SI EM EN s Automation— and Drive Technology- SCE

Training document for the company-wide
automation solution

Totally Integrated Automation (T | A)

MODULE C1
Step sequence programming with S7-GRAPH

T 1A Training document Page 1 of 66 Module C1
Last revision: 02/2002 Sequencer programming with S7-GRAPH



SI EM EN s Automation— and Drive Technology- SCE

This document was provided by Siemens A&D SCE (automation and drive technology, Siemens A&D Cooperates
with Education) for training purposes. Siemens does not make any type of guarantee regarding its contents.

The passing on or duplication of this document, including the use and report of its contents, is only permitted
within public and training facilities.

Exceptions require written permission by Siemens A&D SCE (Mr. Knust: E-Mail:
michael.knust@hvr.siemens.de). Offences are subject to possible payment for damages caused. All rights are
reserved for translation and any case of patenting or GM entry.

We thank the company Michael Dziallas Engineering and the instructors of vocational schools as well as further
persons for the support with the production of the document.

T 1A Training document Page 2 of 66 Module C1
Last revision: 02/2002 Sequencer programming with S7-GRAPH



SIEMENS

Automation— and Drive Technology- SCE

PAGE:
1 FOPWAIT .. ettt et e 6
2. Notes for the Operation of S7T-GRAPH.........coiiiiiii e 8
3. Installation of the S7T-GRAPH Software ..o 8
4, Sequential Control SYStEMIS . ..o ii i 9
4.1 Time-dependent sequential control SyStem...........cocovviiiiiiiiiii e, 9
4.2 Processor-dependent sequential control SyStem ..........c.ovvvviiiiiii i 10
5. Display Possibilities of Motion Executions and Signal States....................... 11
5.1 Description of the control tasks ..........ooviiiiiii e 12
5.2 Inscription in chronologiCal OFUET..........ive e e 13
5.3 TaDIE MOTE ... e 13
54 S T0 g A =T o (=EST=] g1 = L1 T o S 13
5.5 MOLION CRAIT ... ettt 14
5.6.1 Path-Step Chart ... ..o e 14
5.5.2 Path-time Chart...... oo et 14
6. Development of a Cutting APParatusS.........cvveiiiieiiieiiieiee e ee e 15
6.1 Assignment of the signal elementsS.........ccooviiiiiiii 15
6.2 Assignment of the WOrk elementsS...........cooeiiiiii e 15
6.3 Function chart in DIN 40719 Part 6..........vieuiiiiiieiiieeei e 15
6.4 Function chart of the cutting apparatus ............ccoveieiiiiiiei e 16

T 1A Training document Page 3 of 66 Module C1

Last revision: 02/2002

Sequencer programming with S7-GRAPH



SI EM EN s Automation— and Drive Technology- SCE

PAGE:
7. Generation of an S7-GRAPH Program ..........ccoeuieiiiiiiii e eeeaeeaeeen 17
7.1 Starting SIMATIC- Manager and generating a NeW Project.........ccocvevvvveeieennennnnn. 17
7.2 Inserting a SIMATIC 300-Station and opening hardware configuration.................... 18
7.3 Configuring hardware and transferring in automation equipment ................ccc.cev.ee. 19
7.4 Generating a symbol table and inputting symbols ............ccccciiiiiiniiie 20
7.5 Entering a S7-GRAPH Function BIOCK ...........cooiiiiiii e 21
7.6 Opening S7-GRAPH and inputting SEQUENCETS .......vuvvieiiiieiiievieeeneeeeaeeeeeanee 22
7.7 The princCiple Of @ SEQUENCET .. ... ... 23
7.8 o YT (=T o P 23
7.9 Elements Of @ SEQUENCET ........iie e e e e e e een 23
7.10 Generation of a sequencer in the function chart................ccociiiii i, 24
7.11 Setting characteristics of the Organization Block and opening OBL1..................... 33
7.12 Editing Organization Block OB1 and downloading blocks into a module................ 34
8. Debug- and DiagnostiC FUNCLIONS .......ivuiiiiii e 35
8.1 MonNitoring Of the SEQUENCET ........cve e 35
8.2 Variable Monitor/MOGIfY ........oeei e 35
8.3 (0] 1o =TT o |1 1= o= 5 34
8.4 ISV 1o o o T4 11 o] o 37
8.5 DIiagnoStiC fUNCHONS .. ..ieti e e e e e e e een 39
9. Development of the Cutting Apparatus with Additional Marginal Conditions 44
9.1 Description of the marginal conditionS ............cooiiiiiiiii e 41
9.2 Assignment of the signal elements.........coooviiiii i 42
9.3 Assignment of the work elements and indicator light .................ccooiiii i 42
9.4 Insertion of marginal conditions in the control program............c.cccceveveiiieiieenennnnn. 43
9.5 Hierarchy of the marginal conditions .............ccoviiiiiiiii e 43

