Programming Guide 11/2002 Edition

Advanced S| EM ENS

SINUMERIK 840D/840Di/810D







SIEMENS

SINUMERIK 840D/840Di/810D

Advanced

Programming Guide

Valid for

Control Software Version

SINUMERIK 840D

SINUMERIK 840DE (export version)
SINUMERIK 840D powerline
SINUMERIK 840DE powerline

SINUMERIK 840Di

SINUMERIK 840DiE (export version)

SINUMERIK 810D

SINUMERIK 810DE (export version)
SINUMERIK 810D powerline
SINUMERIK 810DE powerline

11.02 Edition

DO WWNNOOOO OO

Flexible NC
Programming

Subprograms, Macros

File and Program
Management

Protection Zones

Special Motion

Commands

Frames

Transformations

Tool Offsets

Path Traversing

Behavior

Motion-Synchronous

Action

Oscillation

Punching and Nibbling

Additional Functions

User Stock Removal

Programs

Tables

Appendix

10

11

12

13

14

15



SINUMERIK® Documentation

Printing history

Brief details of this edition and previous editions are listed below.

The status of each edition is shown by the code in the "Remarks" column.
Status code in the "Remarks" column:

A .... New documentation.
B .... Unrevised reprint with new Order No.
C .... Revised edition with new status.

If factual changes have been made on the page since the last edition, this is indicated by a
new edition coding in the header of that page.

Edition Order No. Comment
02.95 6FC5298-2AB00-0BPO A

04.95 6FC5298-2AB00-0BP1 C

12.95 6FC5298-3AB10-0BPO C

03.96 6FC5298-3AB10-0BP1 C

08.97 6FC5298-4AB10-0BPO C

12.97 6FC5298-4AB10-0BP1 C

12.98 6FC5298-5AB10-0BPO C

08.99 6FC5298-5AB10-0BP1 C

04.00 6FC5298-5AB10-0BP2 C

10.00 6FC5298-6AB10-0BPO C

09.01 6FC5298-6AB10-0BP1 C

11.02 6FC5298-6AB10-0BP2 C

This manual is included in the documentation on CD-ROM (DOCONCD)
Edition Order No. Comment
11.02 6FC5298-6CA00-0BG2 C
Trademarks

SIMATIC®, SIMATIC HMI®, SIMATIC NET®, SIROTEC®, SINUMERIK® and SIMODRIVE® are registered
trademarks of Siemens AG. The other designations in this publication may also be trademarks, the use of
which by third parties may constitute copyright violation.

Further information is available on the Internet under: Other functions not described in this documentation might be executable in the
http://www.ad.siemens.de/sinumerik control. This does not, however, represent an obligation to supply such functions
with a new control or when servicing.

This publication was produced with WinWord V8.0 We have checked that the contents of this documentation correspond to the
and Designer V7.0. hardware and software described. Nonetheless, differences might exist and we
The reproduction, transmission or use of this document or its contents is not cannot therefore guarantee that they are completely identical. The information
permitted without express written authority. Offenders will be liable for damages.  contained in this document is, however, reviewed regularly and any necessary
All rights, including rights created by patent grant or registration of a utility model changes will be included in the next edition. We welcome suggestions for

or design, are reserved. improvement.
© Siemens AG, 1995-2001. All rights reserved Subject to change without prior notice.
Order No. 6FC5298-6AB10-0BP2 Siemens Aktiengesellschaft

Printed in Germany



m 11.02 Contents m

Contents

Preface 0-14
Flexible NC Programming 1-25
1.1 Variable and arithmetic parameters ... 1-26
1.2 Variable definition...........oooiiiiiii e 1-29
1.3 Array definitiON .....oooo s 1-34
1.4 IndireCt programming .......ccooeieii i 1-40
1.5 ASSIGNIMENTS ...ttt 1-45
1.6 Arithmetic operations and fUNCLONS ............coooiiiiiiiiiii e 1-46
1.7 Comparison and [0giC OPErators ... ueeiiiiiiei e a e 1-48
1.8 Priority Of OPEIratOrS ....cciii i e e e e e e e e e reeeeas 1-53
1.9 POSSIDIE tyPe CONVEISIONS .....ooiiiiiiiiiiii it 1-54
P OIS iy TaTo o] o =T = 1To] o 1= PSPPI 1-55
T.10.T  TYPE CONVEISION ...ttt ittt ettt et e s aabb et e e b e e e e anneeas 1-56
1.10.2 Concatenation Of STHNGS ......cccuiiiiiiie e 1-58
1.10.3  Conversion t0 IOWEI/UPPEr CASE ...ceiieiiiiiiieiiieie e e e e ee e e e e e e e e e e e e ennes 1-59
1.10.4  Length Of the STNG ....eeeiiiiiiieeee e e e e e e e 1-60
1.10.5 Search for character/string in @ StriNg ..o 1-60
1.10.6  Selection of @ SUDSIING.......ccoiiiiiiiiie e 1-62
1.10.7  Selection of a single Character...............oouiiiiiii e 1-63
1.1 CASE INSIIUCHON ...t 1-65
112 CONrOl STTUCTUIES ...t 1-67
I BT = oTe =T 0 eTo o] o 10 =1 i o o RSP 1-72
1.14 Interrupt routine ... 1-77
1.15 Axis transfer, SpindIe tranSTer.........coo i 1-85
1.16 NEWCONF: Setting machine data active (SW 4.3 and higher)..........cccccoiiiiinennnn. 1-90
1.17 WRITE: Write file (SW 4.3 and higher).........cccoiiiiiiiiiiii e 1-91
1.18 DELETE: Delete file (SW 4.3 @and higher).........cccoiiiiiiiiie e 1-93
1.19 READ: Read lines in file (SW 5.2 and higher).........ccoeevee oo 1-94
1.20 ISFILE: File available in user memory NCK (SW 5.2 and higher)..........cccoccoviinieeine. 1-97
1.21 CHECKSUM: Creation of a checksum over an array (SW 5.2 and higher) ................... 1-98

© Siemens AG, 2002. All rights reserved
SINUMERIK 840D/840Di/810D Programming Guide Advanced (PGA) — 11.02 Edition 0-5



m Contents 11.02 m

Subprograms, Macros 2-101
P2 B U L3 g o I =101 o] o] fo e [ = 10 1 =T USROS 2-102
2.2 Subprogram with SAVE MeChaniSM ...........cccuiiiiiieiiiicieeee e 2-104
2.3 Subprograms with parameter transfer......... ... 2-105
2.4 Calling subprograms: L or EXTERN........ccoiiiiiiiiiiie ettt a e 2-109
2.5 Parameterizable subprogram return (SW 6.4 and higher) .........ccccccoiiiiiie 2-113
2.6 Subprogram with program repetition: P.............cooiiiiiiiii s 2-117
2.7 Modal subprogram: MCOALL.........ocuiii i 2-118
2.8 Calling the subprogram indirectly: CALL ...........oooiiiiiiiiiiiiiiiee e 2-119
2.9 Repeating program sections with indirect programming (SW 6.4 and higher).............. 2-120
2.10 Calling up a program in ISO language indirectly: ISOCALL ..........cccovevieeiiiiiiiiiie e, 2-121
211 Calling subprogram with path specification and parameters PCALL ............................ 2-122

2.12 Extending a search path for subprogram calls with CALLPATH (SW 6.4 and higher) 2-123

2.13 Suppress current block display: DISPLOF ... .o 2-125
2.14 Single block suppression: SBLOF, SBLON (SW 4.3 and higher) ...........cccccovveveeiinns 2-126
2.15 Executing external subprogram: EXTCALL (SW 4.2 and higher) ..........cccccoviiiiiienenne 2-132
2.16 Subprogram call with M/T fUNCHON .........cooiiiiiiiiiee e 2-136
217 Cycles: Setting parameters for USEr CYCIES .........cueviiiiiiiiiiiii e 2-138
2,18 Macros. DEFINE...LAS ... .o bbbt ae e 2-142
File and Program Management 3-145
T B O V=T o O PPOPPRPRPRIN 3-146
G T2 (oo =T o o TN 0 0= 0 0] Y75 3-147
TR B U LT o 4 1T o 1 [o PSPPI 3-153
3.4  DefiniNg USEr datal .........uvviiiiiiiii et e e e e e e e e e 3-156
3.5 Defining protection levels for user data (GUD)..........ccooiiiiiiiiiiiiii e 3-160
3.6 Automatic activation of GUDs and MACs (SW 4.4 and higher) ............cccocoviveiieiiinn, 3-162
3.7 Data-specific protection level change for machine and setting data .............c.cccoceeee 3-164
3.71 04 07T 0o 1= TR PRRRR 3-164
3.7.2 UNdOING @ CRANGE ..ottt et e e s e e e 3-165
3.8 Changing attributes of NC language elements (SW 6.4 and higher) .........ccccccceeeenne 3-165
3.9 Structuring instruction SEFORM in the Step editor (SW 6.4 and higher)...................... 3-173

0-6

© Siemens AG, 2002. All rights reserved
SINUMERIK 840D/840Di/810D Programming Guide Advanced (PGA) — 11.02 Edition



Contents m

Protection Zones 4-175
4.1 Defining the protection zones CPROTDEF, NPROTDEF ........ccoooiiiiiiiiiiiieieee. 4-176
4.2  Activating/deactivating protection zones: CPROT, NPROT ........ccccccevivciiiiieee e, 4-180

Special Motion Commands 5-185
5.1 Approaching coded positions, CAC, CIC, CDC, CACP, CACN ........cccooiiiiiiiiiiieeeeen. 5-186
5.2 Splin€ iNterpOlatioN .......ccoi e a e 5-187
5.3 Compressor COMPON/COMPCURV/COMPCAD (SW 6.2) ....cceeiieiienienieeieeieeneenns 5-196
5.4 Polynomial interpolation — POLY, POLYPATH (SW 5 and higher) .......cccccovciveeenennns 5-204
5.5 Settable path reference, SPATH, UPATH (SW 4.3 and higher) .........cccoccciiiiiinnneen. 5-211
5.6 Measurements with touch trigger probe, MEAS, MEAW ..........ccooiiiiiiiiiee e 5-215
5.7 Extended measuring function MEASA, MEAWA, MEAC (SW 4 and higher, option).... 5-218
5.8 Special functions for OEM USEIS..........ueiiiiiiiiiiiiiiiie et e 5-228
5.9 Programmable motion end criterion (SW 5.1 and higher) ..........cccooviiiiinen, 5-229
5.10 Programmable servo parameter block (SW 5.1 and higher) .........c.ccccocviiiiiieeneee 5-232

Frames 6-235
6.1 Coordinate transformation via frame variables ...............ccccooiiii 6-236
6.2 Frame variables/assigning values to frames..........ccccccoociiiiiii i, 6-241
6.3 Coarse/fing OffSEl.......ooo i 6-248
8.4 DRF OffSBE...iiiiiitiiiii e e 6-249
6.5 External zero OffSet ... 6-250
6.6 Programming PRESET offset, PRESETON .........ccccooiiiiiii e 6-251
6.7  Deactivating frames ..........eoiiiiiii e 6-252
6.8 Frame calculation from three measuring points in the area: MEAFRAME .................. 6-253
6.9 NCU-global frames (SW 5 and higher) ... 6-256

6.9.1 Channel-SpecifiCc framMES ........coccuiiiiiie e 6-257
6.9.2 Frames active in the channel ... 6-259

Transformations 7-265

7.1 Three, four and five axis transformation: TRAORI..........ccccoviiriiiiiiiinee e 7-266
7.1.1 Programming tool orientation ... 7-269
7.1.2  Orientation axes reference — ORIWCS, ORIMCS ...........ccooiiiiiiiiiiiinic e 7-274
7.1.3  Singular positions and how to handle them .............ccccoo 7-275
7.1.4  Orientation axes (SW 5.2 and higher) ... 7-276

© Siemens AG, 2002. All rights reserved

SINUMERIK 840D/840Di/810D Programming Guide Advanced (PGA) — 11.02 Edition

0-7



m Contents 11.02 m

7.1.5  Cartesian PTP travel (from SW 5.2) ......ooiiiiiii e 7-279
7.1.6  Online tool length compensation (SW 6.4 and higher) .........ccccccoovciiveeeeeciciieeen. 7-284
7.2 Milling turned parts: TRANSMIT ......ooiiii e 7-287
7.3  Cylinder surface transformation: TRACYL .......cooviiiiiiiiiiiiice e 7-290
7.4 Inclined axis: TRAANG ...t et e abe e e 7-296
741 Inclined axis programming: G05, GO7 (SW 5.3 and higher) ...........ccccccoeeviinineen. 7-300
7.5 Constraints when selecting a transformation ............ccooi 7-302
7.6 Deselect transformation: TRAFOOF ..........ooiiiiiiiiiiiic e 7-304
7.7  Chained transformations ..........cooiiiiiiii 7-305
7.8  Switchable geometry axes, GEOAX ... iiiiiie e 7-308
Tool Offsets 8-313
8.1 OffSEEMEIMOIY .. 8-314
8.2 Language commands for tool management............coccuviiiiiie i 8-316
8.3  Online tool offset PUTFTOCF, PUTFTOC, FTOCON, FTOCOF .......cccoeiiiiiriieee 8-319
8.4  Maintain tool radius compensation at constant level, CUTCONON
(SW 4.aNnd NIGNEr) ... 8-325
8.5  Activate 3D t00] OffSELS.........eiiiiiiiiii 8-328
8.6 TOOl OFENtAtION ... 8-336
8.7 Free assignment of D numbers, cutting edge number CE (SW 5 and higher)............. 8-341
8.7.1 Check D numbers (CHKDNO) ........coiiiiiiiiiiiiiee et 8-342
8.7.2 Renaming D numbers (GETDNO, SETDNO) .......ooiviiiiiiiiiiieeee e 8-343
8.7.3 T numbers for the specified D number (GETACTTD) ....ccooiiieiiiiiieiiiieee e 8-344
8.7.4  Setfinal D numbers to iNValid ..........ccceiiiiiiiiiii 8-345
8.8  Toolholder KINEMALICS ......c.oiiuiiiiiiiiii e 8-346
Path Traversing Behavior 9-351
9.1 Tangential control TANG, TANGON, TANGOF, TANGDEL ........cccccveeveiiiiiieeee e 9-352
9.2  Coupled motion TRAILON, TRAILOF .......ocoiiiiiee et 9-358
9.3  Curve tables, CTABDEF, CTABEND, CTABDEL, CTAB, CTABINV,
CTABSSV, CTABSEV ...ttt ettt e et e e s esee e e eteeseeenaeeseeeanneas 9-362
9.4 Axial leading value coupling, LEADON, LEADOF .........ccvviiiiiiiiiiiieee e 9-375
9.5 Feed characteristic, FNORM, FLIN, FCUB, FPO .......cooiriiiieee e 9-381
9.6  Program run with preprocessing memory, STARTFIFO, STOPFIFO, STOPRE ......... 9-386
9.7 Repositioning on contour, REPOSA, REPOSL, REPOSQ, REPOSH.............cccocveeen. 9-388

