Vogel Fachbuch

Jirgen Kaftan

PLC-Basic Course
with SIMATIC S7




Jurgen Kaftan

PLC Basic Course
with SIMATIC S7



Jurgen Kaftan

PLC Basic Course
with SIMATIC S7

Structure and Function of
Programmable Logic Controllers,
Programming with the SIMATIC S7

First Edition



JURGEN KAFTAN

1967-1971  Apprenticeship as an electrician
1971-1973  Skilled tradesman in the trade of electrician
1973-1975  Training as a state-certified electrical engineer
1975-1977  Employed as a technician
1977-1978  School for master craftsmen, graduated as master electrician
1979-1992  Nuremberg vocational training centre for hearing and
speech impaired persons, Master Trainer
1985-1992  Course Leader for PLCs in vocational training (BFH) for hearing
and speech impaired persons
1985-1992  Course Leader for PLCs at the Chamber of Crafts
1992-1995  IKH Elektrogeritebau — System Training Courses
(Managing Director)
Since 1995  Manager of IHK Systemschulungen for Hardware and Software
(Chamber of Industry and Commerce hardware and software
system training courses) in Weifenburg and Roth
(Central Franconia)

Jiirgen Kaftan is the author of the following reference books published by Vogel:
PLC Basic Course 1

PLC Basic Course 2

PLC Basic Course with SIMATIC S7

The book includes a Siemens AG demonstration CD-ROM »STEP 7 Professional, Edition 2004
SR4, Trial License« including: STEP 7 V5.3 SP3, S7-GRAPH V5.3 SP2, S7-SCL V5.3 SP1, S7-
PLCSIM V5.3 SP1 and can be used for test purposes for 14 days.

The software only runs under Windows 2000 Professional SP4 and above or Windows XP Pro-
fessional SP1 and above.

For further information on the Internet, visit www.siemens.de/sce/promotoren.

Further information:
www.vogel-buchverlag.de

ISBN 978-3-8343-3201-1

First Edition 2011

All rights reserved including translation. No part of this work may be
reproduced, processed using any type of electronic system, duplicated
or transmitted in any way or in any form (printing, photocopying, mi-
crofilm or using any other process) without the express written con-
sent of the publisher. The exceptions stated expressly in Para. 53, 54 of
the German Copyright Act are not affected.

Printed in Germany

Copyright 1998 by Vogel Industrie Medien GmbH & Co. KG,
Wiirzburg

Book jacket illustration: Michael M. Kappenstein, Frankfurt



Foreword

Programmable logic controllers, known for short as PLCs, are an integral part of
automation at the lower, middle and upper performance levels. Due to the ever
increasing size and complexity of the hardware and software required in automa-
tion projects, the industry has had to develop faster, more capable and effective
automation systems and to simplify handling for users. All the exercises in this
book have been developed and tested using Siemens' SIMATIC S7-300 PLC. The
command set of this controller ranges from binary processing to 32-bit floating
point arithmetic. The controller is programmed under the Windows XP operating
system and it is assumed that users have an appropriate basic knowledge. All the
procedures for programming the SIMATIC S7-300 are demonstrated exactly and
are easy to understand for users. The topic builds up from "easy to hard" and is
ideally suited for use in vocational and technical training colleges, etc. as well as
for use on a teach-yourself basis.

I would like to thank the Witkro-Lehrsysteme company in Wiirzburg as well as
everybody who has helped in the completion of this book. I am always grateful to
receive feedback from readers and users.