T 1A Training document Page 4 of 66 Module C1

Last revision: 02/2002 Sequencer programming with S7-GRAPH



SIEMENS

Automation— and Drive Technology- SCE

PAGE:
10. Programming of the Additional Marginal Conditions .............ccoccevvvivieiennnen. 45
10.1 Opening a symbol table and adding symboIlS...........cccoviiii i 45
10.2 Generation of a function FC1 for the marginal conditions................cccoeevviivieniennnne. 46
10.3 Opening function FC1 and entering NEtWOIKS ..........ovuuviiiiiiiiieie e 47
10.4 Opening Function Block FB1 and carrying out modifications .................ccocceveeneee. 50
10.5 Additional actions and rESUILS .........cceuuiiiiiiei e 53
10.6 Setting DIOCK SEtINGS.....ve i 55
10.7 Accepting block settings and saving Function BIock FBL..............cccoovviieiinennnns 56
10.8 Organization Block OB1 modification............cccuveiiiiiiiiiiii e 57
10.9 Transfer of the program into the module...............coooiiiiiii i, 60
11. Parameters of the S7T-GRAPH-FB ..........ccouiiiiiiii e 61
111 Parameter Sets Of the FB.........ccouuiiiiiii e 61
11.2 Input parameters of the S7-GRAPH-FB ..........ccoiiiiiiiii e 62
11.3 Output parameters of the S7T-GRAPH-FB ........cccooiiiiiiiii e 65
The following symbols stand for the specified modules:

1 Information
1
Programming
T 1A Training document Page 5 of 66 Module C1

Last revision: 02/2002

Sequencer programming with S7-GRAPH



SI EM EN s Automation— and Drive Technology- SCE

1 FORWARD

The module C1 is assigned content wise to Sequencer programming.

=e

Basics of
STEP 7- Programming
2 - 3 days A modules

l

Additional functions of
STEP 7- Programming
2- 3 days B modules

l

Industrial field bus Sequencer Process
systems programming visualization
2- 3 days D Modules 2- 3 days C modules 2- 3 days F modules

A

IT- Communication
with SIMATIC S7
1- 2 days E modules

Learning goal:

L ]
1
In this module, the reader will learn the programming of a sequential control system with the graphic
programming tool S7-GRAPH. The module shows the principle procedure in the following steps by
means of a detailed example.
Installation of the software
Performance of types from the sequential control system and the representation possibilities
from movement sequences, switch states, signal flow and motion charts.
Generation of a simple movement execution displayed as a path step chart and as a
function chart by means of a programming example.
The pertinent sequential control system is examined as a sequencer program in S7-GRAPH.
With the help of the debug- and diagnostic functions, the mode of operation of the generated
program can be checked.
Through a modifier of the task position with additional marginal conditions, further functions
from S7-GRAPH are arranged .
- Installation Sequent. control system Representation Configuration Debug functions Marginal conditions FB-
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Requirements:

o
1 For the successful use of this module, the following knowledge is assumed:
Knowledge in the use of Windows 95/98/2000/ME/NT4.0
Basics of PLC- Programming with STEP 7 (e.g. Module A3 — ‘Startup’
PLC- Programming with STEP 7)
Required hardware and software
1
1 PC, Operating system Windows 95/98/2000/ME/NT4.0 with
- Minimal: 133MHz and 64MB RAM, approx. 65 MB free hard disk space
- Optimal: 500MHz and 128MB RAM, approx. 65MB free hard disk space
2  Software STEP 7 V 5.x
3 Software S7-GRAPH V5.x
4  MPI- Interface for the PC (e.g. PC- Adapter)
5 PLC SIMATIC S7-300 with at least one digital in- and output module. The inputs must be lead
through a functional unit.
Example configuration:
- Power supply: PS 307 2A
- CPU: CPU 314
- Digital inputs: DI 16x DC24V
- Digital outputs: DO 16x DC24V /0.5 A
«— S
||
4 PC Adapter +—-"  m
| ——
~ 3S7-GRAPH
5 SIMATIC S7-300
- INstanauun oeyuen. vunuur system Representation Configuration Debug functions Marginal conditions FB-
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NOTES FOR THE OPERATION OF S7- GRAPH

With the programming language S7-GRAPH, the function range of STEP 7 is extended to a graphic
programming possibility for sequential control systems. With S7-GRAPH you can clearly and quickly
program a sequential control system. The process is divided into single steps and the execution is
plotted.

In the single steps, the required actions are specified. The continued switching conditions to the
respective next step (transitions) can be provided in the programming language LAD or FBD. The
programming language S7-GRAPH corresponds to the specified execution language SFC “Sequential
Function Chart”. in the Norm DIN EN 61131-3 (IEC 61131-3).

With the operation of S7-GRAPH, the following should be considered:
- The software package STEP 7 professional version (not STEP 7 Mini!) is required
- The provided programs are executable on CPUs of the SIMATIC S7-300 and S7-400.
- Due to the increased storage requirement of the program’s applications, only the CPUs starting
from CPU 315 are used.
- For training purposes, simple sequencers can start from CPU 314/314-IFM, as presented in this
example document.

INSTALLATION OF THE S7-GRAPH SOFTWARE

S7-graph is an option package to STEP 7, thus it assumes that the professional version of STEP 7 is
already installed on your computer. (see module A2-Installation of STEP 7 V5.x/handling of
authorizing). S7-graph is delivered on CD ROM with an enclosed disk, which contains an
authorization, that must be transferred to the PC in order to make the use of S7-GRAPH possible. This
authorization disk can also be used on another PC or can be copied in order to authorize the software.
For the topic of installation and transmission of authorization, please refer to module A2 (Installation of
STEP 7 V5.x/handling of authorization).

To install S7-GRAPH, please proceed to the following measures.

1. Place the S7-GRAPH CD in the CD- ROM drive.

2. The setup program should start automatically. If not, it can be started by double clicking on the
setup.exe executable file on the CD. The setup program will guide you through the whole
installation process of the S7-GRAPH software.

3. In order to use the professional version of S7-GRAPH, the software must be authorized on your
computer. The files from the authorization disk must be transferred onto the PC. This process will
execute at the end of the software installation. A dialog window will appear and ask you if you
would like to authorize the software. If Yes is selected, the authorization disk must be inserted in
order to transfer the proper files to the PC.