© Siemens AG, 2002. All rights reserved
0-8 SINUMERIK 840D/840Di/810D Programming Guide Advanced (PGA) — 11.02 Edition



Contents m

Motion-Synchronous Action 10-393
10.1  Structure, basic iNfOrmMation ............ccoooiiiiiie e 10-395
10.1.1  Programming and command elements...........coooiiioiiiiiiiiiececccc e 10-397
10.1.2  Validity range: Identification number ID ..o, 10-398
10.1.3  VOCADUIAIY WO ... s 10-399
L0 S o 3 - SRS 10-402
10.1.5 Overview of synchronized actionS...........cccueiiieiiiiiciiiiieee e 10-404
10.2 Basic modules for conditions and actions ... 10-406
10.3 Special real-time variables for synchronized actions ............cccccccooeviieiie i, 10-409
10.3.1 Flags/counters SAC_MARKER[N] .....ccouiiiieee et 10-409
10.3.2 Timer variable $AC_TIMER([n], SW 4 and higher............ccccooeievieiieeeeeeeee 10-409
10.3.3 Synchronized action parameters SAC_PARAM[N].........cccveiureoieeeeeeeeee e 10-410
10.3.4 Access to R parameters SRXX .......c..eoouiiicieeiiieece et 10-411
10.3.5 Machine and setting data read/write (SW 4 and higher)...........cccccoiiiiiiniiinnnnnn 10-412
10.3.6  FIFO variable $AC_FIFO1[n] ... $AC_FIFO10[n] (SW 4 and higher).................. 10-413
10.4 Actions within synchronized actions .............cooiiiiiiiiiii e 10-415
10.4.1  Auxiliary functions OUIPUL...........ouviiiiiii e 10-415
10.4.2 Set read-in disable RDISABLE ...........oooiiiiii e 10-416
10.4.3 Cancel preprocessing stop STOPREOF ..........ccccoiiiiiieiicieeieee e 10-417
10.4.4 Deletion of diStanCe-10-g0 .......ccueiiiiiiiiiii 10-418
10.4.5 Delete distance-to-go with preparation, DELDTG, DELDTG ("Axis 1 to x") ........ 10-418
10.4.6 Polynomial definition, FCTDEF, block-synchronized ..............ccccccoiiiiiiiiiiineenn. 10-420
10.4.7  Laser POWEL CONTIOL .......uuueiiiiii e 10-422
10.4.8 Evaluation function SYNFCT ... 10-423
10.4.9 Adaptive control (additiVE).........c.uuveiiiie i 10-424
10.4.10 Adaptive control (MUltipliCative) ...........oooiiiiiiii e 10-425
10.4.11 Clearance control with limited compensation.............cccccce i 10-426
10.4.12 Online tool offset FTOC ... 10-428
10.4.13 PoSitioning MOVEMENTS.....ccoiii e 10-430
10.4.14 Position axis POS ... e 10-432
10.4.15 Start/stop axiS MOV ......cooi oot e e e e e 10-432
10.4.16 AXIAI FEEA FA. .. .ot et e e et e e et e e e 10-433
10.4.17 SW Mt SWITCH....eiiiiie e 10-434
10.4.18 AXiS COOrdINALION........eeiiiiieiie et e e e eea e e 10-434
10.4.19 Set actual ValUE..........eeiiiiiiie e e 10-436
10.4.20 SpIindle MOLIONS .. ...t e e e e e e eeeaeeeas 10-437
10.4.21 Coupled-axis motion TRAILON, TRAILOF ........cccooiiiiiiiiiie e 10-438
10.4.22 Leading value coupling LEADON, LEADOF ........ccooiiiiiiiiiiieiee e 10-439
10.4.23 MEASUIEIMENT ...t e e e e e e e e e s eeeae s 10-441
10.4.24 Set/clear wait marks: SETM, CLEARM (SW 5.2 and higher) ..........cccccovieeennnn. 10-441
T0.4.25 EITOI FESPONSES ...uuuuiiiiieeaieiee e s 10-442
10.4.26 Travel to fixed stop FXS and FOCON/FOCOF ..., 10-442

© Siemens AG, 2002. All rights reserved
SINUMERIK 840D/840Di/810D Programming Guide Advanced (PGA) — 11.02 Edition 0-9



m Contents

10.5 TeChNOIOGY CYCIES .....ociiiiiieiiieee e e 10-445
10.5.1  Lock, unlock, reset: LOCK, UNLOCK, RESET ......cccccoiiiiiiiiiiiieeiiiee e 10-447
10.6 Cancel synchronized action: CANCEL ...........coiiiiiiii e 10-449
10.7 Supplementary CONAItIONS ..........coiiiiiiiiiiie e a e e areeae s 10-450
Oscillation 11-455
11.1 ASyNchronous OSCIllation ...........cooiiiiiiiiiii e 11-456
11.2 Oscillation controlled via Synchronous actions ...........cccocccveeviiiie e 11-463
Punching and Nibbling 12-475
12.1  Activation, deactivation ........... oo 12-476
12.1.1  Language COMMIANGS.........uuuuuuerurererueereeeeeeeeeeeaeeneseerenssnsesssesessrnrssssnssssnnsnsnsssnsnsnnes 12-476
12.1.2  Use Of M COMMEANGAS ...t e e e e e e e e e e e ennes 12-479
12.2 Automatic path segmentation............ccooo oo 12-480
12.2.1 Path segmentation for path @xes ..o 12-481
12.2.2 Path segmentation for Single axes ........cueviiiiiiiiiiiiiiee e 12-482
12.2.3  Programming €XamMPIES .......oc.uuiiiiiiiiiiiiiiie et 12-484
Additional Functions 13-487
13.1 Axis functions AXNAME, SPI, ISAXIS, AXSTRING (SW 6 and higher)..................... 13-489
13.2 Function call ISVAR () (SW 6.3 and higher)..........ccccoiiiiiiiiii e 13-491
13.3 Learn compensation characteristics: QECLRNON, QECLRNOF ..........cccccoeviiinenee 13-493
13.4  Synchronized SPINAIE.........cooiiiiiii i 13-495
13.5 EG: Electronic gear (SW 5 and higher) .........cccoiviiiii i 13-505
13.5.1 Define electronic gear: EGDEF ...........cooiiiiiiiiii e 13-505
13.5.2  Activate eleCtrONiC QEar............uuuuuuuuueiieiiiiiiiiieiiieieieieiereeeeeteeeeeeereeeseeseeeerereressreennes 13-506
13.5.3 Deactivate eleCtroniC gear......... .o 13-510
13.5.4 Delete definition of an electronic gear............cooociiiieii i 13-511
13.5.5 Revolutional feedrate (G95)/electronic gear (SW 5.2) ......c.cooviiiiiiiiiiiiieeeen, 13-511
13.5.6 Response of EG at Power ON, RESET, mode change, block search................. 13-512
13.5.7 The electronic gear's system variables ............ccccoiiiiiii e 13-512
13.6 Extended stopping and retract (SW 5 and higher) .........cccooveeiiiiiiiiiiee e, 13-513
13.6.1  Drive-independent reacCtions ...........ooooeiiiiiioii e 13-514
13.6.2 NC-controlled reactions.............ouiiiiiiiiiiee e 13-515
13.6.3  POSSIbIE trigQer SOUIMCES .....coiiiiiiiiiiiiii et 13-518
13.6.4 Logic gating functions: Source/reaction operation .............cccoccveeeiiiiiiiieiee e, 13-518
13.6.5  ACHVAION ..ot e e e 13-519
13.6.6  Generator operation/DC link backup.........ccccooiiiiiiiiiiiii e 13-519
13.6.7 Drive-independent STOP .......eeiiiiiii e 13-520

0-10

© Siemens AG, 2002. All rights reserved
SINUMERIK 840D/840Di/810D Programming Guide Advanced (PGA) — 11.02 Edition



m 11.02 Contents m

13.6.8 Drive-independent retract ... 13-521
13.6.9 Example: Using the drive-independent reaction ...............ccoooeee e, 13-521
13.7 Link communication (SW 5.2 and higher) ... 13-522
13.8 Axis container (SW 5.2 and higher) ..........ccoooiiiiiiiiiiiie e 13-526
13.9 Program execution time/Workpiece counter (SW 5.2 and higher) .............cccocoeeis 13-528
13.9.1  Program FUNTIMIE ........eeeee s 13-528
13.9.2  WOrKPIECE COUNTET ..ot e e e e e eeeeeeas 13-530
13.10 Interactive window call from parts program, command MMC
(SW 4.4 aNd NIGNET) ....ooiiiiieeecee et e e s snrae e e e enraeaeens 13-532
13.11 Influencing the Motion CONtrol ...........cccvviiiiiii e 13-534
13.11.1 Percentage jerk correction: JERKLIM.........ccooiiiiiiiii e 13-534
13.11.2 Percentage velocity correction: VELOLIM ...........oooooiiiiiiieiiiieeee e 13-535
13.12 Master/SIave GroUPING .........eeiiiiuiiiie ettt e st e e s aabeeee e 13-536
User Stock Removal Programs 14-541
14.1  Supporting functions for StoCK removal.............ccccvviiiiiiiiiice e 14-542
14.2 Contour preparation: CONTPRON..... ... 14-543
14.3 Contour decoding: CONTDCON (SW 5.2 and higher).........ccccceeiiiiiiiieiie e, 14-550
14.4 Intersection of two contour elements: INTERSEC ..., 14-554
14.5 Traversing a contour element from the table: EXECTAB .......ccccccovveciiiiieee e, 14-556
14.6 Calculate circle data: CALCDAT ... e 14-557
Tables 15-559
15.1  List OF INSITUCHIONS.......eiiiiiiiie e e e e ereee e 15-561
15.2 List of system variables ... 15-591
15.2.1 R PAIAMELEIS ... e e e e e e e a e e e an e e 15-591
15.2.2 Channel-specific synchronized action variables ............cccccciiiiiiiiiie 15-591
T5.2.3  FrAmMES 1t 15-5692
15.2.4  Toolholder data............ooiiiiiiii e 15-593
15.2.5 Channel-specific proteCtion ZONES ...........c.ovvieiiiiiiiiiieiee e 15-601
15.2.6  TOOl PAramMELErS........eeiiiiieeiiee e e e e e ee e e 15-603
15.2.7 Cutting edge data OEM USET ........ccooeiiiiiiiiiiiie et 15-609
15.2.8 Monitoring data for tool management ... 15-617
15.2.9 Monitoring data for OEM USEIS .........coooiuiiiiiiie e 15-618
15.2.10 Tool-related data........ .o 15-619
15.2.11 Tool-related grinding data.........cccooeiiiiie e 15-621
15.2.12 Magazine location data ...........ocuiiiiiiiiiiii 15-622
15.2.13 Magazine location data for OEM USEIS.........ccoeeiiiiiiiiiiiiie e 15-623

© Siemens AG, 2002. All rights reserved
SINUMERIK 840D/840Di/810D Programming Guide Advanced (PGA) — 11.02 Edition 0-11



m Contents

15.2.14
15.2.15
15.2.16
15.2.17
15.2.18
15.2.19
15.2.20
15.2.21
15.2.22
15.2.23
15.2.24
15.2.25
15.2.26
15.2.27
15.2.28
15.2.29
15.2.30
15.2.31
15.2.32
15.2.33
15.2.34
15.2.35
15.2.36
15.2.37
15.2.38
15.2.39
15.2.40
15.2.41
15.2.42
15.2.43
15.2.44
15.2.45
15.2.46
15.2.47
15.2.48
15.2.49
15.2.50
15.2.51
15.2.52
15.2.53
15.2.54
15.2.55
15.2.56
15.2.57

Magazine description data for tool management ............ccccociiiiiii e, 15-624
Tool management magazine description data for OEM USers............ccccvveeeeeennn. 15-625
Magazine module parameter ...........cooiiiiiiiiiii e 15-626
Adapter data..........ooovvvviiiiii 15-626
Measuring system compensation Values .............ccceeiiiiieiiiiieie e 15-626
Quadrant error COMPENSALION ........c.ueiiiiiiiiie e 15-627
Interpolatory cCompensation ... 15-629
NCK-specific proteCtion ZONES .........c.c.vvviiiei i 15-630
Cycle parameterization..............eoo i 15-631
SYSIEM AAtA ..o 15-636
= o 1SS 15-636
TOOI ALA ... e 15-638
MAGAZINES ...ttt 15-643
Programmed geometry axiS ValUES..............uuuuuuiriiiieiiiiiiieieieieeeeeeeeeeeeeeeeeeeeeeeeeeeees 15-646
(oo U] o1 S PSP OTPRP 15-647
Programmed VAIUES ...........uviiiieiiiiiiiiieieieieieieteteteteeeeeeeeeeetneeeeesesesesesssenrnssensnsnrnrnnes 15-647
Channel States .. ... 15-651
SYNChroNiZEd ACHONS .....ceeeiiiiiiiiie e e e e eaa e 15-656
1RSSR 15-657
Reading and writing PLC variables ...........cccccooiiiiiiiiiie e 15-657
INCU TINK oottt e s e e e st e e s s e e e e snsa e e e snsseeeesnnsseeesannneeas 15-658
DIr€CE PLC 1O ettt et et e e 15-658
TOOl MANAGEMENT ......eiiiiiiie e e 15-659
B 110 =T < T OO PP PP PPPPPPPP 15-662
Path MmovemMENt ... ..o e 15-663
SPEedS/aCCEIEratioNS ......cccci i 15-665
8T o 1 Lo |1 SRR 15-667
Polynomial values for synchronized actions............ccccccooveiiiiiiiii e 15-670
Channel States ... ... 15-672
MEASUIEIMENT ... e e e s e e e e e e aanes 15-673
POSIHIONS ..ttt e e e e e e e e e e aanes 15-677
[aTo L=y d] e JE= D= TSP 15-679
ENCOAET VAIUES. ...ttt e e e e e e e e e e e e e e ennes 15-679
AXial MEASUIEMENT ... e e 15-680
L0 15T =Y £ RS PRPRRRR 15-681
AXIAl PALNS ..o 15-684
L@ 1T | F=1 i o o 1R 15-685
AXIAI VEIOCIHIES ... 15-685
[ Ao = - PSSP RERR 15-687
AXIS STALUSES ... 15-688
MaSter/SIave IINKS......oooi e e e e e e 15-689
Travel 10 fiXed STOP ....uuviiiiiie e 15-690
=1 T=Tod (o] o1 oo == T U PERR 15-691
I=T=To [ o IRV 2= [FTC T o700 ] o] 11 o TR PPN 15-692

0-12

© Siemens AG, 2002. All rights reserved
SINUMERIK 840D/840Di/810D Programming Guide Advanced (PGA) — 11.02 Edition



m 11.02 Contents m

15.2.58 Synchronized SPINAIE ..........ooiiiiiiii e 15-693
15.2.59 Safety INntegrated..........oooviiiiiie e 15-696
Appendix A-701
N 1 o = S A-702
B Commands, [dentifiers..........occuuiiiiiiiiie e A-719

© Siemens AG, 2002. All rights reserved
SINUMERIK 840D/840Di/810D Programming Guide Advanced (PGA) — 11.02 Edition 0-13



Preface
Structure of documentation

Preface

Overview of documentation

The SINUMERIK documentation is organized in three
parts:

e General Documentation

¢ User Documentation

e Manufacturer/Service Documentation

Target group

This documentation is intended for the programmer.
It provides detailed information for programming the
SINUMERIK 840D/840Di/840Di/810D.