WeiSenburg/Heuberg (Central Franconia) Jurgen Kaftan






Contents

FOTEWOTd...eueieurreieereetreeeesteeteeseeeeeeeeeeeeseaseesessssesssesssasssesssessssssssssasssnassns 5
1 INErOAUCHION «eceevverereereeereeeecsneeeseeeseessssessssesssseesssnesssnsessnsessnsasssnass 13
1.1 NUMDET SYSTEM .ueiiviiiiiiiiiieeiieeieeecteerreeereeesreeeeeeesaeeessreesseeesseeas 13
1,202 BYCetiiieeiieiteete ettt ettt st ettt s et e e e e 14
1.2.3 WOTd ittt ettt sttt st st st st 14
1.2 Terms from COMPULET SCIENCE ..vvruverrvrerrrreeareeereeesreeesreesseessseesssees 14
T.201 B eeeeeiieeiee ettt sttt ettt s s s 14
1.2.4  Bit @ddress..coierienierieniecteeteeee ettt sttt st st 15
1.2.5  Byte address couueeeieeeieieiieeieeeieesieeereeeiee et e e e e nees 15
1.2.6 Word address .oo.eeeeeeeerienienieiienienteete sttt ettt sttt 15
2 Arrangement of @ PLC.......ciiiviririirirninineininnenineeesseeeesneessncsssssesssnens 17
2.1 Structure of @ PLC..oi ittt eevree e vee e s ree e e vaae e 18
2.2 Structure of an AULOMAION UNIL .vveeeeeveeeeeereeeeecrieeeeerreeeeinreeeeereeeens 18
2.3 Hardware requirements.......oecueeeeveerieeerieenieensieeesieeeseeeseeessseessseens 18
2.3.1  Hardware STIUCIULE ...cccuveeeeeireeeeeireeeeetreeeecreeeeerreeeeeseeeesssseeesennens 20
2.4 SOftWAre rEQUITEMENTS. .euvieriierrierrieesieesieeesiteeeteesteessseeseneessaeeenns 20
2.4.1  STEP 7 programming [anguage .........cceevveerrueeriieerneennieeeniieesseeesnneens 20
2,42 ODJECES euuiiiiiieiiieeite ettt ettt ettt et st et e s baesnae s 20
2.4.3  PrOJECES civiiiiiiiiiiiiiiiiiiiiiiiteeeteeeeeeeeeeeeee et e eeeeeeeeeeeeeeeeeeeeeaeesaeaesesasaseeaaaes 21
2.4.4  Configuring an S7-300 .....ccceeceeriieriierniieenieeeieesreeeseeeseeeseeesaeeas 22
2.4.5  Parameterization .........eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeseeseeseseseeseen 22
3 Way of Functioning of a PLC .....cccceeeveeerreeerreeecrneeessecesseeesseesssnnsennes 23
3.1 Modules of the PLC .....oociiiiiiiiiiiirieeieeieeieeieeieeseeesie e 23
311 POWET SUPPLY UINIE ceuveriiriieieniieieesieeie et et ere e saeeseeesaeeveesaeenaees 23
3.1.2  Program MEMOIY ..c.ceeeceuvreeeeerseessiirreeeeessssssisseeseeeesssssssssseessssssssnnnes 24
3.1.3  Central processing unit (CPU) .......cccuveevrveeiveesreenireesereesreesveesnnes 25
3.1.4  BUS SYSTEIMuuuuuiiiiiiieeeieriiireeeeeeeeesiarreeeeesssseusreaeeeessssssssseseeesssssssnnes 27
3.1.5  Input and output MOdUles......cceevverierriiriirriieiieeereereee e 27
4 Program Processing and Programming ..........eeeceeeereeeesneeccneesceescnness 29
4.1 Linear program ProCesSing ........eeecveeeeeeeereeerrrreereeessesssnsseeeeessssssnnnnes 29
4.2 Structured Programming .......cceeceeeeveerrueerseerseeenseeessseessseesseesssneenns 30
4.3 Control INSEIUCTION. c..eerterterteeierte ettt ettt seeste st seesaee e 31
4.3.1  OPEration PACT .uueeeeeeeeereeeiiieeereeeseesesirreeeeeesseessnsseeeeesssessssssseseessssans 32



4.3.2  Examples for digital Operations......ccccceeevveeevieeerveesveesiveessveesseeennnnes 32
4.3.3  Examples of binary Operations .....ccceccueeevveeerreeereeesveesrveesveeesseessnnes 32
4.3.4  Examples of organizational Operations........ccceeevveeeveesrveesrveesseeennnes 33
4.3.5  OPErand PArt .eccceeeceeesveeeiieeeiieeesreesreessseessseessseeesseesseeassesssseesssnes 33
4.4 AdAIESSING ..vveevviecieeeieeeieeesteesre e eeee e e seeesreesae e s e e e baeesseeeesneeas 34
4.4.1  Symbolic Addressing .......cevveeeereeerveerreesiieeeieeeseeesreesseeeseessseeenenes 34
4.4.2  Absolute addressing ........eceveeecueeesieeniieesiieeeseeeeeesreesreeeaeeereeeenes 34
4.4.3  Immediate addressing.......cccveeveeereeervieesiieeeieeerreesreesreeeseeesreeenens 34
4.4.3.1 Direct addressing.......eeeveeeieeeireessieeiieesieeesieeeeeesreesseesseessseeensnes 34
4.4.3.2 Memory-indirect addressing........cceervveervreerireessieeesvreesrreesseeesseesnnnes 35
4.5 Program repreSentation .......eeeeeeeeeeeeruereeeeeeeeessireeeeeeesssssnnneeeeeeesssnnns 35
4.5.1  Ladder diagram (LAD)...cccoeeevieierieerireesieeeieeeieeeseneessseessseessessnnns 36
4.5.2  Function block diagram FBD (STEP 7 V3.x and above).................. 36
4.5.3  Statement list STL c..coeeirierenirieierereneeteneneeeeresre e 36
4.6 FlagS. veeeieeeieeeie ettt et sre e re e e te e e r e e b e e e ae e e ae e e bae e neeennneean 37
4.6.1  Retentive flags...cceeccieecieecieeeieeeieeerieesie e eeeesreesae e ere e s beeeenas 37
4.6.2  Non-retentive flags.....cccieevieieiieeriieeriieseeeeeeeeesreesreeeveeesveeeenes 38
5 LOZIC OPEIAtIONS..c.uveirrueiriuiiiueiisurenineisaeessatessstessssessssesessesssssesssneses 39
51 Basic [0ZIC OPErationS......cuueerueerrieerieeeieesieeerreesreesieessieessaressneens 39
5.1.1  Clearing the CPU ..c..cooiiiiirierienienieeieeieeteeeeee e 40
51,2 Creating ProjJECtS ....ccicuieiinirieiiiinieiiiiieeeniiieessireeessiseesssnseessssneees 42
5.1.3  Inserting the SIMATIC 300 Station....c.c.cecveereeereersuerseensrensrersreenuennes 43
5.1.4  Configuring and parameterizing.......cceceeerveereeeseerseesersersensreeseennes 43
5.1.5  Arrangement of the POWEr SUPPLY weeveeveereerniernienieereneeeeeeieee 45
5.1.6  Arrangement of the CPU 314 ....coceriiriiniininienieeeeeeeereeeeee 46
5.1.7  Arrangement of the input module .....cc.ccecervernerninnenninneneeenne 46
5.1.8  Arrangement of the output module .......cccceeveevervinninnennenneeenne. 47
5.1.9  Parameterizing the CPU 314 .....coiiiriiriiiniinienieneeeeeeeeeeeeee 47
5.1.10 Saving the global configuration .....c...cecceeveerververneenennensenseeeennes 49
5.1.11 Transferring the configuration to the CPU ....cc.ccecerververvennennnennne. 49
5.2 Logical AND operation USer program ..........ce.eeceeesveeseersuessvessveseens 50
5.2.1 Entering FCs (FC 1) ciiiiiiiiiiiiiiieeeteeeeeeeeeeeee e ceeeeee e 50
5.2.2  S7 DlOCk fUNCHON «..veiiiiieiieeiieeie ettt eie e sie e st e s 52
5.2.3 Entering OB 1 ..occciiiiiiiiiiiiiiiiiiiiiiiiiiinicnccncccincee e 55
524 Downloading ....coeeeeerierierienienienieeteeeeeee e 58
52,5 TSN cutiiiiiieiteeiie ettt ettt ettt et 59
5.2.6  Specifying trigger CONAItiONS .....cecueeveeeeerseersuenseerseeseesrensreesreenseenes 60
5.2.7  Deactivating the FBD program Status........ccccceveeveeesversversvensreenuennnes 63
5.2.8  Testing With STL ...coueriiriirieeienienieeieeteeteeeee e 63
5.2.9  Testing With LAD ..couviiiiiiinieeienieeieeteeeeeeeeetee e 65
5.2.10 Extending from two to three inputs (3rd. input [0.2).....cccervuernnenee. 67
5.2.10.1 Extending with STL ..cc.ccoiiriiriiniinienieeieeeeeeeee e 67