Forward _Sequent. control system Representation Configuration Debug functions Marginal conditions FB-
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4, SEQUENTIAL CONTROL SYSTEMS
i A sequential control system is a controller with inevitable step by step execution, in which the further
phases from a step depend on further conditions, which take place on the next planned step. The step
sequence can be programmed in a special way, e.g. with jumps, loops, branches.
With S7-GRAPH, sequential control systems can be programmed, so that the step by step sequence
can be very simply and quickly graphically displayed.
There are two types of sequential control systems:
4.1 Time-dependent sequential control system
i By the time-dependent sequential control system, the further operating conditions are only dependent
on time. For the creation of the further conditions, e.g. timers, time counters, drum controllers or CAM
mats with a continuous number of revolutions can be used.
Program mat
Drrive matar Drrive mator
ra
/'/ J‘I
CaM shaft
Forward Installation_Representation Configuration Debug functions Marginal conditions FB-
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4.2 Processor-dependent sequential control system
° By the processor dependent sequential control system, the further operating conditions are only
1 dependent on the signals of the controlled system. For the creation of the signals, signal element like a

limit switch, switch, button or sensors can be used. The required signals can also be operated on with
timer functions.

1.3

Lirmit zweitch

START-valve 7.2 =

Cutting apparatus

With operation of the start-valve, the cylinder of the cutting apparatus extends. After reaching the front
end position, the limit switch is actuated and the cylinder automatically retracts.

Forward Installation_Representation Configuration Debug functions Marginal conditions FB-
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5. DISPLAY POSSIBILITIES OF MOTION EXECUTION AND SIGNAL STATES
° Cooperating work and control elements can be clearly pointed out through suitable representation
1 possibilities. Even with the sophisticated setting of tasks, the connections are still recognized as fast

and safe. Besides a simple representation of motion executions and switch states, it also makes the

communication of different experts in a large framework possible.

Possible display forms of motion executions and signal states

- Description of the control tasks
The control sequence is described in the form of text.

- Inscription in chronological order
The control sequence is represented in short lines.

- Table mode
The step by step execution is queued in a table.

- Short representation
The sequence can be quickly and simply displayed by a simplified display of the motions.

- Motion chart
With help from the path-step and path-time charts, the motion execution is displayed graphically.
A better overview of the connections is given.

- Function chart
A process orientated representation of the control problem. The function chart replaces or
supplements the verbal description and represents a control problem with its substantial
characteristics and respective applications clearly. S7-GRAPH is a programming language that
basically corresponds to a function chart.

By means of a program example, the different display possibilities will be described.

Forward Installation Sequent. control system Representation Configuration Debug functions Marginal conditions FB-
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5.1 Description of the control tasks

= e

A controller for a cutting apparatus is to be sketched. With the cooperation of a supply unit and a
cutting apparatus, the rod material will be shortened. The material follows through the feed cylinder

(cylinder B), which moves along the pneumatic clamping device (cylinder A). If the material is pushed
up against an end stopper, it is held by the clamp (cylinder C). At the same time, the cutting
procedure can begin (cylinder D), and afterwards, the opening of the clamping device (cylinder A) take
place. The clamping device (cylinder A) is opened so it goes back into the starting position(cylinder
B). If the cutting procedure is terminated (cylinder D) and the supply unit has reached the starting
position, then the clamp (cylinder C) will be opened and it can begin a new working execution. The
start is released by the actuation of the START-button, if all cylinders are in the rear end position.

Cylincler C

Clamp

Cylinder &

Clamping device

Cylinder B
Feeder

Cylinder D
Cutter
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5.2 Inscription in chronological order
s Cylinder A extends and closes the clamping device,
1 Cylinder B extends and pushes the material to the end stopper.
Cylinder C extends and clamps the rod material in the cutting apparatus.
Cylinder A retracts (the clamp device opens) and cylinder D extends (Cut),
Cylinder B retracts (the feed device returns to starting position) and cylinder D retracts,
Cylinder C retracts and opens the clamp device.
5.3 Table mode
@ . . . .
1 Step Cylinder A Cylinder B Cylinder C Cylinder D
1 Forward - - -
2 - Forward - -
3 - - Forward -
4 Back - - Forward
5 - Back - Back
6 - - Back -
5.4 Short representation
L ]
1 For the motion sequence it is often insignificant which tasks with a movement are satisfied, so a

motion sequence can also be used for many different controls. By more extensive controls, the
motion sequence should first be described in short representation, since a quick overview of the
movements is given here.

By short representation, movement names are assigned.

Name for the extension or forward travel of a cylinder: +

Name for the retraction or return travel of a cylinder: -

For motors, M+ can be used for moving right, M- for left and M* for stop.
Parallel movements are written in short representation.

For our program example short representation is represented as follows:

A- B-
A+ B+ C+ D+ D- C-

Forward Installation Sequent. control system Representation Configuration Debug functions Marginal conditions FB-
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5.5 Motion chart

5.5.1 Path-step chart

® Here the working execution of a work element is represented and as a function of the respective steps
1 (step: A change of the condition of any physical unit), the setback way is applied. If several work
elements are available for a control, then they are represented in the same way and drawn one under
another. The relation is produced by the steps. With the path-step chart, the distance of the step
lines is always alike. Additionally the signal lines can be registered into the path-step chart.
For our example, the path step-chart appears in the following dimensions .
@
& o
T &
- 0 1 2 3 4 5 6 7=1
= Step line
@l |
AND- A
Operation State line
Binary signal \OA_ /
1> ’f Function line
B T
O B —— _—
Y Signal line
1 "
C ’x
0 Y / Limit switch
1 L
D x
O ' .

