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Matching SCE trainer packages for this Learn-/Training Document

SIMATIC Controller
+  SIMATIC ET 200SP Open Controller CPU 1515SP PC2 F with WinCC RT Advanced 512 PTs
Order no.: 6ES7677-2SB42-4AB1
*  SIMATIC ET 200SP Distributed Controller CPU 1512SP F-1 PN Safety
Order no.: 6ES7512-1SK00-4AB2
*  SIMATIC CPU 1516F PN/DP Safety with Software
Order no.: 6ES7516-3FN00-4AB2
*  SIMATIC S7 CPU 1516-3 PN/DP with Software
Order no.: 6ES7516-3AN00-4AB3
+  SIMATIC CPU 1512C PN with Software and PM 1507
Order no.: 6ES7512-1CK00-4AB1
+  SIMATIC CPU 1512C PN with Software, PM 1507 and CP 1542-5 (CP PROFIBUS)
Order no.: 6ES7512-1CK00-4AB2
+  SIMATIC CPU 1512C PN with Software
Order no.: 6ES7512-1CK00-4AB6
*  SIMATIC CPU 1512C PN-1 without Power Supply / with CP for PROFIBUS DP
Order no.: 6ES7512-1CK00-4AB7
+  SIMATIC S7-1200 Basic Controller, CPU 1215C; DC/DC/DC
Order no.: 6ES7215-1AG40-4AB1
+  SIMATIC S7-1200 Basic Controller, CPU 1215C; AC/DC/RELAY
Order no.: 6ES7215-1BG40-4AB1
+  SIMATIC S7-1200 Basic Controller, CPU 1215C; DC/DC/RELAY
Order no.: 6ES7215-1HG40-4AB1

SIMATIC STEP 7 Software for Training

* SIMATIC STEP 7 Professional V15.1 - Single License
Order no.: 6ES7822-1AA05-4YA5

*  SIMATIC STEP 7 Professional V15.1 - Classroom License for 6 Users
Order no.: 6ES7822-1BA05-4YA5

«  SIMATIC STEP 7 Professional V15.1 - Upgrade License for 6 Users
Order no.: 6ES7822-1AA05-4YES

+  SIMATIC STEP 7 Professional V15.1 - Student License for 20 Users
Order no.: 6ES7822-1AC05-4YA5

Please note that these trainer packages are replaced with successor packages when necessary.
An overview of the currently available SCE packages is provided under: siemens.com/sce/tp
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Training courses
For regional Siemens SCE training courses, contact your regional SCE representative:
siemens.com/sce/contact

Additional information regarding SCE
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Information regarding use

The SCE Learn-/Training Document for the integrated automation solution Totally Integrated Automation
(TIA) was prepared for the program "Siemens Automation Cooperates with Education (SCE)" specifically
for training purposes for public educational and R&D institutions. Siemens does not guarantee the
contents.

This document is only to be used for initial training on Siemens products/systems. This means it can be
copied in whole or in part and given to trainees/students for use within the scope of their training/course
of study. Disseminating or duplicating this document and sharing its content is permitted within public
training and advanced training facilities for training purposes or as part of a course of study.

Exceptions require written consent from Siemens. Send all related requests to
scesupportfinder.i-ia@siemens.com.

Offenders will be held liable. All rights including translation are reserved, particularly if a patent is granted
or a utility model or design is registered.

Use for industrial customer courses is expressly prohibited. We do not consent to commercial use of the
training documents.

We wish to thank the TU Dresden, the Michael Dziallas Engineering company and all other involved
persons for the support in the preparation of this SCE Learn-/Training Document.
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Basics of GRAPH Programming

1 Goal

In this chapter, you will learn how to program a sequence control with the graphic programming tool S7-

GRAPH and about the basic elements of a control program written with GRAFCET.

The module shows the procedure in the following steps using the sorting station as an example.
— Presentation of the task with the motion sequences and switching states.

— Division of the sequence diagram into multiple sequencers.

— Graphical representation of the sequence diagram in multiple GRAFCETSs.

— Creation of a control program according to the produced GRAFCETSs of the sorting station, which is

implemented using the S7-GRAPH programming language.

The functioning of the created program will be checked using the testing and diagnostics functions of
S7-GRAPH.

2 Requirement

This chapter builds on the hardware configuration of a SIMATIC S7. However, any hardware
configurations that have digital input and output boards can be used. You can use the following project

for this chapter, for example:

sce-012-101-hardware-config-s7-1516f .....zap15_1

For unrestricted use in educational and R&D institutions. © Siemens 2019. All rights reserved. 6
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3 Required hardware and software

1 Engineering station: Hardware and operating system requirements apply (for additional information,

see Readme on the TIA Portal Installation DVDs)
2 SIMATIC STEP 7 Professional software in TIA Portal — V15.1 or higher

3 SIMATIC S7 controller, e.g. CPU 1516F-3 PN/DP — Firmware V2.0 or higher with memory card and
16DI1/16DO and 2AI/1A0

Please note: The digital inputs should be fed out to a panel.