5.2.10.2 Extending with LAD .....cccoeiiiiiiiieeiie e ereeereeeveesvre e esveeseee s 69

5.2.10.3 Extending with FBD .......cccceiiiiiiiiieeiieeiiecieeereeeveesvre e e eveeeene s 71
5.2.11 Reducing from 3 inputs to 2 (delete 10.2) ...vevvrveecrveesieeeieeeieeeeen, 73
5.2.11.1 Reducing with STL......c.ccccvuieiieeeiieeieeecieeerreeereeeveeseeeesveesseeevees 73
5.2.11.2 Reducing with LAD .....cccciiiiiieiiieeiee e creeereeeieesvee e esveeevee s 74
5.2.11.3 Reducing with FBD ......ccccciiiuiiiiiiieiie e et svre e e svee e s 74
5.3 Logical OR operation USer Program.......cccveerveesrveessseeesseessneesssseenns 75
5.3.1  Entering the program using the PC (FBD) ......cccceeevirvieenieeecreeennnen. 75
5.3.2  Create the PrOJECh...uiimniiiiieiiieeeieeeieeeireerreesreeeveesssneessseeesseesssees 76
5.3.3  Copy SIMATIC station 1 into another project........cceceveeeveercreennnen. 77
5.3.4  Change OB T.uiiiciieciieciecieeere ettt ere et e e e svre e reesaaesvae s 80
5.3.5 Downloading ..c.cccecerviiriiensiiniieieeitee ettt 82
5.306  TTESHIMZ.ueeeeiuiiieieieee ittt eete et e ettt e st e e sreee s mree e s e e e e enraee e 82
6 Program INput........ccevvuiiiiniiiiiiinniiininiiinieceenne e 85
6.1 AND before OR ....uvviiieiiieeeiieie ettt ecrre e e cree e e crree e e raee e e 85
6.2 OR Defore AND ...ociccuiieiieciiee ettt eecree e e cree e seree e s rrae e e raaeens 88
6.3 Poll for signal state 0....cocveevveereierierieeriieieereeseesieeseesie et 91
6.4 Exclusive OR OPeration ......ce.cceveevuerseersiersiersiersenseensesneenseeeseessnenas 94
6.5 POLlING OULPULS ...veereeeenteeieeieeeeetee ettt ettt et e b e b esaees 96
6.6 INSerting NEtWOrkS....cooveerveerieerierieieeieeeeeeee et 98
6.7 Latch circuit with the PC.......coooiiiiiiiiieieceee et 101
6.8 Practical examples of control with the PC........ccccceviiiieniinieneennen. 105
6.8.1  Temperature difference.....coceevverrueeriernieeneeieerieeseereeseeseesreesreenaees 105
6.8.2  Drinks Machineg .......cccovveiieiiieiiiiiie et aree e 106
6.8.3 INLEICOM.ciiiiiiiiiiiiiiiii e 108
6.8.4 GeNEIATOr .ciiiiiiiiiiiiiiiiieeee e 110
6.8.5  Boiler control.....uuiiiecuiieiieiee et 112
6.8.6  SMeElting fUINACES .eouververiieiiriieieeieee ettt 113
6.9 FLP-FlOP vttt 116
6.9 1 RS liP-FlOPcuumerreeeereeereeeeeseeeseeesseeeseeessseesseseeesseeseeseseseesseeessseeeees 116
6.9.2  Entering the program .......cccceceeveeierrieenieeseereeeereeseeseesreeseenaees 118
6.9.3  Pump cONtroller ...coceeveerirriirriieieeieeeee ettt 122
7 Creating Momentary Impulses (Edge Instructions) ......ceeeeeeeeeeecneees 127
7.1 Momentary impulse with a rising edge (FP) ..c.cocceevvereieevernierniennnnns 127
7.2 Momentary impulse with a falling edge (FN) ..coceevvvrvirnerninciennnnns 128
7.3 Program INPUL.....ccueeeiiiieeeeiiee ettt e et eeeeeeeeemeeee s e 128
7.4 Acknowledgement CIrCUIT...vevrvierieerreeriierteereeritereesiee e sreesaeesaees 132
8 Timing FUNCHONS «..vetrrerveererrrversesssrersessneesssssnssssssssssssssasesssssnsassssanes 135
8.1 Timing value SpecifiCation ........cccveerieervieenrieeeireeesieesieeereeesseeesaeens 135
8.2 Release a time (FR) cocuvviiieciiee ettt e eveeeeeetreeeeeraee e 136
8.3 CUrrent ValUe .oueeeienienieeieee ettt 136