Standard scope

The Programming Guide describes the functionality
included in the standard scope. Extensions or changes
made by the machine tool manufacturer are
documented by the machine tool manufacturer.

You can obtain more detailed information on
publications about SINUMERIK 840D/840Di/810D or
publications that apply to all the SINUMERIK controls
(e.g. universal interface, measurement cycles, etc.),
from your Siemens branch.

Other functions not described in this documentation
might be executable in the control. This does not,
however, represent an obligation to supply such
functions with a new control or when servicing.

0-14
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Validity

This Programming Guide is valid for the following
controls:

SINUMERIK 840D SW6
SINUMERIK 840DE (export version) SW6
SINUMERIK 840Di SW2
SINUMERIK 840DiE (export version) SW2
SINUMERIK 810D SW3
SINUMERIK 810DE (export version) SW3

with operator panel fronts OP 010, OP 010C, OP 010S,
OP 12 or OP 15 (PCU 20 or PCU 50)

SINUMERIK 840D powerline

From 09.2001, the

« SINUMERIK 840D powerline and the

« SINUMERIK 840DE powerline

will be available with improved performance. A list of the
available powerline modules can be found in the
Hardware Reference Manual

/PHD/ in Section 1.1

SINUMERIK 810D powerline

From 12.2001, the

« SINUMERIK 810D powerline and the

e SINUMERIK 810DE powerline

will be available with improved performance. A list of the
available powerline modules can be found in the
Hardware Reference Manual

/PHC/ in Section 1.1

© Siemens AG, 2002. All rights reserved
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Hotline

Internet address

Export version

Should you have any questions, please consult the following Hotline:
A&D Technical Support Tel.: ++49-(0)180-5050-222

Fax: ++49-(0)180-5050-223

E-mail: adsupport@siemens.com

If you have any questions about the documentation (suggestions,
corrections) please send a fax to the following fax address, or e-mail
us:

Fax: ++49-(0)0131-98-2176

E-mail: motioncontrol.docu@erlf.siemens.de
Fax form: see the feedback page at the back of this document.

http://www.ad.siemens.de/sinumerik

The following functions are not available in the export

version:

Function 810DE 840DE
Machining package for 5 axes - -
Transformation package handling (5 axes) - -
Multiple axes interpolation (> 4 axes) - -
Helix interpolation 2D+6 - -
Synchronized actions stage 2 - 0"
Measurement stage 2 - 0"
Adaptive control 0" o"
Continuous dressing o" o"
Use of the compile cycles (OEM) - -
Multidimensional sag compensation o" o"

— Function not available
1) Limited functionality

0-16
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Structure of the descriptions

All cycles and programming options have been
described — where appropriate and possible — according
to the same internal structure. The organization into
different information levels allows you to find the
information you need quickly.

1. At a glance

2 Driling cycles and driling pattems 0396
2.1 Drilling cycles

If you want to look up a seldom used command or the
meaning of a parameter, you can see at a glance how
to program the function together with an explanation of

2.1.2 Drilling, centering — CYCLE8L

=—H Programming
=1l cvaes: (rre,

th d d t RFP, SDI'S, DP)
€ commandas an pa rameters. RTP real Retraction plane (absolute)

RFP real Reference plane (absolute)

so'S el Safety clearance (enter without sign)

3 real Final drilling depth (absolute)

PR real Final drilling depth refative (o reference plane (enter without sign)

This information is always presented at the start of the
page G Function B

The tool drills at the programmed spindie speed and
feedrate to the programmed final drilling depth

Note:

To keep this documentation as compact as possible,
it is not always possible to list all the types of
representation available in the programming S
language for the individual commands and

cycle:
The drilling position is the position in the two axes of

parameters. The commands are therefore always

. . The cycle implements the following motion
dinth text t f tl d eenee
program med in € context mos req uen y used in + Approach of the reference plane brought forward
by the safety clearance with GO
th k h « Travel to the final drilling depth at the feedrate
€ WOrksnop. programmed inthe calingprogram (G1)
+ Retraction to retraction plane with GO

© Siemens AG, 2002. All rights reserved
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2. Detailed explanations

The theory part contains detailed information on the
following:

What is the purpose of the command?

What is the effect of the command?

What is the sequence of command?

What effect do the parameters have?

What else has to be taken into account?

The theory parts are suitable primarily as a guide for
NC beginners. Work through the manual carefully at

least once to gain an overview of the performance
scope and capabilities of your SINUMERIK control.

3. From theory to practice
The programming example shows you how to apply

the commands in the program.

You will find an application example for practically all
the commands after the theory part.

ey e
2.1 Drilling cycles

3 Additional notes

Explanation of parameters
Yo

RFP and RTP S

Generally, the reference plane (RFP) and the
retraction plane (RTP) have different values. In the
cycle itis assumed that the retraction plane lies in
front of the reference plane. The distance between 1 0 s

the retraction plane and the final drilling depth is REP+SDIS
therefore greater than the distance between the B
reference plane and the final driling depth.

oo

SDIs
The safety clearance (SDIS) refers (o the reference S
plane. which is brought forward by the safety
clearance. The direction in which the safety
clearance is active is automatically determined by
the cycle.

DP and DPR
The drillng depth can be defined either absolute
(OP) or relative (DPR) to the reference plane.
Ifitis entered as an absolute value, the value is
waversed directly in the cycle.

It a value is entered both for the DP and the DPR,
the final drilling depth is derived from the DPR. I the
DPR deviates from the absolute depth programmed
via the DP, the message "Depth: Corresponds to
value for relative depth” is output in the dialog line.

2

Driling cycles and driling pattems 08.97
2.1 Drilling cycles

If the values for the reference plane and the
retraction plane are identical, a relative depth must
not be programmed. The error message

61101 "Reference plane incorrectly defined” is
output and the cycle is not executed. This error
message is also output if the retraction plane lies
behind the reference plane, i.e. the distance to the
final drilling depth is smaller

Programming example
Drilling_centering v
You can use this program to make 3 holes using the
drilling cycle CYCLES1, whereby this cycle is called el
with different parameter settings. The driling axisis |50 Y
always the Z axis. N
N
00

|

0 % 3 100108
NI0 G0 90 F200 S300 W8 Specification of the technology values
20 8 T3 7110 Traverse (0 retraction plane
0 X0 Viz0 Traverse (o first arfling position
NAD CYCLEBI (110, 100, 2, 35) Cycle call with absolute final driling

depth, safety clearance and incomplete
parameter list

60 Y30 Traverse to next drilling position

W60 CYCLEBL (110, 102, , 35) Cycle call without safety clearance

W70 G G30 F180 S300 W03 Specification of the technology values

B0 X90 Traverse (0 next position

W90 CYCLEBL (110, 100, 2, . 65) Cycle call with relative final driling depth
and safety clearance

NIO0O W80 End of program
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Explanation of the symbols

Sequence of operations

Yy

Explanation

Function

Parameters

Programming example

Programming

Additional notes

Cross-references to other documentation and sections

Important information and safety notices

2 B WM oe@E OB
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For your information

Your SINUMERIK 840D/840Di/810D is state of the art
and is manufactured in accordance with recognized
safety regulations, standards and specifications.

Additional devices

SIEMENS offers special add-on equipment, products
and system configurations for the focused expansion of
SIEMENS controls in your field of application.

Personnel

Only specially trained, authorized and experienced
personnel should be allowed to work on the control.
This applies at all times, even for short periods.

It is necessary to clearly define the respective
responsibilities of the personnel for setting up,
operation and maintenance; it is necessary to
supervise the compliance thereof.

Actions

It must be ascertained that the Instruction Manuals have
been read and understood by the persons working on
the control before installation and start-up of the control.
In addition, operation must be conducted under
constant supervision regarding the overall technical
state (faults and damages visible from outside, as well
as changes in operation behavior) of the control.

0-20
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Service

Only qualified personnel specifically trained for this
purpose should be allowed to perform repairs, and only
in accordance with the contents of the maintenance
guides. Hereby, all established safety regulations have
to be complied with.

Note

E The following are considered not compliant with the
usage to the intended purposes and are therefore
excluded from all liability of the manufacturer:

Every usage not complying with or going beyond the
abovementioned points.

If the control is not operated in a technically faultless
state, if proper safety precautions are not taken, or if
the instructions in the Instruction Manual are not
complied with.

If faults which could influence safety of operation are
not remedied before installation and start-up of the
control.

Each change, jumpering or shut-down of devices on
the control which serve for proper functioning, universal
usage and active and passive safety.

Unforeseen dangers may result in:
& « personal injury and death,
« damage to the control, machine and other property
of the company and operator.

© Siemens AG, 2002. All rights reserved
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The following notes used in the documentation have a
special significance:

Notes

ﬂ This symbol always appears in the documentation if
secondary information is given and there is an important
fact to be considered.

In this documentation, you will find the symbol shown

|-|_—|1 with reference to an ordering data option. The function
described can only be run if the control includes the
designated option.

Warnings
The following warnings, of graduated significance, are
used in the publication.

Danger

& Indicates an imminently hazardous situation which, if
not avoided, will result in death or serious injury or in
substantial property damage.

Notice

& Indicates a potentially hazardous situation which, if not
avoided, could result in death or serious injury or in
substantial property damage.

Caution

& Used with the safety alert symbol indicates a potentially
hazardous situation which, if not avoided, may result in
minor or moderate injury or in property damage.

Caution

Used without safety alert symbol indicates a potentially
hazardous situation which, if not avoided, may result in
property damage.

© Siemens AG, 2002. All rights reserved
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Notice

Used without the safety alert symbol indicates a
potential situation which, if not avoided, may result in an
undesirable result or state.

© Siemens AG, 2002. All rights reserved
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Variable and arithmetic parameters

Function

Using variables in place of constant values makes a
program more flexible. You can respond to signals
such as measured values or, by storing setpoints in
the variables, you can use the same program for
different geometries.

With variable calculation and jump instructions a
skilled programmer is able to create a very flexible
program archive and save a lot of programming
work.

Variable classes
The controller uses 3 classes of variable:

User-defined variable

Name and type of variable defined by the
user, e.g. arithmetic parameter.

Arithmetic parameter

Special, predefined arithmetic variable
whose address is R plus a number. The
predefined arithmetic variables are of the
REAL type.

System variable

Variable provided by the controller that can
be processed in the program (write, read).
System variables provide access to zero
offsets, tool offsets, actual values, measured
values on the axes, control states, etc. (See
Appendix for the meaning of the system
variables)

1-26
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Variable types
Type Meaning Value range
I'NT Integers with sign +(231- 1)
REAL Real numbers (fractions with decimal point, LONG #(107300  1(0*300)
REAL according to IEEE)
BOOL Boolean values: TRUE (1) and FALSE (0) 1,0
CHAR 1 ASCII character specified by the code 0...255
STRING  Character string, number of characters in [...], Sequence of values
Max. 200 characters with 0 ... 255

AXI'S Axis names (axis addresses) only

All axis identifiers and
spindles in the channel

FRAME Geometric data for translation, rotation, scaling,
mirroring, see Chapter 4.

Arithmetic variable
Address R provides 100 arithmetic variables of type
REAL by default.

The exact number of arithmetic variables (up to
1000) is defined in machine data.

Example: R10=5

System variable
The controller provides system variables that can be
contained and processed in all running programs.

System variable provide machine and controller
states. Some of the system variables cannot be
assigned values.

[0 Siemens AG, 2002. All rights reserved
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Special identifiers of system variables always begi
with a "$" sign followed by the specific names.

Summary of system variable types

n

1st letter Meaning

M Machine data

$S Setting data

$T Tool management data
$P Programmed values
$A Current values

$V Service data

2nd letter Meaning

N NCK global

C Channel-specific

A Axis-specific

Example: $AA_ | M
Means: Current axis-specific value in the machine
coordinate system.
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Variable definition

User-defined variables

The programmer can define and assign values to
variables in addition to using predefined variables.
Local variables (LUD) are only valid in the program
where they are defined.

Global variables (GUD) are valid in all programs.
SW 4.4 and higher:

Machine data are used to redefine the local user
variables (LUD) defined in the main program as
program-global user variables (PUD).

Machine manufacturer

See machine manufacturer's specifications.

If they are defined in the main program, they will also
be valid at all levels of the subprograms called. They
are created with parts program start and deleted with
parts program end or reset.

Example:

$MN_LUD EXTENDED_ SCOPE=1

PROC MAI N ; Mai n program

DEF | NT VARL ; PUD definition

SuUB2 ; Subpr ogram cal |

MBO

PROC SUB2 ; Subpr ogr am SUB2

DEF | NT VAR2 ; LUD DEFI NI TI ON

| F (VARL==1) ; Read PUD
VARL1=VAR1+1 ;Read & wite PUD
VAR2=1 ;Wite LUD

ENDI F

SUB3 ; Subpr ogram cal |

ML7

PROC SUB3 ; Subpr ogr am SUB3

[0 Siemens AG, 2002. All rights reserved
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| F (VAR1==1) : Read PUD
VAR1=VAR1+1 :Read & wite PUD
VAR2=1 ;Error: LUD from SUB2
:not known
ENDI F
ML7

If machine data $MN_LUD_EXTENDED_SCOPE is set,
it is not possible to define a variable with the same
name in the main and subprograms.

Variable names

A variable name consists of up to 31 characters. The
first two characters must be a letter or an underscore.
The "$" sign can not be used for user-defined

variables because it is used for system variables.

