMAT
YES NO DFS CC100

The delete function in "INFO" mode works as
described in chapter "Load and save programs and cycles"@

Machine Parameters, Text Strings and Graphics 0
*
TS \Q
In"INFO" mode these types of data can Ol&aded.
Operating procedure: @

- Select "INFO" mode wit key.

- Continue with foﬂ%\peration:
*

s

§ SERVICE MT8 LINES RESET

SERVIGE SERVICE DELETE o~

)

LOAD MACH. | LOGBOCK SET MODE LOAD
PARAMETER CLOCK TEXT
START PORT NO BAUDRATE
Note During the loading operation the data previously in the memory is overwritten.

Enter only the appropriate data under the selected
type of data, i.e. do not select soft key "LOAD TEXT"
if you have previously selected LOAD MACHINE PARAMETERS.
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Logbook If a logbook exists the data can be output in "INFC* mode.

Operating procedure:

- Select main mode "INFO" with key.

- Continue with soft key operation:

MACHINE SERVICE MTB LINES RESET
STATUS SERVICE SERVICE DELETE
LOAD MACH. [LOGBOOK | SET MODE AD
PARAMETER CLOCK ExT
ACTIVATE | LOGBOOK | CLEAR 0@’

LOGBOOK | DISPLAY | LOGBOOK N (LDEBOOK

2
START P@ BAUDRATE
Vol

Note if no logbook has been generat@l?soﬂ key "LOGBQOK DISPLAY" will

not be displayed. O
N
0

&.
$$
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Program Production

Memory Allocation

Basic Conditions

GENERAL

Part programs can be produced by the following methods:

- directly at the control via panel input in modes EDIT or

MACHINE (TEACH IN) or

- at programming stations For transmissions please note

the instructions in sections:
DATA INTERFACES {chapter 1)
Data handling (chapter 2)

The following types of user data are stored in the contr

Memory areas

Contents 0

*
L 2

A

)
part program memory \%rams and cycles,
%l e relevant subprograms

technology table tool geometry and tool wear data,
6 cutting speeds
zero shift table OQ zero shifts G54 to G59

variable table

CPC varables VI-V82 and VA-VZ

N

machine pa@er memory machine specific data

&.
$$

Descriptions in the programming instructions relate to
the control as used on a machine tool (milling machine)
with a Cartesian axis configuration within a clockwise
coordinate system. Unless otherwise stated the following
G-functions are assumed to be active:

G17 plane XY

G27 no field timitation
G40/T00 no tool compensation
G53 no zero shift active
G62 in position function off
G390 absolute dimensions

The reset status or the status after switching to automatic
mode is indicated by 'A’.

3-1
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Possibilities of Program Construction
Memory Programs Cycles
Aliocation
PROGRAM 1 CYCLE 1
P —
— 1
M2/M30 M2
SUBPROGRAM 1 SUBPROGRAM 1
SUBPROGRAM 2 — SUBPROGRAM 2
SUBPROGRAM 3 SUBPROGRAM 3
PROGRAM 2 . (\‘cvcus 2
\
M2/M30 M2
SUBPROGRAM 1 SUBPROGRAM 1
SUBPROGRAM 2 r\\ ' SUBPROGRAM 2
SUBPROGRAMG \ N SUBPROGRAM 3
: Q(b‘ :
-
«\
(FROGRAM 3 CYCLE 3
o —
M2/M30 M2
SUBPROGRAM 1 SUBPROGRAM 1
SUBPROGRAM 2 SUBPROGRAM 2
SUBPROGRAM 3 SUBPROGRAM 3
Expianations ﬁ | |

Up to 99 suprograms can be assigned to a program or cycle.

Main programs and their subprograms can call up cycles.
From within cycles and their suprograms other cycles and subprograms
can be called up, up to a 10-fold tota! nesting depth.

ecall-up source

3-2
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PART PROGRAMS AND CYCLES

A program or a cycle describes a sequence of machining operations

and is subdivided into blocks. The blocks contain preparatory

functions, axis information, miscellaneous and auxiliary functions.

Block A block is made up of the block number and one or several words.

Example: N120 G0 X100 Z100 M3 S1000
1 T 1T

block number words

The block length is variable. During external programming the
words can be written in any order. The block number must be

at

the beginning of the block. No space characters required betwee
blocks. But note the gap between the block number and the flé

word {(see transmission protocol, p. 3-4).

Word A word consists of an address letter and a sequenoe\Q?gdres,

which represent the address contents. \&

Only those figures which contain infbg g be written.

N10 GO  X5.100 ZO% M3 To1 or

N10 GO X5.1 Q\ M3 TO1
I

Btocks are built up from iﬁ@ words which begin with an address letter.

@ 2 T address
X5 2

L
Example: N 12 160
@ [ [ address content

With [@amming an address may only be programmend once in each block.

Block Numbers The first word of a program block is the block number,
It is made up of the address letter "N" (1SO format) and
a 1to 4-digit sequence of figures.

- seguence During external program production no block numbers need

to be programmed. The control will store data in ascending order.

During panel input the control generates the block numbers
automatically in the course of the input dialogue.

- steps Block numbers are programmed or generated in steps of 1.
if additional blocks are entered via "INSERT" the control
will mark these blocks witha "+
The jump addresses remain valid after insertions or
deletions sine they are marked with symbolic "labels".

3-3
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Program

Header

Program end

Subprogram

Cycle

Header

Cycle end

The control can store 1 or several user programs. During the programming

these programs can be marked as main programs, or subprograms (SBP), or cycles,

A program is defined by the
- HEADER in the first line and

- PROGRAM END instruction in the last line.

data type 'part program'’

PROGRAM.....1....Name ..... M .... RWED ......4

program metric access soft key no.
number for "PROGR
and name {4th from

after call-up of the program or input of the progf

The header line is generated automatically by the c;gtrg)

M2 program end
M30 programend - renewed exe t@mh CYCLE START

Subprograms are of local chara% ‘e. they are always
assigned to a specific prograpfi: program numbers may be
used repeatedly as Ion@ are assigend to different programs.

A subprografn (Sf@fined by

$.. , Yup to 2-digit subprogram number in first line

G99 subprogram end in the last line
The suQ@gram and the main program are stored in the same file.

Cycles are of global character.

In other words: Each cycle number may only be used once
in the program memory, but can be called up from each
program/subprogram or with a direct call-up.

data type 'cycle’
I

CYCLE......n...... 0XX ..... M... RWED ...... 5
— T T 1T
cycle metric access soft key no.
number for "CYCLES"
and name
M2 cycle end

During pane! input the headers are generated by soft key selection.
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Jump Program jumps can be used for a more efficient usage of

Instructions

Example

SBP Call-ups

the individual program segments.

The jump instructions relate to jump addresses (labels)

which are to be previously defined. These symbolic addresses
are retained even when program alterations are carried out

by inserting or deleting blocks.

Programming of
G24 P xx (unconditional jump)
of
G23 Pxx (conditional jump)
P = jump address number
effects branching to a program ling

which is marked as a jump address:;
$xx O
TS \Q‘
N10 ch if

N1t § 2 nal OPITIONAL JUMP = high:

NIZ X.... Y. S
N13 OQ N10to N20/N11 to N20

' ﬂ5\\ sequence if
N20 G23 P2 <> signal OPTIONAL JUMP = low:
N21 N... '
N22 V...

$ N10 to N25 / N11 to N25.
*

Nod X. $
N25$ 2 '

The calling up of subprograms must only be possible by programming

G22 P .. L.. unconditional SBP call-up or
G21 P... L.. conditional SBP call-up

P = SBP number 1 to 99
L = repetition § .... 99

For this reason the subprogram call-ups G21/G22 in the
main program must be separated from the subprograms
themeselves by M2/M30.

One SBP can be called up repeatedly and from different

places within the relevant main program.
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Example
N10 G22 P5 L2
2 passes

Main program

and sub- N22 G21 P35 —~t
program must

be separated

by M2/M30

_____ N30 M2 @
N31$5 - .
N32 O
@)

Subprogram oL\
§

N10 2nd pass ‘%
return @

_ Decisions Subprogram calls or jumps @inked to a condition, which can be

- N%& state of interface contacts or
(& esult of a mathematical comparison

N40 G99

rametric functions)

The jump@ai’is are carried out if the stated condition is fulfilled.

They t carried out (and the program is continued at
the ne) if the condition is not fulfilled.
3-6
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PARALLEL PROGRAMMING

Definition

Parallel programming allows the control to be used in EDIT
mode while an active program is being executed.
In edit mode tool data, zero shift tables, variables and part
programs can be entered, edited and output. X
Active programs and cycles can not be edited in parailel operation.

PARALLEL PROGRAMMING

editing, input and

output in -

simultaneously

EDIT mode

Functions available in Parallel Operation

Tables

O

N

ibtable contents
ogram has been completed
ith the modifications

s
P o

output

ABLE

RERRRRL
LT

1

. /‘-‘[\/ H
I pASSIVE TABLE {
e

|

} EDITING !

|  POSSIBLE I

I |
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TOOL, ZERO SHIFT and VARIABLE tables ca \%ted, entered and
output. Contents of tables which need t bé?.cessed by the

active program can not be edited in @ peration.

A possibility does, however, exist t

during program execution. After
the existing table is overwritt

(updated). The control g%'

a passive table for this purpose.

ACTIVE PROGRAM
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CYCLES Cycles can not be edited in parallel operation. But they

can be input and output via the serial interface.

PROGRAMS Programs can be edited in parallel operation and can also
be input from and output to external data carriers.

The active program can not be edited.

There is, however, the possibility of copying the active
program in the memory before starting program execution.
The copied program can then be edited.

Soft key During AUTOMATIC execution of a pragram while in parallel
TABLES operation the soft key TABLES appears.
Under this soft key it is possible to look at the tables SJO ,,,,,

TOOLS, ZERQ SHIFTS and VARIABLES without havin
out of main mode AUTOMATIC. .

come
.
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DRIP FEEDING

DEFINITION

Long programs which do not fit into the program memory
can be loaded via intetface for direct execution,

DRIP FEEDING - SINGLE ACTIVATION

DRIP
FEEDING

DRIP FEEDING - CONTINUOUSLY ACTIVE

ACTIVE ON

POWER ON

Single drip feeding operation is activated via soft key

IN AUTOMATIC mode (direct selection).

hto

(reverse video) in the 3rd soft ke(i {INFO mode).

DRIP FEEDING - USER INTERFACE @

Example

In AUTOMATIC m

& vos
will appear on th di’ play once it is activated.

oo((\

If drip feeding is to be activated automatically when Q’
AUTOMATIC mode is selected the operator m?@

reset parameters for DRIP FEEDING

$ ) i‘O:‘?qTEA

FORT Hoe 1

BrUR FRTE @ Z4éu

OFFZET: 1z

w

=IZE OF BLFFEF : o1e

STHRET BLOCK? 1

HEXT

] PROGRANE ‘ CYILES "
FEEDING

/
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Main mode INFQ

The DRIP FEEDING parameters are preset in INFO mode.
The parameters do not affect the program which is to be executed.

MACHINE SERVICE MTB LINES- RESET
STATUS SERVICE SERVICE DELETE
DRIP DNC
FEEDING
ACTIVEON [ BUFFER PORT NO. BAUDHATQ BLOCK
POWERON | SIZE ()" |oFFseT

Meaning of the DRIP FEEDING parameters

ACTIVE ON
POWER ON

BUFFER
SIZE

PORT NO.

BAUDRATE

If this parameter is active (reverse \nde

defaults to DRIP FEEDING mod

The BUFFER SIZE parameter d

0.5 kBytes, which is to be ke
the part program memory

Input format: 512 byt
Min. buffer size: 1
Max. buffer siz
§ ’
Selectj@t e interface on the CP/MEM

: control.

bytes)

ax. available memory capacity (see

CT

0

trot
ATIC is selected.

es the buffer size in
or DRIP FEEDING in

rip Feeding and main memory)

24/20 mA

Po -V.24

Setting of the baudrate.
The following baudrates are recommended (- 1800 Bd):

(with handshake)

(with or without handshake)

8 = 1800Bd
9 = 2000Bd
10 = 2400Bd
11 = 3600Bd
12 = 4800Bd
13 = 7200Bd
14 = 9600Bd
3-10
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BLOCK This parameter is originally preset so that the program

QFFSET execution begins after 12 program blocks have been loaded {min.).

The setting "n" determines after how many loaded blocks
the execution is to begin.

Possibilities:n = -1 execution begins when the
buffer is full or when M30/M2
is transferred from the DRIP
FEEDING program.

n =0 Execution begins when 12 progra
blocks are loaded. 0

n > 12 Execution begins nthe
specified nu f program
blocks are |

START PCINT?  Input of the block number at which @%NG is to start

(1 = beginning of the program). %’

NC blocks before the start poin’gci ored.

Note: The DRIP FEEDING paraméters
mode. Port no. and ba -‘*‘-
scribed"in chapter "Data Handling".

3-11
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DRIP FEEDING AND MAIN MEMORY

T,

Part programs and cycles occupy a certain area in the
part program memory; the remaining available storage capacity
is used for DRIP FEEDING.

When the buffer size for DRIP FEEDING has been determined

in INFO mode and DRIP FEEDING is activated in AUTOMATIC
mode the control checks whether the selected buffer size does not
exceed the available storage capacity. If it does an error message
will be produced. If the buffer size is not defined the user can utilize
the max. available storage capacity.

Input: available storage capacity {see basis dis
512 in AUTOM

If the available storage capacity is not sufficient 9
there are two possibilities: ‘\Q

- deletion of individual programs or.cyctecrease

the available storage capacity ®®
- reduce the buffer size in INF%

PROGRAM EXECUTION WiTH DRIP FEE FTER CYCLE START

The DRIP FEEDS@raﬁon is started with Cycle Start.

During pgnl ecution only the active hlock is displayed on the screen.
N

DRQQ\I STEP LIST TABLE

@D

By actuating SK LIST the 6 blocks following the active
block can be listed.

Program execution is possible with the following options:
- step size in program

-rapid / dryrun of the program

- starting the program at a set start point {block N)

3-12
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Recommendations for achieving fast data input with drip feeding

- When the control has "some time" (e.g. long traversing path, G4 active,
or FEED HOLD active) it loads data into the buffer.
It is therefore advantageous to choose the buffer to
be as large as possible. The control is then able to
“live" on data from the buffer for those program parts
where the block cycle time is critical. In this case
the loading of new blocks is inhibited until only the
minimum number of blocks are in the buffer. The block
cycle time will then be the same as when working from memory.

- Drip feeding and checksum:

Drip feeding programs should be transferred to the contro! @
with checksum in order to increase the speed of the C)O

transmission. Also the baudrate should not be below
1800.

TS \Q‘
Position and calculation of the checksum 6&
(see program header in DFS format, @@

_ Restrictions - Jumps, subprograms and the s; f stop points are
not permitted in DRIP FEED@grams;

- Parallel prdgrammin @ possible since there are
several functions@ imultaneously during -

DRIP FEEDI@ R
e - au@tlc program execution
- block processing

- transfer function from external data carrier (LOAD, SAVE)

- The REENTRY function is not possible.

3-13
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ADDRESSES

ADDRESS F
G1 F.. F defines the path feedrate in mm/min.
G2 F..
G3 F..
G5 F..
GoaF.. F takes effect as dwell in seconds.
Ga3F.. F takes effect as execution time for the programmed
path section in seconds.
GoaF.. F takes effect as feedrate in mm/min. G894 is active O®

on switch-on. 0

Programmable range: F0.001 to F 50 000 ‘\Q‘

G95F .. F takes effect as feedrate in mm/rev. 8&
The programmed path feedrate is d i\@'om the
actual speed of the main spindi@

G95 is used for tapping and fin% . '

CONTROL RESET clear@ogrammed F-address.

N
>
ADDRESS T Q

T deterrr»'@h’e tool number, which is to be output,
and/ tool length compensation, which is to be applied
i@a . T is programmed with 2 or 4 digits.

T.. ..
T——too! number to be output
to the PIC
programmable range: 0 to 89

compensation group of the
technology memory to be applied
programmable range: 0 up to max. 48

If T is programmed with only 2 digits these are always
interpreted as the compensation group.

The operation of the tool length and tool radius compensation

is described in detail under TOOL COMPENSATION, chapter 5.
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ADDRESS M
Definition Output signals can be generated by means of the program.
Range of The contro! itself allows all M-codes from M0 to M99 to be used. The user
M-Functions can utilize all M-functions which have a machine function assigned to them.
Internal Listed below are a number of codes which have fixed internal functions:
Functions Code Internal function
MO Program stop after execution of the block.

All other conditions unchanged; does not cause spindle stop.
New start with next block number via CYCLE START.

M2 Main program end, cycle end, prograrmmed separ; ystem then|
switches into program selection level
Irrespective of the start point selection a ne@ram will start
at the beginning. .

M3 Spindie rotation, clockwise. : Q machine
A direction of rotation must be ac '\hﬂ'{en spindie b specific
speeds Or gear ranges are pro éﬂed. effect

M4 Spindle rotation, counter-cl %e, otherwise as M3.

M5 Spindle stop, program separately,
spindle speed and ge nge remain stored internally.

M6 Call-up of automati change cycle (cycle 77) ’

M13 Spindle CW @ n

Mi4 . Spindle CC C&o ant on

M19 Orientati ain spindle to fixed position in degrees.

M19 \: positioning to programmable position.
isoutput at the interface; address S is not

M21 -Up of MTB cycle 76. No output at interface.

M22 \~ all-up of MTB cycle 75. No output at interface.

M30 Q; Program end.

Mode of operation and other conditions are retained.

Change of mode after reset.

Dependent on the start point selection a restarted

prograrm after M30 will be executed from the selected start point onwards.

M40 Automatic gear range selection
(Active on switch-on, machine specific operation).

M41— Selection of fixed gear ranges 1to 4

M44 {machine specific operation).

Mag SINGLE BLOCK command is not allowed for as iong as M98 is active.
Programmed in a block of its own.

Mog SINGLE BLOCK is possible, i.e. M98 is cancelled.

Mg93 is active on switch-on.
Programred in a block of its own

External effects and further M-functions are particular to each machine and
details must be provided by the machine tool builder; for instance: coolant on/off,
delivery and removal of workpieces.

WWW.DaItoSns-VJasdkin.com
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ADDRESS S

Definition Programmed on its own the S-address determines the spindle

Goz2sS..

M19S..

Definition

ADDRESS M

Fixed Selection
M41-44

Automatic

Selection
M40

G96 + M40

speed, or the position for spindle orientation.

When programmed in conjunction with G92 the S-address
limits the maximum speed of the main spindle.

The spindle is oriented onto the position programmed with § (degrees).
If M 19 is programmed on its own the value defined by machine
parameter 111 will apply as orientation point {(range 00 - 359.999°).

Spindle speed in rpm. The direction of rotation (M3/M4) must have been defined.

SPINDLE SPEEDS @
O
O

Inputs are evaluated as follows: o
With G 97 $§ = spindle speed directly in rpm f %&3

The direction of rotation must be determin%ther with
the programming of S or beforehan @
Minimum and maximum speeds a ermined for the

particular machine (M-parameter

GEAR RANGES Q
O

Machines with a ge@ which can be controlled via the CNC can operate in fwo ways:

with M41 Eorresponding to gear ranges 1 to 4:

Thec | assists with the change-over between gear ranges by the output of
iw eds, by the processing of signals relating to the gear ranges etc.

! eed is programmed which is not achievable within the selected gear range,
the control outputs the max. or min. speed possible within that range.

One particulgrgg range is programmed in the user program

When M40 is active the control itself selects the
appropriate gear range on the basls of the following criteria:

- up to 4 gear ranges with min. and max. speed values can be controlled
- output range for the speed:
1109999 rpm (MTB can restrict the range for the particular machine)

-when § is programmed the appropriate gear range is
automatically selected, on the basis of the current program data

- where gear ranges overlap the control selects the
lower of any two possible gear ranges (higher motor speed).

A new gear range is only selected for the following block if the require(_i speed can not be
achieved in the active gear range. Idling speed Is output for as long as the activation of the
correct gear range has not been acknowledged.
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H-ADDRESS Hoox

Hxoomx
Definition H-address = "FLYING QUTPUT"

As opposed to the M-address, which is output before each
traversing movement, the H-address is output simulaneocusly
with the traversing movement. i

This simultaneous output prevents drops in the command value.

Use This function can used in programs for machining operations
during which any momentary stopping of the axes would result in
damage to the workpiece (for instance during laser cutting).

This 4-digit auxiliary function permits additional control and

switching functions for time-critical applications. @

Programming - The H-address should be regarded as an additional 0
auxiliary function; it should not be programmed with .
other auxiliary functions in the same block. ‘\Q

- The programming format is up to 4-digit. 6
- Variables can be allocated to the H-ad @
(V1 = 1212; H = Vi).

Output The H-address is output to the i in BCD code.
If the address has 4 digits the o are output first.
Note H-addresses can also for the extension of certain

functions (e.g. spe€d proGramming in dual spindie operation:

S1 =1000 rpgf 500 rpm).
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OPERATOR INSTRUCTION PROGRAMMING

Definition The operator instruction programming facility allows the
display of texts during the program execution.
These texts can be purely informative or they can
give instructions to the operator.
The contents of the texts do not affect the program sequence
or machine functions in any way.

Programming The text is programmed in brackets and must be written in
a separate block.

Usage This facility can be used to provide documentation for the program.
Since the display always shows the next block to be @

execution while the program is being actioned it is
possible to put message up on the screen by progrart\)Q
MO beferehand.

an operator instruction, it will not be actio

this way blocks can be blanked w
Example: .