8.4

8.5

8.5.1
8.5.2
8.5.3
8.5.4
8.5.5
8.6

8.6.1
8.6.2
8.6.3

9.1

9.1.1
9.1.2
9.1.3

10
10.1
10.2
10.2.1
10.2.2
10.2.3
10.2.4
10.2.5
10.2.6
10.2.7
10.2.8
10.3

11
11.1
11.1.1
11.1.2
11.1.3
11.1.4
11.1.5
11.1.6
11.2
11.3

12
12.1
12.2

10

RESCE TIME .eeeeviiiiiiieieiieeeete ettt e e e 137
Selection of times (five different ones) ......c.ceeeeveeeeevveeeeecineeeeeinveeenn. 137
Pulse timer (SP) cocuvereeeeireeeeeireeeeeereeeeeetreeeeereeeeeetneeeeerreeeeenraeeeenneeas 137
Extended pulse timer (SE) voocvvieiieieieeeieeeieeereecieeeieeeveeesereeeeneea 139
Switch-on delay timer (SD)....ciccueeeciierieerieeeieeeeeesreesreesreeseeeenns 140
Retentive switch-on delay timer (SS) ....cveevveerveeriieeerieeeieeesreeenens 142
Switch-off delay timer (SF) ....iieiieeiiieciiecieecieecee e sreeevee s 143
PC program input of timing functions........ccceeeveeevveeereesseeesveesneens 144
Garage lIghting......cecoveecieeeieeeieeceeere e r e re e re e sae e 147
FIlling SYSTEIM c.uvviieuieieieeeieeesiteesreesreeeieesseeeessseessseesssneesesesssesssseens 149
COMPIESSOL SYSTEIM cuuuuuerrrreeeeerrerurrreeeeeessssrnrrreeeeessssssssseeeessssssssssnnes 150
CLOCK GENETALOTS ..uvereueererurrerresssreresnesesassessesssesessasesassesassssasssssnases 153
PC program input with clock generator .......ceccceceeeveervieesienseenneennnen. 154
Channel SWItCh......ciiiciiiiieciieeeeciee e e vree e 156
Paging SYSteM....cccuuiiiiiiiiiiiiiiiiiiiiiiiiincccircccre e 157
AL SUPPLY ettt ettt 159
COUNLETS verrirnnrrriirneirisineesiiiutessssaeessssteessssstesssssseessssssessssssesssssseess 163
Load and transfer functions .........cecueecveecversiersiessiessuessiesseeessesseesneens 163
COoUNLEr FUNCHIONS .veevviertieriieeitenienteneeetestestesteseesaeseessesanesanenns 164
Release a counter (FR) .uveiiovveeieeeiiiieeieeec e ceeneee e ennees 164
Counting fOrwards ......ceueriereerierieniententeete et et e eeeseeseeens 164
Counting backwards .......cocveeierierieniinierteeeeeet et 164
S COUMLRT wuvtteeuiiieieiiieeeeieeeeeteeeeeeerteeeeireeeeeareeeesareeeeemeeeessareeeenas 165
Count value definition......cceeeeerierienienienieniesteete et eee e 165
Reset counter (R) .uuuueeeieieiiieiiiiiiiiiiiiiiiiiiiiiiieiereeeeeeeeseereerereereeeeeeeeee... 165
Poll count value (L/LC) wuveeeeiueeieeereieeeeieeeeeeieee et eeeveeeeeeaneees 165
Poll signal state of counter (bDIiNary) ......cocceeeveevierviersiersiensieesieesieneen. 166
PC program input cleaning bath........ccccecevvieriiiniieniiensienieeieeieeen. 167
COMPATALOTS cuvvrrenrerirreeissrssnneetersesssssssseessssssssssssssssssssssssssnssssssssssssne 169
CompParison fUNCHONS ...uuieeieeesieeesireerreesreeeieeereeeseeeesseesseesseeenes 169
EQUAal t0 = = oottt e 169
INOE €QUAL <> 1eiiiiiiieeeieeceeete e re e ae e e be e s saeeessaee s 170
Greater than equal t0 >= ..iovviiiiiiieiiieieecieececeee e eae e 170
Greater than >..c.cociiviiriiniirietetetest ettt ettt s saee e 170
Less than equal t0 <= .uiivviiieiiiisiecciecceceeeere e 170
Less than <..cecievierienierierteeteet ettt ettt ettt 171
PC program input runway light.......ccccecieerriirniienieenieeeeeesieeeneens 171
Program input sequeNnce fUNCHION ...cveeeveerreerrveesrieeesieeeseeesseeseeeas 174
Practical Examples with Simulators......coceoievienicnnicnnicnnicnsicnsicneens 177
Seven-segment diSPlay ......coecveeerieeerierriiinieeeieeeee ettt 177
Star-delta StArtiNg ...cccveeeveeriieeriiieeiteerte ettt et e et e et e e saeesae e 179