Programming

]
I =
I
== DEF | NT nane
or DEF | NT nane=val ue
DEF REAL nane
or DEF REAL nanel, nane2=3, nane4
or DEF REAL nane[array_i ndex1, array_i ndex2]
DEF BOOL nane
DEF CHAR nane
or DEF CHAR nane[array_i ndex] =("A","B", .)
DEF STRING string_| ength] name
DEF AXI S nane
or DEF AXI S nane[ array_i ndex]
DEF FRAME nane
[0 Siemens AG, 2002. All rights reserved
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3 If a variable is not assigned a value on definition, the
system sets zero as the default.
Variables must be defined at the beginning of the
program before they are used. The definition must
be made in a separate block; only one variable type
can be defined per block.
E Explanation
I NT Variable type integer, i.e. whole number
REAL Variable type real, i.e. factional number with decimal point
BOOL Variable type Boolean, i.e. 1 or 0 (TRUE or FALSE)
CHAR Variable type char, i.e. ASClI-coded character (0 to 255)
STRI NG Variable type string, i.e. sequence of char
AXI'S Variable type axis, i.e. axis addresses and spindles
FRAME Variable type frame, i.e. geometric data

name Variable name

m Programming examples

Variable type INT

DEF | NT NUMBER

This creates a variable of type integer with
the name NUMBER.
The system initializes the variable with zero.

DEF | NT NUMBER= 7

This creates a variable of type integer with
the name NUMBER.
The system initializes the variable with zero.

Variable type REAL

DEF REAL DEPTH

This creates a variable of type real with the
name DEPTH.
System initializes with zero (0.0).

DEF REAL DEPTH=6. 25

This creates a variable of type real with the
name DEPTH. The variable is initialized
with 6.25.

DEF REAL DEPTH=3. 1, LENGTH=2, NUMBER

More than one variable can be defined in a
line.

[0 Siemens AG, 2002. All rights reserved
SINUMERIK 840D/840Di/810D Programming Guide Advanced (PGA) — 11.02 Edition

1-31



Flexible NC Programming
1.2  Variable definition

i CE

840D 840D 810D 840Di
NCU 571 NCU 572
NCU 573

Variable type BOOL

DEF BOOL T F_TOO MUCH

This creates a variable of type BOOL with
the name IF_TOO_MUCH.
System initializes with zero (FALSE).

DEF BOOL | F_TOO MUCH=L or

DEF BOOL | F_TOO MJCH=TRUE or
DEF BOOL WVEENN_ZUVI EL=FALSE

This creates a variable of type BOOL with
the name IF_TOO_MUCH.

Variable type CHAR

DEF CHAR GUSTAV_1=65

A code value for the corresponding ASCII
character or the ASCII character itself

DEF CHAR GUSTAV_1="A"

can be assigned to a variable of type CHAR
(code value 65 corresponds to letter "A").

Variable type STRING

DEF STRING 6] MUSTER 1="BEG N'

Variables of type string can contain a string
(sequence of characters). The maximum
number of characters is enclosed in square
brackets after the variable type.

Variable type AXIS

DEF AXI S AXI S_NAVE=( X1)

Variable of type AXIS are called
AXIS_NAME and contain the axis identifier
of a channel — here X1. (Axis names with an
extended address are in parentheses.)

Variable type FRAME

DEF FRAME BEVEL_1

Variables of type FRAME have names like
BEVEL_1.
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3 Additional notes

A variable of type AXIS can contain an axis identifier
and a spindle identifier of a channel.

Note:

Axis names with an extended address must be in
parentheses.

|_H Example of programming with program-
#2 local variables

DEF | NT COUNT

LOOP: D X... ;Loop
COUNT=COUNT+1

| F COUNT<50 GOTOB LOCP

MBO

m Programming example

Query of existing geometry axes

DEF AXI'S ABSCI SSA; ;1. geometry axis
I F I SAXI S(1) == FALSE GOTOF CONTI NUE
ABSCI SSA = $P_AXN1

CONTI NUE:

Indirect spindle programming

DEF AXI'S SPI NDLE

SPI NDLE=( S1)

OVRA[ SPI NDLE] =80 ;Spindle override = 80%
SPI NDLE=( S3)

[0 Siemens AG, 2002. All rights reserved
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Array definition

Programming

-
i =
1A

DEF CHAR NAME[ n, m

DEF | NT NAME[ n, nj

DEF REAL NAME[ n, m

DEF AXI' S NAME[ n, m

DEF FRAME NAME[ n, m

DEF STRING string | ength] NAME[ ni
DEF BOOL[ n, n

E Explanation

I'NT NAME[ n, m Variable type (CHAR, INTEGER, REAL,
REAL NAME[ n, n AXIS, FRAME, BOOL)

n = array size for 1st dimension

m = array size for 2nd dimension

DEF STRING string_l ength] NAME[ nj Data type STRING can only be defined for
1-dimensional arrays
NAME Variable name

The same memory size applies to type BOOL as to
type CHAR.

Up to SW3:

The maximum size of an array is set via machine data.

Ecg Machine manufacturer
See machine manufacturer's specifications

Type Memory requirement per array element
BOOL 1 byte

CHAR 1 byte

INT 4 bytes

REAL 8 bytes

STRING String length + 1

FRAME 0400 bytes, depending on number of axes
AXIS 4 bytes

The maximum array size determines the size of the
memory blocks in which the variable memory is
managed. It should not be set higher than actually
required.

Standard: 812 bytes

If not large arrays are defined, select: 256 bytes.

[0 Siemens AG, 2002. All rights reserved
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SW 4 and higher:

An array can be larger than a memory block. The
MD value for block size should be set such that
arrays are fragmented only in exceptional cases.
Default: 256 bytes

Memory requirement per element: see above
Example:

Global user data must contain PLC machine data for
switching the controller on/off (definition of BOOL arrays).

3 Additional notes

Arrays with up to 2 dimensions can be defined.

Arrays with variables of type STRING can only be
1-dimensional. The string length is specified after the
data type String.

Array index

E Elements of an array are accessed via the array
index. The array elements can either be read or
assigned values using this array index.

The first array element starts with index [0,0]; for
example, for array size [3,4] the maximum possible
array index is [2,3].

Array index

e

n-1.1

n-1.2

n-1,m-

[0 Siemens AG, 2002. All rights reserved
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In the above example, the values have been
initialized to double as the index of the array
element. in order to illustrate the sequence of the
individual array elements.

Initialization of arrays
The array elements can be initialized during program
run or in the array definition.

In 2-dimensional arrays, the right array index is
increment first.

Initialization with value lists, SET

1. Initializing in the array definition

DEF Type VAR ABLE = SET(VALUE)
DEF Type ARRAY[n,nj = SET(VALUE, val ue,

Or:
DEF Type VARI ABLE = Val ue
DEF Type ARRAY[n,m = (value, value, .)

¢ As many array elements are assigned as
initialization values are programmed.

« Array elements without values (gaps in the value
list) are automatically initialized to 0.

« For variables of type AXIS, gaps in the value list
are not permitted.

¢ Programming more values than exist in the
remaining array elements triggers an alarm.

Example:
DEF REAL ARRAY[ 2, 3]=(10, 20, 30, 40)

SET is optional in the array definition.
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2. Initializing during the program run

ARRAY[ n, M = SET(val ue, val ue, value,.)
ARRAY[ n, M = SET(expressi on,
expr essi on, expression,..)

 Initialization is the same as in array definition.

« Expressions are possible values in this case too.

¢ Initialization starts at the programmed array
indexes. Values can also be assigned selectively
to subarrays.

Example:

Assignment of expressions

DEF | NT ARRAY[ 5, 5]

ARRAY][ 0, 0] SET(1, 2, 3, 4, 5)

ARRAY[ 2, 3] SET(VARI ABLE, 4*5.6)

The axis index of axis variables is not traversed:
Example:
Initialization in one line

$MA AX VELO LIM T[1, AX1] = SET(1.1, 2.2, 3.3)

Is equivalent to:

$MA AX VELO LI M T[ 1, AX1]
$MA AX VELO LI M T[ 2, AX1]
$MA AX VELO LI M T[ 3, AX1]

W ke
W NP

[0 Siemens AG, 2002. All rights reserved
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Initialization with the same values, REP

1. Initializing in the array definition

DEF Type ARRAY[n,m = REP(val ue)

All array elements are assigned the same value
(constant).

Variables of type FRAME cannot be initialized.

Example:
DEF REAL ARRAY5[ 10, 3] = REP(9.9)

2. Initializing during the program run

ARRAYI n, nj
ARRAYI n, nj

REP(val ue)
REP( expr essi on)

« Expressions are possible values in this case too.

* All array elements are initialized to the same
value.

« Initialization starts at the programmed array
indexes. Values can also be assigned selectively
to subarrays.

Variables of type FRAME are permissible and can
initialized very simply in this way.

Example:
Initialization of all elements with one value

DEF FRAME FRM 10]
FRM 5] = REP(CTRANS (X, 5))
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Programming example

Initialization of complete variable arrays.

The current assignment is shown in the drawing.

N10 DEF REAL FELDI1J 10, 3]

30, 40, 40, 40,)

= SET(O, O, O, 10, 11, 12, 20, 20, 20, 30, 30,

N2O FELDI[ 0, 0] = REP(100)

NBO FELDI[5, 0] = REP(-100)

NA0 FELDI[O0, 0] = SET(0, 1, 2, -10, -11, -12, -20, =20, -30, , , .,
-40, -40, -50, -60, -70)

NG5O FELDI[ S, 1]

= SET(8.1, 8.2, 9.0, 9.1, 9.2

Array index

[1.21]

N10: Initialization
with definition

N20/N30: Initialization
with identical value

N40/N50: Initialization
with different values

0 1 0 1 2 0 1 2
0 0 0 100 100 100 0 1 2
1 10 11 12 100 100 100 -10 -1 -12
2 20 20 20 100 100 100 —20 -20 -20
3 30 30 30 100 100 100 -30 0 0
4 40 40 40 100 100 100 0 —40 —40
5 0 0 0 -100 -100 -100 -50 —60 -70
6 0 0 0 -100 -100 -100 -100 -100 -100
7 0 0 0 -100 -100 -100 -100 -100 -100
8 0 0 0 -100 -100 -100 -100 8.1 8.2
9 0 0 0 -100 -100 -100 9.0 9.1 9.2

The array elements [5.0]
to [9.2] have been initialized
with the default value (0.0).

The array elements [3.1]
to [4.0] have been initialized
with the default value (0.0).

The array elements [6.0] to
[8.0] have not been changed.

[0 Siemens AG, 2002. All rights reserved
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Indirect programming

Indirect programming permits general-purpose use

of programs. The extended address (index) is
substituted by a variable of suitable type.

All addresses are parameterizable except:
e N —Block number

¢ G -G command

e L — Subprogram

Indirect programming is not possible for settable
addresses.
Example: X[1] in place of X1 is not permissible.

Programming

ADDRESS][ | NDEX]

Programming examples

Spindle

S1=300

Direct programming

DEF | NT SPI NU=1

Indirect programming:
Speed 300rpm for the spindle whose

S[ SPI'NY] =300 number is stored in the SPINU variable (in
this example 1).

Feed

FA[ U] =300 Direct programming

DEF AXI S AXVAR2=U
FA[ AXVAR2] =300

Indirect programming:

Feedrate for positioning axis whose address
name is stored in the variable of type AXIS
with the variable name AXVAR2.

Measured value

$AA_ MM X]

Direct programming

DEF AXI S AXVAR3=X
$AA MM AXVARS]

Indirect programming:

Measured value in machine coordinates for
the axis whose name is stored in variable
AXVARS.
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Array element

DEF T NT FELDI[ 4, 5]

Direct programming

DEFTNE DI ML AS 4

DEFI NE DI M2 AS 5

DEF | NT ARRAY[ DI ML, DI M2]
ARRAY[ DI ML- 1, DI M2- 1] =5

Indirect programming:
Array dimensions must be stated as
constant values.

Axis assignment with axis variables

X1=100 X2=200

Direct programming

DEF AXI'S AXVARL AXVAR2
AXVARL=( X1) AXVAR2=( X2)
AX[ AXVARL] =100 AX[ AXVAR2] =200

Indirect programming:

Definition of the variables

Assignment of the axis names, traversal of
axes that are stored in the variables to 100
or 200.

Interpolation parameters with axis variables

& X100 120

Direct programming

DEF AXI S AXVARL=X
G X100 | P[ AXVARL] =20

Indirect programming:
Definition and assignment of the axis name
Indirect programming of the center

Indirect subprogram call

CALL "L" << R1O0

Call of the program whose number is in R10

Additional notes

R parameters can also be considered 1-dimensional
arrays with abbreviated notation (R10 is equivalent
to R[10]).

[0 Siemens AG, 2002. All rights reserved
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Indirect G code programming from SW 5

J <G oup index>] = <integer/real variable>
Indirect programming of G codes using variables for effective cycle programming

Meaning of the parameters

<Goup index> Integer constants with which the G code group is selected.
<integer/real variable> Variable of the integer or real type with which the G code number is

selected.
[: Function

Indirect G code programming (SW 5 and higher)
The indirect programming of G codes using

variables facilitates effective cycle programming.

Two parameters

e G code groups integer constant

G code numbers variable of the integer/real type
are available for this.

E Valid G code groups
Only modal G code groups can be programmed
indirectly.

Non-modal G code groups are rejected by alarm
12470.

Valid G code numbers

Arithmetic functions are not legal in indirect G code
programming.

The G code number must be stored in a variable of
the integer or real type. Invalid G code numbers are
rejected by alarm 12475.

If it is necessary to calculate the G code number,
this must be done in a separate parts program line
before the indirect G code programming.

3 Additional notes

All the valid G codes are shown in the PG, in the

"List of G functions/preparatory functions" section in
various groups.

See /PG/ Fundamentals Programming Guide, "Tables"

[0 Siemens AG, 2002. All rights reserved
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Programming example

Indirect G code programming

; Settable zero offset G code group 8

N1010 DEF I NT I NT_VAR

N1020 I NT_VAR = 2

NIO90 G 8] = INT_VAR GL X0 YO

; G54
N1100 INT_VAR = INT_VAR + 1 : G code calculation
NI110 G 8] = INT_VAR GL X0 YO G55

; Plane selection G code group 6

N2010 R10 = $P_GQJ 6]

; Read G code for current plane

N2090 § 6] = RIO0

; G17-G19

[0 Siemens AG, 2002. All rights reserved
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Run string as parts program line

EXECSTRI NG (<string vari abl e>)

Command EXECSTRING runs a parts program line indirectly

Meaning of the parameters

<string variable>

L)

Function

EXECSTRING (from SW 6.4)
Parts program command EXECSTRING transfers a
string as a parameter that already contains the parts
program line to run.