©
| \OQ
N5

:
N7 MO

N8 (NOTE @CH ON COOLANT
N9 X. Q\

The program sequence stops in block 7 (due to M0).
The operater instruction will then be displayed.
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JABLES

Tools Up to 48 tool compensation stores are availabie.

Each tool compensation store comprises the foliowing:

T1 R = uuu.uuu DR =lu.uuu L = uuu.uuu S_= yuu
T ] tool wear
no. tool radius max.10% of tool length cutting speed
{mm or inch) radius, max. (mm orinch)  m/min or inch/min
1 mm, increm.
input

Input dimension defined as metric or inch via soft key.

1 Example: SRRFLTOOL & FF R F Tk doidededeiohdedoh ek dok doh dedede fed Ko sk 9o @w******m Kkdek
T1 R= 16.0 DR= 0.9 I= 25. 0.0

0

* = gpace character

Zero 6 zero shifts are avaitable {G54-G59). r section "G-Functions"
Shifts 4-G59 for definition.
Each zero shift comprises the followi

G54 X = yuuy.uuy = BUULLULL £ = Uuguu.uuy E = uuuu.utu

\

no. of amount ©
zero shift offset

The dimensio@iéﬁned as metric or inch via soft key.

Example: % Z§SHIFT**fc*-:m****m***w*****m******mmgm*****w****
G54 X= 10.0 Y= 20.0 Z= 30.0 E= 40,0

Variables A maximum of 125 variables are availabie for the writing of
variable programs (V1...V89and VA ... VZ).
Variables represent numbers of up to 7 digits.

Example: FeR R YARTARLE® **x*******}’:****:&****-’-****:’c*%:'.:‘:%%:‘;*3*******:‘(:‘:****
Vl = 116.0 V2 = 8.0 V3 = 0.6 =-1.0

Header

line: When programming tool data, zero shifts, variables, programs, cycles
and (M) parameters externally, identifying HEADERS
as shown above must be provided. These must be written in
a specific forrat which is explained on page 1-17.

. !
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e

G-FUNCTIONS

LINEAR INTERPOLATION IN RAPID Go

Pefinition The axes travel to the programmed position with linear
interpolation. The speed is determined by machine parameter.

Feedrate No feedrate should be programmed (address F). The machine
parameter values for rapid will become effective.

Interaction This mode remains modal until a different mode of motion is selected.
G0 cancels moades G1, 2, 3 and 5.

Execution of the next block is not started until all axes
are "IN POSITION". THE IN POSITION range is defined b chine parameter. P

Positioning with GO is possible when the main spindlegtopped.
*

- Programming Go X... Y oo 2. E.... é\&

Programmable with or wnthout axis addre

Path The traversing movement is !mea@ he distances
for the individual axes are differ if the axes have different rapid speeds.
The override potentiometer deactlvated for GO and
AUTOMATIC by machine@eter.

Example Ni GO é\
N2 ' @ Y 100 (starting position A)
N3 GO 5 Y 300 (end position B)
Nd M
Resuiti ovement with different distances in two axes:

&.

300+

e,
P ",

200+

100 A

@ew
./, O O RO,
100 200 300 400 500 +X

Speeds The axis which has the longest distance to cover traverses at maximum speed.

The speeds of other axes are regulated in such a way that

all axes reach the programmed position simultaneously.
Note - GO slope: Axis acceleration and deceleration during rapid traverse are controlied.
by means of a command ramp. The constant acceleration parameters are programmed for the different
axes via machine parameters (see Connections manual, Chapter 4). L
This does not apply to the 4th axis if it is defined as a Hirth axis. ~
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LINEAR INTERPOLATION IN FEED G1 A {A=activeon
switch-on)
Definition The axes traverse to the programmed point in a straight line

at the active feedrate (F-word).
The movement is coordinated in such a way that all involved
axes (Up to 4 axes: X, Y, Z, E) reach the programmed point simultaneously.

Feedrate The programmed feedrate value (F) takes effect as the p;'nh
feedrate; this means that if several axes are involved in
the movement the portion of each individual axis is smaller than F.

The speed can be influenced via the feedrate override potentiometer.
If X, Y, Zand a rotary axis (E) are to traverse together,

an anqular velocity is calculated for E. Mt is therefore

advisabie to use time programming G93 for movements involyi

both linear and rotary axes (see G2, G3, G5).

interactions G1 cancels GO, 2, 3, 5 and is modal, as is the progf@&
feedrate (main acddress F). E

Programming G1 X... Y... Z.. E.. (F..: @

utaxis information.
n F-word if no F-word is active yel.
emains effective until it

G1 can be programmed with or wit
It must be programmed togethe
Once a feedrate is program
is overwritten by a new v

{Servo Error or SWitEhi ancels the modal feedrate).

The programmin is not admissible.

Example Nt G ‘ ¥30 F1000 (feedrate 1000 mm/min)
N2 0] Y20
"
+YA
A
i /
20+ B
10+
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CIRCULAR INTERPOLATION G2, G3, G5

Definition The axes traverse to the programmed point at the active

feedrate on a circular or helical path.
The movement is coordinated in such a way that all involved
axes reach the programmed point simultanecusly.
Circles can only lie in parallel with one of the planes
generated by two of the coordinate axes.

Feedrate There must already be a feedrate active, or a feedrate
must be programmed in the same block.

The following functions, are possible:

G64/G65 feedrate applies to the contour / tool centre @

G93 programming in time segments
Go4 programming in mm/min c)o
G95 programming in mm/rev

*
L 2

The achievable feedrate can be limited by between
the feedrate and the contour radius, as w he

programmed distance. See F-addre Q
The max. feedrate is determine chine parameter.

2‘0,#“*‘-.‘_\

s

interactions (G0/1/2/3/5 cancel each other. 6
Entry into G5 X... OQ tangential entry, automatic calculation of the radius
Circle &\,
G2/G3 X. . (b. any type of entry with programming of the radius
G2/G3 X : ... any type of entry with programming of the centre of the circle
Direction of @ G3
Rotation @ +YA
. ‘\ G3 \'
W
L k
—@@ +X -@
-YV Yy
Any size of arc can be defined. Full circles can be programmed
using 1,J,K. The centre coordinates are always necessary for
full circle programming.
Exit from the The are no restrictions regarding the exit from a circular contour
Circle
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CIRCULAR INTERPOLATION WITH ANY TYPE OF ENTRY
INTO THE CIRCLE G2/G3 with R
Programming G2 X.... Y.... R.... XY plane)
Entry into the If the radius is defined during the programming any entry
Arc into the arc ¢an be realized.
Radius R The radius is programmed by the R-address with sign.
Maximum input value: 100 m.
Negative sign: arc smaller than a semicircle.
No sign: arc larger than a semicircle.
(see examples)
~  Definition of Given the same starting and end points and radius @
“._  theArc 4 different arcs are possible. O
These are distinguished by determining the directioﬂ{Q‘
rotation and the sign of the radius as follows: E\&
Examples G2 clockwise @ Programming:
@ N1 GO X0 YO (point P1)
N2 G2 X0 Y-20 R22 F1000
& (broken line circle)
O\ o
‘ o t—— N2 G2 X¢ Y-20R-22 F1000
30 \"‘ X (continuous line circle)
I N3 M30
Pragramming:
N1 GO X0 YO
N2 G3 X0 Y-20 R22 F 1000
(broken iine circle)
or
N2 G3 X0 Y-20 R-22 F1000
{continuous line circle)
N3 M30
Note No programming of full circles possible with R.
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CIRCULAR INTERPOLATION WITH ANY TYPE OF ENTRY G2/G3 with |, J, K

INTO THE CIRCLE '

Pregramming

Entry into the
Arc

G2 X....Y.... IR (X/Y plane)
G2 X....Z.... l....K.... (X/Z plane)
G2Y....Z.... J....K.... {Y/Z plane)

If the position of the centre of the circle is defined with )

I, J, (K} any type of entry onto the circular contour can

be realized, as well as full circles.

NOTE: If |, J or K = 0 then this value need not be entered into the program.

Parameters of the The position of the centre of the circle is determined by |, J and K.

Centre of the
Circle

1, J and K are modal in effect.
XY,Z, as well as |, J and K are programmed
in absolute or incremental dimensions. C)O

. \Q‘
G90 absolute dimensions K%;istances to existing position

| X position of centre, absolute distance in X-direction
Q X - Xa)

J Y position of centre, a@ distance in Y-direction
\ (Ym - Ya)

K Z position of ¢ , olute distance in Z-direction
' @y - Z)

Example starting p$=o/\, end point B, centre of circle M
$ Calcutation of centre:
G2, G90 ML %a=0 Ya=0 | = Xy-Xg =0
40 =20 20 l.:O 6}0 8i0 10{0 ;): ;: YM-Y.A = —.100-0.= -100
i & rogramming with G80:

® N1 G1 X-40 Y-20 F1000

(8)
N2 X0 YO (A)
N3 G2 X100 Y-100 J-100 (B)
N4 G1 X100 Y-120 (E)
N5 M30

(G90 active on switch-on)

Programming with G91:
N1 Gi X-40 Y-20 F 1000
N2 G91
@ N8 XYy 0.
N4 G2 X100 Y-100 J-100  (B)
Ns GI X0 Y-20 (E)
N6 M3o

S0 ¥y =-100

- 24
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CIRCULAR INTERPOLATION G2/G3

Examples

G0 Starting point X40 Y60.

G2 +Y1

120 7

........ 804
60 -

401

Radius: 40 mm.

A = starting point
B = end point
M = centre of circle

Calculations:

Programming with R
N1 G1 X40 Y60 E

I N2 G2 X80 Y

N3 M30

Progr\(@hg with 1, J
0 Y60 F1000

X80 Y20 180 J60 @

&

: ' } RE
w@ 20 40 €0 20 +X
G3 Full circle with a Qaf 50 mm
YA § A and B are identical
$ for a full circle.
160 The circie must be subdivided
120 into 2 pars when programming with R.
[. R
Programming with R
120+ N1 GO X30 Y100 (&)
N2 G3 X80 Y150 R50  (A)
100+ N3 X30 Y100 R-50 ®
N4 M30
80+
Full circle programming with |, J
60+ N1 G1 X30 Y100 (A)
N2 G3 X30 Y100 180 J100 (B)
40+ N3 M3o
20t

L . 4
T 1 T

t ; ; +— -
20 40 60 80 100 120 10 +X
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CIRCULAR INTERPOLATION WITH TANGENTIAL ENTRY G5

Programming

Entry into the
Arc

Gs X.... Y....

When G5 is programmaed the control will calculate a tangential
entry into the circular contour. No radius is programmed.
Only those contour transitions are considered tangential
which do not involve a reversal of direction. The control
calculates the size and the position of the arc as

iflustrated in the following examples:

When several G5 movements follow one another the 1st
entry tangent influences all subsequent contour elements w

Different End Points 00

+Y‘

70

7N
N\

- : T : -
#X O 50 130 X -15 S0 90 +X
N1 G1 X0 Y70 F \\ N1 G1 X0 Y70 F200 N1 G1 X-15 Y40 F200
N2 X50 N2 X50 N2 G2 X50 Y70 R-60
N3 G5 X1 . Y 10 N3 G5 Y130 Y100 N3 G5 X390 Y120
N4 M3 N4 M30 N4 M30

Different Tangents $

Restriction

G5 can not be programmed in MDI or as the first block ina
part program, since it would not be possible to calculate a tangent.
T, = tangent A = starting point of arc

M, = centre of circle E = end point of arc
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DWELL G4
Definition The execution of the subsequent blocks is not started until

the programmed time has elapsed.

Operation G4 only becomes effective in the block in which it is
prgrammed and must be programmed on its own.

Modal conditions are retained.

Programming GaF.... F in seconds
input range 0.01 to 9 899 899,
Example

N12 G1 X10 Y100 F150

N13 G4 F2 2 sec.dwell QO

N14 Z-60

N15 G4 F1.78 178 c@él
Nie 2o \L\
N7 M30 6
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LINEAR INTERPROLATION IN RAPID WITH Gé

Definition

EXTENDED IN POSITION RANGE

In interpolation mode the control waits until an In

Position range is reached before starting the

interpolation for the next block.

G6 corresponds to the (G0 function, but with a larger

In position range (as a rule).

As opposed to the GO IN-POS range, which is determined

as a constant value in the machine parameters

(see MP 49, 69, 89, 109) the IN-POS range of the G8 function
is related to the max. rapid feedrate (see MP 35, 55, 75, 95):

IN-POS range = _max.rapid feedrate @
1000 O

The smaller the max. rapid feedrate determined b th‘
machine parameters the more precise (smalief) @

IN-POS range. E\j\‘

After this range is reached the contr @s fora

short time before the interpolatign e next biock

is started. The length of this stop tifhe is determined

in & separate machine paraq&v@ 23) and applies for
all axes. O

Reactivation of thef&rai“ IN-POS range by programming

G0, G1, G2, ce@
@“’
&
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PLANE SELECTION G17 A X/Y plane
' G18 Z/X plane
G19 Y/Zplane
Definition These G-codes are used to determine the working plane.

They also influence the operation of functions G2, G3
and G5, of the tool radius compensation and of the
tool length compensation.

interactions  G17, 18, 19 are modal functions and cance! each other.
The definition of a pole with G20 aiso effectively
makes a plane selection.

++z

| = - G17

| G2 - O

+Y,
Programming A change in the working plane must be programmed before
the first circular movement (G2, G3).

A change in the working piane must not be programmed while
too! radius or tool length compensation (G41,G42,Txx} is active.

Plane Selection circular interpolation tool! length comp.
too! radius comp. feed-in axis for
positioning plane for standard boring cycles
G-code standard boring cycles
G17 X/Y plane Z-axis
G18 Z/X plane Y-axis
G1g Y/Z plane ' X-axis
3-29
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SETTING A POLE G20

Definition The pole and the associated plane G17/18/19 are determined by 2 axis addresses,

which are pragrammed together with G20.The pole relates to the active zero point.
The setting of the pole does not produce any axis movement.

Programming withContour points are defined by the radius and an angle. The data relates to a pole,
Polar Coordinateswhich is to be defined, and a plane. Positions described in this way are converted
within the control into command values for standard axes in a Cartesian system.

Terms Polar plane Plane defined by 2 cartesian axes within which
the polar coordinates lie.

Pole Centre of the polar coordinate system. @
Pasition of the pole: ¢
Without/before G20: on the aCtive program zero point
After G20: on @emt defined with G20

Radius D Program address assi%&&the vector length.

Angle A Program addr ssigned to the vector angle. In mathematical
terms the an es 1o the active reference plane..

Reference axis The axis@oid print written first in the plane selection.

f le A
o ®\Q7W G182ZX G19YZ

Operation The interpolationwnodes GO, 1, 2, 3, 5 etc. are not affected by this function.
é ¢ P = pole
+Y A $ : ' £ !
$ Xp = distance of the pole Y
500+ from the Cartesian
zero point in X
400 +
V) Yp = distance of the pole
300+ from the Cartesian
A zero pointin 'Y
200+
P ? A = angle
1004 Xg= Yp
D = vectorlength

—@ b : : ; ; : —
WY 100 200 300 400 500 600 700 +X procramming

G20 X100 Y200

Example G17 Setting a pole in plane XY (polar plane) at position X = 100 Y = 200. ¢

Effect with G91  Angle A absolute, vector length D incremental.
3-30
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POLAR COORDINATES G20
Example Machining a row of holes with G81 Program:
N1 F1000 8500 M3 TO1
N2 G81 VI=80V2=30
+Yh N3 G20 X100 Y200
500 N4 X100 Y200
. . N5 A30 D200
500+
e N6 D400
4007 ob N7 D600
300+ ‘ Ng D
£ 2004 R NS
©
TS \Q

Example

+Y ‘
800+
700+

600 +

@\W ,
100

P = position of the pole

Machining a bolt hole p?g?.%mh Gs1

} } : t t 4 i L
200 300 400 500 600 700 800 +X

(\6

5001

400+

300+

200

¥

100 4

T
i X400 YS00

1

®-
RO,

_@W

100 200 300

t + } } + -
400 500 600 700 800 +X

3-3

Programm:

- Nt F1000
N2 G81
N3 G20
N4 X700
N5 AdL
N6 X400
N7 A135
N8 A180
Ng A225
N10 A270
N11 A315
N12 M30

www.DaltonsWadkin.com
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CONDITIONAL SUBPROGRAM CALL-UP G21

Definition The subprogram call-up is dependent on the status of I/F signal
“CONDITIONAL SUBPROGRAM CALL-UP"
Any program label (marked with "$") can be used.

Operation The interface signal "CONDITIONAL SUBPROGRAM CALL-UP"

General Format

Programming

must be present at least 3 blocks before the block in which G21 is programmed.

Status of signal "CONDITIONAL SUBPROGRAM CALL-UP™:
High The subprogram is carried out.
Low The subprogram is not carried out.

{Next biock is executed.)

By using backwards jumps it is possible to produce endles@gram repetitions,

for series production for instance.

O

Subprogram nesting up to 10 programs deep is p ssit
{nesting: one SBP calls up other subprogram 6
2

Ges

MP SBPs _ SBP7 SBP8
N1 Nig /1 $5 52 N40 4] $7 N56 1 %8
/7 . i’ / P
// L/ / //
/ 7
/ X / e
4 v /
N8 e { ) - /s
No || 77—t / Y/ o
N10 ,621 P5 G22 P2 N32|/G22 P7 L1 N44 //(322 P8 L3
N11 “\—”Q 24T Nss‘*\.\ N45|N
\N [\\ N AN N
: Y AN N h
~ - ~ AN
~ N AN AN
\ N N N N
NTBPM30 N27N G99 N3gNGog N55~ G99 N75N

MP = main program
Explanation of above example:
All the subprograms are only carried out if signal "CONDITIONAL
SUBPROGRAM CALL-UP" is high when block 8 is read in.

SBP = subprogram

G21 P... L...

P = subprogram number ranging from Q to 99

L = repetition factor (in addition to 1st execution)
ranging from 1 to 99
input of L is dispensable

Example: G21 P10 U1

SBP 10 is executed {1+ 1) = 2 times, if the signal is at high level.
G21 must not be used if tool radius compensation is active.

G21 must be programmed on its own.
3-32
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SUBPROGRAM CALL-UP G22

Definition Programs which are marked as subprograms are calied up with G22
Any program label {marked "$") can be used.

Operation Subprograms called up with G22 P ... (L ...} are carried out unconditionalty.

Programming

The subprograms of the CC 100 are of local character,

in other words they are always assigned to a particular main program or cycle.

Example: G22 P5  Subprogram 5 is carried out once.

Subprogram nesting up to 10 programs dee;ﬁ is possible
(nesting: one SBP calis up other subprograms).

MP SBP5 SBP2 SBP8
N1 N1g 7185 N28,/|$2 w@/ $7 N56,4188
4 / . v
Ve / s
Ve Y /s
/ J 7
/ y /
N8 v /s
No ||/~ // \ 7
N10},G22 Ps N2/ G22 P2 G22P7 L1 N44llG22 P8 L3
N1 N24T %3"“~ N45iT™
N ~ N
. \Q\ N N N
AN N
‘2,» N N N
\<>9 N N N\
N18i M30 7N@og N3gNGo9 NS5\ G99 N75NGo9

General Format

§
L 2
MP =§ program

Explanation of the above example:

On its own the cali-up of SBP 8 in block 44 will produce
4 pragram runs (i.execttion 4+ 3 repetitions).

The preceding call-up of SBP 7 in block 32, on its own,
will produce 2 runs of SBP 7.

SBP = subprogram

MP SBP5 SBP2 SBP7 SBP8
1 1 1 1+1=2 2x(1+3)=8

Total number of
program runs:

G2z P...
P=
L=

L...

subprograrmn number ranging from 0 to 99
repetition factaor (in addition to first execution)
ranging from 1 to 99

input of L is dispensable

G22 must be programmed on its own,

3-33

www.DaltonsWadkin.com




www.DaltonsWadkin.com

PROGRAMMING BOSCHCC 160 M

G - FUNCTIONS User Handbook
CONDITIONAL JUMP G23

Definition The jump is only carried out if the interface signal

Operation

Programming

Example

"OPTIONAL JUMP" is present. If this condition is not
fulfilled, the subsequent block will be executed.

Any programmed label can be used as jump address.
Program labels are marked with $.

The interface signal "OPTIONAL JUMP" must be present at
least three blocks befare the block in which the

jump is programmed.

G23 P... P = 1 to 99 for the program label
G23 must always be programmed on its own, @ i
G23 must not be used while tool radius compensatior@ve. Y.

Driliing holes at different positions, depending Q
workpiece, if its identification triggers the | \g
signal "OPTIONAL JUMP".

Signal = high Blocks 10-12, 19- Bare executed.
Signal = low Blocks 10 to xecuted

N1 GO X800 Y500 Z 0
N2 G238 P15 "\

N3 G1 20 F \V

N4 Z100 L optional jump

N5 GO )QO x_ dependent on |/F signal
N6 X100 .
N7 o150

N8 Y400 ' £
N Z-20 Fa00
N10'Z100

N11Ge X0 YO

N12 M30

P

-34
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UNCONDITIONAL JUMP G24

Definition During the execution the program is not continued at the

next block but at the program label defined in the jump instruction.
The program label is marked with .

Operation The jump is carried out unconditionally.

By programming backwards jumps it is possible to produce
endless program repetitions, for series production for instance.