4  Ethernet connection between engineering station and controller

2 SIMATIC STEP 7

1 Engineering station Professional (TIA
Portal) V15.1 or higher

4 Ethernet connection

Panel
3 SIMATIC S7-1500 controller
For unrestricted use in educational and R&D institutions. © Siemens 2019. All rights reserved. 7
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Theory

4.1 Notes on S7-GRAPH programming language
S7-GRAPH
— Has been certified according to IEC 61131-3 and PLCopen Base Level since
November 2001.
— Siemens is thus the first manufacturer to receive the PLCopen certificate for the
S7-GRAPH (SFC - Sequential Function Chart) sequencer programming.
— Programmers that use S7-GRAPH create their programs strictly according to the international
standard IEC 61131-3.
Data formats, language elements and graphic representation conform to IEC 61131-3
throughout.
— The S7-GRAPH programming language extends the range of functions of STEP 7 to include a
graphic programming option for sequence controls.
— With S7-GRAPH, you can program sequence controls clearly and quickly. The process is broken
down into individual steps and the sequence is graphically represented.
— The actions to be executed are defined within the individual steps.
— The step-enabling conditions for advancing to the next steps (transitions) can be created in the LAD
or FBD programming language.
4.2 GRAFCET according to EN 60848
GRAFCET is a process-oriented representation of a control task, independent of its implementation,
e.g. the equipment used. GRAFCET facilitates the interaction of various specialties, such as
mechanics, pneumatics, hydraulics, process engineering, electrics, electronics, etc. A control task is
represented with its essential properties in a basic structure (step field) and with the details required for
the respective application in a detailed structure (command field) in a clear way.
For unrestricted use in educational and R&D institutions. © Siemens 2019. All rights reserved. 8
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Task

5.1 Description of control task
The automated sorting station (see Figure 1) is used to separate plastic and metal components. A
component is fed to the conveyor via a chute. The conveyor starts as soon as the component has been
detected. If a component made of metal is on the conveyor, it is detected, transported up to the height
of the metal magazine and pushed by a cylinder into the metal magazine. If no metal is detected, the
component is made of plastic. The plastic component is transported to the end of the belt, where it falls
into the plastic magazine. As soon as a component is sorted, the next component can be fed.
5.2 Technology diagram
Sortieranlage / Sorting station -
Metall/
-B4 -B5 metal -B7
i
Plastik/
plastic
M1 m B2
-B3 Motor aktiv/ M4
motor active
B B!
-B8 Istwert Drehzahl/ E
actual value speed 0.0 B
0.0 m/s
Figure 1: Technology diagram
Schalter der Sortieranlage Automatikbetrieb Handbetrieb / Manual mode
Switches of sorting station Automatic mode -53 Tippbetrieb -M1 vorwsrts/
_P1 einfon _P5 gestartetistaried — Manual -M1 forwards
j -Q0 Hauptschalter/Main switch __ -51 Start/start -S4 Tippbetrieb -M1 rickwarts/
T Manual -M1 backwards
-P4 akfiviert/active
-PT ausgefahren/extended
Q -A1 NOTHALT/Emergency stop __ -S2 Stopp/stop 56 Zylinder -4 ausfahren
-P2 Hand/manual -P3 Auto/auto - cylinder -M4 extend _P5 eingefahreniretracted
j -S0 Betriebsart/operating mode -85 Zylinder -M4 einfahren/
= cylinder -M4 retract
Figure 2: Operator panel
For unrestricted use in educational and R&D institutions. © Siemens 2019. All rights reserved. 9
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Switching on
The station is switched on with the main switch -Q0. Relay -KO (main switch "ON") is energized and

provides the supply voltage for the sensors and actuators.

This operating state is indicated by indicator light -P1 (main switch on)

Operating mode selection
Once the station has been switched on, two operating modes are possible: manual mode or automatic

mode. The operating mode is selected using switch -SO.

The selected operating mode is indicated by indicator lights -P2 (manual mode) and -P3 (automatic

mode).

EMERGENCY STOP
In the absence of feedback from the EMERGENCY STOP (-Al), all drives must be stopped

immediately.

When the initial state of the pushbutton and the feedback of the EMERGENCY STOP function is

present again, the release takes place and the sorting station can be put back into operation.

Activation of the EMERGENCY STOP is indicated by indicator light -P4 (EMERGENCY STOP

activated).

Manual mode

The station is set up in manual mode.