3 Additional notes

All parts program constructions that can be
programmed in a parts program can be output. That

excludes PROC and DEF instructions and all use of INI
and DEF files.

m Programming example

Indirect parts program line

Parameter of type string is transferred with EXECSTRING

N100

DEF STRI NG 100] BLOCK

String variable to be included in parts
program line

N110

DEF STRING 10] MFCT1 = "M/"

N200

EXECSTRI NG MECT1 << © MA711")

Run parts program line "M7 M4711"

N300

R10 = 1

N310

BLOCK = " M3"

N320

TF(RL0)

N330

BLOCK = BLOCK << MFCT1

N340

ENDI F

N350

EXECSTRI NG BLOCK)

Run parts program line "M3 M4711"
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Assignments

Values of a suitable type can be assigned to the
variables/arithmetic parameters in the program.

Assignments to axis addresses (traversing
instructions) always require a separate block to
variable assignments. Assignment to axis addresses
(traverse instructions) must be in a separate block
from the variable assignments.

Programming example

R1=10. 518 R2=4 VARI 1=45
X=47.11 Y=R2

Assignment of a numeric value

R1=R3 VARl 1=R4

Assignment of a suitable type variable

R4=-R5 R7=-VARI 8

Assignment with opposite sign (only
permitted for types INT and REAL)

Assignment to string variable

CHARs and STRINGs distinguish between upper
and lower case.

If you want to include an ' or " in the string, put it in
single quotes '...".

Example:
M5 "Viene lavorata |' '""ultima figura")

displays the text 'Viene lavorata l'ultima figura' on the
screen.

The string can contain non-displayable characters if

they are specified as binary or hexadecimal constants.

[0 Siemens AG, 2002. All rights reserved
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Arithmetic operations and functions

The arithmetic functions are primarily for R parameters
and variables (or constants and functions) of type
REAL. The types INT and CHAR are also permitted.

Use of arithmetic operations requires conventional
mathematical notation. Priorities for execution are
indicated by parentheses. Angles are specified for
trigonometry functions and their inverse functions

(right angle = 90°).

Operators/arithmetic functions

+ Addition
- Subtraction
* Multiplication
/ Division
NOTICE: (Type | NT)/(Type | NT)=(Type REAL); Example: 3/4 = 0.75
DIV Division, for variable type INT and REAL
NOTICE: (Type | NT)DI V(Type | NT)=(Type | NT); Example: 3DIV4 =0
MOD Modulo division (I NT or REAL) produces remainder of INT division,
e.g. 3 MOD 4=3
D Chain operator (for FRAME variables)
Sin() Sine
Cos() Cosine
TAN() Tangent
ASI N() Arcsine
ACOS() Arccosine
ATAN2(, ) Arctangent2
SQRT() Square root
ABS() Absolute number
POT() 2nd power (square)
TRUNC() Truncate to integer
ROUND( ) Round to integer
LN() Natural logarithm
EXP() Exponential function
CTRANS() Translation
CROT() Rotation
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CSCALE() Scaling
CM RROR() Mirroring

Programming examples

R1=R1+1

New R1 =old R1 +1

R1=R2+R3 R4=R5-R6 R7=R8*R9

R10=R11/R12 R13=SI N(25. 3)

R14=R1* R2+R3

Multiplication or division takes precedence
over addition or subtraction

RIA=(RI+R2) * K3

Parentheses are calculated first

RI5=SQRT( POT( R1) +POT( R2) )

Inner parentheses are resolved first
R15 = square root of (R12+R2?)

RESFRAME= FRAME1l: FRAME2

FRAME3=CTRANS( ..) : CROT( ..)

The concatenation operator links frames to
form a resulting frame or assigns values to
frame components

Arithmetic function ATAN2(, )

The function calculates the angle of the total vector
from two mutually orthogonal vectors. The result is in
one of four quadrants (-180 < 0 < +180°). The
angular reference is always based on the 2nd value
in the positive direction.

R3=ATAN2(30.5,80.1)
30.5
S
O
2
& Angle=20.8455°
2 vector 80.1
R3=ATAN2(30,-80)
30
Angle=159.444° =
L
(8]
(9]
z
-80 2" vector

[0 Siemens AG, 2002. All rights reserved
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Comparison and logic operators

Comparison operators

The comparison operations are applicable to
variables of type CHAR, INT, REAL, and BOOL. The
code value is compared with the CHAR type.

For types STRING, AXIS, and FRAME, the following
are possible: == and <>.

The result of comparison operations is always of
type BOOL.

Comparison operations can be used, for example, to

formulate a jump condition. Complex expressions
can also be compared.

Meaning of comparison operators

== equal to

<> not equal to

> greater than

< less than

>= greater than or equal to
<= less than or equal to

Programming example

| F R10>=100 GOTCOF DEST

or
R11=R10>=100
| F R11 GOTOF DEST

The result of the R10>=100 comparison is first
buffered in R11.
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Precision correction on comparison errors

TRUNC ( RL*1000)

The TRUNC command truncates the operand multiplied by a precision factor

Function

Settable precision for comparison commands
Program data of type REAL are displayed internally
with 64 bits in IEEE format. This display format can
cause decimal numbers to be displayed imprecisely
and lead to unexpected results when compared with
the ideally calculated values.

Relative equality

To prevent the imprecision caused by the display
format from interfering with program flow, the
comparison commands do not check for absolute
equality but for relative equality.

SW 6.3 and lower

Relative equality considered 10”2 for
* Equality ==)

* Inequality (<>
e Greater than or equal to (>=
e Lessthanorequalto (<=
e Greater/less than (><) with absolute equality

SW 6.4 and higher

Relative equality considered 10”2 for
*  Greater than (>)

e Less than (<)

Programming notes

3 Comparisons with data of type REAL are subject to
a certain imprecision for the above reasons. If
deviations are unacceptable, use INTEGER
calculation by multiplying the operands by a
precision factor and then truncating with TRUNC.

[0 Siemens AG, 2002. All rights reserved
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Synchronized actions

The response described for the comparison
commands also applies to synchronized actions.
Compatibility

For compatibility reasons, the check for relative equality

with (>) and (<) can be deactivated by setting
MD 10280: PROG_FUNCTION_MASK Bit0 = 1.

Programming examples

Precision issues

NAO R1=61.01 R2=61. 02 R3=0.01

Assignment of initial values

N41 | F ABS(R2-R1) > R3 GOTOF ERROR

Jump executed (SW 6.3 and lower)

N42 MO

End of program

N43 ERROR SETAL(66000)

R1=61. 01 R2=61. 02 R3=0.01

Assignment of initial values

RII=TRUNC( RL* 1000) RIZ=TRUNC({ R2* 1000)
R13=TRUNC( R3* 1000)

Precision correction

| F ABS(R12- R11) > R13 GOTOF ERROR

Jump not executed

MBO

End of program

ERROR: SETAL(66000)

Calculate and evaluate quotient of both operands

R1=61. 01 R2=61. 02 R3=0.01

Assignment of initial values

TF ABS((R2-RL)/R3)-1) > 10EX- 5 GOTOF
ERROR

Jump not executed

MBO

End of program

ERROR. SETAL(66000)
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Logic operators

Logic operators are used to link truth values.

AND, OR, NOT, and XOR can only be applied to
variables of type BOOL. However, they can also be
applied to data types CHAR, INT, and REAL by
implicit type conversion.

Spaces must be left between BOOLEAN operands
and operators.

For the logic (Boolean) operations, the following
applies to data types BOOL, CHAR, INT, and REAL:
0 means FALSE

not equal to 0 means TRUE

E Meaning of logic operators

AND AND

OR OR

NOT Negation
XOR Exclusive OR

In arithmetic expressions, the execution order of all
the operators can be specified by parentheses, in
order to override the normal priority rules.

E Programming example

| F (RLO<50) AND ($AA | M X]>=17.5) GOTOF ZI EL

I F NOT R10 GOTOB START

NOT is only applied to one operand.

[0 Siemens AG, 2002. All rights reserved
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Bit logic operators
Logic operations can also be applied to single bits of
types CHAR and INT. Type conversion is automatic.

Meaning of bit logic operators

B_AND Bit AND

B_OR Bit OR

B_NOT Bit negation
B_XOR Bit exclusive OR

The operator B_NOT refers to one operand only, it
comes after the operator.

Programming example

| F $MC_RESET_MODE_MASK B_AND ' B10000' GOTOF

ACT_PLANE
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Priority of operators

Priority of the operators

Each operator is assigned a priority. When an
expression is evaluated, the operators with the
highest priority are always applied first. Where
operators have the same priority, the evaluation is
from left to right.

In arithmetic expressions, the execution order of all
the operators can be specified by parentheses, in
order to override the normal priority rules.

Order of operators
(from the highest to lowest priority)

1. NOT, B_NOT Negation, bit negation
2. *, [, DV, MD Multiplication, division
3. + - Addition, subtraction
4. B_AND Bit AND

5. B_XOR Bit exclusive OR

6. B_OR Bit OR

7. AND AND

8. XOR Exclusive OR

9. R OR

10. << Concatenation of strings, result type STRING
11. ==, <>, 2, 5, 2 <= Comparison operators

Example of IF statement:
If (otto==10) and (anna==20) gotof end

The concatenation operator ":" for Frames must not
be used in the same expression as other operators.
A priority level is thus not required for this operator.

[0 Siemens AG, 2002. All rights reserved
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Possible type conversions

Type conversion on assignment

The constant numeric value, the variable, or the
expression assigned to a variable must be
compatible with the variable type. If this is this case,
the type is automatically converted when the value is
assigned.

Possible type conversions

to |REAL INT BOOL CHAR STRING [AXIS FRAME

from

REAL yes yes* yes" yes* - - -

INT yes yes yes" yes? - - -
BOOL yes yes yes yes yes - -
CHAR yes yes yes" yes yes - -
STRING - - yes? yes? yes - -

AXIS - - - - - yes -
FRAME - - - - - - yes

* During type conversion from REAL to INT,
fractional values >= 0.5 are rounded up, others
rounded down (cf. ROUND function)

Y Value <> 0 corresponds to TRUE, value ==
corresponds to FALSE

2 If the value is in the permissible range

3 If only 1 character

4 String length 0 = >FALSE, otherwise TRUE

If conversion produces a value greater than the
target range, an error message is output.

Additional notes

If mixed types occur in an expression, type
conversion is automatic.
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1.10 String operations

E Overview

Further string manipulations are provided in addition to the
conventional operations "Assignment" and "Comparison"
described in this section:

E Explanation

Type conversion to STRING:

STRI NG ERG = <<bel._Typ” Result type: STRING
STRI NG_ERG = AXSTRI NG (AXI S) Result type: STRING
Type conversion from STRING:

BOOL_ERG = | SNUMBER ( STRI NG Result type: BOOL
REAL_ERG = NUMBER ( STRI NG Result type: REAL
AXI' S_ERG = AXNAME ( STRI NG Result type: AXIS
Concatenation of strings:

bel . _Typ"” << bel. Typ" Result type: STRING
Conversion to lower/upper case:

STRI NG_ERG = TOUPPER ( STRI NG Result type: STRING
STRI NG _ERG = TOLOVER ( STRI NG Result type: STRING
Length of the string:

I NT_ERG = STRLEN ( STRI NG Result type: INT
Look for character/string in the string:

I NT_ERG = I NDEX (STRING CHAR) Result type: INT

I NT_ERG = RINDEX (STRI NG, CHAR) Result type: INT

I NT_ERG = M NDEX (STRING STRI NG Result type: INT

I NT_ERG = MATCH (STRING STRI NG Result type: INT
Selection of a substring:

STRI NG _ERG = SUBSTR (STRI NG, | NT) Result type: INT
STRI NG_ERG = SUBSTR (STRI NG | NT, | NT) Result type: INT
Selection of a single character:

CHAR_ERG = STRI NGVAR [ | DX] Result type: CHAR
CHAR _ERG = STRI NGFELD [ DX_FELD, | DX CHAR] Result type: CHAR

D "pel . _Typ" stands for variable types INT, REAL, CHAR, STRING, and BOOL.
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Special meaning of the 0 char

The 0 char is interpreted internally end-of-string.
Replacing a character by the 0 character truncates
the string.

Example:

DEF STRING 20] STRG = "Axis . stopped"

STR@ 6] = "X ; Returns the nessage "Axis X
st opped"”

MBG( STRG

STRG6] =0

M5GQ( STRG) ; Returns the nessage "Axis"

1.10.1 Type conversion

E This enables use of variables of different types in a
message (MSG).

Conversion to STRING

Performed implicitly with use of the operator << for
data types INT, REAL, CHAR, and BOOL (see
"Concatenation of strings").

An INT value is converted to normal readable
format. REAL values convert with up to 10 decimal
places.

Variables of type AXIS can be converted to STRING
by the AXSTRING function.
FRAME variables cannot be converted.

Example:
MBG( " Posi tion: "<<$AA | M X])

[0 Siemens AG, 2002. All rights reserved
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Conversion from STRING

The NUMBER function converts from STRING to
REAL.

If ISNUMBER returns the value FALSE, CALLING
NUMBER with the same parameter will trigger an
alarm.

The AXNAME function converts a string to data type
AXIS. An alarm is output if the string cannot be
assigned to any configured axis identifier.

Syntax

BOOL_ERG = | SNUMBER ( STRI NG Result type: BOOL
REAL ERG = NUMBER ( STRI NG Result type: REAL
STRI NG_ERG = AXSTRI NG (AXI S) Result type: STRING
AXI S ERG = AXNAME ( STRI NG Result type: AXIS
Semantics:

ISNUMBER (STRING) returns TRUE, if the string is a
valid REAL by the rules of the language. It is thus
possible to check whether the string can be converted
to a valid number.

NUMBER (STRING) returns the number represented
by the string as a REAL.

AXSTRING (AXIS) returns the specified axis identifier
as a string.

AXNAME (STRING) converts the string specified to
an axis identifier.

Examples

DEF BOOL BOOL_ERG

DEF REAL REAL_ERG

DEF AXI'S AXI S_ERG

DEF STRING 32] STRI NG ERG

BOOL_ERG = T SNUVBER (" 1234. 9876Ex-7") "Now: BOOL_ERG == TRUE
BOOL_ERG = [ SNUVBER (" 1234XYZ") ‘Now: BOOL_ERG == FALSE
REAL_ERG = NUVBER (" 1234. 9876Ex-7") ‘Now: REAL_ERG == 1234.9876Ex-7
STRI NG_ERG = AXSTRI NG X) ‘Now: STRING_ERG == "X"
AXI'S_ERG = AXNANE(" X") :Now: AXIS_ERG ==

[0 Siemens AG, 2002. All rights reserved
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Concatenation of strings

This functionality puts a string together out of
separate components. The chaining function is
implemented via operator: <<. This operator has
STRING as the target type for all combinations of
basic types CHAR, BOOL, INT, REAL and STRING.
Any conversion that may be required is carried out
according to existing rules. Types FRAME and AXIS
cannot be used with this operator.