Programming General format:

G2a P.. P for the program label
- The programming range for P is 1 - 99. @
‘a ‘‘‘‘‘ A jump must not be programmed together with other instrcl)Q in the same block.
Example Backwards jump from the main program to the S@Ct@)
N9 6: main program 2
Ni0 $5 4

N11 GO  X50 Y100 S1000 M3 @
N12 G1  X52 Y98 F500

N13 G1 Y80 &
Ni4 GO X140 O
N16 (Q.

N17 GO 1000 M3
N18 G1

N19 X §

N20 $ ———

N21

IF High IF Low
N22
N23 $6

N4 M2 ——t

Explanation of ahove program:

Program 2 is repeated continually for as long as input "OPTIONAL JUMP" is low.
As soon as this signal goes high machining is concluded with blocks 23 and 24.

3-35
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FIELD LIMITATION S
SETTING MINIMUM VALUES G25
SETTING MAXIMUM VALUES G26
CANCELLING LIMITATION G27 A
Definition The field limitation prevents the axes frorn being driven into areas where collisions might
occur.

Unlike the limit switches these limitations must be determined separately for each program.

The axes can not position to any point with vaiues
- under those programmed with G25
- above those programmed with G26
The input of the axis values does not produce any axis movement.

The limitation values relate 10 the active program zerc poi
Any offset programmed with G92 X... Y ... isnot CG red.

Operation The limitation funhction is modal for all machinin @és.
It takes into account tool radius compens @well as tool wear.

The field limitation does not becom @ed until the
software limit switches are set a@xes have been referenced.

Programming G2s X... Y... Z2... 6
The axes must already b itioned within the field of operation.

Cancelling The limitations set \ﬂk\zs and G26 are cancelled by programming
G27 X Y Z numerical values as well as by CONTROL RESET.

The soﬁwgﬂl witches remain valid.

" le——— 200 < X < 900 —]

r3 {
permitted el G514
300+ traversing | 100<Y< 500
G25-Y range |
2007 525 - X |626 X
100+ X

\ad
+ { ¢ 4 } + + t + 3 ]
Q 100 200 300 400 SO0 600 700 BOO SO0 1000 +X

Example N10 GO X750 Y400 Z300 axes position above workpiece zerc point

N11 G82 X0 YO clamping position is taken into account

N12 G25 X-550 Y-300 Z-280 lower limit is determined

N13 G26 X150 Y100 Z200 upper limit is determined.

: part program

Neo G27 X Y Z limitation is cancelied ; '
Note The traversing field limitation set in the machine parameters

can not be extended, but only be limited further with G25/G26.

3-36
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SCALING FACTOR SWITCHING G 36

Definition Modification of the scaling factor of the coordinate system.

The contour lines of a workpiece are enlarged or reduced

in the specified factor area, without having to change

the programming of the actual contour lines.

The scaling factor always relates to a particular plane

(see next page); the two axes of a plane can nat be modified separately.

o
1 < Factor < 99.0

r=—=-"" | =

]
| |
I 1 > Factor > 0.00001
L O
i I
13 1 *
L ______ | O\Q

Modification  0.00001 $ ‘ 99.0
.~ range of scaling | \ | :
factor ' A '
reduci&‘ enlargement
Format X.xooox (5 digits behind decimal point)

Scaling factor data is accepted in decimal format,
for instance:

X0.2 = 5-fold reduction {corresponds to reciprocat value of 5)
X5.0 = 5-fold enlargement

3-37
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Display

Operation

Programing

Example

The defined scaling factors for the different axes can be
displayed in main mode INFO under the CC 100M STATUS display.

- (336 always relates to a particular plane.
Example: The programming of the scaling factor for X
automatically influences X and Y in plane G17.

- G36 is modal and can be reset with CONTROL RESET, G36 X1

(Y. Z, E) to factor 1.

A change in plane (G17/18/19) also resets a defined scaling factor. This means
that the scaling factor needs to be redefined after each plane selection.

- (336 also operates in the E-axis, if this is defined as
a linear axis, whatever working plane is selected. @

- Any variables called up in the program are subject t Qcation according
to the scaling factor. The scaled values are, however, transferred into
the varlable table or tool table. ‘\

¥
*

- G36 does affect the contents of the zero @tble if

G36 does not affect any precedi

it precedes G54-59 in the program. @
ed@y shifts.

- If G36 Is programmed in sg&fccks they overwrite each other. The block
last prgrammed has hi%g@ riority and the programmed scaling factor

remains effective unti
of the scaling fact

- G36 can
T, H,

3
=

Is to be programmed with only one axis of the warking

g, 1

£
.

ext change in scaling factor. The scaling by means

o&wnched off by programming the scaling factor 1.

mmed together with main addresses F, S,
with any other G-codes or with M-codes
2 in one block.

piane; for working plane G17 this is either X or Y;
axes Z and E can be programmed independently in the same
block with a different scaling factor.

N1
N2
N3
N4
N5
N&

Go
G17
G386
GO
G36
M30

X0 Yo Z0
selection of X/Y plane, clearing all programmed scaling factors
X2 scaling factor for X and Y-axis, 2-fold magnification
Y50 traversing to Y100 mm
X1 switch off scaling

3-38
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Definition

Operation

Reference Points

Programming

PROGRAMMARBLE MIRRORING

G38 switch on
G39A switch off

1 or 2 specified axis(es) is (are) mirrored within the selected plane.

The axes are programmed together with G38,

The programmed workpiece positions are interpreted with
inverted sign in the relevant axis. The position values

are mirrored arotind the active zero point. This is the

Zero point which resulted after any possible setting of

the position stores with G82, presets or zerg shifts.

+Y l ‘Y{
A
wr A@‘
e N
QD

M=ma ero point

W= jece zero point

A = clamping zero point (G92)

axis values after zero shift
= axis values after zero shift

<%
|

X = X-axis values are mirrored
Y = Y-axis values are mirrored

N10 G17 (G18/G19)
N11 G38 XorYorZ

plane selection
(max. 3 axes)

N10 G39
N11 G39 X (V) (@

to cancel all mirroring

particular axes

-.;.x

selective cancelling of mirroring in

The axis addresses are always programmed without axis values.

3-39
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PROGRAMMABLE MIRRORING G38/G39
Example subprogram “contour™:
Original YA
Contour 360, £ N21 $1
G17 2 Nz22 GO X500 Y300 Start (5)
3007 205 N23 Gl X450 F200
) N24 X250 F500
2007 T N25  G3 X100 Y150 R-150
3 Neg  Gi Y50
100+ N27 X450
4 5 N2s Y360 End (E)
& N29  Gog
00 200 300 400 500 +X

N10 (G17) O execution in 1st quadrant (f) §\

N11 (G39) 0 nomirroring 7
N12 G22 P1 . Qo program call-up :
Y400 N\
N13 G38 X 6% execution in 2nd quadrant (1)
y @ X-values mirrored
Ni4 G22 P1 program call-up

XSO%
N15 G38 )Q execution in 3rd quadrant (ill)
X and Y-values mirrored

N16 Go2 &\Qi program call-up

N17 % v ' execution in 4th guadrant (IV)
N18 $ A P1 Y-values mirrored
N1 G3g mirroring cancelled in both axes”™
M30
i o —/-—/‘“_ e { @
QOperating 1 6. b L o5 — tool path
Sequence ! 2 1 for mirroring
. 72 I .
during i . operations
Mirroring ‘ i /AR
l Fw
| ' ! eauli .
auxiliary points
l_ ? Atk 22; I\ Yp
= 1,/ s =35
<3 S B A
T
Note When the values are mirrored for just one axis the control converts
G41 into G42 and G3 into G2 etc. internally. See also examples Il and.V. £

This is not the case when the values for 2 axes are mirrored.
See example 1.
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TOOL RADIUS COMPENSATION G40 A/ G41/G4a2
Definition When carrying out a part program with tool radius compensation

the tool is guided aiong an equidistant parallel to the programimed path.
Equidistant = path with a conhstant distance to the programmed contour.
The tool length is taken into account by the call-up of the T-address.

-

Interactions G40 Canceliing radius compensation. 6
Active on switch-on, also automat a%ctwe when switching
into AUTOMATIC mode. G40 t De active at the end of each program.

G41  Call-up of tool radius ¢ sation to the left of the
programmed cont@ewed in the direction of the path.

G42 Cail-up of t compensat:on to the right of the
programm ntour, viewed in the direction of the path.

?gdal, exclude one another, and become active with the subsequent

G40/41/42
’/ traversi ement. G41/G42 can not be used in manual operation.
Programming Gat Y...(T..) During the phasing in of
Gt X... Y...F... the compensation, T must either
already be active or be programmed
contour feedrate, compensation group
call-up and cancellation with
. a positioning movemert in the
G40 X... Y... involved axes (XY for G17), which
Is suitable for phasing infout
the compensation.
For detailed description see TOOL RADIUS COMPENSATION, Chapter 5.
Note: - A block with axis address without traversing movement, because
) the axes have already positioned, is not allowed with G41/42.
. .
‘ Safety - During the exit from the contour a reversal of direction of the cutter movement
Consideration must be prevented. The angle under which the cutter moves away must therefore

always be smaller than 90 .
www.DaltoRsWAdikin.com
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ZERO SHIFT G53 A cancel zero shift
G54 1o (58

activate zero shift

Definition By using zero shifts programs can be carried out in different places without
any modification. While a zero shift is active the machine parameters are
temporarily overwritten. They can be reactivated simply by programming G53.

Operation Up to 6 zero shifts can be stored in the zero shift table.
For each zero shift up to 1 value each can be stored for X, ¥, Z and E.

If G54 is then called up, for instance, the control will shift the zero point to the machine
coordinates which were stored under G54. In order to use a zero shift (for instance G54)

the zero shift table must already have been loaded with th ective offset data. ‘
Programming Go4 on its own this does not pfodiite any axis =
or movement (displaxz changes to programred position)
G54 X..Y.. Z.. the zero shift alea ies tothe
position prog in this block
Example: YR @ Corresponding zero shift table:
60C G54 X100 Y100 Z70
Q G55 X300 Y100 Z70
SO0 @GS? & 539 G56 X500 Y100 Z70
400 w Py G57 X100 Y450 Z70
G58 X300 Y450 Z70
3[}{}\ Ggs X500 Y450 Z70

This table can be loaded by manual input at the

5 control, via parametric functions, via the serial .
1 1 E; :
W™ € w interface, or via the BCD data bus. b

V=

! t } } : " : Do
MY 100 200 300 400 500 €00 700 +X

N10 G54 1st zero shiit active

N11 G22 Ps cail-up of part program

N20 GbH9 6th zero shift active

N2t G22 Ps call-up of part program

N22 (53 machine coordinates apply one more
Condition - No circular interpolation (G2, G3, G5) must follow immediately after

an active zero shift. Operation must start or continue with linear interpolation.

- 336 modifies the contents of the zero shift table if it is written
it front of G54-58 in the program. G236 only affects subsequent zero shifts. {

- When G92 is cancelled any active zero shifts G54-59 are also reset.

WWW.DaItonsWadEiﬁ.gégm
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IN POSITION’ LOGIC ON Got

IN POSITION’ LOGIC OFF G62 A

Definition G61  In interpolation modes G1, 2, 3, 5 the control waits for each
block until the ’In Position’ window has been reached before
it starts with the interpolation for the next block. The
width of this window is determined by machine parameter. Once
the window has been reached the control stops for a short
time before interpolating the next block. The duration of
this stop time is determined by a machine parameter.

Definition G62  When the 'In Position’ function is switched off the
control statts with the interpolation of the next block

while the last path section from the previous block is
being actioned. This results in & "cutting of corners", but savesé .
Operation Functions G61/G62 are modal and cancel one another.

Gé2 Gi62 is effective on switch-on i \ l \

+Yh
70T

L 4

800+

1004

S\
—@\W, ' O — e e
g 300 40 500 700 80O X

Programming G61, G62 must be programmed at the latest in the block
for which they are to be effective.

influence of machine parameters
IN POS time - MP23

IN POS range - MP49, 69, 89, 109
(see Connections manual for CC100M)

Example N1¢  G61 no movement
N1t G1 Y500 F200 interpolation with IN POS
or
N10 Ge2 "IN POS' function off

N1t Gt Y500 F200

N50 G61 X200 interpolation with IN POS in this block
3-43
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FEEDRATE AND SPINDLE SPEED (S) 100% Gs&3

FEEDRATE AND SPINDLE SPEED OVERRIDE VIA POT Gés A

Definition G6é6 The position of the relevant override potentiometers on

the manual pane! affects the commanded vaiues.

Definition G63 Feedrate and spindle speed are set to 100% of the programmed/
entered value, whatever the position of the potentiometers.

Operation (66 is active on switch-on.
Both functions are modal and exclude one another.

Override ranges:
-feedrate 0 to 120% of the programmed value

- spindle speed 50 to 150% of the programmed va £

Programming ~ Can be programmed with other instructions in Q’same block.

*
>
Application The override potentiometers for fe:%ﬁpindle

speed can be deactivated by mea rogramming.

Note re. G66 The potentiometers take g vgn when the maximum
feedrate is programmed potentiometer is set to
between 100% and 1 e maximum feedrate will be exceeded.
Q

$ET,

3-44
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EFFECT OF FEEDRATE Ge4  cutting path

G65 A cutter centre path

Definition The feedrate determined with F relates to the cutting path of

the cutter or to the cutter centre path when machining circular contour sections.
Interactions (G64/65 are modal and exclude one another. §
Ges The control keeps the feedrate along the cutter centre path constant.

G65 is active on switch-on and is used for roughing.
Examples

Fpmg O grammed feedrate
F C) = feedrate along cutter
*
’\6 centre path
6 Fg = feedrate along the
@ cutting path
Fs = l:pro
In the example th drate effective on the actual contour
is lower than programmed value.
i G4 The co eps the feedrate along the cutting path constant.
The ulations can only be carried out for arcs G2/3/5 if G41/G42 is active.

Since the speed can increase considerably on circuiar contours
this function shoud only be used during finish milling.

increased feedrate
since Fg = Fpoq

,

I
1

%,
%

The effective axis feedrate is higher than the programmed one in the above example.
3-45
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Definition

Operation
G&s

Ge9

Programming

CONTOUR TRANSITIONS G69 intersection
G68 A* arc

If tool radius compensation is active the control must create
transitions for outside corners. These transitions can elther
be the intersections of the equidistants or automatically
generated arcs. G68/69 are modal and cancel one another.

Arc

Only in conjunction with G41/42 with an angle alpha of between 0° and 180°
The arc produces a continuous transition, which usually is the best solution
technologically and puts less strain on the drives due to the soft transition.

000 ge ed automatically

@)grammed points

intersection
Only in conjunction with G41 l an angle alpha < 90%.

With angies of > Oﬂthe control
will produce transmo@ (568 had been selected.

/)
Q

The control can
carry out the calculations

for intersections much faster

than those for arcs; therefore

G69 is most suitable for contours

which require extremely fast block sequencas.

G68/G69 without axis information.
If G68/69 is used while path compensation is active the
function must be programmed 3 blocks in advance.

Function active  Either G68 or G69 can be defined as active on switch-on by machine parameter.

on switch-on

*dependent unpon machine parameter

3-46
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REFERENCING G74

Definition The axes programmed in the block traverse simultaneously onto

the reference point(s) at the feedrate determined by m/c parameter.

Once the reference point has been reached the axis position
values are set to machine specific values (machine parameters}.

Exampie l "_X'"""
X-axis LUJ

reference point cam

L i zero pulse of measuring
{M par.PRESET X = 20)

00 120 %O 180
L 2
\{3(\

Interactions G74 cancels zero shifts which were act‘sa G54 to G59

Qachine coordinates
machine zero point

z

_@_ﬁ_ Ll
8 A1

£

54

37

@ 1

®

or G92. No tool compensations must e during G74. While G74
Is carried out all modal conditions % poratily suppressed.

Programming G7a XY 2 E

G74 is programmed ln%arate block with just the relevant
axis addresses wi rical values.

Example G74 XandZ trav@o the reference point.

Note Further details on interactions with other functions can be found under
G25, G26 field limitation
G53-59 zero shifts
G92 setting position stores.
3-47
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MEASURING PROBE INPUT G75

Definition The control drives the measuring axes in the direction of the programmed position with

Interactions

Programming

Example

Applications

Note

+Y
30

20

10 . ‘Q®

linear interpolation {G1). While the axes are traversing the switching condition of the
measuring probe is being monitored.

As soon as the sighal becomes 1 (probe touching surface to be

measured) the control responds as follows: )

- it stores the current position values and

- cancels the distance to go and G75.

Once the G75 operation is completed the contral autormatically
retracts the measuring axis to the position at which contact was made.

G75 is effective only in the block in which it is programm
interpolation G1. The contral only responds to the clogi the probe contact, and notto %
the opening of this contact. If the end point program with G75 is reached without
the probe contact closing the program is mterf nd the error message *

probe not triggered" is output. \&

nd automatically sets linear

i,

G75 X... (and/or Y.

The probe is to be used to measure the
distance from the two surfaces on
the left hand side of
the workpiece to the zero point.
The axes have been driven
- to the starting position
_in a machining program.

S NE

¥ T -

70 B0 +¥%

N1 5" X70 F200 traverse towards workpiece untit probe is triggered o
@ 0 programmed- stop to read position value - z

GO X40 reposition for next measuring operation
N4 Y20
N5 G75 X70 traverse towards workpiece to measure

distance to upper surface

NE GO X0
N7 M3

The following tasks represent some of the applications:
- part recognition

- checking workpiece accuracy

- setting reference point at surface of workpiece

- tootl ingpection

When working with the measuring probe the tool compensations
must be switched off, otherwise the following error message will be displayed:
"G-code not allowed with cut. or length comp.” : k
The feedrate should be kept moderate in order to avoid damage to the probe.

3-48

www.DaltonsWadkin.com



PROGRAMMING

www.DaltonsWadkin.com

BOSCHCC 100 M

G-FUNCTIONS User Handbook

MACHINING OF BORES G80 A Fixed Cycles Off

(G81-87 Fixed Cycles On

Usage The programming of fixed cycles to machine bores is simplified

with the cycles described below.

In the course of the programming the user calls up the _

relevant fixed cycle. Values are entered for the vatiables;

the variables are illustrated in the fixed cycle graphics.
Conditions The fixed cycles can not be used while toal radius compensation

is active; if necessary the ool radius compensation must be

deactivated with G40.

Further conditions:

-F  feedrate in mm/min

-8  spindie speed O

- M3/4 spindie rotation clockwise/counter-clockwise C)

* *

Movements in the positioning plane are all perf }\n rapid with IN POS operation.

The spindle is switched on with the first positi ovement.

The ¢cycles can be used with G80 or G@§ axis directions of the feed-in axis.
OPERATION Fixed cycles G81 - G87 are executeghif@ach traversing block

once the programmed position
function is cancelled by prog@ ing G80, M2, M30 or by selecting ancther cycle.

ut of variables:

Call-up of fixed cycles a

Select main m

n reached. The selected

www.DaltonsWadkin.com

TOOLS $ ZERO VARIABLES |PROGRAMS | CYCLES
__@ SHIFTS '
|
COMMAND | NEXT PAGE |EDIT LOAD SAVE
|
SEARCH ——~ | SCROLL MODIEY
GRAPHIC i f INSERT
BORING CONTOUR
CYCLES CYCLES
3-490
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ﬁi"ﬁé?ﬁl M

HEHIEY \

I oe¥t e eekikbtdre || FUED
N

| [ ] I

I-illirg Baring [lnm ho]n Tapping goring
Or zHlng zpind. ar.

Reaming Thread
milling ("O |

K e Q—:) ’ Eu-:)

made with th

The selection of the required fix @ graphic is
and[—+] - n the required

cycle is reached (cycle nan?
is confirmed with

[ OK |
transfer into the s cycle level.

ing) the selection
trol will then automatically

diifferent variables in a particular’

cycle can be,cohfirmed with the keys [TAB] [—+]

The @ will then automatically jump to the next variable.

lﬁing of cycles

(RAM cycles, boring cycles, contour cycles)

See CC100M connections manual.
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SURVEY OF
FIXED MACHINING CYCLES Geo - 87
Machining sequence
Type of machining{ CODE Feed- in movement At Retract movement
depth
drilling Ga1 M3 - rapid
feed M3 active
boring with G82 M3 dwell rapid/
dwell feed feed
@ M3 active
deep hole G83 M3 c')e
drilling with (posit. in rapid " swarf removal
swarf removal +feed-in strokes® Q - strokes in
in feed) \& - rapid
i > M3 active
A
tapping with G84 Mu@Q M4 (M3)
tap holder fe% dwell feed
M4{M3} active
4
boring with &85 ’\‘oIMS orient-
spindle @. feed ation,
orientation Q retract |rapid active
K in pos-
itioning
$ axis
reaming G86 M3 - feed with stop
feed for measuring
Mo
M5
thread milling G87 M3 retract |rapid
helical in pos-
interpolation itioning
axis
M5
cancelling fixed |G80
cycles
Note When editing fixed cycles the control will display the

appropriate graphic for the active plane.

-51
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FIXED MACHINING CYCLES

Plane Selection The fixed cycles can be used in the 3 main planes.

G8o - 87

The selection of the interpolation plane determines the following:

&oning

e

Feed-in axis, positioning Code
plane level, tool iength

compensation,

workpiece surface,

working depth
XY Z G17
ZX Y Gig
Y, Z X G19

The setting of a pole with G20 effectively also

represents a plane selection.

3-52
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FIXED MACHINING CYCLES &80 - 87

Programming Fixed cycles simplify programming by their modal character.

Technique Programming is rationalized particularly well if the machining can be

described by a machining graphic which can be used repeatedly.
Only the different bore positions need then be programmed (see example).