12.3 Traffic light cONtroller......cvivviiieciiiiieerieeeiee e 181

12.4 Conveyor belt cONtroller .......uicvuiiiiiieiieiiiee e 183
12.5 Reaction VeSSEl....cocuevvieriiriierienieeieeieete ettt 186
12.6 Container filling SYSTEM....cccvueierierriieeiieerreeesteeesreesreeeseeesseeesseenns 188
12.7  Automatic tablet filler .....ocovvieriiiriiiniiniieee e 190
12.8 DO0Or access CONTIOl SYSTEIM ..uvirruieerrieeeirreeirreesreesreesseeesseesssnessseenns 193
12.9 PUmp CONLLOIIEr voiuviiiiiiiieeeiie ettt e e eene s 195
13 Sequence Control SYStems ...ccueivueiruirscisensinsisscsnesncsnisnessessseens 199
13.1 oL oY Lo Tern o3 o W USRS 199
13.2 Components of a sequence control SyStem ........cceceeveerveerreerseereenne 200
13.3 Type Of representation......eec eereeereeerreereeereeesieesieesreeseeesseesseesseesseennees 201
13.4 Linear SeqUEnCe CasCade ......eevueruernuerseerniersiereensieeeeeseenseeesseessesssenas 202
13.5 Sheet metal bending device......oovuevrviirrriiriiieiiiiiieerieeeee e 202
14 Safety RegUIations....cceeeueeeeereuersuersuersnersessessnessnesssessnessnsesseesseesseens 207
14.1 RULES 1ottt ettt et e et e e re e s e e e taeeeaeeanaenes 207
14.2  Emergency STOP control release....c.ccevereeervierceercienciencieeienieeeenes 208
14.3 Example of a control release .....ccoevverviereiercierniensieesieecieeieesieesieeeens 209
APPENAIX c.rerrirererernrennrererrercseesseessssessssesssnesssssasssassssassssasassnsasssassssasessasasnns 211
Solutions according to the eXamples.......cccviecireiierriieeniieeeceeesieesieeeeeeeeeas 211
Example of a solution according to chapter 6.8.1 ....c.ccccvvvvvienieenieenieennen, 212
Example of a solution according to chapter 6.8.2 ......ccccovvvvveeeieencieencieennnen. 214
Example of a solution according to chapter 6.8.3 ......cccovvvviienvieencieenieennnen, 216
Example of a solution according to chapter 6.8.4 .......cccovvvvevevieencieencreennnen. 218
Example of a solution according to chapter 6.8.5 ......ccccovvvvvivnieencieenieennnen. 220
Example of a solution according to chapter 6.8.6 ......cccccvvvvveeevieeecieencreennnen. 222
Example of a solution according to chapter 6.9.3 ......ccccovvvvivnvieercieenceeenen, 226
Example of a solution according to chapter 7.4 .......ccccoevvvvviiencieencieenceeenenn. 230
Example of a solution according to chapter 8.6.1 ....cceecvvvvvvienvieencieenieennen, 233
Example of a solution according to chapter 8.6.2 ......ccccovvvvuvivnieeecieenieennnen, 234
Example of a solution according to chapter 8.6.3 ......ccccvvvvvieivieeecieenieeenen, 240
Example of a solution according to chapter 9.1.1 ..ccccevvervivvvienieeeieeeeeee, 246
Example of a solution according to chapter 9.1.2 ....ccccoevvvvvirncieencieeeieenen, 247
Example of a solution according to chapter 9.1.3 ....cccoeovviviiinvieieieeeeeeen, 250
Example of a solution according to chapter 10.3 .....ccceeevvvvveenvieenrieeeieeeneen, 252
Example of a solution according to chapter 11.2 ...ccccvvcvivvieencieeeieeeieeenen, 258
Example of a solution according to chapter 11.3 ....cccceeeiviviiencieenieeeieeenen, 265
Example of a solution according to chapter 12.1 .....ccceeevivvvienvieeeieeeieeenen, 268
Example of a solution according to chapter 12.2 .....ccccccvvvvvienieeecieenieeeneen, 284
Example of a solution according to chapter 12.3 .....cccceevivviiincieeeieenieeeneen. 290
Example of a solution according to chapter 12.4 .......cccovvvvevnvieeecieenieennenn, 298
Example of a solution according to chapter 12.5 .....ccccecvvivviiniieenieenieeeneen. 307

11



Example of a solution according to chapter 12.6 .......ccccvvevieeeveeeceeenreennnenn. 312

Example of a solution according to chapter 12.7 .....cccocvvvevieeeceencieecieeennenn, 319
Example of a solution according to chapter 12.8 .......cccovvevvieievieeiieeireennnenn, 337
Example of a solution according to chapter 12.9 .....cccccovvvvcivieceeenieecieeennn, 351
Example of a solution according to chapter 13.5 ....cceevvviveiieeecieeieeereeeenenne 367

12



1 Introduction

The programmable logic controller (PLC) has the job of carrying out open-loop or
closed-loop control of a machine or plant's individual operations in accordance
with a specified function cycle depending on encoder signals.