5.5.2 Path-time chart

The path-time chart is a path-step chart by which the additional course of the movements is essentially
pointed out by a time border at the lower end of the diagram. There the duration of a movement can be
read. The distance of the step lines changes depending upon the required time. The number of steps
and the kind of movements remain unchanged.

= e
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6. DEVELOPMENT OF A CUTTING APPARATUS
For the developing of a cutting apparatus, a function chart should be generated after the assignment of
the signal elements and work elements.
6.1 Assignment of the signal elements
i SO Start-Button
S1 a0 Limit switch cyl. A retraction
S2 al Limit switch cyl. A extension
S3 b0 Limit switch cyl. B retraction
S4 bl Limit switch cyl. B extension
S5 cO Limit switch cyl. C retraction
S6 cl Limit switch cyl. C extension
S7 do Limit switch cyl. D retraction
S8 dl Limit switch cyl. D extension
6.2 Assignment of the work elements
i Y1 Solenoid valve for cylinder A ext/ret
Y2 Solenoid valve for cylinder B ext/ret
Y3 Solenoid valve for cylinder C ext/ret
Y4 Solenoid valve for cylinder D ext/ret
6.3 Function chart in DIN EN 61131-3 (IEC 61131-3)
i The function chart is a process orientated representation of a control problem, independent of the
realization of e.g. the used equipment. It facilitates a cooperating of different technical disciplines, e.g.

mechanical engineering, pneumatics, hydraulics, process engineering, electrical engineering,
electronics etc.. A control problem is clearly represented with its substantial characteristics in a basic
structure (step field) and with the details in a fine structure (instruction field) necessary for respective
application.

Note
A Since the cutting apparatus can work in two separate stations(feed station and cutting apparatus), a

function chart with a simultaneous branch must be provided.

Forward Installation Sequent. control system Representation _ Debug functions Marginal conditions FB-
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6.4 Function chart of the cutting apparatus in DIN EN 61131-3 (IEC 61131-3)

=e

Initial step

SO Start
S7 d0 cyl. D retraction —]

S5 c0 cyl. C retraction —]
S3 b0 cyl. B retraction —] &

S1 a0 cyl. A retraction —]

S | Cylinder A extraction

2
S2al ——— =T
S | Cylinder B extraction
3
S4bl —— ——
S | Cylinder C extraction
4
S6cl ——— =—t—
R | cyl. A ret. S | cyl. D ext.
5 6
Sla0 —————— et S8 dl —
R | cyl. B ret. R | cyl. D ret.
7 8
S3b0 —]
&
S7d0 —
R | cylinder C retraction
9
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7. GENERATION OF AN S7-GRAPH PROGRAM
i From the function chart, an executable S7-GRAPH program will be provided.
7.1 Starting SIMATIC Manager and generating a new project

1. Click on the symbol New.
2. Give a project hame.

3. Click on OK.
Mew E
|Jzer projects | Libraries I
I ame I Storage path I
Cutting apparatus — C:A\SiemenshStep 7S VprofCutting
M ame: Tupe:

IEutting apparatuz IF'rDiEI:t vI
Storage location [path]:

IE:'\SiemenahStep?\S?prni Browsze. .. |
corcel | tiop_|

Forward Installation Sequent. control system Representation _ Debug functions Marginal conditions FB-
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7.2 Inserting a SIMATIC 300-Station and opening hardware configuration

1. Highlight project name Cutting apparatus.
2. Click on Insert.

3. Choose a Station.

4. Click on SIMATIC 300-Station.

5. Choose SIMATIC 300(2).

6. Double click on Hardware.

Fi/ SIMATIC Manager - Cutting apparatus [_[O] <]
Eile  Edit I PLC Wiew DOptions ‘window Help

T r— )

E] " [_C]
4 5IMATIC PC Station
5 Other station
ESIMATIC 55
ZPG/PC

Sty Tiatle
Extermal Suuice,

S SffETe.
57 Block
7 Sotuvete L.

Irserts SIMATIC 300 Station at the cursor position. 7

Forward Installation Sequent. control system Representation _ Debug functions Marginal conditions FB-
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7.3 Configuring hardware and transferring in automation equipment

1. Enter hardware components.

2. Save and Compile.

3. Download hardware to Module.
4. Close window.

[AHW Config - SIMATIC 300(1) M= B
Station Edit Inzert PLC Yiew DOptions ‘window Help
D[[2-[® % S| mafe] ldl =@ %2 v
Al SIMATIC 300(1) (Configuration) -- Cutting apparatus Fofle [sardas 7]
4 PRoFEUS D
1 [ Ps 20724 - -8 PROFIBUS-PA
i EE SMaTIC 200
. @
1 DIEDC2AY G cram
5 DO1E4DC24V/0EA e
i PSR 0 P30
7 {1 Gateway
g {3 IM-300
3 —| {0 M7EXTENSION
{2 P5-300
{1 RACK-300
{1 5M-300
B A1-300
B0 Al4s0-300
-] sM 3348142002
| | - (4 5M 334 Ald400241 2Bit
[ sM 334 A14200248/881
R ~ [ 5M 334 Al4/402+8/88it
ﬂ:l G [@ sM 335 4142808 41 28it
Slat Maduls Order number Firware | Ml address | | address | O address | Comment - (4 SM 335 Al428D41 401 2Bit
1 [ Psao7ea BES7 307-1BAODOAAD £ AD-300
2 [l cPuaie BES7 3141AEDT-04E0 2
3
4 |[] oieDcaev GES7 321-1BHE2-0640 0.1
5 DOTE4DC24V/0 A BES7 322 1BHE1 0440 4.5
3 Al4/A0248/8B 1t FES7 334-OCEO0HBAD 788_295  |78m. oA SIMATIC 400
7 SIMATIC P Based Control 300400
7 -2, SIMATIC PC Station
]
10
1
K] 1]
BES7 334 0CE0D 0840 3
Analog [0 module A14/8 bits + 26078 -
bits, nonisolated, not for configuration
with active bus submodules
Inserttion possible ’7,% 4
Note

