Automating
with SIMATIC

Integrated Automation
with SIMATIC S7-300/400

Controllers, Software, Programming,
Data Communication, Operator Control
and Process Monitoring

by Hans Berger

3rd revised edition, 2006

Publicis Corporate Publishing



Content

Content

1 Introduction ......... ... ... i 12
1.1 Components of the SIMATIC Automation System ................... 12
1.2 From the Automation Task to the Finished Program .................. 14
1.3  How Does a Programmable Logic Controller Work? ................. 16
1.4  How a Binary Signal Finds its Way from a Sensor into the Program .. ... 18
1.5 Structure of a SIMATIC Project . ... ..ot it 20
2 SIMATIC Controllers — the Hardware Platform ............ 21
2.1  Components of a SIMATIC Station ..........coovviiiiineeeennnn. 22
22 TheMicroPLCSIMATIC S7-200 .. ...\ it eiiiieeeeeennnn. 24
2.3  The Modular Mini Controller SIMATIC S7-300 ..............covun.. 25
2.4  SIMATIC S7-400 for Complex Control Tasks . ...........covvun.t, 26
2.5 High Availability with SIMATIC ... ... i ees 28
2.6  Safety Integrated with SIMATIC S7 ... ...ttt iiiianann, 30
2.7 SIMATIC C7 Complete Systems .. ....c.oouveneiinenerrnennnennn. 32
2.8  Use Under Difficult Conditions: SIPLUS extreme ................... 33
2.9  Process Connection with Digital Modules .. ........................ 34
2.10  Process Connection with Analog Modules ....................c..... 35
2.11 Function Modules Take the Load ofthe CPU ....................... 36
2.12 CP Modules Connect to Communication Networks .................. 37
2.13 SIMATIC-S7 Intelligence: CPUModules ............ovvvvvinn ., 38
2.14 CPUs with Technological Functions .............ccoviiiiiiinn.n. 41
2.15 SIMATIC PC-based Automation ... .........coevruerinennrnnrnnnn 42
2.16 Distributed Process Connections ...........c.ovevvienneeunniennnsn 44
2.17 Distributed /O with PROFIBUSDP ..........ciiiiiiiiiiiiieenn 45
2.18 Distributed /O with PROFINETIO ...........cciiiiieiiiiiinnnnn 46
2.19 SIMATIC DP: Process Connection in the Vicinity of the Machine .. ... .. 47
220 The SIMATIC Programming Devices ..........covuvuuirrnennnnnnn. 50
3 STEP 7: Standard Tool for SIMATIC ...................... 51
3.1  Data Management in the SIMATIC Programmable Logic Controller . . ... 52
K U =) g 54
33  SIMATIC Manager . ..o\ ot i e et ettt etee e eeneiieeaiinnns 55



Content

34

35

3.6

3.7

3.8

3.9

3.10
3.11
3.12
3.13
3.14
3.15
3.16
3.17
3.18
3.19
3.20
3.21
3.22
3.23
3.24

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11

5.1
5.2
53
54
5.5
5.6

Projects and Libraries . .. ...ovvvuerernin e earanennn. 58
Editing a Project . .....oiiiuiii i e 60
Configuring a SIMATIC-Station ..........coovrurrnnreneennnennn.. 62
Arranging Modules and Assigning Parameters ...............cc.ouu... 64
Addressing Modules ... ...t 65
Creating the User Program . .............ccoviiiirneniinieeennn.. 66
Symbol Editor . .. ..ot i e 67
Program Editor ....... ... ..t 68
Programming a Logic Block Incrementally ......................... 70
Programming a Data Block Incrementally .......................... 74
Source-oriented Programming of Blocks ........................... 76
Help on Program Creation ...........c.coviiiiiiiinnnnennennn.. 80
System Diagnostics . ........coiiiiiiiiiii i e 82
Downloading the User Programtothe CPU ........................ 84
Diagnostics during Program Testing ....................covivian.. 86
Monitoring, Modifying and Forcing Variables ....................... 88
Program Status ...... ..ttt i e e 90
Testing User Programs Offline with S7-PLCSIM .................... 92
PID Control with SIMATIC Software .............c.ccoiiiivenn.n.. 94
Documentation in Wiring Manual Form with DOCPRO ............... 96
Telephone Network Connections with TeleService ................... 98
The Programming Languages .............................. 99
The Basic Programming Languages LAD, FBD and STL .............. 100
Binary FUnCoONS . ...oovvtinniiiiiiiii it iiiinneennanannn 102
Digital Functions . .........iiiiiiiiii i i 104
Program Flow Control .......... ..ttt 105
Ladder Logic LAD .. ..ottt it e eeieiinaans 106
Function Block Diagram FBD ...........coviiiiiiiiiiiiiienaan.. 110
Statement List STL . ..o ovv ittt it iiee e, 114
Structured Control Language SCL ...... ...ttt iiiiiiiinnnn.. 116
Continuous Function Chart CFC ......... ... ..., 118
Sequential Control S7-GRAPH .......... ..o, 120
State Graph Control S7-HiGraph ...t 122
The User Program ..................oiiiiiiiiiiiannnnn. 124
Organization Blocks and Priority Classes ....................o0... 125
Types of User Program Processing . .............. ..ot 126
Startup Program . ....eeeiee it e 128
Memory Reset, Retention ... 130
Mail PrOgram . o .o ovvven ittt ettt 131
Start Information . .. ..ottt 132