Machining The machining graphic contains the coordinates and
Graphic data which remain constant.

The call-up of the machining graphic is preceded by the selection of the
particular fixed cycie with the required feedrate and spindle speed etc.

Example
Machining in 2

G17
( ) +(Y)‘ ’

XY

X2 Y2

® O
® ® @

Xg Yo X5 Y6

| XgYg XgYip Xyt Y11®
ROJORC
0

X3 Y3 XL YL

X7 Y Y8

Call-ups

Gs1 Gs1
G22
M5

TCH

G83 Ga3
G22
M5

TCH

Gs4 Gsq
G22
M5

P1

P1

P1

Vi to

V1 to

V1 to

V4

Ve

V5

3-53
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tool change
preconditions for drilling

cali-up of machining graphic

precond. for deep hole drilling

call-up of machining graphic

precond. for tapping
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FIXED MACHINING CYCLES G8o - G87
Variables V The program variables Vi to V6 are used by the fixed machining cycles.

The fixed cycles use program variables V1 to V8, i.e. the contents of

these parameters are modified by the call-up of a fixed cycle. When calling
a fixed cycle all the relevant parameters must be defined.

The variables must be programmed in one line together with

the G-code for the particular fixed cycle.

Positions Position values in the positioning plane relate to

the active zero point with G0

the previous position with G91 @

The data V1 to V6 for the feed-in axis are indepen ntg)
G90/91 and are marked individually as ’\
abs. = absolute values or 6

inc. = incremental valua@ .

- $pindle Unless otherwise des it@%he particular cycle,
Rotation the main spindle is smg\&s on before the start of

the movement jpiHeBesitioning plane, and it is not
ally after the execution of the cycle.

Safety .
Consideration Al§ed cycles operate with METRIC dimensions internally.
If a fixed cycle is called up in an INCH program the variables
are converted into metric values. After the execution of
the cycle the variables will be processed in the program
as INCH values.

3 -- 54
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DRILLING FAN G81
Definition Drilling,
centering
GO - - > G1 (and vice versa)
Input change-over point V1 mm abs. —
depth of bore V2 mm abs. '
Sequence spindie on

1 positioning axes driveto the  centre of the bore

in rapid; feed- in axis remains at
traversing height

2 feed-in axis drives to V1
change-over to feed

3 feed-in axis drives to V2 in feed

4 retract to V1 in rapid

N9  T0101 &Z tool selection
N10 F500 $250 preconditions

— N11  G81 Vi=42 &75

N12 X125 Y17

N13 X128 Y
N1S G80 Qa%

call-up of cycle G81
and definition of variabies
machining positions

cancellation of cycle

Il FLELN  MEMORY \

i . - //_4 :." ':‘ ': .'.,:;’_
brittis 7 S
— GE] — Vi
---------- &
1
We
L 4 'i/ "
Htl 6Bl Y1=42 ¥2=7.5
. | — ! =1
3-55
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DEFINITION

Input

Sequence

Example

BORING

Boring or end facing with dwell at the
bottom of the bore
change-over point
GO-G1
depth of bore
dwell
retract

Vi mm abs.
V2 mm abs
V3 secs.
V4 =20

V4 =1

GO;
G1

spindle on

1 positioning axes drive to the
centre of the bore in rapid;
feed-in axis remains at traversing height

2 feed-in axis drives to V1;

G82

V1

! _ ~ ‘ rapid

G 82

‘feed

—D—>

change-over to feed
3 feed-in axis drives to V2 in feed

4 dwell at bottom of bore for free-cutting

5 retract to V1 in rapid or feed @@»

N9  To101 6

N10
~—— N11
N12
N13

X75
X90

N19

F500 5250 0@
@82 Vi Lade=-5 va=10 Va=1

tool selection
conditions

call-up of cycle Gg2
machining positions

cancellation of cycle

I oEsFEReReRdeer+ M OFWED EDORY \

—-—f

S
=
ot
Y
™

":’3= uell

+ Faf, lewel
comeeoe- ‘____
e
i:| E 2//;/"
Bering ,///'/_
4
— G — al
¥4=1 ! Retraci 4
in fead Yz
V4=0 ! Retract v o
in rapid
e h] 382 ¥l=42 ¥2=-5 Y3=10 Y4={

L

’ I

\_

]

WWW.DaItonsWagki_n;)c%m
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DEEP HOLE DRILLING Gas
Petinition Deep hole drilling in several feed-in movements with retract

movements to remove swarf.

@4

Input change-over point V1 mm abs.

final depth of bore V2 mm abs.

minimum feed-in V3 mm inc

degression factor V4

first feed-in V5 mm inc.

safety distance V6 mm inc.

5) . -

Sequence spindle on @W \\ {X)

1 positioning axes drive to the

centre of the bore in rapid; 0 |

feed-in axis remains at
traversing height

2 feed-in axis drives to V1;
change-over to feed

3 feed-in axis drives to
depth 1 (V5*1) in feed

4 in rapid to V1 &\

5 backto c@@ﬁ
6in fee&epth 2
S

7 in rapid to V1

8 back to depth 2+ V6

9 infeed todepth 3
V5*(1 +V4+ V42 )

ecl.
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Degression
Factor

Example

— NB&

The degression factor determines the individual feed-in
depths for deep hole drilling. At each stage the
previous feed-in depth is multiplied by the control

with the degression factor in order to establish the next

feed-in depth for the deep hole drilling cycle.

The final depth is approached directly during the
last feed-in movement.
If the chosen degression factor or the remaining
distance would produce a feed-in of less than V3
this is prevented by a corrected input for the feed-in.

N4  TO101

N5  F500 5250 M3

N7 X92 Y17
N8 X888 Y42
N19 G8o

G83 V1=42 V2=10 V3=45 V4=09 V5=1

I
Y

ool selection
conditions
cycle call-up
and definition
of variables
machining
positions

cancellation of cycle

F(F'EH?\F'HH

=&,

g FEEEFREFERFFFES

it RWED  HENORY \

Y3=min. depth
Y4=decr. factor
Ye=safety dist.

¥l

LR
RN

b+l GB3 Y1=42 ¥2=-10 ¥2=4.5 Y4=0,9 V5=15 V&=4

W
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TAPPING G84

Definition Tapping with central feed-in. @ 4

Input change-over point V1 mm abs.
depth of bore
(thread) V2 mm abs.

rotation: M3/M4 V33 inward
M4/M3 V34 outward
feedrate V4 mmy/rev

dwell V5 sec. @%
W

Sequence spindle on, single block
suppressed ¢
’feed

1 positioning axes traverse _ 6

the centre of the bore in
rapid; feed-in axis remains
at traversing height 6

©
g

- I IRTEETY

2 feed-in axis drives to OQ

V1; change-over to fe

3 feed-in axis dri@ epth
V2 at feed@le‘t mined by V4

£ 4 rever pindie rotation;
dwelhat bottom of bore

5 retract to V1 in feed

& spindle stop
single block possible again

3 - 59
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Example
N9  TO101 ool selection
N10 F500 S250 M3 conditions
— N11 G84 V1=40 V2=-10 V3=3 V4=10 V5=5 cali-up of cycle
(G84 and definition
of variables
N12 X16 Ys2 machining
N13 X27 Yas positions
N19 G80 cancellation
of cycle

gﬁlﬁﬁﬂll 3

FREFFEFEEEEENEE | ELJ;R@EI'IUF‘T \
N \J
E {S - *
=3 ) ‘(:\ <
U b,
Tapping ¢ ":A{ff
e A
— GB4
------ o
Y322 or 4 for ¥S= [uweli
spindle M3 or
F4
V4= feed srey >
L THH G5B =40 V2=-106 V¥3=3 V4=19 Y5=5
I

’

J

N |
&

The following functions are activated:

M3 spindle rotation clockwise

M4 spindie rotation counter-ciockwise
Mas single block suppressed

Ma9 single block possible

Note

- Feed conditions active before the call-up of the cycie are stored and

reactivated automatically once the cycle has been completed.

- While G84 is active the reentry functions are not active. 1I \(

- Feedrate 100% is set automatically;

single block is suppressed automnatically (M98).

3-60
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BORING G85
Definition Boring a rough bore with a

boring tool. Oriented spindle stop at the
bottom of the bore with eccentric retract.

Input change-over point Vimmabs. (2)4 | I
depth of bore V2 mm abs.
transverse movement V3 mm inc.
at bottom of bore
\al

OO‘ X

. (\‘
26*' |
Sequence spindle an
$ | I feed
1 positioning axes drive to G 85

the centre of the bore in

rapid; feed-in axis remain Q
at traversing height &\ D~ | ——O—=>

2 feed-in axis dri
change-over to fee

*
3 feed-@ves to
d@ in feed

4 oriented spindle stop, M19
at the bottom of the bore, angle = 0°

/

5 transverse movement of
abscissa axis by distance
V3 (negative axis direction)

6 eccentric retract of the
feed-in axis to V1
Condition If eycle G85 is to be used an encoder is required to
aliow spindle orientation (M19); otherwise an error
message is displayed.

3 - 61
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Example

N9  T0101 tool selection

N10 F500 $250 M3 conditions

——N11 G85 Vi=40 V2=8 V3=3 call-up of cycle G85 and
definition of variables

N12 X59 Y745 . machining positions

N13 X47 Y83

N19 G80 cancellation of cycle

N20

e
< %,

(F'EJEPHH EREYSEETEETET I Y SN ¢ QLQU

HEMGE: ¢

ﬂ E .:{,-ii.‘f-_
.‘ff'
Baring x‘;f’ o
spind. or. P4
— GBS —
Va=retracting
dist. after o
spindle or®\

L n+ &&m:‘w V2=8 v3=3 '
@ | | —

The following functions are activated:

M3  spindie rotation clockwise
F feedrate active before call-up
M19 spindle stop with orientation,
remains active after execution of cycle

T
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THREAD MILLING Gs7
Definition A thread is cut by the helical motion of the tool.
Input change-over point Vi  abs. 24
machining depth V2 abs.
thread diameter V3 abs.
thread pitch/rev. V4
right/left-hand
thread: V5 =2 right
V5 =3 left
Sequence spindle on
1 positioning axes drive

to centre of bore in rapid;
feed-in axis remains at
traversing height

2 feed-in axis drives to V1; @
change-over 1o feed $
3 helical interpotation in 06

feed down to the bottom O Y
of the thread \ A .
N

Q' G

4 tool positioned .@ tfé of bore =
N

. * /] S

5 retractin r. Vi ~ .

N

3-65
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Example
N10 F500 5250 M3 Ti1212 . conditions
—— N11 GB87 V1=42 V2=345 V3=10 V4=0.35 V5=2 call-up for
cycle G87 and
definition of
variables
N12 X44 Y24

N13 X32 Y26
-N19 @G80 @ cancellation
C)O of cycle
N20 .
n
@GRQH T EEEEEERS Q M RUED  MEMORY \
(s _
é:.ll % level '
AL T ©

i f 2ul S
gL 88,
etical adh S

ién
2 v |e— vz —s|
63 ; .

W

L—In G87 Vi=42 ¥2-34.5 V3=10 V4=0.35 V5=2
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Definition

Input

Sequence

REAMING

Gse

Atfter the 1st CYCLE START the reaming bit is sunk into the workpiece
for a short trial feed-in and then retracted to allow measuring.

From the second CYCLE START onwards the tool is driven to the full depth.

change-over point Vi1
machining depth V2
Ist feed-in depth V3
retract height for

measuring V4

spindle on

1 positioning axes drive to the
centre of the bore in rapid;
feed-in axis remains at
traversing height

2 feed-in axis drives to V1:
change-over to feed

3 feed-in axis drives Q
down by V3 1o first feed- O

in depth in feed &\,

4infeed to charZ point

*
5 in rapid t t height

abs.
abs.

inc.

abs.

V1

V4; spi continues to rotate;

program stop, MO is active

diameter of the bore can be
meastred, and the spindle
speed corrected

After 2nd CYCLE START:
6 in rapid to V1
7 in feed to bottom of bore V2
8 in feed to change-over point

3-63
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Example
Ng  Toioi tool selection
N10 F500 S250 M3 conditions
N11 G86 V1=40 V2=10 V3=15 V4=42 call-up of cycle G86
and definition of
variables
Ni2 X97 Y102 i machining positions

N13 X886 Y113

N19 G80 cancellation of cycle

@GRHM J kExaekeskbesrrs M RUED r1E510Ry \
.
HHH 4 4 Ref. level ¢ _ O
i %
. 7 ?
Reaming /
ZRe)

f

\
N

— G686 — 4 Y1

=

v

L Iwt ees v1=4e\§9vs=1s V4242

- =
3@'17@ functions are activated:

feedrate active call-up

S = old, possibly corrected spindle speed

M3

G0, which remains active after the execution of the cycle

-
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DIMENSIONING Goo A ABSOLUTE DIMENSIONS

G91 INCREMENTAL DIMENSIONS

Definition Positions on workpiece contours can be defined with:
G90 absolute dimensions, i.e. all dimensional values relate
io the active program zero point
ot .
G91 incremental dimensions, i.e. all dimensional values relate to the respective
previous positions. it is advisable to use G91 for contours which need
to be machined repeatedly in different places.

Operation (G90/atare modal and exclude one another.
They can be programmed with or without axis information.
The axis displays are not influenced by these functions. @
When G92 Is cancelled G90 becomes active.
Example G90 ‘ progg:) points in
¢ G90 drawing

2 GO X120 ye0 Pl
N3 GI Y20 F300 Pz

— Nt G5 XI5 v15 P3

v 8 e m @fb N5 Gl X80 P4
sateaees { N6 X55 Y25 P5

. % o1y N7 X30 Pé6
> N Y60 p7

‘N9  Xé60 P8

N1O Y50 P9

N1l X80 P10

N12 Y60 . Pl

‘N13 X110 Pi2

+Yh

807
707
60T
507
507
307

207
f.:-"‘n--
I S S S S SRS S S GRS 44

) 1"/ 10 20 30 40 50 60 70 30 90 100 110 120 I30 140 150 160 +X N17 M2

107 v
B 3 $ : } + § t 1 \\" + 1 i } 4 e Ni# G5 Xlzo Y50 P13
W@ 10 20 30 40 50 &0 70@] 100 110 120 130 140 150 160 +X N15 G5 X160 Plg

N16 MZ

Example G91 all piea$;f axis information
relate to the coordinates of

point P1 N1 GS0 X120 Ye0 Pi
Nz GYl
N3 Gl Y-40 F300 P2
N¢ G5 X5 Y-5 P3

L N5 Gl X-35 P4
| N6  X-25 Y10 P5

N7 X-25 P6

N8 Y35 p7

N9 X30 P3

PR 10 Yolo P9

N1I 20 P10

NIZ Y10 P11

NI3 X30 P12

N1 G5 X0 Y-10 P13

N15 X430 Pl4
Nlé G9%0 :
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SETTING POSITION STORES G9o2
Definition G92 is used to assign a new value to the position at which
G92XYZE the axis stands, and to display this value. There is no

axis movement involved.
Go2 By programming G92 without axis values the machine _

coordinates are reactivated.
Example

6@ ; ; ; 5 ; ; : - machine coordinates
MT0 100 200 300 400 500 600 700 800  without/before
' Go2 (XY ZE)
-X +X
-
. . . , \ , ) , @ogram coordinates
¥ T L} \\_*./W T T T T 1] .
-300 -200 -100 0 100 200 300 400 5@ after G92 (XY ZE);
0 programming:
" GS2 X-300
. \Q

Gao2s Setting of upper spindle speed limit. 6
Operation Values can be set for up to 4 axes.

92 can be used in MD! or in tic.
G92 is active only in the bigéRNrFWhich it is programmed.

To cancel G92 no other ns must be programmed
in the same block as‘%

Any values within t@a ut range can be used.
The travel lim @. ermined by the hardware and software
timit swh@a; not affected.

$$
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Programming Go2 X.. Y.. Z.. E.. assign axis values

Ga2 reactivate machine coordinates

Gez2 S.. limit spindie speed

Example +v FO progiram points in
30 "A’\/\—/\/\"‘\’I‘J\‘ Nl GS0 F200 drawing

70 - N2 GlI X140 Y70 Pl
50 ‘N3 G9%2 X0
'50 N4 Gl Y30 P2
N> G5 X-10 v20 P3
0 N6 Gl X-55 Py
30 s N7  X- 0 P53
« P8 P7 Py P3 N3 Pé
10 -139-120 -110-100-90 -su -70 -su ~50 -w -30 =20 -0 4 10 N3 Y20 p7
B " N10\ ¥-100 P8

"10 20 30 40 50 6D 70 80 SO0 10D 110 120 130 140 150 +Xe < ’Gj X-110 Y30 P9

Y70 P10
13 XO

N1l4 G992

N5 M30
Application G92 X 1o E is used to adapt a progr: pi ed with dimensions
G92XtoE from a drawing for a particular cfa osition.

- Comments/ G92 should not be used in c@on with the following:
Restrictions ) \
- active tool radius col tion G41/42
active tool Eengtr@a nsations adress T
*
- active field §i ion G25/26
(G92 re ny field limitation)
In adﬁ the following points must be taken into consideration:

- G92 does not take any active zero shift into account;
when G92 is cancelied G54 ~ G59 are reset as well.

- If while G92 8.. is effective a spindle speed In excess
of the limit is programmed elsewhere in the program
the set max. value will be output with automatic gear range selection.
- When G92 is cancelled (G92 without axis or spindle values) G1 is automatically activated.
- G392 (without axis addresses) sets G27, cancelling any field limitation.
- When a field limitation is set with G25, G26 any zero shift with G92 X .. Y .. is ignored.

-When G92 is cancelled G80 is activated.
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FEEDRATES G94 A feedrate direct

G93  time programming
Go4 Direct specification of feedrate F in mm/min.
This type of feedrate output is acitve on switch-on.

Axis movement is possible with the spindle at standstili.

G94g
Programming  G94 F... = feedrate in mm/min

With or without axis information. Feedrate F programmed
with G94 is modal.

Example Y ‘ program
“'\'\‘f\
100 + =9 B N1 g) X50 Y50 A
. N
/ Nb‘ X200 Y100 F500 B
504

>
A \E&M active on switch-on)
_@\W i 1 1 1 4 |
L} 1 T ¥ Ll ’
50 100 150 200 250 X

G93 Specification of the e@n time for & path section.
The correspoi‘r@drate is calculated by the control.
Possible Complex moveffients involving more than one axis.
applications Sirmuit movement of linear axes and rotary axes.
Paol ontours for which block preparation time is of importance.
Ga3
Programming F... F = execution time in seconds

With or without axis information. The execution time F
programmed with G93 only applies for the block in which it is programmed.

execution of path section

Y ‘ in 10 seconds
Example program
200 4- N1 GO X100 Y150
1 C,,___,,’--*""’0 N2 Ge3  F10
100 N3 Gt X300 Y200
| . N4 Go4
@ W a ; N5 M30
100 200 w0 X
Operation (G93/G94/G95 exclude one another.
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FEEDRATE MM/REV Ga5

Detfinition Programmed feedrates refate to the speed of the main spindle.

The axis movements are derived from the actual spindle speed
and are therefore synchronised with the spindie.
The spindle speed determines the axis feedrate.

Programming G95 F 1.67 Feedrate 1.67 mm/rev appliés.
Example Feedrates of linear axes = mm/rev.
Feedrate of rotary axis = degreesfrev.

Resultant F., = feedrate in mm/min
Feedrate F_
F = feedrate in mm/rev. @
S = spindle speed
S[rpm ] E=—==5 10000 rpm e S
’“’%i - - S - T - u .‘, LK T 3 L :‘g
81
:-.—
T
5=
]

(]

-
& - u:pqmos

. o e e N B SRR R e B B

[

-
(=]

o 2 3 4 S678810 2 3 4 567859 2 3 4 56788W 2 3 4 5678900
. F [mmfrev]

o
o

10 10 100

Example: F = 2 mm/rev. and 8 = 500 rpm produce a resultant
feedrate of 1000 mm/min.

Axis movements in feed only i the main spindle is running!

Note: - Since the feedrate is derived from the actual spindle speed
no axis movements are possible when there is a fault in the main spindle servo loop.
- Spindle speed output in BCD is not permitted.
- With G95 active no S-word is output via the BCD bus.
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AUTOM. CALCULATION OF CUTTING SPEED IN M/MIN G96

Definition The contro! calculates the spindle speed from the data for

cutting speed and tool radius stored in the technology store
of the programmed tool.

Operation With M3 or M4 active, the spindle speed is activated after the
programming of a T-word, G96 and G87 cance! one ancther.

Programming On its own or together with other instructions.

Spindlespeed n = 2—5{";5—}—1"- formuia for calculating the spindle speed
R = tool radius {in tool tabie)
S = cutting speed "
! 1 3 4aevemm AN B s L SRS S B Y.\ D 13 4 gsrese o

»

| e | —i— Jomm

- et el —
e,

4 8 s 7n00m
5 [mimin)

c.lc 10 10 . 00
Example: A cutter radius of 20 mm plus a required cutting
speed of approx. 25 m/min will result in the output
of 200 rpm for the spindie speed.

Usage Before the call-up fo G386 a starting speed can be selected
{with G97). G96 must be cancelled before M5 (G97).

Note It is important for the calculations that the tool radius
is defined in mm in the too! table.
The cutting speed is specified in mm/min.
The tool wear compensation (DR-value in tool table) is not
taken into account in the spindle speed calculation.
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SPINDLE SPEED DIRECT Go7 A

Definition

Programming

Mao

The speed af the main spindle is determined with S directly in rpm.