The represented hardware configuration is an example.
Depending on the used automation equipment, a separate hardware configuration should be made.
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7.4 Generating a symbol table and inputting symbols

1. Open CPU 314 node tree and click on S7-Program(1) .
2. Double click on Symbols.

3. Enter symbol table.

4. Save symbol table.

5. Close window.

FJSIMATIC Manager - cutting_apparatus =]
File Edit Insert PLC “iew Options Window Help
D88 & =2 &l e | 2] & [<NoFiter> 27| =8|@| w2
= utting_apparatus -- C:A\Siemens\Step7\5 7pro\ABSCHE_1
cutting_apparatus o] Sources [rH Blocks =] Symbcls
SIMATIC 300(1)
455 57-Program(1]
mbol Editor - cutting_apparatus\SIMATIC 300[1)\C._.ASymbols
Syrabol Table Edit |nzert View Dptiohs ‘Window Help
Sl@l 8| [ o =1o| w|
Symbol Address |Data type G nt
1 |50-Start | 1.0 BoOoL Start-button
2 |51-a0 | 0.0 BOOL Lirit switch cyl.A retraction
3 |SZ-a | 0.1 BOOL Limit switch cyl. A extension
4 |53-b0 | 0.2 BOOL Limit switch cyl. B retraction
5 |S4-m1 | 0.3 BOOL Limit switch cyl. B extension
6 |55-c0 | 0.4 BOOL Limit switch cyl. C retraction
7 |5B-c1 | 0.5 BOOL Limit switch cyl. C extension
8 |57-d0 | 06 BOOL Limit switch cyl.D retraction
9 |58-d1 | 0.7 BOOL Limit switch cyl.D extension
10 Y1-A- Q 4.0 BOOL Solenoid walue cylinder A
1 |¥2-B+- Q 4.1 BOOL Solenoid walue cylinder B
12 |¥3-C+- Q 4.2 BOOL Solenaid walue cylinder C
13 | ¥4-D+- Q 4.3 BOOL Solenaid walue cylinderD
14 |
[ WM
Press F1 to get Help. [ A

Note
The address of the operands must be adjusted to the respective automation devices.
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7.5 Inserting S7-GRAPH function blocks

1. Open S7-Program node tree and click on Blocks.
2. Click on Insert.

3. Choose S7-Block.

4. Click on Function block.

5. Choose GRAPH Created in Language.

6. Click on OK.

X SIMATIC Manager - Culting apparatus [_ (O] %]
File Edit PLC Wiew Options ‘Window Help
Statian 2 7 As @ 9
< Mo Filter » a4 h [
o & | = %] Ly
Erogram

5 Software

i Eattware

3 Function

4 Data Block

5 Data Tupe

£ Wariable Table

Spmbol Table
Extemal Sourze...

Cutting apparatus -- C:A\Siemens\5tep745 7prof\Cutting_

ing apparatus Systemn data o+ OB1
SIMATIC 30001)
@ cru 34

7 Program(1]

(B Sources
[ blocks

Properties - Function Block
General - Part 1 | General - I::‘art2| Calls I Attnbutesl

Mame: | I | Kultiple [nstance Eapabii

Sumbaolic: Name:

Symbol Comment:

Created in Language:

Inzerts Func: I . o
— . Storage location Z n
of project: 'y FprojsCutting_
Interface
Date created: 06/09/2002 09:34:13
Last modified: 06/09/2002 09:34:13 06/09/2002 09:34:13
Comment: d

I
Cancel | Help
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Opening S7-GRAPH and inputting sequencers.

1. Click Blocks.
2. Double click on FB1.

The S7-GRAPH will open.

'E"" Cutting apparatus -- C:\Siemens\Step7\5 7proj\Cutting_
3 OB1

- Cutting apparatus Systemn data
=-E0 SIMATIC 300(1)
=-[@ cru g
[=l-{z7] 57 Program{1)
{B] Sources
2R

#3157 Graph - FB1.DB1 [_ O[]

File Edit Inszet PLC Debug “iew DOption: ‘Window Help

Dlel@] 6] o o | | fela] sl o) ]3] el Frove < 1 ) ST (€ mlelal

k a* FB1.DB1 [Sequencer 1] -- Cutting apparatus\SIMATIC 300[1\CPL 314\ .

? =l

2 e

I Block comment

|5 . —

B Actions (Instruction field)

% b I o pd

=a . gtepl

|~ Stepfield [ 51 - |

o - Stepl |

N

— L

o Mronsi The first step of the sequencer is inserted
] automatically in the block. This step is
= recognized as the initial step and is active at
the start of the sequencer.

] Transition
g (Further switch condition)

H|Errors occurred.

ﬂ[ompile: Cutting apparatus~SIMATIC 300(1)~CPU 314~ . ~FBl, DBl — <Qffline: *

rror >»»> (113 without subsequent element.

Warning »»> (Tl) without contents.