Retracting and extending the cylinder

After pushbutton -S6 (cylinder -M4 extend) is pressed, cylinder -M4 is extended.
After pushbutton -S5 (cylinder -M4 retract) is pressed, the cylinder is retracted.

The extension and retraction of the cylinder continue only as long as the pushbutton is pressed, and the

end position has not yet been reached.

When the two pushbuttons are pressed simultaneously, no motion should take place.

For unrestricted use in educational and R&D institutions. © Siemens 2019. All rights reserved. 10
sce-052-100-graph-s7-1500-r1903-en.docx



5.7

Learn-/Training Document | TIA Portal Module 052-100, Edition 10/2019 | Digital Industries, FA

Conveyor motor in jog mode

With pushbutton -S3 (manual mode conveyor -M1 forwards), motor -Q1 (conveyor motor -M1 forwards
fixed speed) is moved forward in jog mode. With pushbutton -S4 (manual mode conveyor -M1
backwards), motor -Q2 (conveyor motor -M1 backwards fixed speed) is moved backward in jog mode.

When the two pushbuttons are pressed simultaneously, no motion should take place.

For safety reasons, only the preset speed may be used here. Output -Q3 (conveyor motor -M1 variable

speed) must therefore be deactivated.
Initial state

When the station starts or after the EMERGENCY STOP is tripped, the station must be moved in
manual mode to a defined operating state (initial state). In the initial state, the conveyor is empty and

stopped and the cylinder is retracted.

Automatic mode

In automatic mode, the station handles the process automatically.
Starting and stopping

If the station is in the initial state, automatic mode starts when pushbutton -S1 (automatic start) is
pressed. When pushbutton -S2 (automatic stop) is pressed, automatic mode is stopped again as soon

as the initial state has been reached.

If EMERGENCY STOP has been tripped or the operating mode has been changed, automatic mode is

stopped immediately (without return to the initial state).

The current state is indicated by indicator light -P6 (automatic mode started).

For unrestricted use in educational and R&D institutions. © Siemens 2019. All rights reserved. 11
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Automatic mode

If light sensor -B4 (part at slide) detects a component, the conveyor motor starts. The component slides

onto the transport conveyor and is further conveyed.

If inductive sensor -B5 detected a metal component, this is transported up to light sensor -B6 (part in
front of cylinder -M4). The conveyor is then switched off. As soon as -B3 (sensor motor -M1 active) no
longer supplies a signal, the cylinder control (see below) is activated and moves the component into the

metal magazine. As soon as the cylinder is retracted again, the sorting station is back in the initial state.

If a metal component was not detected by sensor -B5, the component is interpreted as a plastic
component and is transported to the end of the conveyor. It is detected there by light sensor -B7 and

conveyed after a delay time into the plastic magazine at the end of the conveyor.
Cylinder control

If a metal component reaches light sensor -B6 (part in front of cylinder -M4) and the conveyor has been
stopped, cylinder -M4 moves to the front-end position -B2 (cylinder -M4 extended), thereby pushing the
metal component from the conveyor into the metal magazine. Cylinder -M4 then moves to the rear-end

position -B1 (cylinder -M4 retracted).
Speed control (conveyor speed)
In automatic mode, the motor can be moved at a fixed or variable speed.

Fixed speed requires signal "1" at -Q1 "Conveyor motor -M1 forwards fixed speed" or -Q2 "Conveyor
motor -M1 backwards fixed speed". For variable speed, -Q3 "Conveyor motor -M1 variable speed" must
be activated and a "manipulated value for motor speed" (analog value +/-10 V corresponds to +/- 50
rpm or 10 m/s) must be specified at -U1. Signal "1" must not be present at -Q1 "Conveyor motor -M1
forwards fixed speed” or -Q2 "Conveyor motor -M1 backwards fixed speed”. Otherwise, -Ul has no

effect on the speed of the conveyor.

For unrestricted use in educational and R&D institutions. © Siemens 2019. All rights reserved. 12
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Indicator lights

As soon as relay -KO (main switch "ON") becomes energized, indicator light -P1 (main switch on) lights
up.

If switch -SO (mode selector manual/automatic) is set to Manual, the indicator light -P2 (manual mode)

lights up. If switch -SO0 is set to Automatic, the indicator light -P3 (automatic mode) lights up.
If the EMERGENCY STOP function has tripped, -P4 (EMERGENCY STOP activated) lights up.

If automatic mode has been selected and the station is in the initial state, -P5 (automatic mode started)
flashes to signal that automatic mode can be started. As soon as automatic mode has been started, -P5

lights up.

Indicator light -P6 (cylinder -M4 retracted) lights up as soon as end position sensor -B1 (cylinder -M4
retracted) has been reached. Indicator light -P7 (cylinder -M4 extended) lights up as soon as cylinder -
M4 has reached the front-end position sensor -B2 (cylinder -M4 extended). Indicator lights -P6 and -P7

are not lit if the cylinder is located in neither of the two end positions.