1.1 Number system

A programmable logic controller does not use the decimal system for processing
the addresses of storage locations, inputs, outputs, times, bit memories, etc.; rather,
the dual number system is used.

The dual number system only includes the digits 0 and 1 that can easily be rep-
resented and evaluated in data processing. It is a binary number system.

The significances of a dual number are, as shown below, assigned to the powers
of 2.

] . Assigned decimal
23 2z 2 2 power

1 1 0 1 Dual number
‘ 1-22 ‘ ‘ 122 ‘ o-2° ‘ ‘ 1-2° ‘
8 + 4 + 0 + 1 = 13 Decimal number

Figure 1.1 Each digit within a dual number is assigned to a power of two
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1.2 Terms from computer science

In connection with programmable logic controllers, people often use terms from
data or information processing like bit, byte, word and double word.

1.2.1  Bit

A bit (an abbreviation of binary digit) is the smallest binary (dual-value) unit of
information.

A Figure 1.2
Abit can take
*1* Vol
B Ol e e e e o ey S S 2 S 1 e:()i:tasge on a signal state
of "1" or "0"
0 Volt —
"p'Voltage does
not exist
1.2.2  Byte
A byte is a term for a unit of eight bits.
BYTE Figure 1.3
|O|1|O|1|1|0|0|1| Abyte has a size
of 8 bits

Signal state

1.2.3 Word

A word consists of two bytes or 16 bits. Using "words", you can, for example, rep-
resent:

O Dual numbers,
O Letters,
O Control instructions.

Signal state Figure 1.4
Aword has a size
of 2 bytes or 16 bits

woro [o]1]o[1]1]ofo]1]1[1]ofo[o[1]1]o]
1 Byte 1 Byte
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1.2.4  Bit address

For the system to detect and address bits, each individual bit in a byte is assigned
a digit, what is known as a bit address.

Figure 1.5 7 6 5 4 3 2 1 0
In each byte, the right-
most bit is given bit Bit address
address 0 and the left-
most one gets the bit
address 7

1.2.5  Byte address

The individual bytes are also given numbers, i.e. the byte addresses. Additionally,
the operand is labelled. This means, for example, that IB 2 stands for input byte 2
or QB 4 represents output byte 4. Individual bits are uniquely addressed by the
combination of the bit and byte addresses.

The bit address is separated from the byte address by a full stop. To the right of
the full stop, there is the bit address, with the byte address being to the left of it.

Figure 1.6 10.7 106 105 104 103 102 0.1 10.0
Example:

Byte address 10.0 or 1 Byte Byte address
Q4.5

1.2.6  Word address

The numbering of words yields the word address. When using words, e.g. IW (in-
put word), QW (output word), MW (memory word), DW (data word), the word
address is always the lower byte address of the two associated bytes.

Figure 1.7
Word address WO [\

IBO 1B1 B2 B3

W1
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2 Arrangement of a PLC

PLCs are mass-produced. Initially, they do not yet have a task. Manufacturers in-
tegrate all the components necessary for the control engineering such as the logic
elements, latching/unlatching functions, times, counters, etc. and these compo-
nents are linked to form a functioning controller by means of programming. There
are a large number of different control units that differ from one another by virtue
of the following functional units:

Inputs and outputs,

Storage locations,

Counters,

Times,

Bit memory functions,
Special functions,

Operating speed,

Type of program processing.

aaoaoaaaaq

Relatively large control units are assembled from individual components on a
modular basis. Using a modular system like this, it is possible to start from a basic
configuration and build up PLC systems that you can customize for specific ap-
plications. For relatively small control tasks, manufacturers offer compact control
units. These are self-contained devices that have a fixed number of inputs and out-
puts.

17



2.1 Structure of a PLC

Automation unit Figure 2.1
Basic structure of a
programmable logic
controller
[ PLC ]
Signalling equipment Actuators or indicator lights
2.2 Structure of an automation unit
Central processing unit Program memory Figure 2.2

Basic structure of an

R ﬁ automation unit

//- - ..\'\_
Automation unit

. ! .-/,.-

2y s

Power supply unit Bus system

Input and output modules

O3 Signalling equipment supplies digital and analog signals for further processing
to the PLC,
O Actuators or indicator lights receive digital and analog signals from the PLC.

2.3 Hardware requirements

To be able to work with the examples below, you need the following hardware
components.

DIN rail
The individual modules are mounted on the DIN rail.
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Power supply unit (PS)
The power supply unit converts the 120/230 V AC mains supply to 24 V DC to
supply the S7-300 modules.

Central processing unit (CPU)
The central processing unit is for executing the user programs. It communicates
with other modules via the MPI interface.

Input and output module

The system inputs signals from the encoder via the input module into the $7-300
or outputs them to the output module. An LED display shows the signal state at
the modules.

MTPI cable
The MPI cable connects the computer to the central processing unit (CPU). With-
out this cable it is not possible to communicate with the PC.

Personal computer (PC)
The PC is for configuring, parameterizing and programming the S7-300.

Programming unit (PU)
The PU is also for configuring, parameterizing and programming the S7-300.

For this course, we will be using as the setup an §7-300 (CPU 314) with one
digital input module (16 inputs) and one digital output module (16 outputs).
In this connection, the input module contains addresses 1 0.0...I 1.7 (IW0) and
the output module contains addresses Q 4.0...Q 5.7 (QW4).