Warning »»> (T1l, Condition) Condition i=s always true.
Warning »»»> (S1) without contents.

1 error(s) found:; 3 warning(s) found

Error messages and warnings

A[ATETEsCompile / Decompile Messagesf Varables J, Addresses }, Fonwand Cross Reh . Backward Cross Ref Vi
Press F1 for help. 2 |offline [ [&bs | Ins [Cha Interface
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7.7

=ik o

7.8

=k ¢

7.9

=i ¢

The principle of a sequencer

A sequencer consists of a series of steps, which are activated in a fixed order dependent on the
conditions by further switching.

The editing of a sequencer always begins with an initial step or with several initial steps, that stand in
an arbitrary place in the sequencer. As long as the actions of a step are implemented, the step is
active. During execution of several steps, all are active at the same time.

A step is left, when all possible lined up errors are repaired and/or confirmed and the following transition
is performed to the step.

The next step which follows the performed transition becomes active.

At the end of a sequencer rests a jump to any step of the sequencer or another sequencer of the FB.
Thus a cyclic operation of the sequencer is possible. At the end of the sequencer rests a chain end.
The execution ends with the reaching of the chain end.

Active step

An active step is a step, whose actions are directly being worked.
The step is active:

When the conditions of the preceding transition have been accomplished or
When it is defined as an initial step and the sequencer was initialized
When it is called through an event dependent action.

Elements of a sequencer
il Step + transition _|?’ Open simultaneous branch

T_i| Jump E‘

Close simultaneous branch
i‘ Branch stop ﬂ Open alternative branch

2T . : .
ﬂ Sequencer insert ﬂ Close alternative branch
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7.10 Generation of a sequencer in the function chart
7.10.1 First step

1. Double click on Block comment and Step description and enter information.
2. Click on the Input of the Transition.

3. Insert an And symbol.

4. Add additional bin. inputs.

5. Enter operands on the And-symbol.

57 Graph - FB1.DB1 [_ O] <]
File Edit Inset PLC Debug Yiew Option: ‘wWindow Help

Dls(@| 8| o |~ | & [Rle|a] @bl o 1 [>] K2 [ioow =] [7 x| [SFEE 2 mlas]

" FB1.DB1 (Sequencer 1) -- Cutting apparatushSIMATIC 300(1ACPU 3144 ..

Cutting apparatus

"S0-Ztart”

naloa” |Initial step

"53-h0"

"55-c0”

(S 5 e o

sio [ER]

HlConpile: Cutting apparatus~SIMATIC 300(1)~CPU 314~.. .~FBl. DBl - «<OQfflines: = -
ZErrors occurred.

rror x> (T1) without subsequent element lLI
; s T g

T A thend mentbont
Compile / Decompile Messages & ariables },_Oddtesses f, Fomward Cross References  Eackuward Cross References

Press F1 for help. 2 |offline |— Abe | Ine  |Cha Interfface 2
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6. Right click on Transition T1.
7. Click on Step + Transition under Insert New Element.

The second step is entered.

8 57 Graph - FB1.DB1 JS[=l E3
File Edit Insett PLC Debug View Options 'wWindow Help

s e oo =] [F 5=l [CFTE [2le mlala]
[ =" FB1.DB1 [Sequencer 1) -- Cutting apparatusySIMATIC 300(1\CPU 314\
B — &
Bl v
15 Cutting apparatus

=
E
]
L=
Lz

7
— HE

e =

= "S0-Start”_| c
| "g1-a0r_|

1]
"E3-h0"_|
"55-c0"_|
E TE7-doT_|
|
EE
L
----------------- Trans2
226 |‘i: Ya al

HCrmrile Cntting anmaratn=~STHATTC 300713%CPIT 314 FE1 TRl — «Offlin=: *
i) [l 4 [ [F]Compile / Decompile Messages & Vaniables A Addresses A Fonwatd Cross Refersnces , Backward Cross References [
Press F1 far help. 2 |offline |— Abs | Inz  |Cho Interface
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Second step

2. Enter Action .

1. Click on Description field and enter step description.

3. Double click on the action to be performed or click on it with the right-mouse button and choose

Object Properties.
4. Enter transition.

L Hiagl

F:-hlndﬂ.ﬂbtniﬂhn.ahbﬂﬂ' - .
oisiel @ o | a[m(en) ] ] ) ) el e o] [T Wis|[=TE [S]E =S
il' F & - v A 1] TR
i- = Lg sppeeari
@
s ey
.—" =
= —_ ;.-.-_i S—
j TRl sj | | 1 wEs
= ! -~
2y T1
i | | — |Tenusi -
LR —
______ 2
= fj— g
e T
it o i R et i e R 7
Pip= T bntoy =i - He s Thlestew

Action Properhies
Possible event piictien
Operator: |§ S Set operand
_ . r R Reset operand
Address 1: [t N Don't save
Counter/Time congt: I D Delay
L Limited time
Operator
Ewvent: |N|:| event j
Instruction: IS -Addiess set to j
Possible standard / [T Depends on interlock [conditional]
instruction
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Third and fourth step

1. Click on Transition T2.

2. Click on Step + Transition two times in order to insert Step S3 and Step S4.
3. Enter step descriptions and actions.

4. Enter transitions.

#57 Graph - FB1.DB1 1[=l E3
File Edt |nzert PLC Debug Yiew DOptions ‘window Help
ool = et 2 e = e M B2 D e e T e R =1 Y=Y
a* FB1.DB1 (Sequencer 1) - Cutting apparatus\SIMATIC 300(1\CPU 314\ .
L | =| -
2]
= Hi=x
1 e |
izl
JE "S0-Start"_| A e
=il "g1-ag” | Initial step
I
= TE3-hO"_|
s "55-c07_|
£° |
= re7-dnr_| !
fi== — !
Cylinder A extensicon
EI 5 "Y1-A4/ ="
L
i
ol el
el Cylinder B extension
il s "Y2-B+/-"
=L
L
e TN
Cylinder C extension
g "Y3-c+S ="
et .