Syntax:

bel . _Typ << bel. _Typ

Result type: STRING

Semantics:
The strings specified (possibly implicitly converted
non-string types) are concatenated.

This operator can also be used as a "unary" operator
with a single operand. This can be used for explicit
type conversion to STRING (not for FRAME and
AXIS).

Syntax:
<< bel . _Typ Result type: STRING
Semantics:

The specified type is implicitly converted to STRING
type.

This can be used to put together a message or a
command out of text lists and insert parameters into

it (e.g. a module name):
MBG( STRG_TAB[ LOAD | DX] <<MODULE_NAME)
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The intermediate results of string concatenation
must not exceed the maximum string length.

Programming examples

vl B

DEF INT IDX = 2

DEF REAL VALUE = 9. 654

DEF STRI NG 20] STRG = "1 NDEX: 2"

I F STRG == "I ndex:" <<IDX GOTOF NO _MsG

M5G ("I ndex:" <<IDX <<"/Val ue:" :Display: "Index: 2/value: 9.654"
<<VALUE)

NO VBG:

1.10.3 Conversion to lower/upper case

E This functionality permits conversion of all letters of
a string to standard capitalization.

Syntax:

STRI NG_ERG = TOUPPER (STRING) Result type: STRING
STRING_ERG = TOLOVER (STRING) Result type: STRING
Semantics:

All lower case letters are converted to either upper or
lower case letters.

Example:

Because user inputs can be initiated on the MMC, they
can be given standard capitalization (upper or lower
case):

DEF STRING [29] STRG

| F "LEARN. CNC' == TOUPPER (STRG GOTOF LCAD_LEARN

[0 Siemens AG, 2002. All rights reserved
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Length of the string

This functionality sets the length of a string.

Syntax:

NT_ERG = STRLEN (STRI NO)

Result type: INT

Semantics:
It returns a number of characters that are not the 0
character, counting from the beginning of the string.

Example:

This can be used to ascertain the end of the string,
for example, in conjunction with the single character
access described below:

| F(STRLEN ( MODULE_NAME) > 10) GOTOF ERROR

Search for character/string in a string

This functionality searches for single characters or a
string within a string. The function results specify
where the character/string is positioned in the string
that has been searched.

Result type: INT

Result type: INT

Result type: INT

Result type: INT

I NT_ERG = | NDEX ( STRI NG, CHAR)

I NT_ERG = RI NDEX ( STRI NG, CHAR)

I NT_ERG = M NDEX ( STRI NG STRI NG
I NT_ERG = MATCH (STRI NG STRI NG
Semantics:

Search functions: They return the position in the
string (first parameter) where the search has been
successful. If the character/string cannot be found,
the value "—1" is returned. In this case, the first
character is in position 0.
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INDEX searches for the character specified as the second parameter in the string specified

as the second parameter (from the beginning).

RINDEX searches for the character specified as the second parameter in the string specified
as the second parameter (from the end).

MINDEX  same as the INDEX function except that a list of characters is specified (as a string)
and the index of the first character found is returned.

MATCH searches for a string in a string.

This can be used to break up a string by certain
criteria, for example, at blanks or path separators

("m.

m Programming example

Example of breaking up an input string into path and
module names:

DEF | NT PATHI DX, PROG DX

DEF STRI NG 26] | NPUT

DEF | NT LI STI DX

I NPUT = "/ _N_MPF_DIR/_N_EXECUTE_MPF"

LI STIDX = M NDEX (I NPUT, "MN, O, P") The value returned in LISTIDX is 3

+1 because "N" is the first char from the

selection list in parameter INPUT,
searching from the beginning.

PATHI DX = I NDEX (I NPUT, "/") +1 ;Therefore: PATHIDX =1

PROG DX = RINDEX (I NPUT, "/") +1 ;Therefore: PATHIDX = 1
;The SUBSTR function introduced in the
next section can be used to break up
variable INPUT into the components
"Path" and "Module":

VARI ABLE = SUBSTR (I NPUT, PATHI DX, returning"_N_MPF_DIR"

PROG DX- PATHI DX- 1)

VARI ABLE = SUBSTR (I NPUT, PROd DX) returning " _N_EXECUTE_MPF"

[0 Siemens AG, 2002. All rights reserved
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1.10.6 Selection of a substring

E This functionality extracts a substring from a string.
For this purpose, the index of the first character and
the desired string length (if applicable) are specified. If
no length information is specified, then the string data
refers to the remaining string.

STRI NG_ERG = SUBSTR (STRI NG, I NT) Result type: INT
STRI NG_ERG = SUBSTR (STRING | NT, [ NT) Result type: INT
Semantics:

In the first case, the substring from the position
specified in the first parameter to the end of the
string is returned.

In the second case, the result string goes up to the
maximum length specified in the third parameter.

If the initial position is after the end of the string, the
empty string (" ") will be returned.

A negative initial position or length triggers an alarm.

Example:

DEF STRING [ 29] ERG

ERG = SUBSTR ("ACK: 10 to 99", ;Therefore: ERG == "10"
10, 2)

[0 Siemens AG, 2002. All rights reserved
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1.10.7 Selection of a single character

E This functionality selects a single character from a
string. This applies both to read access and write
access operations.

Syntax:

CHAR ERG = STRI NGVAR [ | DX] Result type: CHAR
CHAR_ERG = STRI NGARRAY [ | DX_FELD, Result type: CHAR
| DX_CHAR]

Semantics:

The character at the specified position is read/written
within the string. If the position parameter is negative
or greater than the string, then an alarm is output.

Example messages:
Insertion of an axis identifier into a prepared string.

DEF STRI NG [50] MESSAGE = "AXis n has

reached position"

MESSAGE [6] = "X"

MBG ( MESSAGE) ;returns message "Axis X has reached
position"

[0 Siemens AG, 2002. All rights reserved
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Single character access is possible only to user-
defined variables (LUD, GUD, and PUD data).

This type of access is also possible only for "call-by-
value" type parameters in subprogram calls.

Examples:

Single character access to a system, machine
data, ...:

DEF STRI NG [50] STRG

DEF CHAR ACK

STRG = $P_MVCA

ACK = STRG [ 0]

;Evaluation of acknowledgment component

Single character access in call-by-reference
parameter:

DEF STRI NG [50] STRG

DEF CHAR CHR1

EXTERN UP_CALL (VAR CHAR1)

;Call-by-reference parameter!

CR = STRG [5]

UP_CALL ( CHRI)

;Call-by-reference

STRG [5] = CHRL
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1.11 CASE instruction

Programming

CASE (expression) OF constant1 GOTOF LABEL1 ... DEFAULT GOTCF LABELNn
CASE (expression) OF constant1 GOTOB LABEL1 ... DEFAULT GOTOB LABELNn

Explanation of the commands

CASE Vocabulary word for jump instruction

GoroB Jump instruction with jump destination backward (towards the start of
program)

GOTOF Jump instruction with jump destination forward (towards the end of
program)

GOTO Jump instruction with the jump destination first forward and then backward
(the direction first to the end of the program and then to the start of the
program)

Gorec Suppress alarm 14080 "Jump destination not found".

Jump instruction with the jump destination first forward and then backward
(the direction first to the end of the program and then to the start of the

program)
LABEL Destination (label within the program)
LABEL: The name of the jump destination is followed by a colon
Expressi on Arithmetic expression
Const ant Constant of type INT
DEFAULT Program path if none of the previously named constants applies

G Function

The CASE statement enables various branches to be
executed according to a value of type INT.

Sequence

The program jumps to the point specified by the jump
destination, depending on the value of the constant
evaluated in the CASE statement.

3 For more information on the GOTO commands, see
Chapter 10, Arithmetic parameters and programm
jumps

[0 Siemens AG, 2002. All rights reserved
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In cases where the constant matches none of the
predefined values, the DEFAULT instruction can be
used to determine the jump destination.

If the DEFAULT instruction is not programmed, the
jump destination is the block following the CASE
statement.

Programming example

Example 1

CASE(expression) OF 1 GOTOF LABEL1 2 GOTOF LABEL2
LABELN

"1" and "2" are possible constants.

DEFAULT GOTOF

If the value of the expression = 1 (INT constant), jump to block with LABEL1
If the value of the expression = 2 (INT constant), jump to block with LABEL2

otherwise jump to the block with LABELnN

Example 2

DEF | NT VAR1 VAR2 VAR3

CASE( VARL+VAR2- VAR3) OF 7 GOTOF LABEL1 9 GOTOF LABEL2 DEFAULT GOTOF LABEL3

LABELL: G0 X1 Y1

LABEL2: G0 X2 Y2

LABEL3: G0 X3 Y3
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1.12 Control structures

E Explanation

| F—ELSE-ENDI F Selection between 2 alternatives

L OOP—ENDL OOP Endless loop

FOR-ENDFOR Count loop

VHI LE-ENDVHI LE Loop with condition at beginning of loop
REPEAT-UNTI L Loop with condition at end of loop

G Function

The control processes the NC blocks as standard in
the programmed sequence.

In addition to the program branches described in this
Chapter, these commands can be used to define
additional alternatives and program loops.

These commands enable the user to produce well-
structured and easily legible programs.

Sequence

1. IF-ELSE-ENDIF

An IF-ELSE—-ENDIF block is used to select one of
two alternatives:

IF (expression)
NC blocks
ELSE

NC blocks
ENDIF

If the value of the expression is TRUE, i.e. the
condition is fulfilled, then the next program block is
executed. If the condition is not fulfilled, then the
ELSE program branch is executed.

The ELSE branch can be omitted.

[0 Siemens AG, 2002. All rights reserved
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2. Endless program loop LOOP

Endless loops are used in endless programs. At the
end of the loop, there is always a branch back to the
beginning.

LOOP
NC blocks
ENDLOOP

3. Count loop FOR

The FOR loop is used if it is necessary to repeat an
operation by a fixed number of runs. In this case, the
count variable is incremented from the start value to
the end value. The start value must be lower than
the end value. The variable must be of the INT type.

FOR Variable = start value TO end value
NC blocks
ENDFOR

4. Program loop with condition at start of the
loop WHILE

The WHILE program loop is executed for as long as
the condition is fulfilled.

WHILE expression
NC blocks
ENDWHILE
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5. Program loop with condition at end of loop

REPEAT

The REPEAT loop is executed once and repeated

continuously until the condition is fulfilled.

REPEAT
NC blocks
UNTIL (expression)

E Nesting depth
Check structures apply locally within programs. Main program Subprogram
A nesting depth of up to 8 check structures can be PROC SUBPROG
set up on each subprogram level. —LOOP —REPEAT
—FOR
—WHILE FOR
[IF [WHILE
ENDIF ENDWHILE
WHILE WHILE
ENDWHILE
SUBPROG ENDFOR
ENDWHILE ENDFOR
L ENDWHILE —UNTIL
—ENDLOOP

E Runtime response
In interpreter mode (active as standard), it is possible

to shorten program processing times more effectively
by using program branches than can be obtained with
check structures.

There is no difference between program branches
and check structures in precompiled cycles.

[0 Siemens AG, 2002. All rights reserved
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ﬂ Supplementary conditions

Blocks with check structure elements cannot be
suppressed. Labels may not be used in blocks of
this type.

Check structures are processed interpretively. When
a loop end is detected, a search is made for the loop
beginning, allowing for the check structures found in
the process.

For this reason, the block structure of a program is
not checked completely in interpreter mode.

It is not generally advisable to use a mixture of
check structures and program branches.

A check can be made to ensure that check
structures are nested correctly when cycles are
preprocessed.

Check structures may only be inserted in the

& statement section of a program. Definitions in the
program header may not be executed conditionally
or repeatedly.

It is not permissible to superimpose macros on
vocabulary words for check structures or on branch
destinations. No such check is made when the
macro is defined.

E Programming example

1. Endless program

% N_LOOP_NPF
LooP

| F NOT $P_SEARCH :No block search
@1 D0 X0 Z10 F1000
WH LE $AA IM X] <= 100

Gl 01 X10 F500 ;Drilling pattern
Z-5 F100
Z5

[0 Siemens AG, 2002. All rights reserved
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ENDVWHI LE
Z10
ELSE :Block search
MSGE "No drilling during block search")
ENDI F
$A QUT[ 1] =1 :Next drilling plate
i 2
ENDL OOP
MBO

2. Production of a fixed quantity of parts

% N_VKPCCOUNT_VPF

DEF | NT WKPCCOUNT

FOR WKPCCOUNT = 0 TO 100

@1 ...

ENDFOR

MBO

[0 Siemens AG, 2002. All rights reserved
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1.13 Program coordination

Channels

A channel can process its own program
independently of other channels. It can control
the axes and spindles temporarily assigned to it
via the program.

Two or more channels can be set up for the
control during startup.

Program coordination

If several channels are involved in the
machining of a workpiece it may be necessary
to synchronize the programs.

Special instructions (commands) are available
for program coordination. Each instruction is
programmed separately in a block.

i o
Program coordination in the own channel is
possible from SW 5.3.

[0 Siemens AG, 2002. All rights reserved
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Instructions for program coordination

« Specification with absolute path

INIT (n,"/ _HUGO DI R _N_name_MPF" ) or

INIT (n,"/_N_MPF_DI R _N_name_MNPF" )

Example:

INIT(2,"/ _N WKS DI R/ _ABRI CHT_MPF")
@01 FO.1

START

INIT (2,"/_N.WCS DI R _N_UNDER 1_SPF")

The absolute path is programmed according
to the following rules:
e Current directoryl N_name_MPF
"current directory" stands for the selected
workpiece directory or the standard
directory/ N_MPF_DIR.
» Selects a particular program for execution
in a particular channel:
n: Number of the channel, value per
control configuration
« Complete program name
SW 3 and lower:
At least one executable block must be
programmed between an init command
(without synchronization) and an NC start.
With subprogram calls "_SPF" must be added
to the path.

* Relative path specification

Example:
I NI T(2, " DRESS")

I NI T(3, " UNDER_1_SPF")

The same rules apply to relative path
definition as for program calls.

With subprogram calls "_SPF" must be added
to the program name.