Figure 2.3 T GRU3 =TT T,
Structure of the A SIEMENS ” [elRL:Eeea 00 18sDC24V.0 FA o
training unit m BaTF i
DC24y DSsy 3 If
FACE

AUN

STOF
WOLTAGE
SELECTOR
FRINP
PUN
I (+] ETOP
OFF

MRES

e S S
- R @O

SIMATIC
57-300

S S
~ @ =

&

—_
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2.3.1 Hardware structure

When setting up an $7-300, you must observe slot rules. You plug in the modules
from left to right:

O You must always plug in the power supply unit (PS) as the first module on the
DIN rail,

O You must plug in the central processing unit (CPU) as the second module,

O You plug in the input and output modules after the CPU,

O Next to the central processing unit (CPU), you may only plug in at a maximum
8 signal modules,

O You can plug in the modules horizontally or vertically.

2.4 Software requirements

For programming the S7-300, we use the Windows XP operating system as well as
Version 3.xx of the STEP 7 software package. This version integrates the following
three methods of representation: Statement List (STL), Ladder Diagram (LAD)
and Function block diagram (FBD). Previous versions, e.g. 2.xx did not contain
the Function block diagram (FBD) representation.

For programming the exercises in the book, we assume that Siemens' STEP 7
software package is already installed. To be able to use the STEP 7 programming
language, you also need a knowledge of the Windows XP operating system (file
management). You must carry out installation on the Windows XP user interface.

2.4.1  STEP 7 programming language

Following the replacement of SIMATIC S5 by SIMATIC S7 in the Autumn of
1995, a new programming language (STEP 7) was developed based on the IEC
1131 standard. This programming language provides the entire functionality for
parameterizing, configuring and programming the $7-300 automation unit. STEP
7 runs under Windows XP and works on an object-oriented basis. The symbols for
the objects are mapped on the graphical user interface. STEP 7 has an integrated
online help system that provides valuable hints and tips.

2.4.2  Objects

On the graphical user interface, the system represents objects with symbols.
A symbol is assigned to a specific object. STEP 7 objects offer access to the follow-
ing processing functions:
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3 Create and open objects,
3 Edit and save objects,

O Rename objects,

3 Delete objects,

O Copy and paste objects.

An object can, for example, contain as a symbol a project, a SIMATIC station, an
S7 program, etc.

2.4.3  Projects

STEP 7 allows you to divide a plant into projects. A project contains all the data
for an automation solution. You can consider a project to be the most important

object.
Figure 2.4
Project structure with Task Project
SIMATIC 57 e.g. Elevator control

S7-300 Station

CPU 314 Programmable module
A4
S7 program 1 S7 program
Elevator program Modules
OB 1 FC1 Existing modules
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The data for an automation solution is managed in a project. In our example,
the project is a lift controller. This project contains the entire automation solution.
The project includes, for example, the S7-300 station as well as the programmable
controller (PC) with the CPU 314. You enter the S7 program in this PC. The pro-
gram is then broken down into the corresponding blocks, such as, OB 1 and FC 1,
for example.

2.4.4  Configuring an S7-300

When configuring, the S7 modules are arranged in a configuration table.

You can choose the modules from an electronic catalogue and enter them in the
configuration table to match the slot. The slot in the configuration table corre-
sponds to the slot on the subrack. An address is then automatically assigned to
each module.

2.4.5 Parameterization

You can set the properties of the individual modules in various ways. One of the
parameters is, for example, cycle time monitoring with the CPU S7-300. The pa-
rameter can be changed.
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3  Way of Functioning of a PLC

3.1 Modules of the PLC

The various modules of a PLC are explained in Figure 3.1.

Power supply for signalling equipment

Signalling equipment ,_\ ,;._7 ,_\

Power Central processing unit _| | |
supply (CPU) Input Output
unit ﬁ Program memory module module

| Bus system

Processor

Actuators and indicator light ® | | | %

Power supply for
actuators/indicator light

Figure 3.1 Interaction and arrangement of the modules of a PLC

3.1.1  Power supply unit

The power supply unit generates the voltage for the programmable controller's
electronic modules from the mains voltage. This voltage is 24 V DC. The voltages
for signalling equipment, actuators and indicator lights, which are above 24 V
(24 to 220 V), are supplied by mains units or control-power transformers that are
additionally provided for this purpose.

23



3.1.2  Program memory

Storage elements are components in which information can be stored in the form
of binary signals. Semi-conductor components are mainly used as program memo-
ry. A memory comprises:

a 512,
0 1024,
O 2048 etc. storage locations.

It is normal to state the capacity of program memory (i.e. the number of storage
locations) in multiples of 1 K (here, 1 K stands for 1024). In each storage location,
you can use a programming unit to write (program) a control instruction. In this
connection, each of the binary elements of a storage location can take on a signal
state of "1" or "0".

Figure 3.2
Program memory Schematic of a
program memory

[ |

Free programmable
(read-write memory)

Not free programmable

| |
Not alterable
Alterable ROM - PROM
Erasable by ultraviolet light
EPROM - REPROM
[
Semi-conductor Semi-conductor
fuse memory mask memory
Semi-cond. memory Magnetic core Semi-cond. memory
RAM memory EEPROM - EAPROM

RAM (random-access memory)
RAM is semi-conductor Read-Write memory. The individual storage locations are
labelled with addresses that are used to freely access the storage locations.
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It is possible to write information to the storage locations as often as you like.
The information is read out without its content being lost.