8% Graphic |=I:: Valiah\esl 1] | D ;
H[Compile: Cutting apparatus~SIMATIC 300(1)~CFU 314~.. ~FE1. DBl - <Offline: = ﬁ!
ZlErrore occurred. _l

I4| 4| ’I’II\E&I;EII"E/DEEE‘!I‘I"ID\'E Massaées/\ Variahles } Addresses j Forwand Gross References j Backward Cross Refersnces [
Press F1 for help. 2 [offline |— &bz | Ine  |Cha Intefface 2
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The next steps are inserted with a branch.

L]

1
There are two types of branches

. = |
The alternative branch,
It is inserted after the selected step and begins with a transition.
The steps of an alternative branch are only worked on if the transition is accomplished.
The branch can be closed, either to the left to a transition or terminated with branch end.
ﬂ Close alternative branch.
il branch end.
The simultaneous branch, il
It is inserted after the selected transition and begins with a step.
The steps of a simultaneous branch must be worked on, since they will continuously run parallel to
the basic steps.
The branch must be closed to the left to a step.
E‘ Close simultaneous branch.
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Inserting a branch

In order to insert branches, it is better to change into the overviews representation.

4857 Giaph - FB1.DB1 M=l 3

File Edt |nset PLC Debug “iew Options Window Help
DI &| o -l | 5] il 6] ] a2]| | [oex = [E 5= [aERE [ElE Zalal

=% FB1.DB1 [Sequencer 1] - Cutting apparatus\SIMATIC 300[1]\CPU 314\,

Cylinder C extension

X

9 5 ["v3-c+/-"

i he

iz

= T4

i 777777777777777777777 _;ans‘l

L=

£

i ----------- gteptb
= S6 P
F Stept

E

I

L — Trans6 =
&3 Graphic |T:: Variables | LI | P
Z[Compile: Cutting apparatus>SIMATIC 300(1)~CPU 314>, ~FBl, DBl - <Qffline> * :I
HlErrors occurred. ;I
[IA[ AT [F Compile # Decompile Messages f; Variables Ji Addresses jy Forward Gross References i, Backward Gross References J
Press F1 for help. @D [offine [ [Abs [ Ins [Chg Interface 2

In order to generate a simultaneous branch, the following actions must be performed:

1. Click on Transition T4.

2. Insert Step + Transition (Step S5 and Transition T5 are inserted).
3. Click on Transition T4.

4. Click on Simultaneous Branch open (Step S6 is inserted).

5. Click on Transition T5.

6. Insert Step + Transition (Step S7 and Transition T6 are inserted).
7. Click on Step S6.

8. Insert Step + Transition (Step S8 and Transition T7 are inserted).
9. Click on Step S8.

10. Click on Simultaneous Branch close.

11. Click on Step S7.

For the inputing of the actions and transitions, one should change to the one page representation.
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Entering actions and transitions of the Step S5 to Step S8 and the entering of the last step

1. Change to One page representation (80%).
2. Enter actions.

3. Enter transitions.

4. Click on Transition T6.

5. Insert Step + Transition.

57 Graph - FB1.DB1 [_[Ox]
File Edt [nset PLC Debug Yiew Options Window Help

D@ &) © | | S||e|a] ) o] 1] W2l o o] [2 5= [a[F]E [2]€ wlajQ

R a¥ FB1,DB1 [Sequencer 1] -- Cutting apparatus\SIMATIC 300(1\CPU 314\
i ﬂ S4 Cylinder C extenzion ‘
B 81 Buepd 5 ["Ya-oHs- |
— Stepl
s
o T4
g B c 6 oL | s A—
- Tans
— T1 i frans4
el el %
= 52 -
E eSS S6 |EylindE[ D extension
i BtepE |S ‘"Y4—D+;’—”
kM T2
o e T7
s3 e T e e
= Stepd s
H ss |Cylindex: D retraction
Stepi R "FA-DHS-T
[T T3 t )
] Theanes
54
Snepd
i 85 |EylindE[ A retraction ‘
7 Ta - Sueps [ Troar— |
— ——
= frransa
=] TS
- s5 s6 N B -
Steps Stepé “nf ______
S? |EylindE[ B retraction ‘
T5 T? Step? |R ‘"YZ—E-%—/—" ‘
—— ——
[franss ffrans7
(8] [ 8]
Step? Stepd - ~bO"_| g
[« | LlJ "g7-dor_| I eeceseeaneen —:_—ra .
T Tans
33 Graphic |=F: Vamab\esl o T

X Compile / D e b Variahl Adeh Fonnard Cross Refer Backward Cross Refe
“|I4|4| b [P\ Campile / Decompile Messages § Variables A, Addresses A Fonward Gross References )\ Backward Gross References
Press F1 for help. 2 |offine |— Abs | Ins | A
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Editing the last step and inserting a return to the first step

1. Enter step description and action.
2. Enter transition.
3. Click on Transition T8.

4. Insert jump.

TR T T ]

oty @ w2 F el Wl ] i e TTT BRI STIR [RE Opss - :
L} =7 i T4 =
il- =i
- R=4 .
= |-_ & |
=l =
= = T
| R 5 s
- N s
£ | .
= s
= RicH
5
_T
..ﬁ. -
s
| v51 i
W U] =
[ = i
Tl B e e L. T
Byt B | i 0 e me

5. Insert S1 at the jump point or click on Step S1, so that the jump goal is inserted.

Initial step
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Block-Characteristics setting and saving finished blocks

Before saving the block, the block settings should be modified.