For unrestricted use in educational and R&D institutions. © Siemens 2019. All rights reserved. 13
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5.9 Reference list

The following signals are required as global operands for this task.

DI Type ‘ Identifier ‘ Function NC/NO
10.0 BOOL -Al return signal emergency stop ok NC
10.1 BOOL -KO main switch ,ON* NO
10.2 BOOL -S0 mode selector manual(0) / automatic(1) man =0
auto =1

10.3 BOOL -S1 pushbutton automatic start NO
10.4 BOOL -S2 pushbutton automatic stop NC

1 0.5 BOOL -B1 sensor cylinder -M4 retracted NO
10.6 BOOL -B2 sensor cylinder -M4 extended NC
10.7 BOOL B3 sensor motor -M1 active (pulse signal for NO

positioning)
11.0 BOOL -B4 sensor part at slide NO
11.1 BOOL -B5 sensor metal part NO
11.2 BOOL -B6 sensor part in front of cylinder -M4 NO
11.3 BOOL -B7 sensor part at end of conveyor NO
114 BOOL -S3 pushbutton manual mode conveyor —M1 NO
115 BOOL -S4 pushbutton manual mode conveyor —M1 NO
11.6 BOOL -S5 pushbutton manual mode cylinder -M4 retract NO
11.7 BOOL -S6 pushbutton manual mode cylinder -M4 extend NO
For unrestricted use in educational and R&D institutions. © Siemens 2019. All rights reserved. 14
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Type ‘ Identifier ‘ Function

DO

Q0.0 BOOL -Q1 conveyor motor -M1 forwards fixed speed
Q0.1 BOOL -Q2 conveyor motor -M1 backwards fixed speed
Q0.2 BOOL -Q3 conveyor motor -M1 variable speed

Q0.3 BOOL -M2 cylinder -M4 retract

Q04 BOOL -M3 cylinder -M4 extend

Q05 BOOL -P1 display ,main switch on*

Q0.6 BOOL -P2 display ,manual mode*

Q0.7 BOOL -P3 display ,automatic mode*“

Q10 BOOL -P4 display ,emergency stop activated*

Q1ll1 BOOL -P5 display ,automatic mode started*

Q12 BOOL -P6 display cylinder -M4 ,retracted”

Q13 BOOL -P7 display cylinder -M4 ,extended*

Legend for reference list

DE
AE
E

NC
NO

Digital Input DO Digitaler Output
Analog Input AO  Analoger Output
Input @) Output

Normally Closed

Normally Open

For unrestricted use in educational and R&D institutions. © Siemens 2019. All rights reserved.
sce-052-100-graph-s7-1500-r1903-en.docx

15



Learn-/Training Document | TIA Portal Module 052-100, Edition 10/2019 | Digital Industries, FA

6 Planning

In order to represent the individual requirements of the task,

the sequence diagram of the sorting station is divided into five subareas.

— The conditions for the release of the controller are defined in the first part of the sequence diagram.
— Aclock pulse at 1 Hz is generated in the second part of the sequence diagram.

— The third part of the sequence diagram shows the control of the signal lamps.

— The fourth part of the sequence diagram describes the selection of operating modes and manual

mode.

— The automatic mode of the sorting station is presented in the fifth part of the sequence diagram.

These five subareas are described in the following GRAFCETS.

For unrestricted use in educational and R&D institutions. © Siemens 2019. All rights reserved. 16
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6.1 Sequence diagram of the sorting station

GRAFCET RELEASE

| A
1 -P1:=0 »switch off display main switch on
[
G_Man/Auto{} L,switch off sequencer OPERATING_MODES”
|
G_Automatic{} ,switch off sequencer AUTOMATIC_MODE*
|
G_Signal_Lamps LJnitialize sequencer SIGNAL_LAMPS*
{INT}
|
A G_Clock_Pulse
= — LJinitialize sequencer CLOCK_PULSE*
{INT}
(main switch on) — —KO0
A
2 . . L
-P1:=1 ,switch on display main switch on
[
(main switch off) Jinitialize sequencer
i G_Man/Auto{INT} OPERATINg MODES*
i _|
—-KO
(initial state pushbuttons) —— —A1 % —50 * —S1 * —52 * —53 * —54 * —S5 * —S6
A
3 ' “
Release Loperational release
(emergency stop_ opeljated or | —7i+7Ko
main switch off)

The conditions for switching the station on and off, the operational release and the EMERGENCY
STOP function are represented in this GRAFCET.