However, RAM is volatile memory, i.e., the information is lost when the power
supply fails or is switched off. RAM is deleted electrically.

ROM

Read-only memory contains information that cannot be deleted or changed.
ROM stands for Read-Only memory. Manufacturers enter the information and
they are the only ones who can change it.

EPROM

EPROM stands for erasable programmable read-only memory. You can erase the
entire content of the EPROM using UV light; after this, you can reprogram it.
This makes it very suitable for transportation without data loss.

REPROM
REPROM stands for reprogrammable erasable read-only memory. You can also
only erase its contents using UV light.

EEPROM
EEPROM stands for electrically erasable programmable read-only memory. In an
EEPROM, it is possible to delete and write to each storage location electrically.

EAPROM
EAPROM stands for electrically alterable programmable read-only memory.

3.1.3  Central processing unit (CPU)

The voltage coming from the signals is switched to the terminal strip of the input
module. In the CPU (central processing unit, see Figure 3.3), the processor pro-
cesses the program in memory and when doing this polls whether the individual
inputs of the unit are carrying a voltage or not. Depending on this status at the
inputs and the program in memory, the processor instructs the output module to
switch a voltage to the corresponding connections of the terminal strip. Again,
depending on the voltage status at the connections of the output module, the sys-
tem switches on or off the connected actuators or indicator lights.

The address counter polls successively (on a serial basis) the program memory
instruction by instruction and brings about program-dependent transfer of infor-
mation from the program memory to the statement register. All the memory in a
processor is normally referred to as registers.

The processor gets its instructions from the statement register. While the proces-
sor is processing the current statement, the address counter shifts the next state-
ment into the statement register.
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The status transfer of the inputs to the process input image (PII) is followed by
linking, application of the timers, counters, and accumulators and transfer of the
results of logic operations (RLO) to the process output image (PIQ). If the system
detects a block end (BE) after processing of the user program, the respective status
is transferred from the PIQ to the outputs.

000 AI1.0 . :
Processor Bit memories
oM Al B -
002 =Q0.0
Internal timers
003 0l12.0

+1 L—"
Internal counters
_/-_H\“\\.,_ 4>

k 509 013.0 Process output
510 =Q4.0 Statement image for digital

A A
Yy

A A

Yy

h
Y

A

Y

register and analog
BE | inputs and out-
puts

¥ 3

Peripheral bus (Bus module)

Input Output
digital and digital and
analog analog

Bild 3.3 Central processing unit (CPU)

The peripheral bus handles data exchange between the central processing unit and
the peripherals. Peripherals include the digital input and output modules, the ana-
log input and output modules as well as the timer, counter and limit value mod-
ules.
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3.1.4  Bus system

The bus system (see Figure 3.4) is a group line for transferring signals. The system
exchanges signals in the programmable controller (PC) between the processor and
the input and output modules across what is known as a process bus system. The
process bus consists of three parallel signal lines:

Figure 3.4 Address bus
The bus system

/ \\_‘
| | Bussystem |
\___\ . .f__f
Data bus Control bus

O Using the address bus, the system addresses the addresses on the individual
modules,

O Using the data bus, the system transfers data, e.g. from the input to the output
modules,

3 On the control bus, the system transfers the signals for controlling and moni-
toring the function cycle within the programmable controller.

3.1.5 Input and output modules

Using the input and output modules, the system exchanges data with the process
to be controlled.
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4 Program Processing and Programming

You have the option of linear and structured program processing.

4.1 Linear program processing

Linear program processing (see Figure 4.1) is mostly used for simple, not too com-
prehensive controllers and can be implemented in a single organization block
(OB). In this connection, the control unit processes the statements in the order in
which they are stored in the program memory. When the end of program (BE) is
reached, program processing starts from the beginning again. The time that a con-
trol unit needs to carry out processing of all the statements once is called the cycle
time. This is why this type of processing is also referred to as cyclical processing.

Figure 4.1
Linear program
processing OB1 ¢

1. Statement

2. Statement

3. Statement

BE
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4.2 Structured programming

With comprehensive control jobs, you divide the program into small manageable
program blocks that are arranged by function. This has the advantage of allowing
you to test program sections individually and, if they function, to combine them
into an overall function. STEP 7 provides the following user blocks for this:

\4

OB 1 FB1 FC 21 DB10
CALL FB1, DB101 » 1. Statement 1. Statement Global
. 2. Statement X data
1 ! (aII
UC FC 21
| : — o FBs
: 1 FCs
! OBs)
1
: : DB 101
|
1
BE
T
1
1
: FB2
uc ;=B ) — 1. Statement

2. Statement
T

BE BE

Figure 4.2 Structured programming using user blocks with: OB organization block, FB function block,
FC function, DB data block

Organization bock (OB)

The operating system cyclically calls an OB which functions as the interface be-
tween the user program and the operating system. In the OB, the system informs
the processor of the programmable controller (PLC) by means of block call com-
mands about the program blocks that it has to process.

Function block (FB)

FBs have an assigned memory area. When an FB is called, it is possible to assign a
data block (DB) to it. It is possible to access the data in this instance DB by means
of calls from the FB. An FB can be assigned to different DBs. It is possible to call
further FBs and FCs via block call commands in a function block.
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