START (n,n)

Starts the selected programs in the other
channels.

n,n: Number of the channel: value depends on
control configuration

WAl TM(Marker No.,n,n,...)

Sets the marker "Marker No." in the same
channel. Terminate previous block with exact
stop. Waits for the markers with the same
"Marker no." in the specified channels "n"
(current channel does not have to be specified).
Marker is deleted after synchronization.

10 markers can be set per channel
simultaneously.

[0 Siemens AG, 2002. All rights reserved
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WAI TMC( Marker No., n, n, .) Sets the marker "Marker No." in the same
channel. An exact stop is initiated only if the
other channels have not yet reached the
marker. Waits for the marker with the same
"Marker No." in the specified channels "n"
(current channel does not have to be specified).
As soon as marker "Marker No." in the specified
channels is reached, continue without
terminating exact stop.

WAl TE (n,n) Waits for the end of program of the specified
channels (current channel not specified)

SETM Mar ker No., Marker No., .) Sets the markers "Marker No." in the same
channel without affecting current processing.
SETM() remains valid after RESET and NC
START. SETM() can also be programmed
independently of a synchronized action.

CLEARM Mar ker No., Marker No., ..) Deletes the markers "Marker No." in the same
channel without affecting current processing. All
markers can be deleted with CLEARM().
CLEARM (0) deletes the marker "0". CLEARM()
remains valid after RESET and NC START.
CLEARM() can also be programmed
independently of a synchronized action.

Note

3 All the above commands must be programmed
in separate blocks.
The number of markers depends on the CPU
used.

Channel names

Channel names must be converted to numbers
via variables (see Chapter 10 "Variables and
Arithmetic Parameters").

Protect the number assignments so that they
& are not changed unintentionally.

[0 Siemens AG, 2002. All rights reserved
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Example:

Channel called "MACHINE" is to contain
channel number 1,
Channel called "LOADER" is to contain channel

number 2,
DEF | NT MACHI NE=1, LOADER=2

The variables are given the same names as the
channels.

The instruction START is therefore:
START( MACHI NE)

Example of program coordination

Channel 1:
% N_MPF100_MPF

N1O I NIT(2, " MPF200")

NIT START (2)

Program execution in channel 2

N8O WAl TM 1, 1, 2)

Wait for WAIT mark 1 in channel 1 and in
channel 2 and execution continued in
channel 1

NISO VWAl TM 2, 1, 2)

Wait for WAIT mark 2 in channel 1 and in
channel 2 and execution continued in
channel 1

N200 VAT TE( 2)

Wait for end of program in channel 2

N201 MBO

Channel 2:
% N_MPF200_MPF

End of program channel 1, end all

; $PATH=/ _N_MPF_DI R

N70 WAI TM 1, 1, 2)

Program execution in channel 2

Wait for WAIT mark 1 in channel 1 and in
channel 2 and execution continued in
channel 1

N270 VWAl TM 2, 1, 2)

Wait for WAIT mark 2 in channel 1 and in
channel 2 and execution continued in
channel 2

N40O0 MBO

End of program in channel 2

[0 Siemens AG, 2002. All rights reserved
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N70 N270
WAITM(1,1,2) WAITM(2,1,2)
Channel 2
MPF 200 N10 ) N
wal
Channel 1 N400
%100 | N1GN11 wait wait  |M30
N8O N180 N200
STARTR)  \WAITM(1,1,2) WAITM(2,1,2) WAITE(2) >
Start  START(2) M1 M2 End Time

Example of program from workpiece

NIO TN T(2, "/ _N VKS DI _N _SHAFTI_WPD/ _N _CUT1_MPF)

Example of Init command with relative path definition

;Program/_N MPF DIR/ _N MAIN MPF is selected in channel

1

N1O I NIT(2, " MY
channel 2.

PROG') ; select program/_N MPF DIR/ _N MYPROG MPF in

Additional notes

Variables which all channels can access (NCK-
specific global variables) can be used for data
exchange between programs. Otherwise separate
programs must be written for each channel.

SW 3 and lower:

WAITE must not be scanned immediately after the
START command or else a program end will be
detected before the program is started.

Remedy: Programming a dwell time.

Example:

N30 START (2)
N31 &4 FO.01
NAO0 WAI TE( 2)
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1.14 Interrupt routine
Programming

SETI NT(3) PRI O=1 NAME

SETINT(3) PRI O=1 LI FTFAST
SETINT(3) PRI O=1 NAME LI FTFAST
G..X...Y... ALF=...

DI SABLE( 3)

ENABLE( 3)

CLRI NT( 3)

E Explanation of the commands

SETI NT(n) Start interrupt routine if input n is enabled, n (1...8) stands for the
number of the input

PRI O=1 Define priority 1 to 128 (1 has top priority)

LI FTFAST Fast lift from contour

NAME Name of the subprogram to be executed

ALF=... Programmabile traverse direction (in motion block)

DI SABLE( n) Deactivate interrupt routine number n

ENABLE( n) Reactivate interrupt routine number n

CLRINT(n) Clear interrupt assignments of interrupt routine number n

G Function

Example: The tool breaks during machining. This
triggers a signal that stops the current machining
process and simultaneously starts a subprogram —
this subprogram is called an interrupt routine. The

nterrupt routine

® Withdraw from
contour

® Tool change

o New offset
values

® Reposition

0000000000000 0DO0OO

000000000V Q0000

interrupt routine contains all the instructions which AL‘N\ ‘
are to be executed in this case.
When the interrupt routine has finished being
executed and the machine is ready to continue o
operation, the control jumps back to the main . Main
X L. . program
program and continues machining at the point of N
interruption — depending on the REPOS command. A

3 For further information on REPOS, see Chapter 9,
Path Traversing Behavior, Repositioning.

[0 Siemens AG, 2002. All rights reserved
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Sequence

Create interrupt routine
The interrupt routine is identified as a subprogram in
the definition.

Example:
PROCC LI FT_Z
N10...

N50 ML7

Program name LIFT_Z, followed by the NC blocks,
finally end-of-program M17 and return to main
program.

Note:

SETINT instructions can be programmed within the
interrupt routine and used to activate additional
interrupt routines. They are triggered via the input.

You will find more information on how to create
subprograms in Chapter 2.

Save interrupt position, SAVE
The interrupt routine can be identified with SAVE in
the definition.

Example:

PROC LI FT_Z SAVE
N10...

N50 ML7

At the end of the interrupt routine the modal G
functions are set to the value they had at the start of
the interrupt routine by means of the SAVE attribute.
The programmable zero offset and the basic offset
are reestablished in addition to the settable zero
offset (modal G function group 8). If the G function
group 15 (feed type) is changed, e.g. from G94 to
G95, the appropriate F value is also reestablished.

Machining can thus be resumed later at the point of
interruption.
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Assign and start interrupt routine o)
The control has signals (inputs 1...8) to interrupt the O %
program run and start the corresponding interrupt 8 0
routine. o) 0 D SETINT (0) ... O
g B P SETINT (1) ... 8
The assignment of input to program is made in the O‘ B P SETINT (2) ... | O
main program. 8 B P SETINT (3) ... 8
O O
Example: 8 8
N10 SETINT(3) PRIOC=1 LIFT_Z 0O O
O O
When input 3 is enabled, routine LIFT_Z is started 8 8
immediately. O O
2 7

Start several interrupt routines, define the
priority, PRIO=

If several SETINT instructions are programmed in
your NC program and several signals can therefore
occur at the same time, you must assign the priority
of the interrupt routines to determine the order in
which they are executed: Priority levels PRIO 1 to
128 are available, 1 has top priority.

Example:
N10 SETINT(3) PRIC=1 LIFT_Z
N20 SETINT(2) PRI O=2 LIFT_X

The routines are executed successively in the order
of their priority if the inputs are enabled at the same
time. First SETINT(3), then SETINT(2).

If new signals are received while interrupt routines
are being executed, the current interrupt routines are
interrupted by routines with higher priority.

Deactivate/reactivate interrupt routine
DISABLE, ENABLE

You can deactivate interrupt routines in the NC
program with DISABLE(n) and reactive them with
ENABLE(n) (n stands for the input number).

[0 Siemens AG, 2002. All rights reserved
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E The input/routine assignment is retained with
DISABLE and reactivated with ENABLE.

Reassign interrupt routines
If a new routine is assigned to an assigned input, the
old assignment is automatically canceled.

Example:
N20 SETINT(3) PRIC=2 LIFT_Z

N120 SETINT(3) PRI O=1 LIFT_X

Clear assignment, CLRINT
Assignments can be cleared with CLRINT(n).

Example:
N20 SETINT(3) PRIC=2 LIFT_Z
N50 CLRI NT(3)

The assignment between input 3 and the routine
LIFT_Z is cleared.

Rapid lift from contour
When the input is switched, LIFTFAST retracts the
tool rapidly from the workpiece contour.

If the SETINT instruction includes an interrupt
routine as well as LIFTFAST, the liftfast is executed

before the interrupt routine. -
Example:

N10 SETINT(2) PRI O=1 LI FTFAST

or

N30 SETINT(2) PRI O=1 LIFT_Z LIFTFAST

In both cases, the liftfast is executed when input 2

with top priority is enabled.

« With N10, execution is stopped with alarm 16010
(as no asynchronized subprogram, ASUB, was
specified).

[0 Siemens AG, 2002. All rights reserved
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» The asynchronized subprogram "LIFT-Z" is
executed with N30.

When determining the lift direction, a check is
performed to see whether a frame with mirror is
active. If one is active, right and left are inverted for
the lift direction with regard to the tangent direction.
The direction components in tool direction are not
mirrored. This behavior is activated via

MD $MC_LIFTFAST_WITH_MIRROR=TRUE

Sequence of motions with rapid lift

E The distance through which the geometry axes are
retracted from the contour on liftfast can be defined
in machine data.

Programmable traversing direction, ALF=...
You enter the direction in which the tool is to travel e &
on liftfast in the NC program. ;

The possible traversing directions are stored in
special code numbers on the control and can be
called up using these numbers.

Example:
N10 SETINT(2) PRI O=1 LIFT_Z LI FTFAST
ALF=7

The tool moves — with G41 activated (direction of
machining to the left of the contour) — away from the
contour perpendicularly as seen from above.

[0 Siemens AG, 2002. All rights reserved
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Reference plane for describing the

traversing directions

At the point of application of the tool to the
programmed contour, the tool is clamped at a plane
which is used as a reference for specifying the liftoff
movement with the corresponding code number.

The reference plane is derived from the longitudinal
tool axis (infeed direction) and a vector positioned
perpendicular to this axis and perpendicular to the
tangent at the point of application of the tool.

Code number with traversing directions,
overview

The code numbers and the traversing directions in
relation to the reference plane are shown in the
diagram on the right.

ALF=0 deactivates the liftfast function.

Please note:

The following codes should not be used when tool
radius compensation is active:

Codes 2, 3, 4 with G41

Codes 6, 7, 8 with G42.

In these cases, the tool would approach the contour
and collide with the workpiece.

Point of
application

Point of
application

G‘) View in
2 traversing
E i @ direction
i 7
® S @
©D®
Plan view
G41
610) —
G42
Traversing direction
@®
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Retraction movement in SW 4.3 and higher

The direction of the retraction movement is

programmed by means of the G code LFTXT or

LFWP with the variable ALF.

 LFTXT
The plane of the retraction movement is
determined from the path tangent and the tool
direction. This G code (default setting) is
presently used for programming the behavior for
fast lift.

« LFWP
The plane for the retraction movement is the
active working plane which is selected by means
of G codes G17, G18 or G19. The direction of the
retraction movement is not dependent on the
path tangent. Thus it is possible to program an
axis-parallel fast lift.

In the retraction movement plane, ALF is used to

program the direction in discrete steps of

45 degrees as was the case formerly. With LFTXT

retraction in tool direction is defined for ALF=1.

With LFWP the direction in the working plane is

according to the following:

e G17: X/Y plane ALF=1 retraction in X direction
ALF=3 retraction in Y direction

« G18: Z/X plane ALF=1 retraction in Z direction
ALF=3 retraction in X direction

e G19: Y/Zplane ALF=1 retraction in Y direction
ALF=3 retraction in Z direction

[0 Siemens AG, 2002. All rights reserved
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Programming example

In this example, a broken tool is to be replaced
automatically by an alternate tool. Machining is
continued with the new tool. Machining is then
continued with the new tool.

Main program

NIO SETINT(1) PRI O=1 W CHANGE ->
-> LI FTFAST

When input 1 is enabled, the tool is
automatically retracted from the contour with
liftfast (code no. 7 for tool radius
compensation G41). Interrupt routine
W_CHANGE is subsequently executed.

N20 0 Z100 Gl7 T1 ALF=7 D1

N30 G0 X-5 Y-22 Z2 MB S300

N4O Z-7

NSO (41 GL X16 Y16 F200

N60 Y35

N70 X53 Y65

N90 X71.5 Y16

N100 X16

N110 G40 0 Z100 MBO

Subprogram

PROC W CHANGE SAVE

Subprogram with storage of current
operating state

N10 &0 Z100 Mb

Tool changing position, spindle stop

N20 T11 Ms DI A1

Change tool

N30 REPOSL RVB MB

Repositioning and return to main program

-> programmed in a single block.

If you do not program any of the REPOS commands
in the subprogram, the axis is moved to the end of

the block that follows the interrupted block.
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1.15 Axis transfer, spindle transfer

Explanation of the commands

RELEASE( axi s name, axis nane, ...) Enable the axis

GET(axi s nane, axis name, ...) Accept the axis

GETD (axis nane, axis nane, .) Direct acceptance of axis

Axi's nane Axis assignment in system: AX1, AX2, ... or
specify machine axis name

RELEASE( S1) Enable spindles S1, S2, ...

GET(S2) Accept spindles S1, S2, ...

GETD( S3) Direct acceptance of spindles S1, S2, ...

G Function

One or more axes or spindles can only ever be used in one
channel. If an axis has to alternate between two different
channels (e.g. pallet changer) it must first be enabled in the
current channel and then transferred to the other channel:
The axis is transferred from channel to channel.

For more information on the functionality of an axis
% or spindle replacement, see
/FB/, K5 Mode groups, channels, axis transfer

Sequence

Preconditions for axis transfer

« The axis must be defined by machine data in all
the channels that want to use the axis.

» The channel to which the axis is assigned after
power ON is defined in the axis-specific machine
data.