For unrestricted use in educational and R&D institutions. © Siemens 2019. All rights reserved. 17
sce-052-100-graph-s7-1500-r1903-en.docx



Learn-/Training Document | TIA Portal Module 052-100, Edition 10/2019 | Digital Industries, FA

GRAFCET CLOCK_PULSE

100
(pulse off time) =T~ 0.55/X100
A
101 Takt ,clock pulse 1Hz*
(pulse on time) I~ 0.5s/X101
GRAFCET SIGNAL_LAMPS
20
(main switch on) —— —KO0
—-Al
21 ) )
-P4 ,<display emergency stop activated”
=50
-P2 ,<display manual mode*
-S0
A
-P3 ,<display automatic mode*
-B1
-P6 ,<display cylinder extended*
—B2
-P7 ,display cylinder retracted*
(main switch off) —— —KO0

Only after switching on the main switch are the signal lamps for EMERGENCY STOP, the operating

mode and the cylinder position activated.
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GRAFCET OPERATING_MODES

]

10

G_Automatic {INT}

—T- Release x —S0

»2automatic mode on*

— Release * —S0

~Switch off sequencer AUTOMATIC_MODE*

| —s3 =S4« B1

»,manual mode on’

_Q]_

| -4« =53« B1

_Q2

| —85 % —S6 * —B1

-M2

—T- Release + —S0

—S2 ,stop automatic mode*

11 ) Jnitialize sequencer
G_Automatic {INT} || 5 ;T oMATIC_MODE®
— 0.2s/X11
| Pulse
12 -P5 ,display automatic
mode flash®
A
|
I
Release + —S0
»automatic mode off*
A - —=S1 ,start automatic mode”
13 Automatic_Mode_ | starting command for
Start automatic mode*
-P5 ,display automatic
mode on*
|

»=automatic mode off*

—56 * —S5 * —B2

-M3

G_Automatic {}

Release + —S0

»inching operation
conveyor -M1
forwards*”

»inching operation
conveyor -M1
backwards*

»inching operation
cylinder -M4
retract”

»inching operation
cylinder -M4
extend”

~sequencer
AUTOMATIC_
MODE off*

»,manual mode off"

The conditions for the operating mode selection and for starting of automatic mode and manual mode
are represented in this GRAFCET.
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GRAFCET AUTOMATIC_MODE

]

30

—— Start *—B4+ —B5 * —B6 % —B7 * —B1 »start conditions: .
starting command, sensor part at slide

and plant in home position*

|—Bl

12 Lconveyor
Q1 forwards*

—-—B5 ,sensor metal part* — —B7 ,sensor part at end of conveyor®

I -B1 I -B1

32 Lconveyor 12 Lconveyor
-Q1 forwards* Q1 forwards*

—T-—B6 ,sensor part in front of cylinder*
- 2s/—B7 ,overtravel time 2s“

,conveyor stopped”

-1 0.5s/X33 ,waiting time 0.5s"

| —-B2
34 -M3 ,cylinder -M4 extend*
— 05s/—B2 Lcylinder extended and
s/ waiting time 0.5s"
| =B1
3 -M2 ,cylinder -M4 retract”

—T-—B1 ,cylinder retracted”

This GRAFCET shows the automatic mode of the sorting station.
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7  Structured step-by-step instructions

You can find instructions on how to carry out planning below. If you already have a good understanding
of everything, it will be sufficient to focus on the numbered steps. Otherwise, simply follow the detailed

steps in the instructions.

7.1 Retrieving an existing project
— Before we can start programming the required GRAPH function blocks (FB) of the sorting station,
we need a project with a hardware configuration (e.g. sce-012-101-hardware-config-s7-
1516f....zap15_1). To retrieve an existing project that has been archived, you must select the
relevant archive with — Project — Retrieve in the project view. Confirm your selection with
"Open".

(— Project — Retrieve — Select a *.zap15_1 archive ... — Open)

Project |Edit View Insert Online Options

j New... )
H (% Open... Ctrl+0 =
Migrate project...

Delete project... Ctrl+E
Archive...
Multiuser »

— The next step is to select the target directory where the retrieved project will be stored. Confirm

your selection with "OK". (— Target directory — OK)
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Importing "Tag table sorting station"

— To insert an existing symbol table, open the default tag table and then click the "Import Egh
button.