The spindle speed does not influence any axis movements,

G97 Is active on switch-on.

Go7 no change in the spindie speed

G97 S... new spindle speed S... is activated

Overriding the programmed spindle speed:

G66 overriding is possible via the potentiometer on the manual panel
G63 the override potentiometer is not effective O®

Effect of gear range selection: 0

M40 automatic recognition and outm%\@

M41-44 direct programming of the gear

see also SPINDLE SPEEDS @ﬂera ~ ADRESS 8
GEAR RANGES 6
M-FUNCTIONS

Automatic gear range se@md speed ranges for the individual gear ranges:

autom. § Q
selected

gear
range j —
prssmm——u
g
g - A AB  AC
'@W ; : ; ; : t ; : —

1000 2000 3000 4000 S prog
Selected gear ranges when different speeds are programmed:

A: gear range li
B: gear range lll
C: gear range IV

With speeds at which two gear ranges overlap the lower gear
range (higher motor speed and higher torque) will be output.
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Definition

Programming

Example

Note

SUBPROGRAM END

G9s

G99 designates the end of a subprogram.

(G99 is the instruction to jump back within the program from
which the call-up was made to the position at which the
subprogram was called up.

The next program block will then be executed.

(G99 without any other instructions.

N1

N2 .

N3
N20

N37

N3s .
N3g .

N40

N41

N78 .

N7

G22 P15
G22 P12
G22 P20

M2

NS

L 4

99

$12

N115...
N116 G99

N117 $20
N207...
N208 G99

beginning of main program 5

call-up of subprogram 15 O®

*
call-up of subprojrq@
call-up @rogram 20

&rogram end

>

{there must be M2/M30 between the
main program and the associated subprograms!)

beginning of subprogram 15
end of subprogram 15
beginning of subprograrr; 12
end of subprogram 12
beginning of subprogram 20

end of subprogram 20

The program from which the call-up is made can be a main
program, a subprogram or a cycle.
Maximum nesting depth is 10 {see under G21, G22).
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THREE-DIGIT G-CODES G800 to G869
Definition The control operates with 3-digit G-codes.

The functional content of these codes must be defined by
the machine tool builder or the user himself.

Programming The machining sequence is programmed as a cycle.
Both the standard instructions as well as the
parametric functions can be used to program these cycles.

Application examples:

Machine specific operations such as

delivery and removal of workpieces @

measuring, spot checks
tool inspection 0
punching/nibbling cycles

. \Q‘
control of auxiliary machinery 8&

Simpilification of programming by th yeles for

the firm's own pa@ methods
for the machini ores,
of standarﬁ@ of part families,

for Q(ans, :
fqr theddaptation of the CC 100 to
*
écia! machines.

Cycle Numbers Pro@g Cali-up
and Call-up
cycle G-function
1 G 801
69 G 869
Example A machining cycle written under cycle 45 is called up by G845.
3-75

www.DaltonsWadkin.com



www.DaltonsWadkin.com

PROGRAMMING BOSCHCC100M

G-FUNCTIONS User Handbook
CONTOURCYCLES
G890 to Gses
These 3-digit G-codes calculate positions which might not
be provided on the drawing in all 3 main planes.
®
E
B O
S O
AV -
$ . : Abscissa
The contro! automatically makes the correct allocation of
entered abscissa and ordinate values to the relevant axes,
dependent on the plane selection.
Axis G17 G18 G19
Allocation
abscissa A X Z Y
ordinate 0 Y X Z
Execution Cycles G890 and G891 are pure calculating cycles. The results
obtained by calling them up can then be used in the course

of the part program.
Cycles G892 to G898 process the values by executing the contour.
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Cali-up of Contour Cycles in a Program

Operating Sequence Main mode EDIT

TOOLS ZERO VARIABLES | PROGRAMS |[CYCLES
SHIFTS

--> program call, e. g. [9] [ENTER

COMMAND | NEXT EDIT LOAD SAVE
PAGE

SEARCH R & [MODIFY

GRAPHIC ) SCROLL 4 INSERT

BORING I @%un

CYCLES GYCLES
(CYCLE 3 ELEERESEFEE §H RUED MEMBRY \

Joining

Intersect. 2 points 1 point + Chanfzr
¢ circles 2 angles
208 > |
7 ZNV/
/ 2 y o4
point on tangent point on Intersect.
circle circles line line/line
=T 1T

The required cycle is to be selected with the =—] or
the key and confirmed with :

Once the variables have been defined and the cycle input

confirmed with| ENTER | the contour cycle will be stored
in the program.
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INTERSECTION CIRCLE/CIRCLE G890

Definition ._-‘ This is a pure calculating cycle and will not produce any
axis movement.

Va3

Ordinate {Q

Vo2 P2 vo

MR .1V
&

—
Abscissa (A)

Input G890 @@* G18 | G19
VoD = A | 1st X |z |Y
& Y |X |z

Vol =0 }cemre Q
Vg2 = gt radius O

Vo3 = A }_2nd &\. X {z |y
Vs =0 | ceued Q) Yy |x |z
Va5 = 2nd ’

*

Results After th the contents of the variables are as follows:
iv@cﬁon P1 Va0 = abscissa Va1 = ordinate
intefsection P2 V93 = abscissa Vo4 = ordinate
Position of the intersections, looking from the first
to the second centre of the circle:

P1 lies to the right of the connecting line
P2 lies to the left of the connecting line
Example The calculated points P1/P2 could be used as follows:

N{ GO X80 Y85
N2  G8%0 Vol =75 V91 =00 V92=5 V93=82 V94=100 V85=28.5 cycle call-up
N3 Gi1 F750

N4 X=V90 Y =Va1 aliocation of variables
N5 G2 -
N6 X=Va3 Y=V94 R=VG5 allocation of variables
N7 M30
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INTERSECTION LINE/CIRCLE Ggo1
Definition This is a pure calculating cycle and it will not produce
any axis movement.
A ' @
M Vas ‘
= P2
Vi Va0
o
P1
@ V92
- Va3 / V 96
V94 . \Qo V31
‘ ' nb Y
4 -
@U Abscissa
Input G891 OQ G17} G18| G189
Va0 = A] centre o&\ X z Y
vVal =0 cir : Y X |Z
VaR = radi
Va3 = A \% point X |z |vY
Vo4 = Y X Z
Va5 $ X 12 Y
Vs ="0 @ Y X b
Results After the call-up the talculated values will be stored in
variables as foliows:
intersection P1 Va0 = abscissa Va1 = ordinate
intersection P2 Va3 = abscissa V94 = ordinate
Application The calculated points P1/P2 can be used as follows:

N1 GO Xo YO

N2 G891 Vo0 =40 V91=30 Vo2=15 V33=15 cycle cali-up

V84 =30 V95=100 VI6=45
N3 Gt F750
N4 X=Va0 Y =Vo1 allocation of variables
N5 G2 ;
NE X=Vo3 Y=V@4 R=Vo2 allocation of variables
N7 M30
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ROUNDING CORNERS (3 POINTS) . Gag2

Definition Calculation of positions to round corners with 3 known points.

This cycle calculates the positions and then initiates the
* traversing movement.

Ordinate

@
V90 %
/N

\ r&o il B
Abscissa
Input Ggoz @
@starting point = last pro ed position

O G17 | G18 | Gi9

@Entersecﬁon % = A X z
0 91 = 0 Y

@end © vez=A X
Va3 =0 Y |X |Z

$ Va4 = radius

V85 = 0 = machining up to P2
1 = machining up to end point@

>
N <

N
=<

End Point of The end point of the machining is determined by the input for
Machining Vas. When several contour cycles are linked together the
previous contour cycle must not be machined up to the end point.

Results 1st transition point P1V36 = abscissa V97 = ordinate
2nd transition point P2 V98 = abscissa V99 = ordinate

Example N1 Gi X20 Y20 F100 starting position
Nz G892 Va0 =55 Va1 =60 VR2=100 VG3=30 V84=20 V95=1 cycle call-up
+ variable allocation
N3 X110 Y85
N4  M30

3-80

www.DaltonsWadkin.com



e
& -

www.DaltonsWadkin.com

PROGRAMMING
CONTOUR CYCLES

BOSCHCC 100 M
User Handbook

ROUNDING CORNERS (2 ANGLES)

G893

Definition Calculation of positions to round corners with known angle values.
The cycle caiculates the positions and initiates the traversing movement.
@ ‘
are Va2
5
o
TS \Q‘
0 S
N\ g
6 Abscissa
e
Input starting point@ = las ammed position
“angles ha Va1 = beta
range -180°to + 180°
-, Sign determines direction of rotation
- the abscissa is the reference axis
end poin G17 jG18 |G19
Vo2 = A X Z Y
V33 = 0 Y X Z
V94 = radius for arc
V85: 0 machining up to point P2
1 machining up to end point
End Point of The end point of the machining is determined by the input for
Machining Va5. When several contour cycles are linked together, the

Programming

Restits

previous contour cycle must not be machined up to the end point.

G893 VO0=... V81=... Vo2=... Va3=...

1st transitioh point P1 V96 = abscissa

2nd transition point P2 V98 = abscissa
3-81
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CHAMFERING G894

Definition Calculation of postitions to apply chamfers to straight contour elements.

Input

End Point of
Machining

Results

Example

Ordinate

The cycle calculates the positions and initiates the traversing movement.

€)

- V32 : -

V90 =
V93 \

{‘Awm.w\'

| & g
@ Abscissa
Ggg4

starting point 1 =1 grammed position

intersection &\O G17 | G18] G19
0 Voo = A X Z Y

$ . Va1 =0 Y |X |z

en it 3 Va2 = A X
VO3 =0 Y. | X

™
N <
LN

V94 =length of chamfer
Va5: 0 = machining up to point P2
1 = machining up to end point

The end point of the machining is determined by the input
for VO5. When linking several contour cycles the previous
contour cycle must not be machined up to the end point.

1st transition point P1 V96 = abscissa V97 = ordinate
2nd transition point P2 V98 = abscissa V93 = ordinate

N1 Gi X80 Y5 F1000 starting position
N2  Xs0 last contour point before call-up
N3 G894 Vo0=50 V91 =40 V92=10 VI3=45 V94=10 VO5=1 T
cycle call-up and variable allocation % -
N4  M30
3-82
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Definition

Input

Programming

Results

CALCULATION OF THE END POINT OF AN ARC

G895

Calculation of the end point of an arc, of which only one coardinate is known.

The cycle calculates the position and initiates the traversing

movement if COND. SBP CALL-UP is high.

L )

QOrdinate

V92

Q Va0 (va1=2
N

Gags $ :
stamr@ last programmed position .

end point V80 = A or0-value

V91 = 1: V30 represents abscissa
V81 = 2: VA0 represents ordinate

centre of circle vaz = A

@ Va3 =0

Abscissa

V84 = -+ radius (+) largerfequal 180°
- smalier 180°
V95 =direction of =2:G2
rotation =3:G3
G895 VO0= ... V9i= ... V2= ... V83= ... Vo94=.. . Vo5=.. .

end poirt @ V80 = abscissa V91 = ordinate

The missing coordinate value of the end point is calculated.
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TRANSITION POINT ARC/ARC tangential Gs89s6

Definition The contrel calculates the transition point of two consecutive

arcs with tangential transition and a reversal of the direction of rotation.

The cycle calculates the positions and initiates the traversing movement.

e
2

Ordinate
/0
*

Abscissa (
Input Gage
starting point @ = {ast programmed position
1st centre of circle Vag = A Vat =0
2nd centre of circle Vo4 = A Vo5 =0
end point @ Va2 = A Va3 =0
direction of
ratation Va6 = 2 corresponds to G2/G3
V96 = 3 corresponds to G3/G2
Programming G896 V90=... VOi=... VO2=... V83=... V94=... VO5=... VO6... 7
Results Transition point P1 V97 = abscissa V98 = ordinate

3-84
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CALCULATION OF THE END POINT OF A STRAIGHT LINE G897

Definition Calculation of the end point of a straight line, of which only one coordinate is known.

The cycle calculates the positions and initiates the traversing movement.

Orfdmclfe -
®

@)
%

80 {ver=2)

O -
Abscissa
Input G897 $

— starti&ni @ = last programmed position

angle Va2

I

+ 180

end point ) @ Va0 = A or O-value
Va1 = 1: Va0 represents abscissa vaiue

Va1 = 2: Va0 represents ordinate value
Programming G897 Va0=... Vo91=... V@2=_. .
Results The unknown coordinate of the end point is calculated, after

which the contents of the variables will be as follows:

V80 = abscissa value
/ V91 = ordinate value
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INTERSECTION OF TWO STRAIGHT LINES Gsos

Definition Calculation of the intersection of two straight lines from the entered angle values.

The cycle calculates the positions and initiates the traversing movement.

W
g
R
2
O
Start
-
Ahscissa
G898 Q
Input starting point \sébprogrammed position
end point 0\, = abscissa Va1 = ordinate
angles 92 = alpha V93 beta
$ - input range -180° to + 180° £
$ - sign determines direction of rotation e
- the abscissa is the reference axis

V94 = 0: machining up to P2
= 1. machining up to end point

End Point of The end point of the machining is determined by the input for
Machining V4. When several contour cycles are linked together the
previous contaur cycle miust not be machined up to the end point.

Programming G898 VI0=... VOi=... V92=.. L VO3=... Vi4= |
Results The position of the intermediate point P2 is calculated and

the axes drive to this position; the values are stored
in the following variables:

bien,

V05 = abscissa value
V86 = ordinate value
3-86

www.DaltonsWadkin.com



www.DaltonsWadkin.com

PROGRAMMING BOSCHCC 100 M
CONTOUR CYCLES User Handbook

SURVEY OF FIRMLY ALLOCATED CYCLES

Function Programmed Call-up via
under cycle,
main mode
User i
cycles freely programmable 1-69 G8nn
MTB cycles priority routine 74 interface signal
fast input on
SERVO card
MTB cycle 75 M22 (Q
o MTB cycle 76 " Mt)o
MTB cycl 77 X (ﬁs’
cycle "
NS
allocation of functions 7B " 6 customer keys
for keys F1 to F10 of %
customer keypad
referencing cycle Q@ " soft key selection

Cycles 1 - 69 are availah e by the enduser, unless predetermined by the MTB.
These cycles can be program recurring machining tasks.

A cycle with the @ nn is called up with Genn. Input

variables can begvrittén together with the 3-digit G-code,

for instance:
$6824 Vi=... VI0=... V55=. . (call-up for cycle 24)

Cycies@ - 73 are routines which are used internally by
the control and which have fixed functions. They are not
available for use by the enduser.
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PARAMETRIC FUNCTIONS BOSCHCC 100 M

User Handbook

Range

Applications

Programming

To store

To execute

External
programming

Note

V15 = ATG VX

The following functions are available:
load instructions for numerical values, 125 variables V1 to V88, VA to VZ,
basic arithmetic functions, trigonometric functions, copy instructions,
logic operations, branching, access to NC data.

The user can write his own cycles with parametric functions.

CPC = Customer parametric Cycle

A CPC represents the solution of a problem in principle.

Values such as spindie speed, dimensions, tool no. etc. are kept variable.

Once the parametric program has been produced the only actions necessary for the
execution are to load values for the variables and call up the p$'n.

Production of customer's own cycles for: O

automatic measuring cycles with calibration w&nbe,
5

measuring of the workpiece, and automatic ear compensation
production counters, random sample \Lr

scale factors for similar parts, '

variable programs of all type

During panel input the CPC key i ed before the input of a computing function. This
automatically activates the secdn function ( inscribed at the top) of the dual function keys.

O

During external progra the mnemonic codes used by the control when
printing out para%‘ instructions must be used to writc the program.
a

Example: | iable 5 with the content of variable 2 + value 10— -
Q B = C BRA + [Cor | [BGT
V | CPClI E V 2 CpPC G 1 o) Enter
N
Q BLT = c BRA + COR BGT
Vv 5 CPC E vV 2 cPC G 1 0 START

Ni12 V5 =V2+ 10 ( Note Only whole numbers are accepted)

One program line can contain several computing functions. They will be
executed in the same sequence in which they were written.

Example: V17 =V2*V3 V25 = SINV17 V26 = COS V17
- The programming in each line must be either all conventional or all parametric.
- Parametric functions must always be programmed without space characters,

e.g. ATG VX, in order to avoid syntax errors.
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Program
Pianning

Aims

-FORMS

Memory
Allocation

Program
Planing

Variables

Program
Description

Before starting to produce programs it is advisable to do some general program
planning. This should take the following points into consideration:

- Is a program to be used completsly independently?

- Or is the program to be used in conjunction with other program modules?
if so, with which ones?

- Is the program to be produced as a main program, a subprogram or a cycie?

- Which other programs must/can be stored in the memory at the same time?

O@

- Which variables wili be used?

Simplification of the continuing program administrati
- Rationalized program production

- Problem-free combination of programs k

- Multiple use of program modx@

o

The following forms hel@rogram planning:

- Memory Allocatl

- General P Q Planning

-‘&gram Description

This form shows which programs, cycles, subprograms etc.
are stored in the control together.

This form shows at a glance which variables are used by
which program, and which are still available to be used.

This form can be used when testing programs, by tracking
the meaning and the contents of the variables.

This is an aid for the program user, and it should consist
of at least a top sheet with

- a sketch of inputs/possibly the sequence

- required storage capacity, short functional description
4-2
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MEMORY ALLOCATION
required
hame no. function, sequence storage capacity
program .
assigned -
subprograms
(iocal) _

— ﬁ
Q%Uired

name no. function, sequence Q’ storange capacity

N

program . ék
assigned L $ Z
subprograms
{local) _ f\%
A J

D |

$ required
name $ no. function, sequence . storage capacity

cycle
{giobal)
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ARITHMETIC FUNCTIONS

Addition Vi = V2+V3
V1 = V2+157 *)

Subtraction Vi = V2-V3
Vi = V2-157 *)

Muitiplication V1 = V2«V3
V1 = V2+157 *)

Division V1 = V2/v3
Vi = V2/157 *)

Square root QQQR V2 )

*
>
Definition Arithmetic functions, using the contents of variab! :xQ
direct numerical values. E\%

Programming VN = VM + VP Vi =VN* @ VJ = SQRV1 **)
Example Finding the square roots of a quad%: equation in a program line.
| - — 2 _ with P = V1
X112 =~F Py -q _ve
Q% ; “
V4=V11’2$V = V4a*V4 V3 = V3-V2
V3=8§ V5 = V4 * 1 VX =V5-V3 VY = V5 + V3

VX and VY will contain the solutions after the execution of
the program line.

Seguence The sequence in which the functions are written determines
the sequence in which they are executed.

Note *} For arithmetic and trigonometric functions the numerical
values can be entered directly with max. 3-digit, positive
integer numbers or max. 3-digit negative integer numbers.

**) CPC computing functions (SQR, COS, SIN, ATG) should be

programmed without any space characters only with variables;
numerical values are not permitted.

WWW.DaItor?sWdein.com
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INCREMENT / DECREMENT
increment value INC V1
Decrement value DEC V1
Definition The content of a variable is incremented or decremented by 1.

Programming

Exampie

Integer Number

Definition

Programming

Example

Any digits after the decimat peints are deleted.
INC VN DEC VM

N1 V1=12 V4 =17 V5 =-13

N13 INC Vi INC V4 DEC V5 0

*
L 2

After the execution of N13 the contents iables are as follows:
Vi=13 V4 =2 V5 = .2

A real number can be convertg@he corresponding integet numiber
by performing the [NCREMEI% then the DECREMENT function.

o)
REGISTERING T &\ TIM V4

The tim@g since the start of the program is ioaded into the variable (seconds).

TiM §
$ 1to 99 and from Ato Z.

Ni $5

N2 G911

N3 G1 X1 F250

N4 TIM W registering time for G1-function
storing value in V1,

N5 V2 =50 time {imit 50 seconds;

N6 V3 =V2-vi BGT P5 checking condition and branching;
the program sequence is not
completed untif the time fimit
of 50 seconds is reached; other-
wise a jump is made into SBP 5.

N M2

g

4-8
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VARIABLES (global) L = loaded value
C = constant
Ca = calculated value
{temporary)
function vV vaiue function vV value
G 0
1 1
2 2
3 3
4 4
5 5
6 6
7 74\
8 FaS
g
d
0 XML
1 \p 1
2 _ 6 2
3 3
4 @ 4
5 5
6 (\6 6
7 ‘ 7
8 \\, 8
et 9
R :
1
o i
4 4
5 5
6 6
7 7
8 8
9 9
] 0
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
4-5
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Definition

Programming

_ Example

Execution

User Handbook
LLOAD FUNCTIONS
Load V,; directly with numerical value V1 = 9316
Load V; with content of a variable (copy) V1i=V2 orV1 =V2 + Vi5
Vi=V2-4
Load V; with content of an NC address - Vi=X

The variables to the left of the equal sign are loaded from
the sources written on the right.

_]_ | S(I_ O@Jrce data

o
6‘9 results

i from1to 99 andfromAto 2

Several of these functions can n into the same line.

N1 Vi2=16V3=V5 va.eg

When N1 is carried &{Sﬁe programmed variables are loaded one after the other.

The sequenc@\ich the variables are written determines
i

the orde@f»ce ion.

NG s values which can be lpaded:

address loaded value corresponds to:

XYZE absoiute positions in the active type of dimension

ADR in the machine coordinates or relating to the
1JK zero point set with G982
T T is loaded with 4-digits
Tce oo
iast output tool

last effective compensation

F feedrate in the active type of dimension
as defined by G94 /95 /98
S spindie speed or cutting speed

as defined by Gg6 /97

4-
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Programming

Example

Operation

User Handbook
TRIGONOMETRIC FUNCTIONS
Sine VN = SIN V1
Cosine VN = COS V1
Arc tangent VN = ATG V1

The sine or cosine value of an angle (in degrees) is formed (SIN/COS).