1. Click on Options.
2. Click on Block Settings.
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= ? 2
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=1 el c-.h.ll..’.._!.p_,g.-q__] Tramd
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T | T T ey v o V57 i B Feiome T
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| e 1" g i v e e
| [ ARTEEE L == T T
S| = Fomsddly T P
I—_-' ".Ilfl'oﬁ ‘I_:L—l'ﬂ:m-il'ﬂﬂ SVilndar A ERlraction
L 1 Sl T gt 1 B e
Wil s LTI =
= e et 5T r
- Mot FL73 R
— a = Sorcherevan i V1
d=d [ et pucsang &
i 0 - o iy L sion
:.'- _I_“'d T Lok mwwingoad issdum ] oyl lhidar E PRI
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| Skagll | L | g3 ola ¥R
LY
O =
Teanmd
|

Set the FB Paramenter to Minium.

Set executability to Full code so that the standard FCs are contained in the function block.
Click on Synchronization.

Click OK.

Save the block.

Close S7-GRAPH.

© N GOM®

Note

/N
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7.11 Setting characteristics of the Organization Block and opening OB1

1. Click on Blocks .

2. Double click on OB1.

3. In the properties of the Organization block select FBD as created in language.
4. Click OK.

H SIMATIC Manager - Cutting apparatus = Ofx]

File Edit Inset PLC “iew DOptions 'Window Help
e &llél ﬂl IE'_EI EEI“ < Mo Filter » 'IEI %Ell EI

:5“ Cutting apparatug -- C:\Siemenz\Step7yS7proj\Cutting_

utting apparatus B = 0B1
SIMATIC 300[1] i DB1 &% SFCE4

&8 cru s
57 Program(1)]

{B] Sources Properties - Organization Block =]

A& Blocks General - Part 1 | General - Part 2| Calls I Altnbulesl

Narme: 0Bt

Sembolic Mame:

Symbol Comment: I

Created in Language: STL 'I

Pioject path:
Storage location = -
of project: P 7 projvCutting_
Code Interface
Date created: 0B/03/2002 09:01:43
Last modified: 0F/02/2001 030343 15/02/1996 04:51:12
Camment: "M ain Program Sweep [Cycle] ;I

Cancel Help

Fress F1 to get Help. v

Note
If the OBL1 is not automatically opened after the adjustment of the properties, then the OB1 must be
double clicked once again in the block list.

Forward Installation Sequent. control system Representation _ Debug functions Marginal conditions FB-

T 1 A Training document Page 34 of 66 Module C1
Last revision: 02/2002 Sequencer programming with S7-GRAPH



Automation— and Drive Technology- SCE

Editing Organization Block OB1 and downloading blocks into a module

. Enter block and network headings.
. Click on the entry field

. Open Program Elements.

. Insert FB1 through a double click.
. Enter DB1.

. Save block OB1.

. Close LAD/STL/FBD.

NOoO oM~ WNPRE

HLAD/STL/FED - OB1 =] B3
File Edit Insett PLC Debug “iew Options ‘Window Help

D[2E-a| & £(=(2] o el [s o] o @ e slsEE=] ol el

m OB1 -- Cutting apparatus\SIMATIC 300(1]\CPU 314 [_ O] x] £ New network
= F-{&] Bit logic
Address |Declaration |Hame Type Initial walue Comment {21 Comparator
0.0|tenp 0Bl_EV_CLASS EYTE Eits 0-3 = 1 (Coming eve {ag) Converter
1.0|tenp 0B1_SCAN_1 BYTE 1 {Cold restart scem 1 o Counter
2.0 0Bl PRIORITY EYTE Pri B E N (o8] DB cal
- Ojtenp _ riority o wecution &) Jumps
3.0|tenp 0Bl_OB_HNUMER ETTE 1l (Organization block 1, [H-{zE) Inkeger fct.
4.0|teup 0Bl_RESERVED_1 EYTE Reserved for system Floating-paint fot.
5.0|tenp 0El_RESERVED_Z EBYTE Reserved for system Meve
6.0/t 0B1_FREV_CYCLE T tycle t £ [ iz Frogram conirol
-0 temp _PREV | ycle time o pIEvlnus_'LI .
K1 B i8] Status bits
— @ Timers
0Bl : Cutting apparatus F-Z) Word logic
=g FB blocks
Comment: ‘ o Fe
£ FC blocks
Hetwork 1}: Function hlock call {8 SFB blocks

8 SFC blacks

Comment: ~fill Multiple instances
fill Libraries
LEL
FE1
.. —EF
L. T se ENO
‘ %
Bl ¥
Fress F1 to get Help 2 [offine Bbs [Mwi Insett [Chg

8. Click on Block and blocks and Download module.

HSIMATIE Manager - Cutting apparatus
File Edit Insett PLC “iew DOptions Window Help

D|(8%) 7 & 5|2 e 2 )&

:’: Cutting apparatus -- E:\Siemens?proi\tulling_

: [ NoFiter>

=1 %] 22l=] »?|

Cutting apparatus Systern data 3 OB1
=] SIMATIC 300(1) &3 SFCE4

@ cruane

After the transferring of the blocks into the module, the program can be debugged.
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