(— Import

)

& Siemens - C:\Usersimde\Documents\Automation\012_101_CPU1516R012_101_CPU1516F

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation

%} Online & diagnestics

» g Program blocks
» [3 Technology objects

CF (M B saveproject 3 ¥ = 5 X s E: )0 [R & Goonline ¥ Goofiline Sz [N 2 H | " PORTAL
012_101_CPU1516F » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags » Default tag table [54]

Devices |@ Tags H 3 User constants H,E System constants I B
e go i () =]
B E = BH T =

Default tag table &
¥ _1012_101_CPUI516F E Neme 'MPort Data type Address Retain  Acces.. Writa.. Visibl... Supervis.. ..[==
B Add new device 1 [ Add ne | ] ] ™ L‘—u
gg-u Devices & networks _E"
B :{i CPU_1516F [CPU 1516F-3 PN/DP] g
[IY Device configuration = a

» (4 Energy objects
4 External source files
= Ca PLC tags
%5 Showall tags
¢ Add new tag table
%4 Default tag table [54]
» (g PLC data types

— Use the L= button to choose the location of the import file.
Elrmpor't' "R

Path ofimport file:

{ C:\Usersimde\Desktoplsce-052-100-graph-s7-1500-r1904-enisce-052-1 OO-project:-E 3

Elements to be imported: [v] Tags
[] constants

’ oK ‘ [ Cancel ]

I —— |
— Select the desired symbol table (e.g. in .xIsx format) and confirm the selection with "Open".

(—>sce-020-100-tag-table-sorting-station... — Open —» OK — OK)

— When the import is finished, you will see a confirmation window and have an opportunity to view

the log file for the import. Click - OK.

“Import completed. (0032:000001)

Import completed successfully.

Detailed information is shown in the import log
file.

Click here to view the log file.
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— You have now imported the tag table of the sorting station. Save your project under the name

052-100_ GRAPH_S7-1500. (— Project —» Save as ... —» 052-100_GRAPH_S7-1500 — Save)

14 Siemens - C:\Users\mde\DocumentstAutomation\012_101_CPU1516FR012_101_CPU1516F

Project [Edit View |Insert Online Options Tools Window Help T 2
— . otally Integrated Automation
L3f New.. LN it I3 & coonline ¥ cooffiine g NI % H (] POR
H (¥ Open... Ctrl+0
Migrate project...
Close cr @Tags |@ Userconstants ||
Ctrl+5 35 =k 2 e o = |a
Ctrl+Shift+5 - é’ & Er‘ 5 =
Tag table_sorting station 2
Delete project... curleE z Name Datatype  Address Retain | Acces.. Writa.. Visibl.. Sup.. Comment —
Ar:hive“. [ 15 a Al Bool %I10.0 E ™ ™ ™ return signal emergency stop ok (nc) ZL'I_J
Befneyes: 2 a K0 Bool %I0.1 @ g @ main switch ,ON” (no) Gl _5"
Multiuser » 3 a S0 Bool %10.2 @ @ B meode selector manual(0) / automatic(1) g,
T Card ReaderlUsB memory N 4 a st Bool %l0.3 ™ ™ =) pushbutton autematic start (nc) e
B Memory card file ) |5 a = Bool %I0.4 M 8 =& pushbutton automatic stop (nc) ||
o v i 3 a 81 Bool %I0.5 @ @ @ sensor cylinder M4 retracted (no) =
Start basic integrity check Y
7 a B2 Bool %I0.6 ™ ™ =) sensor cylinder M4 extended (nc)

& Print... Curl+P 8§ 4@ B3 Bool %I0.7 ™ ™ ™~ sensor motor -M1 actice (pulse signal for positioning..

& Print preview... 9 @ B4 Bool %I1.0 ™ ™ ™ sensor part at slide (no)
CilUsersimdelDocume...1012_101_CPU1516F Ll @ = Bool 1.1 s ¥ @ sensor metal part (no) L
C:\Users\..1012_101_CPU1516F_V14_V15.1 11oa 86 Beol %I1.2 ™ ™~ ™ sensor partin front of cylinder -\ (no)
C:\UsersimdelDo...1052-100_GRAPH_57-1500 12 a 87 Bool %l1.3 ™ ™ = sensor partatend of conveyor (no)
C:\UsersimdelDo..1020-112_OPC UA 57-1500 12 @ 3 Bool %I1.4 ™~ ™ ] pushbutton manual mode conveyor —M1 forwards (...
C:\UsersimdelDo...1092 300_OPC UA 57-1500 14 @ sS4 Bool %I1.5 ™ ™ ™ pushbutton manual mode conveyor -M1 backwards...
C:lUsersimd..1032-600_Global_Data_Blocks 15 4@ 55 Bool %l1.6 ™ ] =] pushbutton manual mode cylinder M4 retract (no)