Content

57 CPUFUNCHONS «utvettieeieiiiinennernarannannenanaeaeenseass 133
58  ProcesSsImages .....cvvviiiiiiiiiiiie it e 134
59 CycleTime, Reaction Time ......cvvveeriininieiinnienieenaeenn, 136
5.10 Configuration InRUN ...ttt iiiiaiieerannnnns 138
5.11 Interrupt Processing (OVEIVIEW) .......c.cvvrnrrrerrrenneneneneenns 140
5.12 Time-Delay INterrupts ... .....coovvrirnviinriieernrereneenneeans 142
5.13 Time-of-DayInterrupts .........ccovieeiiieiiineeneiinenneenans 143
514 CyclicInterrupts .. .vvvve e veiie i iiiie ittt iieeeeaaaanaaans 144
5.15 Hardware Interrupts . .....cvvvunniitiiinieiiniiieeeinnennnaas 145
516 DPVIINtEITUPLS ... vvtteitiiee et iiiiiiae e 146
5.17 Multiprocessor Interrupt . . ... vv it i e 147
5.18 Isochrone Interrupts . ......cvvvunnerininneeiuneneneeennnennnnas 148
5,19 ErrorHandling ........cooiiiuiniiiiiii it iiinaa 150
520 HoandlingInterrupts .........ccovuriiiiuiniiiiiniriinenneennns 152
521 UserBlocks (OVEIVIEW) ... vvvvvetininsciiineiineeiiiaennnennns 153
522 StructureofaBlock ... 154
5.23 Block Call and Block Parameters ..............ccoieviiinninnnn. 156
524 TemporaryLocalData ..........covviiiiniiiiii i, 158
525 StaticLocalData .........coiiiinniiiniiiii i, 159
526 Multi-Instances, Local Instances ...........ovvivrenenennensans 160
527 SIMATIC TIMEIS ..o vvvvvtteeine e er e e eeeemenanereeeinnneens 162
528 SIMATIC Counting Functions .. .......ccoveevvrevirnniiinniennnns 164
529 Global Address Areas .........c.iiiiiiiiiiiiiiii i 166
530 Global Data AdAresses .. .oovvvvrintvtennne e erenieennneennn, 167
531 Absolute and Symbolic Addressing . .........oviiiiiiiiniiiinn... 168
532 Indirect AAdressing ..........cocvuniiuiienniniiieriieiieeniins 171
533 DataTypes —OVEIVIEW .. ..vvvviininiitnintiiiiniiinneinneenns 172
534 ElementaryData Types ........ccoiviiiieniiiiiiiinnnneniinnn.. 173
535 CombinedData Types ......cccvvuinniiniin i, 176
536 Parameter TYPes .. ovvvv vttt it i 178
537 User-DefinedData Type (UDT) ..o ovvvvniiiiin it i, 179
6 Communication ................ ... iiiiiiiiiiiiiienn.. 180
6.1 SIMATIC SUDDELS ..ottt r e iiie et iiieeiinesnnnneens 182
6.2 Communication Utilities . ........c.vrerinireiiiiniieeeeeienns 184
63  Configuring the Network ..ottt iiiiinn.. 186
6.4  Configuring Connections . .........vvveuvrnnnnereenunirsneerans 188
6.5  Configuring Distributed I/Os with PROFIBUSDP ................... 190
6.6  Addresses in the DP Master System ..........oovvveeeiinnieeen.ns 192
6.7  Special DP FUNCHONS « v vt vievre ettt eininner e eenninnns 194
6.8  Configuring Distributed I/Os with PROFINETIO ................t.. 196
6.9  Addresses in the PROFINET-IO System .........cvvvviirrerennnnns 197
6.10 Global Data Communication ... .......vvuivurernrerrreeerrersnns 198

10



Content

6.11
6.12
6.13

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10
7.11
7.12
7.13
7.14
7.15

S7 Basic Communication . ............oviitiiiiiinnereneenennnns 200
S7 Communication .. ....c.uierret ittt e 202
PtP Communication on the S7-300C .........covvviiiiveneininnn, 204
Operator Control and Process Monitoring .................. 206
Pushbutton Panels PP7and PP17 ...t 207
TextDisplay TD17 ..o vvviie i e e 208
Text-Based Operator Panels OP3, OP7 andOP17 .................... 209
SIMATIC Panels — Series 70 ... .oviiiien ittt 210
Mobile Panel 177 ... oot i ittt ie iy 211
SIMATIC Panels —Series 170 ... ...cveriiiiiiinniiiiineennnnnnn. 212
SIMATIC Panels ~ Series 270 and 370 ...........c.oviiiinnenn.... 214
SIMATIC Panel PCs . ..o vttt it eiiii i eiiee s eaenns 216
Connection with SIMATIC S7 Stations ........ccovviviineeneennn.. 217
Configuring SIMATIC HMIDEVICeS ..o vvvvveni i iiiiineneennnnn. 218
WinCC flexible, the Innovative Engineering Software ................ 219
Configuring HMI Devices Using SIMATIC ProTool . ................. 220
Visualization and Operation with SIMATICWinCC .................. 222
Process Diagnostics in the User Program Using S7-PDIAG ............ 224
Process Diagnostics Using SIMATIC ProAgent ..................... 226
DX . oo 227
Abbreviations ........... .. .. i 230

11



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