[0 Siemens AG, 2002. All rights reserved
SINUMERIK 840D/840Di/810D Programming Guide Advanced (PGA) — 11.02 Edition 1-85



Flexible NC Programming
1.15 Axis transfer, spindle transfer

L CE L

840D 840D 810D 840Di
NCU 571 NCU 572
NCU 573

Release axis: RELEASE

When enabling the axis please note:

1. The axis must not involved in a transformation.

2. All the axes involved in an axis link (tangential
control) must be enabled.

3. A concurrent positioning axis cannot be replaced
in this situation.

4. All the following axes of a gantry master axis are
transferred with the master.

5. With coupled axes (coupled motion, leading
value coupling, electronic gear) only the leading
axis of the group can be enabled.

Transfer axis: GET

The actual axis transfer is performed with this
command. The channel for which the command is
programmed takes full responsibility for the axis.

Effects of GET:

Axis transfer with synchronization:

An axis always has to be synchronized if it has been

assigned to another channel or the PLC in the

meantime and has not been resynchronized with

"WAITP", G74 or delete distance-to-go before GET.

« A preprocess stop follows (as for STOPRE)

« Execution is interrupted until the transfer has
been completed.
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Axis transfer without synchronization:
If the axis does not have to be synchronized no
preprocess stop is generated by GET.

Exanpl e:

NO1 G0 XO

NO2 RELEASE( AX5)
NO3 G64 X10

NO4 X20

NO5 GET( AX5)

NO6
NO7

G01 F5000
X20

NO8
NO9 ...
Automatic "GET"

If an axis is in principle available in a channel but is
not currently defined as a "channel axis", GET is
executed automatically. If the axis/axes is/are
already synchronized no preprocess stop is
generated.

X30

An axis accepted with GET remains assigned to this

axis even after a key or program reset. When a
program is started the transferred axes or spindles
must be reassigned in the program if the axis is
required in its original channel.

It is assigned to the channel defined in the machine
data on power ON.

Direct axis transfer: GETD

An axis is taken directly from another channel with
GETD (GET Directly). This means that no matching
RELEASE has to be programmed in another
channel for this GETD. It also means that other
channel communication has to be established (e.g.
wait markers).

If synchronization not necessary, this is
not an executable block.

Not an executable block.

Not an executable block because X
position as for NO4.

First executable block after NO5.

[0 Siemens AG, 2002. All rights reserved
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Programming example

Of the 6 axes, the following are used for machining
in channel 1: 1st, 2nd, 3rd and 4th.

The 5th and 6th axes in channel 2 are used for the
workpiece change.

Axis 2 is to be transferred between the 2 channels
and then assigned to channel 1 after power ON.
Program "MAIN" in channel 1

% N_MAI N_MPF

INIT (2," TRANSFER2")

Select program TRANSFER?2 in channel 2

N... START (2) Start program in channel 2

N... GET (AX2) Accept axis AX2

N... RELEASE ( AX2) Enable axis AX2

N... WAl TM (1,1, 2) Wait for wait marker in channel 1 and 2 for
synchronizing both channels

N... Rest of program after axis transfer

N... M30

Program "Replace2" in channel 2

% N_TRANSFER2_MPF

N... RELEASE (AX2)

NI60 VWAl TM (1, 1, 2)

Wait for wait marker in channel 1 and 2 for
synchronizing both channels

NI50 GET (AX2)

Accept axis AX2

N...
N..M30

Rest of program after axis transfer
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Set up variable axis transfer response

The release time of the axes can be set up using

MD 10722: AXCHANGE_MASK as follows:

« Automatic axis transfer between two channels
then also takes place when the axis has been
brought to a neutral state by WAITP (response
as before)

*  From SW 5.3, it will only be possible to transfer

all the axes fetched to the axis container by GET

or GETD after an axis container rotation.
*  From SW 6.4, when an intermediate block is

inserted in the main run, a check will be made to

determine whether or not reorganisation is
required. Reorganisation is only necessary if the
axis states of this block do not match the
current axis states.

Programming example

Activating an axis transfer without a preprocessing

stop

NO10 M4 S100

N011 4 F2

NO20 Mb

NO021 SPCS=0

NO22 POS[ B =1

NO23 WAl TP B]

Axis B becomes the neutral axis

NO30 X1 F10

NO31 X100 F500

NO32 X200

NO40 M3 S500

NO41 4 F2

NO50 Mb

NO99 MBO

Traverses the spindle (axis B) immediately after
block N023 as the PLC axis e.g. 180 degrees and

back 1 degree and back to the neutral axis. So block

NO040 triggers neither a preprocessing stop nor a
reorganization.
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1.16 NEWCONF: Setting machine data active (SW 4.3 and higher)

G Function

All machine data of the effectiveness level
"NEW_CONFIG" are set active by means of the
NEWCONF language command. The function
corresponds to activating the soft key "Set MD active".
When the NEWCONF function is executed there is
an implicit preprocessing stop, that is, the path
movement is interrupted.

E Explanation

NEWCONF All machine data of the "NEW_CONFIG" effectiveness level are set active

Programming example

2]

Milling operation: Machining drilling position with
different technologies

N10 $MA CONTOUR TOL[ AX]=1.0 : Change machine data
N20 NEWCONF : Set machine data active

[0 Siemens AG, 2002. All rights reserved
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1.17 WRITE: Write file (SW 4.3 and higher)

Programming

WRI TE(var int error, char[160] filenane, char[200] string)

The WRITE command appends a block to the end of the specified file.

E Explanation of the parameters

error Error variable for return
0 No error
1 Path not allowed
2 Path not found
3 File not found
4 Incorrect file type
10 File is full
11 File is being used
12 No free resources
13 No access rights
20 Other error
filename Name of file in which the string is to be written.

The file name can be specified with path and file identifier. Path names
must be absolute, that is, starting with "/". If the file name does not
contain a domain identifier (_N_), it is added accordingly. If there is not
identifier (. MPF or _SPF), the file name is automatically completed with
_MPF. If there is no path specified, the file is saved in the current
directory (= directory of selected program). The file name length can be
up to 32 bytes, the path length up to 128 bytes.
Example: PROTFILE

_N_PROTFILE

_N_PROTFILE_MPF

/_N_MPF_DIR_/_N_PROTFILE_MPF/

string Text to be written. Internally LF is then added; this means that the text is
lengthened by one character.
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Function

Using the WRITE command, data (e.g. measurement
results for measuring cycles) can be appended to the
end of the specified file.

The maximum length in KB of the log files is set via
MD 11420 LEN_PROTOCOL_FILE. This length is
applicable for all files created using the WRITE
command.

Once the file reaches the specified length, an error

message is output and the string is not saved. If

there is sufficient free memory, a new file can be

created.

The created files can be

* read, edited and deleted by all users,

« written in the parts program that is currently being
executed.

The blocks are inserted at the end of the file, after

M30.

Programming example

N10 DEF I NT ERRCOR

)

N20 WRI TE( ERROR, " TEST1", "LOG FROM

; Write text from LOG FROM

7.2.97") 7.2.97 in the file TEST1
N30 | F ERROR :
N4O MSG ("Error with WRITE conmand: " :
<<ERROR)
N50 M :
N60 ENDI F :
VRl TE( ERROR, ; Absolute path

"/ N.WCS DI R _N_PROT_WPD/ _N_PROT_MPF",
"LOG FROM 7. 2. 97")

Additional notes

* If no such file exists in the NC, it is newly created
and can be written to by means of the WRITE
command.
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840Di

» If a file with the same name exists on the hard
disk, it is overwritten after the file is closed (in the

NC).

Remedy: Change the name in the NC under the
Services operating area using the "Properties"

soft key.

E(:)] Machine manufacturer
Blocks from the parts program can be stored in a file

by means of the WRITE command. The file size for
log files (KB) is specified in the machine data.

1.18 DELETE: Delete file (SW 4.3 and higher)

Programming

DELETE(var int error,

char[160] fil enane)

The DELETE command deletes the specified file.

E Explanation of the parameters

error Error variable for return

0 No error

1 Path not allowed

2 Path not found

3 File not found

4 Incorrect file type

11 File is being used

12 No free resources

20 Other error
filename Name of the file to be deleted

The file name can be specified with path and file identifier. Path names

must be absolute, that is, starting with "/". If the file name does not
contain a domain identifier (_N_), it is added accordingly. The file

identifier ("-" plus 3 characters), e.g. _SPF) is optional. If there is no
identifier, the file name is automatically added _MPF. If there is no path

specified, the file is saved in the current directory (= directory of
selected program). The file name length can be up to 32 bytes, the path
length up to 128 bytes.
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Example: PROTFILE

_N_PROTFILE
_N_PROTFILE_MPF
/_ N_MPF_DIR/_N_PROTFILE_MPF/

G Function

All files can be deleted by means of the DELETE
command, irrespective of whether they were created
using the WRITE command or not. Files that were
created using a higher access authorization can also
be deleted with DELETE.

m Programming example

N10 DEF I NT ERROR

N15 STOPRE ; preprocessing stop
N20 DELETE ( ERROR, : deletes file TEST1 in the
"/ N SPF DR/ _N TEST1_ SPF") ; subroutine branch
N30 | F ERROR :
N4O MSG ("Error with DELETE conmand: " :
<<ERROR)
N50 M :
N60 ENDI F :

1.19 READ: Read lines in file (SW 5.2 and higher)

Programming

READ(var int error, string[160] file, int line, int number, var
string[255] result[])

The READ command reads one or several lines in the file specified and stores the information
read in an array of type STRING. In this array, each read line occupies an array element.

[0 Siemens AG, 2002. All rights reserved
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E Explanation of the parameters

error Error variable for return (call-by-reference parameter, type INT)
0 No error
1 Path not allowed
2 Path not found
3 File not found
4 Incorrect file type
13 Insufficient access rights
21 Line not available (parameter "line" or "number" larger than
number of lines in file)
22 Array length of "result" variable too small
23 Line range too large (parameter "number" has been selected so
large, that reading goes beyond the end of the file)
file Name/path of the file to be read (call-by-value parameter of type

STRING with a max. length of 160 bytes). The file must be stored in the
user memory of the NCK (passive file system). The file name can be
preceded by the domain identifier _N_. If the domain identifier is
missing, it is added correspondingly.

The file identifier ("_" plus three characters, e.g. _SPF) is optional. If
there is no identifier, the file name is automatically added _ MPF.

If there is no path specified in "file", the file is searched for in the current
directory (=directory of selected program). If a path is specified in "file",
it must start with a slash "/" (absolute path indication).

l'ine Position indication of the line range to be read (call-by-value parameter
of type INT).
0 The number of lines before the end of the file

which is specified by the parameter "number" is read.
1ton Number of the first line to be read.

nunber Number of lines to be read (call-by-value parameter of type INT).

result Array of type STRING, where the read text is stored
(call-by-reference parameter with a length of 255).

[0 Siemens AG, 2002. All rights reserved
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G Function

One or several lines can be read from a file with the
READ command. The lines read are stored in one
array element of an array. The information is
available as STRING.

3 Additional notes

< Binary files cannot be read in. The error message
error=4:Wrong type of file is output. The following
types of file are not readable: BIN, EXE, OBJ,
_LIB, _BOT, _TRC, _ACC, CYC, NCK.

¢ The currently set protection level must be equal
to or greater than the READ right of the file. If this
is not the case, access is denied with error=13.

« If the number of lines specified in the parameter
"number" is smaller than the array length of
"result", the other array elements are not altered.

e Termination of a line by means of the control
characters "LF" (Line Feed) or "CR LF" (Carriage
Return Line Feed) is not stored in the target
variable "result". Read line are cut off, if the line is
longer than the string length of the target variable
"result". An error message is not output.

m Programming example

N10 DEF I NT ERROR : error variable
N20 STRI NG 255] RESULT] 5] ; result variable
N30 READ( ERROR, " TESTFILE", 1, 5, ; file name without domain and file identifier
RESULT)
N30 READ (ERROR, "TESTFILE MPF", 1, 5, ; file name without domain and with file identifier
RESULT)
N30 READ(ERROR, " N TESTFI LE MPF", 1,5, ; file name with domain and file identifier
RESULT)

[0 Siemens AG, 2002. All rights reserved
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N30 READ(ERROR, "/ N CST DI RFN TESTFI LE ; file name with domain and file identifier and
_MPF", 1, 5 RESULT) path specification

N4O | F ERROR <>0 : error evaluation

NS0 M5 " ERROR' <<ERROR<<" W TH READ COMVAND")
NGO MD
N70 ENDI F

1.20 ISFILE: File available in user memory NCK (SW 5.2 and higher)

Programming

result=isfile(string[160]file)

With the ISFILE command you check whether a file exists in the user memory of the NCK
(passive file system). As a result either TRUE (file exists) or False (file does not exist) is returned.

E Explanation of the parameters

file Name/path of the file to be read (call-by-value parameter of type
STRING with a max. length of 160 bytes).
The file must be stored in the user memory of the NCK (passive file
system). The file name can be preceded by the domain identifier N _. If
the domain identifier is missing, it is added correspondingly.
The file identifier ("_" plus three characters, e.g. _SPF) is optional. If
there is no identifier, the file name is automatically added _MPF.
If there is no path specified in "file", the file is searched for in the current
directory (=directory of selected program). If a path is specified in "file",
it must start with a slash "/" (absolute path indication).

resul t Variable for storage of the result of type BOOL (TRUE or FALSE)

[0 Siemens AG, 2002. All rights reserved
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Programming example

N10 DEF BOOL RESULT

N20 RESULT=I SFI LE(" TESTFI LE")

N3O 1 F( RESULT==FALSE)

N40 M5G( " FI LE DOES NOT EXI ST")

NS0 MD

N60 ENDI F

or:

NBO T F(NOT T SFILE(" TESTFILE"))

N40 M5G( " FI LE DOES NOT EXI ST")

NS0 MD

N60 ENDI F

CHECKSUM: Creation of a checksum over an array
(SW 5.2 and higher)

Programming

error =CHECKSUM var string[16] chksumstring[32]array, int first, int
| ast)

The CHECKSUM function forms the checksum over an array.

Explanation of the parameters

error Error variable for return Representation
0 No error
1 Symbol not found
2 No array
3 Index 1 too large
4 Index 2 too large
5 Invalid type of file
10 Checksum overflow
chksum Checksum over the array as a string (call-by-reference parameter of

type String, with a defined length of 16).

The checksum is indicated as a character string of 16 hexadecimal
numbers. However, no format characters are indicated.

Example: in MY_CHECKSUM

1-98

[0 Siemens AG, 2002. All rights reserved
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array Number of the array over which the checksum is to be formed. (Call-by-
value parameter of type String with a max. length of 32).
Permissible arrays: 1 or 2-dimensional arrays of types
BOOL, CHAR, INT, REAL, STRING
Arrays of machine data are not permissible.
first Column number of start column (optional)
I ast

Column number of end column (optional)

[: Function

With CHECKSUM y