Exit AltsFa 16 @ 6 Bool %I1.7 ™ ™ ™ pushbutton manual mede cylinder 4 extend (no)
¥ g UNINE DICRUpS 17 @ Qi Bool %Q0.0 ™ ™ ™ conveyor motor -M1 forwards fixed speed
» [ Traces 18 @ Q2 Bool %Q0.1 = ™ ™ conveyor motor -M1 backwards fixed speed
» i Device proxydata 19 @ Q3 Bool %Q0.2 ™ ™ ™ conveyor motor -M1 variable speed
‘J."i Program info 20 @ M Bool %Q0.3 @ @ @ cylinder -M4 retract
L PLC supervisions & alarms 21 @ M3 Bool %Q0.4 ™ ™~ ™~ cylinder -M4 extend
] PLCalarm text lists 2 a -+~ Bool %Q0.5 ™ ™ ™ display ,main switch on® [+l
o
: @ Local modules !7 1( H I H;]
> | Details view lg Properties []‘il Info i) ||ﬂ Diagnostics I
4 Portal view =3 Overview |5 oefauittag e |55 Tag table so... saved under
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7.3 Creating function block FB50 "AUTOMATIC_MODE"

— Inthe project tree under Program blocks, click on "Add new block" to create a new function block.

=

sers\imde\Documents\Automa 1052-100_GRAPH_programming052-100_GRAPH_programming

(— Program blocks — Add new block —

)

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation
F T | save project X X Dz T MG E R # coonline 4¥ cooffline  fo MM > H ] * PORTA!
< Tags \[E} User constants W
$ B T 2 |7
Tag table_sorting station <
v |7 052-100_GRAPH_programming (A Name Datatype |Address  Retain |Acces.. | Writa.. |Visibl.. Sup.. Comment —
B Add new device I < -At Bool | %10.0 E =] =2} ™ return signal emergency stop ok (nc) U’_J
hy Devices & networks 2 @ o Bool %10.1 ™ ™ =2} main switch ,ON” (no) g
~ [[§ CPU_1516F [CPU 1516F-3 PN/DP] 3 @ <o Bool %102 =) =] =) mode selector manual(0) / automatic(1) ES
JIY Device configuration 4 <a S1 Beol %I0.3 ™ M =) pushbutton automatic start (no) a
%/ online & diagnostics =15 @ s2 Bool %10.4 ™ = ™M pushbutton automatic stop (nc) ||
~ g Program blocks 6 @ 81 Bool %I0.5 ™ ™ ™ sensor cylinder -M4 retracted (no) s
“ Add new block 7 -a -82 Bool %l0.6 @ @ @ sensor cylinder M4 extended (nc)
4 Main [OB1] s @a 83 Bool %10.7 ™ = ™ sensor motor -M1 actice (pulse signal for positioning..
» [3 Technology objects 9 a B4 Bool %I1.0 ™ =) ™ sensor part at slide (no)
» :{1 Energy objects —]10 @ -B5 Bool %I1.1 =2} ™ =] sensor metal part (no) =
» La} External source files i1 @ 86 Bool %I1.2 =) =] =) sensor partin front of cylinder W4 (no)
> ra PLCtags 12 <a -87 Bool %I1.3 @ @ @ sensor part at end of conveyor (no)
%5 showall tags 13 @ -3 Bool %14 ™ =) =) pushbutton manual mode conveyor M1 forwards (...
" Add new tag table 4 @ sS4 Bool %15 =) (=) =) pushbutton manual mode conveyor -M1 backwards...
24 Default tag table [54] 15 @ s Bool %I1.6 ™ ™ ™ pushbutton manual mode cylinder -\ retract (no)
5 Tag table_sorting station [28] 16 @ s6 Bool %I1.7 =] =) =2 pushbutton manual mode cylinder M4 extend (no)
» [ PLC data types i7 @ Qi Bool %Q0.0 =] =) ™ conveyor motor -M1 forwards fixed speed
» :,:,1 Watch and force tables 18 @ Q2 Beol %Q0.1 @ B @ conveyor motor -M1 backwards fixed speed
» [ig Online backups 19 @ Q3 Bool %Q0.2 ™ =2 =2} conveyor motor -M1 variable speed
» [ Traces 20 @ M Bool %Q0.3 ™ ™M =) cylinder W4 retract
» r{g Device proxy data 21 @ M3 Bool %Q0.4 ™ =) =) cylinder -4 extend
B2 Program info 2 a - Bool %Q0.5 ™ ™ ™ display ,main switch on” [v]
L. PLC supervisions & alarms = (<] [ j

> | Details view 13 Properties ||:i.llnfo y“&] Diagnostics i
4 Portal view Overview I%’ Default tag t... I#a Tag table_so... V' Project saved under
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— Name your new function block "AUTOMATIC_MODE", set the language to GRAPH and manually
choose the number 50 for the FB number. Select the "Add new and open" check box. You are
then taken automatically to your created function block in the project view. Click "OK". (— Name:
AUTOMATIC_MODE — Language: GRAPH — Manual — Number: 50 — & Add new and open —
OK)

"Add new block

Name:
| AUTOMATIC_MODE |

Language: { GRAPH m

’ Number: {50 S

(G]:] 50 =2

Organization (&) Manual
lock :
e () Automatic
# Description:
FB €

. Function blocks are code blocks that store their values permanentlyin instance data blocks,
Function block so that they remain available after the block has been executed.