The corresponding angle (in degrees) is formed from the tangent (ATG).

VN =S8SINV1 V0 = COS V2 VP = ATGV3

N1 V10 = 30 VX = COS V10 VY = SIN V18{~\

The sine or cosine of an

Angle values are to
The direct input o

QD
\$$

L 4

\@‘

(\%

an be formed.
via variables.
rical values is not permitted.

4-9
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TOOLS
LOAD TOOL STORE COR=V1i R=V2 L = V3 **)
Definitions The tool store is loaded.

Programming

Definition

Programming

Operation

Example

Example

Note

N1 VN =15 .
N2 COR=VN R=VP DR=VR L=VQ 5§ =VS
VN from 1 to max. 48.

After the execution of N2 tool 15 will be loaded with the data from VP to VS.

COPY TOOL DATA COR = V1 @RR V3 =L *¥)

Variables are copied from the tool store. 0

L 2
L 2
COR=VN VP =R VR = DR voa{qt}?

VN from 1 to max. 48. 2

Values are oniy copied, i.e. the data do not affect the machined path.

N1  Vi2=15 V13"~1 V14 =75
N2 COR = V12R L=Vi4

N

After the exe@ ol 15 is loaded with
=

After the execution of N2 the contents of the variables will be as follows:
V1 = radius V2 = length V3 = tool wear of toocl 25.

*) The input of the toof wear (DR) depends on the radius (R); limit: 10% of radius.
The DR value/ modification is entered as an incremental value.

**) The COR instruction should be programmed in  a single line together with the variables,

N1 = 25 /
@ COR=V4 Vi=R V2=L V3=DR* - S

e
¢ g
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ZERO SHIFTS
Load zero shift (G54 to G59 TREF=Vi X=V2 ¥=V3
Copy zero shift G54 to G59 TRF=G54 Vi=XV2=Y
Copy active zero shift 92 TRF = G92 Vi = XV2 =Y
Copy active pole TRF = G20 VI = XV2=Y
{polar coordinates)
Copy active scaling factor TRF = G36 V1 =XV2=2

Definitions

' Programming

Example

switching G36

The zero shift table is toaded or values are copied from the zero shift table.
The values of the zero shifts and the values of the pole position are copied.
The values of the active scaling factor are copied into V1 for the act

plane, and into V2 for a possible change in scaling factor in jrd axis.
Load zero shift G54 to G59 9
.
N\
N2 TRE=VN X=VP Y=VQ Z =R 8&%
éopy zero shift G54 to G59 |
N2 TRF=G84 VP =X VQ =Y =Z V8 =E

&

Copy pole {the coordinates @ g to the active G20
zero point of the active p copied)

N2 TRF=GZOC 2=Y V3=2 V4=E

Copy zero s@Qﬁ {current difference between commanded
position achine position)
N2 G922 VI=X V2=Y V3=2Z V4=E

N1 Vi =54 V2=100 V3 =200 V4=150 V5 =T70
N2 TRE=V1 X=V2 Y=V3 Z=V4 E=V5
N3 M2

After the execution of N2 the zero shift corresponding to G54 is defined as follows:

X workpiece zero point at coordinate 100
Y workpiece zero point at coordinate 200
Z workpiece zero point at coordinate 150
E workpiece zero point at coordinate 70

4-11
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Definitions

Programming
a jump
indirectly

Programming
a jump
directly

Indirect jump
{0 label

Note on
multiple
branching

User Handbook
UNCONDITIONAL BRANCHING
Jump into subprogram indirect jump BSR V1
direct jump BSR P5
Jump to label indirect jump BRA V1
direct jump BRA P5

Depending on the resuits of caiulations a freely selectable
subprogram can be called up, or a jump can be performed.
Both instructions can also be carried out without condition.
The jump target can therefore either be
P5: direct jump address label 5 ($5) @
or subprogram 5 ($5) O s
Vi indirect jump address 0

label no. = content of V1 or "
subprogram no. = content ofV1’\Q

N1 VN=M \ (b aliocation of value 1o variable

N2 BSR VN call-up of subprogram no. M
6 {content of VN}

N2 BSR P5 OQ call-up of subprogram 5

$
>

N2 BR@ .

&al branching directions BSR can be programmed in one

NC black. The first subprogram call-up the conditions
for which are fulfilled will be carried out. Subsequently
the next block number will be executed.

7

4-12
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CONDITIONAL BRANCHING

in addition to being dependent on signals program branching can
be tied to the following conditions:

- mathematical comparisons
- modal effect of various G/M-functions

- whether or not mirror image is active

SETTING CONDITION REGISTER TST V1

The basis of all types of branching described in the following

text is the status of the @
CONDITION REGISTER (CR). O

After mathematical operations or after “TST" the control wl()

ioad the result into the internal condition register w‘tn,(\o

values of the variables. , l \

TST must be used before the branching, j ariable
on which the branching is to dependii et in the CR.
Programming N10 TST VN 6

Branching operations are, ox.d@rried out correctly i the
result from the precedin \e tion contains the conditions

for the particular b ing.

If, for instance\,$uﬂiplication is carried out inline 5
truction follows, which would set the

and no furt
conditiog ers, the result of this multiplication would

still ect in block 12 of the example on the next page.

General format for programming conditional jumps:

N12 BLE P

Branch HJ branch if
Less or less or
Equal to equalto0to
P nnn jabel nnn

If the jump condition is not fulfilled, the subsequent block
will be executed.

4-13
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Automatic
Loading

Loading via
TST

Programming

CONDITIONAL BRANCHING / CONDITION REGISTER {CR)

The condition register is loaded automatically by operations such
as the basic arithmetic functions.

After the operation it will indicate what the result of the
computation is compared to zero:

EQ = equal zero

NE = notequal zero
GT = greater than zero
LT = lessthan zero

LE = less/equal zero
GE = greater/fequal zero

Not all operations load the condition register automaticab@

Example: A value is copied into V15 from the tool table

*

contained in
gister must be
is defined.

If a branching is to depend on thé
V15 aiter the copying the conditi
set with TST 15 before the d

N12 BLE P27 ﬁiump to label 27, if condition
. “BLE" is fuifilled; otherwise
continue at block 13

.N20 $27 @ jump target

or ( p.

N10 V12 = @1 calcutation of required jump acddress
Nit TST 15, set condition register

Ni2 B 2 jump to address 28 (content of V12) i

condition regarding V15 is fulfilled

ﬂ§$28 ’ jump target

4-14
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CONDITIONAL BRANCHING AFTER MATHEMATICAL COMPARISON
The jump address can be defined by one of two means:

- indicated, as content of a variable V or
- directly, by specifying a label with P.

Conditional branching does not automaticaily set the condition register.

BEQ Branch if EQual to zero BEQ VS
BEQ P1

All digits before and after the

decimal point must be 0 @

BNE Branch if Not Equal to zero BNE V.

' BNE
The jump condition is fulfilled if at . (\‘
least one digit before or after the \&\
decimal point is not equal to zero. ‘ 6
BGT Branch i Greater Than zero $® BGT V5

BGT P1

The condition is fulfiled if the 6
result is a positive number of bo
least one increment. &\

BLT Branchif L ero "BLTVS
BLT P1

The condition igdtlfifled if the
resultisa $ e number of at
least @ ement.

BGE Branch if Greater than or BGE V5
Equal to zero BGE P1

The condition is fufilled if the
resuit is = O or positive.

BLE Branch if Less than or Equal BLE V5
to zero BLE P1

The condition is fulfilled if the
result is = 0 or negative.

Note: If several jump instructions are programmed in one biock the user

must check the corresponding jump addresses.

4-15
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Example JUMP AFTER COMPARISON WITH A VARIABLE VALUE
The X-axis is to traverse to the value calculated for V7.
Condition The traversing movement is to be carried out if the value
in V7 exceeds 10 (content of V5).
If the value is greater the program is to be abandaned by
making a jump onto the program end.
N1 G X100 F500
Ni2 V5 =10 load value for comparison
Ni3 V7 =V3/Vv2 calculatéN\7 from
vari urces
Ni4 V4 =V7-V5 &d ine whether jump
ition is fulfilled
N15 BGT P2 o Qdefine jump condition and
\9 jump target
N16 X = V7 6 carry out movement in X,
(‘ D since content of V7 does
$ not exceed 10
_ 0—7 corresponding jump target
Nz20
Note If the jump c@on in biock 15 is defined as "BGT", the

moverr@ilfbe carried out for V7 vailes of up to 10.000.

$ ntent of 10.001 will produce program stop.

The jump condition "BGE" in block 15 would produce

a program stop for a content of 10.000 and above.

The jump condition "BEQ" in block 15 woutd only produce

a program stop if

V7 was exactly 10.000.

4-16
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table (V1 to V88 and VA to V2Z).

4-21
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User Handbook
Example Variables for a fixed machining cycle are loaded into
the NC by the PLC via the STV function.
N15 V70 =50 V75 =115 loading current variables via
MDI directly into the variable
table or in program by means
of load instruction
N19 GO X=V70 Z = V75 traversing movement
N20 F500 S$250 M3 machining parameters
N21 G81 V1 =35V2 =109 1st boting operation
N22 8TV — NC to interface A18 Data 0
(part program stops) @
f -0 interface to NC: data t)l@r
Ao D V70 .
Aoox Do 75+ 0N
Axx Dxx 7@
e ata 1 - end of data
Q ster, program continues
N23 X=V70 Z=V75 \O next boring position defined
@, by STV; 2nd boring operation
Output BCD output busgzi;ata 0
™ Input BCD input b@ A18 Data 1
Note The functidh is applicable to the complete variable
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CPC SAMPLE PROGRAMS: 1. Ellipse

Task

Sequence

Used
Parameters

Advantages

Programming

Path calculation for an ellipse (centre of ellipse = coordinates 0/0).
The ratio between the to radii is to be 0.4. The program is stored as cycle 65. It is
called up with G865. The ratio should be definable by one single variable.

N1 jump addrress ({iabel 1)

N2,3 calculation of X-coordinate

N4-6 calculation of Y-coordinate

N7 positioning to X/Y coordinates

N8,9 feed-in in Z (ist positioning only)

N10 increment angle until final value is reached

Vi starting angle alpha 0

V2 incrementing angle in alpha 2

V3 radius b @ o
va value for condition O
V5 radius a (larger radius) 25

V8 final angle N Q‘ 360

V6 cosine - -> X-componen %\

v? sine - -> Y-component 6

V10 milling depthinZ 0.5

o

orter than a conventional program, which
r made up of at least 10 arcs. It is also fully
i and the ratio between them (b/a).

The resulting program is consider.
would describe an ellipse as a
flexible with regard to the u

Cycle 65

Nt $1

N2 V6= COSVi
Ve N3 Ve=V6*Vs5

"N4 V7 = SIN V1
| N5 V7 =V7*V5
: N6 V7 =V7*V3
Vi N7 X=V6 Y=V7

Call-up and Example

Note:

V5= 2 X+ N8 Gt

Ng Z=V10
N10O VI =V1 + V2
N11 V4 =V8-W
N12 BGE P1
N13 GO
Ni4 M2

Ni GO 220

N2 GBBS VI=1 V2=8 V3=10 V5 =30 V8=2359 V10 =12

N3 220

N4 M30

Careful selection of the V2 value (incremental angle) makes it possible to achieve
an optimum combination of accuracy and speed. Angle values relate to the circle
with radius a. The corresponding Y-coordinate is modified by radius b (V3)!
The program will work in a counter-clockwise direction.

4.-22
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CPC SAMPLE PROGRAMS: 2. Row of Holes
Definition of the variables
" A
i @. X = V90
| -{f} Y= V9l
. 4
. '@- AX = V92
AY
¢ @ ' ! AY = V93
ra ! -
r - X number of holes = Vo4
Sequence % . @
START . regram construction
A l\ solution)
copy input variables - 6 Né Va0 = Vo0
into working PN\JB Xzi - ggi
variables . -
yes : N4 BEQ Pl
N5 F300 5250 M3
N6 G&@I V1=20 v2=0
N7 82
‘ N& - GO
7 verse to drilling N9 X =V Y =Vsl
3 $ position and drill
.\,/"; - } . .
number of holes N10O DEC V44
-1
N1l BEQ Pl
no
new drilling position gg 32? = 32? * ng
= +
j NI15 §1
$1 N16 G80
fixed cycle off
(G80)
- 17 e
4-23
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CPC SAMPLE PROGRAMS: 3. Bolt Hole Circle
The following requirements need to be provided for:
- variable X/Y position

- variable number of holes
-variable angle related hole distribution

Definition of the Variables

A
&

&
@
B
A\ ;—-‘/\5"6@
& R

> @ @
L vso \xO
—__Y =

T -
Va3 caicul@ntgle value

V35 cal number of holes

V80 si lue for Y

V8 ne value for X

V82 bolt hole circle radius

V83 Y-position

V84 X-position

V85 calculated increase in angle

Va0 position of centre of ¢ircle In X
Va1 position of centre of circlein Y
V92 bolt hole circle diameter
Va3 starting angle
V94 incrementing angle
V85 number of holes
Va6 hole distribution 1 = calculated angle
0 = defined angle (V94)
V97 angle for hole distribution

4-24
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Sequence

transfer increase in
angle

'

set condition
register

cafcutation of
incrementing angte

o

traverse to X/Y
position and drill

v

number of holes

last angle +
Incrementing angle

!

fixed cycle off
(G80)

END

4-25
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Program Construction

{solution)

Nl  F750

N2 V85 = V94
N3 . TST V9s
N4 BEQP3
N5

Né

V&5 =@V95
O

(\

transfer variable %
parameters

N9
N10

N1
N1Z

N13
Nl&

N15

N16

N17

N13
N19
N20
N2l

N22

V33 =V93
V35 =V95

BEQ P1
V82 = V92/2

82
V80 = SINV33 V81 = COSV33

V83 = V82 x V80 V84 = V82 x V3l
V&4 = V&84 + V90 V83 = V&3 + V91

X =V84 Y =V&3

V35 = V35-1

BEQ PI

V33 = V33 + V&5
BRA P2

51

G30

Mz
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OUTSIDE CORNERS
angular variation aipha execution with G68
between 0 and 90°

€ T T T T

execution with G69

angle alpha larger than 90°
and smaller than 180°

programmed contour

steps b

tool radius larger than execution with G582 .

—
-,

f

contour radius ' e

p——

|
e

5-15
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Example 1

WY A

[+ 7%=+

Direct entry into and exit from contour

Tool radius compensation is used {G17 active).
The contour entry and exit movements overlap.
Contents of tool table for TO3: R = 3.256 DR =0.06 L = 175.0 S = 1.75

Program
NI GO X0 YO Z¢
N2 Gl Xé5 Y35 F200
N3 G&1 Y55 TO3
N4 X35
N5 G3 YI5 R20.0
N6 Gl X950
N7 G3 Y35 R20.0

N$ Gl X6
N9 G40 Y@
. N10 M2
Pa.

BHOGOOO Qogrammed path

Example 2

+Y A

10 1

et B o AL\, * corrected path
10 20 30 40 50 60 70 20 90 100 ii0+X l\ contour
Tangential entry into and exit from contour 6

Tool compensations for length and radiu tive).
The max. possible tool diameter corre o the width of the keyway - 1 inc.

)

The compensations are phased in@ndout above the workpiece,
which makes this procedure @e for very limited spaces.

When activating or i compensation only the axis(es)
involved in the radius ensation should be moved.

L 2
In the program W the tool table contains the following

forT10: R BDR=0L=0S=0 .
$ Program
NI GO Z5 M3 TI0

N2 G#2 X70 Y10
N3 Gl Y30 F200
N4 Z-2 F50

N6 G2 X9 YIO0 IS0
N7 GlI X30

N& G2 X30 Y50 130
N9 Gl X9%0

NIO G35 X9 Y1l
..... TR ey NI GL - Z5 F2000

----- * » RN RN NN ‘i:.' [ EAREREEREENE) le YSO

o
F——

3 3 I 1 } fl 1
T T T T T T

10 20 30 40 50 60 70 80\GQ 100 #o+X N13 G40 X381 Y60

Nil& Z100

- . NI15 M30
To cancel the compensation (G40) a movement is required from

7to 8inY positive, or in Y and X positive direction.

Recommended exit via end point such as E, E’, E" efc.; exit

via end point such as N not recommended. Contour might be disturbed.
5-13
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SUPPRESSION

OF CONTOUR

ELEMENTS Not all programmed contour elements can be machined

because of the radius of the used tool.

Programmed contour ' Execution with G68

1. All contour elements are machined.

2. Oz@ment is suppressed, since o

taglradius is larger than contour

Note: If more than one co \séfament can not be machined due to the geometrical data
the control will § he machining and output an error message.

Cancelling Programm rftour Cancelling compensation with different

Compensation $ end points
on Inside $ .

Corners 1. All programmed contour elements
are machined correctly.

E = end point programmed in
conjunction with G40 for
the cancellation of the
radius compensation

5-14
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g

END POINT, CANCELLING THE COMPENSATION

£nd Point The return from the contour to the tool change point is usually
nat made directly, but via an intermediary position (end point).

The choice of a suitable end point helps to avoid damage to the
contour, and the tool length compensation can be phased out
between the end point and tool change point.

The end point should, if possible, allow a tangential exit from

the contour with active radius compensation.

It should be positioned so that there will be no free-cutting

due to a change in direction when driving away from the contour.

-~ End of The last section of the contour should be linear. Otherwise a @
AAAAA 7 Contour shot linear positioning movement (of at least 3 increments)
must be inserted past the end of the contour. C)
* *
Cancelling The canceliation must be made while in a linear , G1,
the G61). In cases where the too! radius is relatively |
Compensation  comparison to the contour radius the black§o
immediately after the cancellation (G40) 0 describe a linear movement.

With regard to the choice of the en the same applies

as for the choice of the starting @ principle (see contour entry).
The optimum exit moveme irect extension of the last
contour section (in analog arting point 1}.

Starting and end poin
A joint starting and en

Referencing isuot possible until tool radius compensation has been cancelled

Cancelling Even wh'é$orking within a restricted space the radius compensation
Compensation  must be cancelled in conjunction with a positioning movement, which

for Inside must at least equal the tool radius.

Contours To keep the required space to a minimum one of two methods should be used:

- continue in the direct extension of the last movement, or
- move to a position which lies on the same side on which the
radius compensation was active, i.e. the right side with G42.

The recommended programming sequence is as follows (G17/G41 active):

- last contour machining {for instance with G2)
- tangential exit from the contour in G1 (program X/Y only}
- retract Z-axis with G1 (program Z on its own)
- G40 with X/Y movement as an extension of the last movement (program only X/Y)
- TOO with Z-movement {program Z on its own)
- program end
5-11

www.DaltonsWadkin.com



www.DaltonsWadkin.com

TECHNOLOGY BOSCHCC 100 M

PROGRAMMING

User Handbook

SPECIALCASES -TOOLCOMPENSATION
CHANGE OF COMPENSATION
There should preferably be no compensation val_ues active when selecting a new tool.
Any active compensation can only be changed for a new block within the contour description.
The interpolation mode in the block in which the change is programmed and in the following

biock must be linear.

The new compensation value will not be activated until a positioning instruction
is carried out in the axis{es) which the compensation applies to.

Example: G41 X5 Y7 T02 (XY plane) @
Thg new compensation value is phased in gradually to b ully effective at the end of the
first block in which the relevant axes carry out a movem

*
L 2

SWITCHING BETWEEN G41 and G42 N\
Switching from G41 to G42 and vice v s@ d preferably take
place without radius compensatio@ ive.

hing between G41 and G42 is only

possible during linear interp
The control will genera%ig

be taken into accoun%

usting movemnent which must
the programming!

— A contour
R programmed path
[, cutter centre path

‘\ M\
p B, F. P Py
Tl \ ﬂ\% N \\‘ spare required for
\\\¥\ ) \\ adjusting movement

[}

For instance: Section PO - -> P1 can be extended to P1', and similarly P2 - -> P3 can be
started at P2’, in order to achieve a smooth change-over movement,

In some cases it might be necessary to cancel compensations via
G40, program intermediary positions, and make a new compensation
call-up with G41/G42. The minimum length of path sections with
which a compensation can be called up or cancelled is 3 increments,

5-12
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| 1 ENTRY INTO CONTOUR FROM DIFFERENT STARTING POINTS
51 |
______ —_— 52 T —
B >~ >~k T
O] - \ @ e
\ ' \
£ E +

L 4

contour orbidden area()

programmed path . }&
----- cutter centre path sene auxil% ement

ge by the control

S1-54 The compensation value is phased in fr %ﬁing point to

P1 in a linear movement. The contour j machined at all

points and there is no damage to t %tour.
51 Cleanest contour entry through ntial approach movement.
82 Good contour entry; starti int can also be used as end point.
S3 Lowest possible starti without collision, considering contour section@— . >®.
sS4 Free-cutting at @ duent a change in direction!

L 2

| Example with S2 as starting@@ point incl. tool compensation
S

S

E\\\
N1 GO Z-10 Tot
N2 Gt X-20 Y20 F200
N3 G4 X0 Yo S500 M3
N4  X20
N5 G2 Y-20 R10
Ng Gt X10
N7 X0 Yo

N8 Gao X-20 Y20
N9  Z300 TOO
N10 M2

5-7
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CONTOUR TRANSITIONS WITH Gé8s (AUXILIARY ARC)
The following examples show how the tool compensation works on
corners, by the generation of auxiliary arcs (outside corners)

and the calculation of the angie bisector (inside corners).

Transitions between linear path sections

=]

t = tangential .... arc generated automatically by the control
u = discontinuous

5-8

www.DaltonsWadkin.com



e

www.DaltonsWadkin.com

TECHNOLOGY BOSCHCC 100 M
PROGRAMMING User Handbook

CONTOUR TRANSITIONS WITH G6&9 (INTERSECTICON)

Programming Execution
angular variation 0 to 80°

angular variation 0 to 90°

angular variatio@ﬁ 80°

N

. .. movement generated automatically by the control

5-9
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EXAMPLES

G41 on outside  Contour programming with tool radius compensation to the left
contour of the workpiece and phasing out of the compensation at the
end of the machining.

The tool radius compensation value was stored in the technology table as the R-value.
(in this exampleforT1: R =25 DR =0.05 L =2500 S = 25.0)

programmed path {workpiece contour)
------- corrected path (cutter centre path)

G0 X125 Y90
Gi F200
+Yh 341 X125 Y860 To1
01 5 Y40
01 Oxao
60 5 X75 Y25
50+ G1 Y 20
30 1 X25
Y60
30 1 X45 Y80
20 + X70
101 T e G3 X100 Ri5
= N14 Gt X125 Y60
¥ } + + + + + ¥ + + + =+ t s
10 20 30 40 SO 60 70 80 90 1 @\m 130 180 150 +x Ni5 Y50
\ N16 G40 Y20
N17 M2
GA42 on inside Contour progra ith cutter path compensation {o the right of the
contour workpiece and phaging out of the compensation at the end of the machining.

(in this exa orT3:R =325 DR=006 L=1750 S = 17.5)

The tow@us compensation value was stored in the technology table as the R-vaiue.

N1 GO X95 Y50
N2 G42 T03  F300
N3 Gt X115 Y50
N4 G5 X130 Y35
N5 Gt Y20
N6 X55
N7 Y30
N8 Gi Y20
N9 G5 X25 Y45
N10 G1 Y70
N11 X40
N12 G3 X70 Ri5
N13 G1 X100 Y80
+ t t + t t + + + + i + + + R ) N14 X140
10 20 30 %0 50 60 70 80 90 100 110 120 130 140 150 +X N15 Y60
N16 X115
N17 Y50
N18 G40 Y35
5-10 N19 M2
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TOOL RADIUS COMPENSATION Ga0/41/42
Definition The radius compensation converts the contour refated part

program into a cutter centre path {equidistant).

The equidistant runs parallel to the programmed contour at
a distance which corresponds to the active cutter radius.
The side at which the equidistant runs with respect to

the programmed path is determined with G41/G42,

Treatment of The control calculates
Carners
- intersections at inside corners and
- auxiliary arcs at outside corners {G68) or also
- intersections at outside corners (G69)
Whether G68 or G69 is active on switch-on is @
O

determined by M-parameter. C)

Feedrates F Feedrate values modal and, when relating to the mash ¢
of the part contour, apply \ l
-to the cutting point (G64) or @é
- 10 the cutter centre path {G65)
Cutting The cutting speed can be determi irectly by
Speed
- the determination of a fix@e speed for a given tool radius (G97 + S-word).

Alternatively, autom g direct definition is possible via
- G96 with the S-warddn the technology store.

Cutter Radius $

R positive R is st the tool table and represents the cutter radius
relevant for the program execution.

R=0 R can be set to 0 if, for instance due to extreme speed
requirements, the part Is programimed by describing the tool centre path.
The program is then executed without any path compensation.

Tool Wear Additive, small compensation for the nominal tool radius,
DR which, for instance, takes into account the regrinding of the tool.

If DR is programmed without sign this corresponds to an
increase in the effective tool radius.

Detalied description of the functioning of the

TOOL COMPENSATION in the relevant chapter.

5-5
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Starting
Point

Beginning of
Contour

Compensation
Call-up

Sample
Contour

- without
Compensation
Call-up

Phasing in
the Radius
Compensation

STARTING POINT, BEGINNING OF CONTOUR

In many cases it is not possible to drive directly onto the contour from
the toof change point; usually it is necessary to position to an intermediary
position (starting point).

The choice of a suitable starting point helps to avoid damage to the
contour. The compensations are phased in during the movement

onto this point.

If possible the starting point should allow a tangential approach
to the contour, but at least it should be positioned so that
there will be no reversal of the direction of any axis at

the first contour point {free-cutting).

A linear workpiece edge should be chosen, otherwise an O
intermediary linear movement (of at least 3 increments)

Compensation call-up must be made while
G1, G61). The block following directly after
G41, G42) should also be linear.

P4

F

N

L 4

O
>

9208

P3

N1
N2
N3
N4
N5
N6
N7

G1
X0

" X20
G2
G1
X0
M2

t be made.

inal E&ode {GO,
Srew

N

Call-up of a compensation with positioning of the axis {es) in
which the compensation is active:

Example:

positioning in £ for call-up of T

position in XY for G41, G42

Z10 F100
YO0

F200

Y-20 R10
X10

YO0

{XY plane)

{XY plane)

When a radius compensation is called up the control phases
in the relevant value in a linear traversing movement. The
equidistant starts vertically above the beginning of the

first path section for which the compensation is to apply.

5-6
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TOOL LENGTH COMPENSATION ADDRESS T

The tool length is taken into account when the T-word is called up.
The effect of T is restricted to the tool length compensation.
Tool length compensation can be used in all machining modes.

General T XX XX .
Format ' L tool number, physical, for output
compensation group for internal computations
Allocation Compensation group and output tool number can be freely combined in the call-upfor T.
Examples T can be programmed with 2 or 4 digits.
T00 tool length compensation and path compens re
cancelled; no output 0
T12 compensation group 12 is se[ected
no output of number N\ l
T..02 tool number 2 is out b
tool length compen@ ains unchanged
T0812 compensation is selected,;
tool nurnbe Q
Ti212 comp \on group 12 is selected;
t number is output -
Effect The first two di@e’hind the T (Txx) always effect the tool compensation call-up.

The 3rd ﬁ digits specify the tool number and are output at the interface,
if they a grammed. The tool length L, which is stored in the tool table,

is incorporated according to the sign into the values for the axis, in which

the tool length compensation applies.

The compensation value takes effact
- immediately for the axis display
- for the path once the relevant axis is programmed.

Examples T + Z programmed separately T and Z programmed together
N2 T08 corrected display N2 Tog8 Z50immediate phasing in of
for Z-axis the compensation in Z-axis
N3  Z50 phasing in of tool movement + corrected axis
length compensation display
Note When a tool number is programmed with 4 digits the last two
are displayed in automatic mode to show the active too! number.
5-3
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TOOL LENGTH COMPENSATION ADDRESS T

Call-up The tool tength compensation is phased in and out during a movement in a

linear mode. The feed-in axis is to be programmed on its own.

Allocation Plang tool length is compensated for in
G17 (*Y) pd
G18 (27X} Y
G19 (Y/Z) X

There are basically two situations in which the tool length compensation is used:
Programming without consideration of the too! length.

In this instance the effective length of the tool needs to b@@d in the tool table.

The compensation value corresponds to the distan ¢

between spindle nose and the tip of the tool. _«, l\

Example; G1 Z50 F100 T08 '
complete Content of tool iength 8 = 100
tool length The Z-axis will position to -50 + 1 0

Programming with referean zero tool

When using this origir@éh,’ tool compensation valueL = 0is
applied. lf a new y shorter or longer, the difference
Lact. - L orig ntered into the compensation store.

Example: G1 25 0 T08
difference Tool taken into account by the program: = 100 mm.
in tool ActuaNength of tool 8 = 90 mm.
lengths Tool length compensation in Z-axis.
Plane G17 (X/Y).

Z will position to 40.

drili too short drill too long
compensation compensation
+zh L-10 L+10

ol ? .

60T /
50'__ - -.E ] W5
. +
ol e @ D 1= prggrammed
<V LIO) - drilling depth
0T SIS 2 = "'compensation
10 20 30 40 50 60 70 B0 S0 100 110 120 130 180 150 160 170 180 4% 3 = "4t compensation

5-4
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R

PROGRAMMING

INTERNAL PROCESSING OF TOOL TECHNOLOGY DATA

When the relevant machining functions are called up the control
automaticafly provides tool compensation according to the tool
data in the technology store;

Tool Geometry G40 to G42 tool radius
T tool length

The compensations for tool length and tool radius and their
cancellation are programmed with separate instructions. Once
called up the compensations remain active as medal functions.
T The relevant compensation group must be defined. @
O

T Tool radius compensation can be further defined by C)

*
(G68/62 behaviour at outside corners. ‘\Q

All compensation data can be input via the keyb&
selection of TOOLS by soft key. @fb

Parametric functions can be used to locations to ool
compensation table data, and co on data can be copied

and applied.
\O

Feedrate The programmed feedrat@rd) is interpreted in different ways:

G94/95 feedra e inm per minute or per revolution
G96/97

with G64  along the programmed contour (cutting point path)
with G65  along the tool centre path

Cutting Speed  With G97  the control forms the spindie speed directly from the
active S-word.
The programmer determines the cutting speed by
programming the appropriate spindle speed.
With G956 the control calculates and outputs the required spindle
speed depending on the S-address (cutting speed), as
defined in the technology store, and the used tool radius

Gear Ranges M41-44 direct selection in the program
M40 selection made automatically by the control
Ty at the beginning of the block

5-1
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TOOL COMPENSATION
Definition The control can convert a part-retated program into & too! path.

When a tool compensation is programmed the control will
automatically take into account the following tool-related
characteristics, which are stored in the technology store:

Tools L length mm
R radius @ mm
DR radius wear rmm
S cutting speed mfsec

number of conB aon groups max. 48

Without Tool The control can carry \program without any modification
Compensation  if the machine ar@ uired machining do not réquire any

adjustment. Th processing time is short.
Geometry, @e speed, output signals, and feedrate take
effect as mmed.

External Tool Thi& applies to programs through which the cutter centre
Compensation  path is described by external calculations.

Any demands regarding values, which are to be determined
indirectly, such as constant cutting speed, usage of

the optimum spindle speed, must be realized through
specific values for M and S for the particular program run.

See also chapter 1 INTERFACES for the transmission conditions.

Compensation  The tool length compensation is called up via T.

Call-up The radius compensation is called up with G41/42.
Cancelling Both toof length and radius compensation are cancelled with T0O.
the Tool G40 cancels the radius compensation alone.

Compensation

5-2
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, PROGRAMMING KEY
r
G-CODES Code Functions Group
o] XYZE Pasitioning in rapid, with a
1 XYZE Linear interpolation at programmed feedrale a
2 R Circular interpolation, clockwise, 2 axes a
3 R Circular interpolation, counter-clockwise, 2 axes a
4 F Dwell in seconds
5 oK Circular interpalation with tangential entry, 2 axes a
B XYZE Linear interpolation in rapid with extended IN POS range a
17 Plane selection X/ . b
18 Plane selection Z/X b
19 Piane selection Y/Z b
20 XY Setfting pole for potar coordinales
21 P Subprogram call-up depending on I/F signal
22 PL Subprogram call-up, uncanditional
23 PL Jumgp to program label depending on I/F signal c
24 P Jump to program labet, unconditional c
- 25 XYZE Field limitation, setting minimum values d
26 XYZE  Field limitation, selting maximum values d

po—

27 XYZE Cancelling field limitation . O d

- Scale factor switching 0 e
Switch on programmable mirroring . e
Switch off programmable miroring ’\ ¢

40 Caneelling toot radius compensation % c
41 i >

88

-3

38

Xt Tool radius compensation {o the Jeft of the path c
42 00 Tool radius compensation to the sight of the pal % c
53 Gancel zero shift f
S41c Switeh on zero shift f

58 XYZE 6

7] XYZE 'in Position® function on Q g
82 XYZE  ‘InPosilion function off O 8
83 Feedrate and spindle \mo 100% h
84 Feadrate applies to anh circular cantours i
65 Feedrate ap 8 teol centre path : i
&6 Feedrate/spi ed can be modified via pol. h
és Auxlii oft sutside comers i
89 Int on outside comers i
%e 74 rencing
i 75 Measuring probe
80 Cancel fixed cycles G81 to G&9 k
&1 v Drilling, centering . k
8z v Baring with dwell k
83 v Deep hole drilling with positioning movements in rapid k
a4 v Tapping with dwell k
L] v Boring with dwell/oriented spindle step k
v Reaming X
87 v Thread milling K

20 XYZE Input in absoluie dimensions

a1 XYZE input in incrementat dimensions 1
a2 XYZE Setting position stores <
s Setting top limit far spindle speed d
93 S Time programming
o4 F Feadrate direct it tnmymin m
85 F Feedrate in mm/rev . m
86 s Autornatic calculation of cutting speed n
) o7 s Disect spindle speed pregramming n
“
} 89 Subprogram end
ol 2000 Customer cycles: call-up vie G-functions
asg with carresponding numbers

Group identifications a to n: Functions of the same group exclude one anolher.
www.DaltonsWadkin.com
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G-CODES 3-digit
Code Function Group
Contour Cycles A
890 V intersection circlefcircle 0
ag1 v intersection line/circle 0
892 V rounding corners (3 points) 0
893 V rounding corners (2 angles) <\\ 0
894 V chamfering QO 0
.
895 V calculation of end point of 0
896 V transition point arc/; I ntla[ 0
B97 V end point of str line 0
898 V intersecti /hne 0

°
>

Machine speclfgodes {cycles)

Code $
Call—&

Function

6-2
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M-CODES system specific functions

Code internal effect

MO program stop after execution of the block

M2 main program end, cycle end

M3/M13 main spindle on CW / coclant on

M4 /M14 main spindie on CCW / coolant on

M5 main spindle stop / coolant off

M6 call-up of the automatic
tool change cycle (cycle 77)

M19 orientation of main spindle to fixed position

M1g(s. ) otientation of main spind!e to programmable
position (degrees)

M21 call-up of MTB cycle 76 @

M22 call-up of MTB cycle 75 O

M30 program end with return to beginning C)
(continuation with Cycle Start) Q‘

M40 automatic gear range selections, I\

Md1-44 selection of fixed gear range

M98 SINGLE BLOCK comm accepted

Mag SINGLE BLOCK com possible,

l.e. the effect of M 9 ncelled

MACHINE SPECIFIC M-FL@S

Code F@fbf
1§ ’
g\

6-3
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Parametric Functions

Instruction Function CR set | Time
Vi =n load a numerical value X

X = Vn, m = Vn execution instruction

m = XYZEIJKADGFRST

V=XV =p transfer active data

p = XYZEIJKADFRST

Vi =V2 + V3 (V1 = Vi + 10) addition X
Vi =V2-V3 (VI =V2-12) subtraction X
Vi = V24 V3 (V1 = V24 10) multiplication d\Q
Vi = V2N3 (Vi = V2/2) division X M

N

V1 =V2 copy E\& X
V1 = SQR V2 squa @ X
INC V1 increment value, delete
"\' its after decimal point X
DEC W1 5@ decrement value, delele
®\ digits after decimat point X
V1 = SIN V2 (degre sine {360° < V2 _s_ 360°) X
V1 = COS V2 (degrees cosine (-360° < V2 < 360%) | X
V1 {degrees} = @2 arc tangent X

BSR V1 @ jump to subprogram

(label 5) with no. V1

BRA V1 (BRA P5) jump to label no. V1 {label 5)
BEQ V1 (BEQ P5) jump to label no. V1,
(label 5} CR =0
BNE V1 (BNE P5) jump to label no. V1,
(tabel 5) if CR=0
BGT V1 (BGT P5) jump to label no. V1,
(label 5) it CR>0
BLT Vi (BLT P5) fump to label no. V1,
(iabel 5) if CR<0
BGE V1 (BGE P5) jump to label no. V1,
(label 5} if CR>0
BLE V1 (BLE P5) jumptolabelno.vi, | 4

(label 5) if CR<0

Note: CR = condition register; time = execution time in ms

6-4
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Instruction Function CR set | Time
COR=V1 R=V2 L=V3 load tool no. V1 with
DR=V4 S8 =V5 (COR = T1) values
COR=T10 Vi=R V2=1L.. copy values from tool
{(COR = T10) no. 10
TRF=V1 X=V2 Y =V3 load zero shift no. V1
Z=V4 E =V5 (TRF = G54) with values
TRF =G54 VI=X V2=Y copy values from the
V3=2Z V4 =E (TRF = G54) (G54 table 6\
J TRF=G20 Vi=X V2=Y.. | copyactive pole .
TST V1 compare V1 with 0. (\ X
set CR accordin I@
TSTG1,TST G, CR = 0if e X
n=0-3,17-19,36,39,53-59,62,63,
65,66,90,93,94,95,97 CR = n active X
TST M41, TST M, N&Q = 0 if M41 active X
Nn=234>51341-44 0 CR = 0 if M, active X
TSTQX, TSTQ, $ CR = 0 if X-axis mirrored X
n=XYZE $ CR = 0Qif ,-axis mirrored X
TST QM CR = 0 if metric dimensions| X
TIM V1 record time from
program start in seconds
POS X (Y.Z,E) axes traverse with
external command
STV updating variables
6-5
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Axis Information
Format: +/- 7 digits, for instance 1.234567 or 123456.7
X - X-axis {mm/inch)
Y - Y-axis {mm/inch)
Z - Z-axis {mm{inch)
E - E-axis {mm/inch/degrees)
I - centre of circle (X-direction) {mm/inch)
J - centre of circle (Y-direction) (mmfinch)
K - centre of circle (Z-direction) (mmfinch)
R - radius (mm/inch)
D - vectorlength (polar coord.) (mm/inch)
A - angle (polar coord.) (degrees)
M-functions / M (0. .99) M-function (M0, 2,3,4,5,6,13,14, 2,40,
Auxiliary 41,42,43,44,98,9 a
Functions predetermin@; al effect)
>
TxxX xx (0. .89) tool numbe& as location number)
T—————(O. A48} comp n group (activates toal
length ¢ tion)
F (0.001.. feedr@te(Mm/min) or (mm/rev)
120000) ;tl\' c)
S (. .999&'4)Q \pindle speed (rpm)
*
Subprograms $ (. jump address or beginning of subprogram
and $
Jumps $0. . .99) SBP number / labe! number (used in call-up)
L (0...99) number of SBP repetitions (used in call-up)
Special (oo ) texts and comments
Characters
N (1...9999) block number
V{i...99and CPC variables
A .2
Control STX - Start of Text (beginning of a data block such as a part program)
Characters
ETX - End of Text (end of a data block, such as a tool table}
EOT - End of Transmission {end of the transmission of one or several
data blocks)
CRLF - Record Separator (separates two records, such as 2 NC blocks).

6-6
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ASCIl - Set of Characters
ASCI Parity 7-B% Code ASCIT Parity 7-Bit Code Meaning of the Character
Charaster Bit Character B
A 0 100G 0Ot NUL Q Q000 000 0
B8 [+} 1000 010 SCH T 00c0 001 starl of header
c 1 1000 011 BTX 1 oooe o10 start of text
D Q 1000 100 ETX ] toca o1t end of text
E 1 1000 101 EOT 1 0000 160 end of transmission
F 1 1000 110 ENQ Q 000 101 enquiry
G 0 1000 111 ACK 0 0002 110 pasitive acknowledgement
H Q 1031 000 BEL 1 Q000 t11 bell
i 1 1001 001 BS 1 Q001 000 back space
J 1 1001010 HT o] 00a1 001 hetizental fabulator
K 0 1061 011 LF [+] 0001 010 {line feed
L 1 1001 190 VT 1 0001 011 verlical tabulator
M [} 1001 101 FF a 0001 100 form feed
N g 1001 110 CR 1 0001 101 carriage return
o 1 100t 111 80 1 0001 110 ahift out
[ o} 1010 000 SI 4] 0ot t11
Q 1 1010 061t DLE 1 0010 Co0
A 1 1010010 DC1 0 D010 001
8 Q 1010011 oc2 ¢} cot0 010
T 1 1019 100 DGa 1 oot1o0 011
U +] 1010 109 DG4 o] 00310 ®controt 4
v ] 1010 110 NAK 1 00 rx negative acknowledge
W 1 1010111 SYN 1 synchio
X 1 1011 000 ETB 0 1AD) end of transmission biock
Y 0 1011 001 CAN [« B 1000 cance!
z o 1011010 EM 1 @ 0011 001 end of mediurm (paper)
suB 1 0011 010 substitute
1] Q110 000 ESC -oott o1l escape (¢ode swilching)
1 0110 0g9 FS 0011 100 file separator
1 110010 Gs 0011 101 group separalar
] D110 011 BS 0011 110 bleck separator
1 0110 180 us 1 0011 111 unit separator
0 0110101 sP O 1 0100 00C space
0 a110 t10 i \\ 0 0100 001
1 0110 111 " 0 0100 010
1 0111 00¢ @ 1 . B100 01t
o 0111 001 o 0100 100
1 0100 101
a 1 1100001 . & 1, 0100 110
b 1 1100010 ' 0 0100 1t1
< 1] 1100 011 ¢ 1100 000
d 1 11001 { [ 0101 000
o a 1100 101 ] 1 191 got
H 0 i1 * 1 0101 010
g 1 1100 11 + ¢} 0101 011
h 1 1101 000 . 1 0101 100
i +] 1101 001 - v] o101 101
i 4 1101 010 - o G101 110
X 1 1101 011 I 1 0101 11t
1 0 101 100 H 4} 0111 019
m 1 1101 101 ; T o111 011
n 1 1101 110 < ] Q111 100
1] +] 1101 111 = 1 o111 101
P 1 1110 000G > 1 0111 110
q o 1110001 T 4] 0111 111
T o 1110010 @ k1 1000 D00
s 1 1110 01t { k] 1011 011
t Q 1110100 A [+] 1011 100
u ] 1110101 ] 1 104% 01
v 1 1110 110 ~ 1 1011 110
W 0 1110119 - 0 1011 111
X ¢} 1111 000 { [} 1111 011
y 1 1191 001 | 1 1111100
T 1 1111 010 1 o 1111101
-~ o 111 110
DEL 1 11t 111
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APPENDIX BOSCHCC 100 M
PROGRAMMING KEY User Handbook

OUTPUT OF ERROR MESSAGES

Definition The CC 100 M will transmit errors recognized internally to
the interface controlier. The error messages are output in
coded form, one digit to indicate the error message group {0-2)
and two further digits to indicate the error number (01 - 88).

Example 039 E axis must be programmed alone

error number 39 - Text: E axis mustb&qogrammed alone

error message group 0 C)O

tor error display displayed with err bers and descriptions.

2. MACHINE Incorrec@s@MDl are displayed

automati with error numbers and
descr S.

3. AUTOMATIC @rect program blocks, which are not
@\ecognized until RUN cperation, cause
program stop and a general error signal.
To obtain information about the type of
$ ¢ error you need to switch into INFO mode;

$ there the error number and the description
$ wili be displayed. :

*
*
Soft key operation 1. EDIT Incorrect program%& automatically

6-8
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APPENDIX BOSCH CC 100 M
OUTPUT OF ERROR MESSAGES User Handbook
Error message group 0: A14 B0
Data Meaning
1 syntax error
2 syntax error
3
4 system error H-Size overflow
5 system error N-H-Size overflow
6 system error L-H-Size overflow
7 system error R-Size overflow
8 system error D-8ize overflow
9
10 repetition (L} without subroutine call
11 cutter comp. programmed without tool
12 this G code must be alone in block
S 13 this G/M code is not allowed with TEACH IN or &;0
14 max. 3 axes or A, D allowed
15 R orl, J, K not allowed N Q‘
16 max. 2 axes out X, Y, Z allowed \P
17 TIM, COR, or TRF must be alone in @
18 max. 4 axes with value allowe %
19 max. 4 without value allowe
20 max. 2 axes out of X, Y, A, D allowed
21 enter Dwell time (F) %
22 unadmissible G nu Q
23 enter S withou%
24 value too large
25 with D, F 9 ero not allowed
26 repetition‘'g¥address not allowed
27 mq@o’ordinates out of {, J, K allowed
28 \ga ius programmed with polar coordinates
o 29 $ . 2 axes with polar coordinates (A, D)
30 max. 3axes Rori, J4, K
31 enter jump target (P)
32 jump target (P} allowed with G21/22/23/24
33 G code required with P or L
34 axis without vaiue not allowed
35 only integer value
36 this M code must be alone in block
37 test not allowed
38 unadmissible tool number
39 E axis must be programmed alone
40 input range 1 to 127
41 with G 86, S value not allowed
42 with G 92, S value not allowed
43 max. 4 axes or A, D allowed
3 44 axis value not allowed
45 max. 2 digits with $,P,L or M
6-9
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APPENDIX BOSCH CC 100 M
OUTPUT OF ERROR MESSAGES User Handbook

Error message group 0: Al4 DO

Data Meaning

46 only 2 or 4 digits with T

47 too many digits

48 max. 1 axis with value allowed

49 max. 4 digits with 8

50 sign. not allowed

51 input range 0.001to 5

52 enter value

53 Y(es) or N(o) required

54

55 input range 0 to 999

56 input range 1 to 720

57 input range 0to 4 @

58 input range 0 to 20000 O

59 input range 0 to 50000 C)

60 input range 0 to 90000 R (\‘
61 input range 1 to 1000 %\

62 input range -999910 9999 6

input range 0 to 100 @

input range 0 to 3
input range 0 to 359.

inputrange Qto 5
input range 1 t@
68 E not allo
69 F not allq%ﬂh GO
70 onl allowed
7 o E@a!lowed
72 $ X, Y, Z, E aliowed
73 &o lyX, Y, Z, E or M, T allowed

74 only X, Y, Z, E or F, 8, M allowed
75 only X,Y, Z, E or S allowed

REERA

76 input range -100 to 100
77 DR value = -10 % to +10 % of R (1 mm or 0.05 i max)
78 input range 1 to 50000
79 with TEACH IN or MDI P, L. not allowed
80 M 19 must be programmed alone or with S
81 incorrect input of variables
82 incorrect variable number
83 input range12 to 48
B4 input range 256 to 32767
85 M 06 must be programmed alone or with tool number
86 input range -10000 to 1 or to 10000
87 input range 0 to 9999
88 address modification must be alone in block
89 message has to start with "("
6-10
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APPENDIX BOSCH CC 100 M
QUTPUT OF ERROR MESSAGES User Handbook

Error message group 1: Ala D1

Data Meaning

1 no previous movement before G5

2 full circle programming not allowed

3 radius vaiue null or missing

4 negative root

5 G code not allowed in automatic mode

6 bad polar radius programmed

7 G985 and M5 or Svalue = Q

8

9 G5 not allowed following GO

10

11 incorrect circle defintion

12 centre coordinates incorrect @

13 programmed radius was rounded O

14 tool radius too large (1)

15 tool radius too large (2) . Q’

16 tool radius too large (3) \9

17 tool radius toc large (5) 6

18 no intersection possible paralle ir%

19 no intersection possible iingé

20 no intersecition possible ci ircle

21 tool radius too large (4 %

22 the circles are not

23 M 30 or M 2 requi

24 jump target not found

25 max. 10 s e levels

26 cycle does i

27 G%@wé subroutine acitve

28 h&;; 30 seen with cutter comp. active

29 $ e not allowed with cutter comp. active

30 ighest spindle speed exeeded

31 1. gear range defined incorrectly

32 M3 or M4 missing

33 gear range unadmissible

34 G99 with subroutine or M2 with cycle

35 no feed programmed with G75/94/95/93

36

37

38

39 input missing

40 rotary axis with circular interpolation

41 Incorrect positioh programmed with E axis

42 cycle end is M2

43 subroutine end is G29

44 preset not allowed with active zero shift

The control will display the messages in clear text.
6-11
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APPENDIX BOSCH CC 100 M
QUTPUT OF ERROR MESSAGES User Handbook

Error message group 1: A14 D1

Data Meaning

45 cycle unadmissible with cutter comp.

46 unadmissible value for G code

47 G code unadmissible with mirror function

48 G code unadmissible with cutter comp.

49

50

51

52 one movement missing for cutter comp.

53

54 block madified or not executed due to cutter comp.

55 max. 2 axesout of X, Y, Z, E or A, D aliowed

56 Va5 must be 0 or 1 @

57 transfer not possible O

58 reentry not allowed with G84 C)

59 probe not triggered . Q‘

60 unadmissible jump target \

61 double definition of axis (polar) \&

62 max. 1 axis with G2/3/5 and rogramming

63 max. 3 axes with G2/3/

64 G0/1/5 and radius or not allowed

65 G2/3 with radius a , K not allowed

no new cutter . with G2/3/5

67 G21/23 wi comp. not allowed

68 cutter ¢ ot allowed without tool number

69 G C%t allowed with G2/3/5

70 n foliowing a zero shift

72 $ not allowed with S value

73 spind. speed calcul. not possible, tool radius = 0 .
74 $ G2 not allowed with G41/42/T

75 G code not allowed with cut. or length comp.
76 new plane not allowed with cutter comp.

77 V85 must equal 2 or 3

78 division by zero

79 coordinates do not comply with active plane
80 no too! active

81 unadmissible tool number

82 unadmissible G number

83 Va1 must equat 1 or 2

84 this zero shift is already active

85 DR value = -10 % to +10 % of R (1 mm or 0.05 i max.)
86 spindle orientation not possible

87 calculation not possible

88 angte range -180 to + 180 deg.

The control will display the messages in clear text.
6-12
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APPENDIX BOSCH CC to0 M
OUTPUT OF ERROR MESSAGES User Handbook
Error message group 2: A14 D2

Data

= = OO N =
- Q

gmmmwmmmmmmmmmmmmmmmmu-—t—t—*—L—*ﬂA
O 0o~ ON 2SO0 0N EREWUN-= OO0 A WLN

Meaning

99 programs exist
memory full

memory too small for jump target table

check sum error
undefined jump target
parity memory
duplication of jump target
69 CYCLES exist

memaory too small to copy
filte protected

uhadmissible file

file already exists
device not ready
parity error

incorrect data format
incorrect baud rate
timeout period expired

TEACH IN
movement not allow,
tmemoty error,

not exist

reference ¢ ciﬁ
interrupti@ with clear block
inch / trl glection incorrect

warning sent by PLC

too many characters for one block

bad value for tool table size

no corresponding file typ96$

ith E, 2 blocks created

ence not allowed with length comp.:
ovement not allowed, 2 blocks created

size of memary changed, memory cleared

no machine reference, send axes to reference

circle calculation not possible

lirnit

6-13
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APPENDIX BOSCH CC 100 M
OUTPUT OF ERROR MESSAGES User Handbook

Data Meaning

41 emergency stop

42 Servo error

43 measuring system: marker missing

44 measuring system: not connected

45 measuring system: pulse is lost

46 measuring system: no feedback

47 bad axes parameters

48 gearbox not OK

49 interpolator stop error

50 axis error

51 code:

52 T(s) @

53 /mn O

54 frev ‘ 0

55 conflict between hardware and softwarQ(,’ stopped

6-14
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e Battery

S

$®

o BEQ/BGE /BGT /BLE/BLT/
@ Block number O
® Block selection &\'

e Boring

# Boring cycles .
s BRA $

e Branchiggeonditinal

® Branthing unconditional
# BSR

e Buifer battery

www.DaltonsWadkin.com

1-5
4-15

2-4

3-61
3-49
4-12
4-13
4-12
4-12
1-5



www.DaltonsWadkin.com

SUBJECTINDEX

BOSCHCC io0 M

User Handbook
c
e Calculation cycles 3-76
¢ Calculation end point - straight line 3-85
¢ Calculation end point - arc 3-83
o Cancelling compensation 3-41 5-11
o Chamfering 3-81
o Change compensation 5-12

® Checksum

¢ Circular interpolation
e Commands

e Component patts

¢ Conditional jump

e Conditional subroutine caft ‘ @

o Condition register

e Contour cycles %
® Control signals @
» Control characte%.

e Copy tool

e Contour transitions

¢ COR @ .

] Co@o nding

¥

e CPC programming

o CP/MEM

# Cursor function

e Cutter centre path

e Cutting path

o Cutting speed

e Cutting speed calculation

¢ Cycles
® Cycles, MTB fixed

www.DaltonsWadkin.com

3-45
3-45
5-1
3-72
2-21 3-2
3-87



www.DaltonsWadkin.com

SUBJECTINDEX BOSCHCC 100 M
User Handbook
D
e Data interfaces 1-5 2-20
e Data interfaces V.24 ) 1-6
e Data interfaces 20 mA 1-6
e Data lines 1-9
o Decrement 4-8
e Deep hole drilling 3-51
¢ Delete 2- 2-14 2-23
,? e DFS hearder 0@
# Dimensional units Cj 3 2-5 2-15
¢ Dimensioning N ¢ 3-67
o Division \p 4-7
e Drilling o 6 3-55
» Drip feeding @ 3-9
@ Dwell time 6 3-27

e Editor 2.4

e Effect of feedrate 3-45

e End point calculations 3-83 3-85
e Entry into contour - 5-7

e Error messages - display 2-2

e Error message listing 6-9

e Error messages - output 6-8

e External VDU monitor 1-5

www.DaltonsWadkin.com



www.DaltonsWadkin.com

SUBJECT INDEX BOSCHCC 100 M
User Handbook
F

e F-address : 3-14

# Feed, linear interpolation 3-21

® Feedrates 3-70 5-1

o Feedrate 100% 3-44

¢ Field limitation 3-36

e File header 3

e Fixed cycles @49, 3-75, 3-87

e Fixed MTB cycles QO 3-87

e Fixed machining cycles o \Q’ 3-49
4-3

e Forms 8&

@ G-functions Q 3-20
e G-code, three dig®\'0 3-75

e Gear rangeQ 3-16
QY
» Header 1-16

www.DaltonsWadkin.com



o, o
g

www.DaltonsWadkin.com

SUBJECTINDEX

BOSCHCC 100 M

User Handbook
I
o |-address 3-22
e increment 4-8
# Information 2-13
@ Inchfmetric switching 2-18
e [n position logic 3-43
e Insert 2-
e Interface V.24
o Interface 20 mA -5
® Interpolation in feed Q’ 3-21
¢ Interpolation in rapid \p 3-20
® Intersection circle / circle 6 3-78
¢ Intersection line / circle @' 3-79
e Intersection line / line 6 3-86
\
e J-address &\O 3-22
e Joining 9® 3-80
& Jump after comparjson 4-16
® Jump congdi 3-34 4-13
sJumpj tions 3-5 3-32 4-12
(™ Jam&ondiﬁonai 3-35 4-12
K
e K-address 3-24
® Keys, programmabile 3-87

www.DaltonsWadkin.com



www.DaltonsWadkin.com

SUBJECTINDEX

BOSCHCC 100 M

User Handbook
L
o L-address 3-32
® Linear interpolation in feed 3-21
e Linear interpolation in rapid 3-20
# Linear interpolation in rapid with
extended in position range 3-28

® Load functions
e Load tool store

' ¢
& M-address %

e Machine

o Machine status display Q@
® Main modes O

e Manual machine %n

e Manual pan %

o Measurin &npm

o Minicass operation
® Mirroring

e Modify

e MTB cycles

e MTB service

& Multiplication

www.DaltonsWadkin.com

1-15
3-39
2-4 2-8
3-87
2-13
4-7



www.DaltonsWadkin.com

SUBJECTINDEX BOSCHCC 100 M
User Handbook
N/O
¢ N-address ) 3-3
o Operating panel 1-3
e Operating panel connection 1-5
e Operating program 1-5
® Operator instruction programming 3-1

e Outside corners

P/Q | 8{‘

@ P-address % 3-31 4-12 4-15
» Pane! ' 1-3

e Part programs 06 2-20 3-2
O

o Plane selection \ 3-28
s Polar coordinates ®\ 3-30
e Position stores Q ' 3-68
e Priority routine . 3-87
e Program h in DFS format 1-19
e Progra code _ 6-1
] Progrﬁng key 6-1
e Program pianning 4-2
e Program production 3-1
o Program transfer . 2-20
e Programs 2-21 3-2

www.DaltonsWadkin.com



www.DaltonsWadkin.com

SUBJECTINDEX BOSCHCC 100 M
User Handbook
R

¢ R-address i 3-23

# Radius compenhsation 3-41 5-2 5-5

& Rapid, linear interpolation 3-20

@ Reaming 3-63

@ Reentry 2-10

e Reference axes = 3-47

® Reference cycle OQ 3-87

e Registering time 0 4-8

® Reset ,\Q‘ 2-13

» Reset conditions E\&

# Rounding corners

@ S-address &\' 3-16
@ Setting a pol ' 3-30
e Setting c;gi register 4-13

[ Settin$ ion stores 3-68
e Si . 4-9
] dle speed 3-72

o Spindle speed 100% 3-44

e Square root 4-7

e Start conditions 2-2

e Status display 2-13

# Subdivision of VDU display 2-2

e Subroutine call ) 3-5 3-33
® Subroutine call, conditional 3-32

e Subroutine end 3-74

o Subtraction 4-7

e Suppression of contour elements 5-14

www.DaltonsWadkin.com




j-To——

www.DaItonsWadkin.

Flexible Automation

Numerische Steuerungen - Computer Numerical Control

Speicherprogrammierbare Steuerungen - Programmable Logic Controliers
Antriebstechnik - Drives
Robotersteuerungen - Robot Controls
SchweiBlsteuerungen - Welding Controls

Automatisierungstechnik - Automation Technology

Bosch Elektronische Steuerungen - Verkaufsorganisation inland
Bosch Electronic Controls - German Sales Organisation

Robert Bosch GmbH - Geschéftsbhereich Industrieausriistung - Produkthereich Industrielle Steuerungselektronik

Berliner StraBe 25 . Postfach 1162 - 64701 Erbach/Odw. - Telefon (06062) 78-0 - Telex 41916-60 rbd - Telefax (06062) 78-428

Robert Bosch GmbH
Abteilung [A/VHR
Postfach 11 0152

30856 Laatzen

Tel. (0511) B606-263
Telex 921163

Telefax (0511} 86 06-419

Bosch Elektronische Steuerungen -

Robert Bosch AG
Geiereckstrale B

A-1110 Wien

Tel. (43-1) 797 22-0

Telex (047) 131638

Telefax (43-1} 79722 7599

EMTS PTY Ltd.

Factory 1, 40 Strong Avenue
Thomastown Victoria 3074
Australia

Tel. (61-3) 4 606800

Telefax (61-3) 4621214

N.V. Robert Bosch S.A.
Henri Genessestr. 1
B~1070 Bruxeles

Tel. (32-2) 5255286
Telex (048) 21582
Telefax (32-2) 5255256

WEG Automagao lida
Rua Joinville, 3000

BR 89256-900 Jaragua do Sul, SC

Tel. (55) (473} 72-2020
Telex 475-247
Telefax (55) (473} 72-4020

Robert Bosch AG
HohlstraBe 188
CH-8021 Ziirich

Tel, (41-1) 2476211
Telex (045) 812255
Telefax {(41-1) 24764 21

Representaciones Tecnicas
Ripoll

Apartado 163
E-Zarauz-Guiptizcoa

Tel. {34-43) 831051

Telex (052) 38762

Telefax {34-43) 133594

Robert Bosch GmbH
Abteilung IA/VKO
Postfach 100543

50445 Koin

Tel. {0221) 48 05-297
Telefax {02 21) 4905-228

Robert Bosch Frang OQ
Département VCI \\

32, Av. Michelet
B.P.170 @»
93404 Sz O Cedex

Tel. {33-1) 4050 7234
Telex {042) 234132
Telef$1 P40102043

ridian Business Park
B-Braunstone/Leicester
Tel. (44-533) 892723
Telex (051) 341254
Telefax (44-533) 892878

@ Bosch Lid.
$ ian South

Novotech Company Ltd.
Novosibirskaja St. 2
GUS 450059 UFA

Tel. (3472} 327455
Telex 162125 ptb su
Telefax (34 72} 331677

Robert Bosch

Industriale Comerciale S.P.A.
Casella Postale 150489

Via M.A. Colonna, 35
{-20149 Milano

Tel. (39-2) 36961

Telex (043} 321506

Telefax (39-2) 3686442

Electronica

Elektra Chambers

44 Mukand Nagar
IND Pune 411037

Tel. 422013

Telex 145-7432 EDM IN

Telefax 91-212 4423539wWw.Daltons\WWgg

Robert Bosch GmbH
Abteilung IA/VSW

Postfach 3002 68 C)
70442 Stuttgart

Tel. {0711) 8934- o
Telefax {07 11) -532

O

ert Bosch GmbH
Abteilung IA/VMU
Postfach 200362
80003 Miinchen
Tel. (089) 5128-284
Telex 522151
Telefax (0 B9} 51 28-205

ufsorganisation Ausland
Bosch Electronic Controls - F% ign Sales Organisation

Robert Bosch B.V.
Industrietechniek
Postbus 8061

NL-1005 AB Amsterdam
Tel. (31-20) 5800247
Telex (044} 12282
Telefax (31-20) 5800882

PIAP

Industrial Research Institute
for Automation and
Measurements

Al. Jenozolimskie 202

PL 02-222 Warsaw

Tel, (48) {22) 238-366
Telex 813-726 Pl

Telefax {48) {22) 238-864

Automationshuset
Robcona AB
Elektrodgatan 1
S-72137 Vaesteraas
Tel. (46-21) 810880
Telex (054) 40442
Telefax (46-21} 810888

Flexible Electronic Systemes

(FTY.) Lid.

P.O. Box 3881
Kempton Park 1620
27, Forge Road

SA-Republic of South Africa

Tel. (27-11) 8757000
Telefax {27-11) 3942085

Robmatic OY

£.0.Box 59

Kamreerintie 6

SF-02771Espoo

Tel. (35-80) 859131

Telex {057) 125316
giﬁﬂ?fﬁ BO) 8591305

Robert Bosch

{South East Asia)

PTE. Ltd

P.O.Box 4

(Thomson Road)
38¢-38d Jalan Pemimpin
SGP-2057 Singapore 20
Tel. (65) 2586511

Telex (0B7) 24062
Telefax (65) 25846 71

Robert Bosch Corp.
Canton Business Park

97 River Road

Collinsville, Ct. 060221231
USA

Tel. (1-203) 6936321

Telex (023) 643830

Telefax (1-203) 6 931739
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Flexible Automation

CNC %» CNC
- Steuerungen fiir Werkzeugm i controls for machine tools
RC D% RC
Robotersteuerungen AN robot controls
SPS » PLC
Speicherprograll igbare Steuerungen programmable logic controllers
Antriebstechnik Drives
Biirsteniose Servo- und Hauptspindelantriebe  brushless servo and main spindle drives
SchweiBltechnik Welding

Steuerungen fir WiderstandsschweiBanlagen  controls for resistance welding

Automatisierungstechnik
DNC - BDE/MDE

Automation Technology
DNC — MDP/QDP
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