=" n

Functicn

!

Data block

more...

? ‘Additional information

(#) Add new and open [ oK | | cancel
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7.4 Block properties of FB50 "AUTOMATIC_MODE"

— If you selected "Add new and open", the project view opens with a GRAPH editor for programming

the block you just created.

— To check the specific properties of the GRAPH block, select "Properties" and select "Attributes"

under "General" (— Properties — General — Attributes). Select the attributes as shown here.

052-100_GRAPH_S7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » AUTOMATIC_MODE [FB50]

HES s FE G FE W EBEE

LI I s, |

QQEN e & | } £ T B A

> [ Permanent pre-instructio... |

i . SequUENCE:>
> | €3 Sequences (1) 01 nr —— E;I]
> IPermanent post-instructi... | [C]
> | Alarms [100% bl

(8 Properties  |?i} Info (i) | %l Diagnostics |

J General " Texts ” FB supervision definitions
General [ )
: Attributes
Information

Time stamps

Compilation [T IEC check
frotecuart [] Handle errors within block
-~
Optimized block access
D Skip steps

[ Acknowledgment required for supervision errors

["] Permanent processing of all interlocks in manual mode
D Lock operating mode selection

[ set ENO automatically

[ Initial value acquisition

L e I |

[] Multiple instance capability

Extension block name: |

User-defined attributes

[ Enable tag readback

Block properties: |

Note:

— You can find detailed information on the attributes in the manuals or the online help.
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7.5 Specifying the interface of FB50 "AUTOMATIC_MODE"

— You can find the interface description of your function block in the upper section of your
programming view. Based on the default settings in the TIA Portal, the local tags of the standard
interface parameters have already been created. If necessary, these default settings can be

changed in the settings of the TIA Portal.

— We need only the first three input tags. The rest of the input tags and all the output tags can be
deleted.

052-100_GRAPH_S7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » AUTOMATIC_MODE [FB50] — 0 EX

PElEele FE GAFT LW EDSRB Q0T & =
AUTOMATIC_MODE
Name Data type Default value Retain Accessiblef... |Writa... Visiblein ... |Setpoint Supe...
1 4@ ¥ Input E
2 @@= OFF_SQ Bool false Non-retain [l
3 4lm INIT_SQ Bool false Non-retain
4 41 = ACK_EF Bool false Non-retain =
5 4= S_PREV Bool false Non-retain L
6 4= S_NEXT Bool false Nen-retain
7 4= SW_AUTO Bool false Non-retain
8 Gs  SwITAP Bool false Non-ret... |~ |
g 4. Sw.Top | = Insertrow Ctrl+Enter el
10 47 = Swi_an | =F Add row Alt+Ins Noraetamn
11 4= SSSELT| W cur Ctrl+X Nen-retain
12 @ » S_ON : Ctrl+C Non-retain
13 41 = S_OFF 5] Paste Ctri+ Non-retain
14 _@ = T_PUSH X Non-retain
15 4@ v Output Rename F2 E
r& (I] Add new supervision L".—w — E‘

@
> | Permanent pre-in

> IOSequences (1) Gotodefinition Ctrl+Shift+D
¢ Cross-—references F11
X! Cross-reference information  Shift+F11

T3

> IPermanent post-i
> IAIarms

(B o e |

100% | = rrreee, rvvvees
— The static tags must not be deleted.
AUTOMATIC_MODE
Name Data type Default value | Retain Ac... |... |Vi.. |Se.. Supervis... |Comment
1 <&@ v Input :
2 41 = OFF_SQ Bool false Non-ret... Turn sequence off [
3 4an. INIT_SQ Bool false Non-ret... Set sequence to initial state
4 4w ACK_EF Bool false Non-ret... Acknowledge all errors and faults
5 <& ¥ Output
6 = <Add new
7 @~ InOut E [~]
8 L Add new L
2 4@ v Static
10 41 = » RT_DATA G7_RTDataPlus... Non-ret... [Z] Internal data area
11 4l = » Transi G7_TransitionP... Non-ret... @ Transition structure
12 €0 = » Stepl G7_StepPlus_V6 Non-ret... @ Step structure
13 @ ¥ Temp
14 - Add new
15 <4 ¥ Constant I
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The specified GRAFCET for the automatic mode is a function-related, process-oriented
description of our control task, independent of the sensor wiring. This means that instead of
examining signal states (normally open contact/normally closed contact), the station state (cylinder
retracted) is looked at. This GRAFCET describes the step-by-step sequence with equipment

identifiers, as in the mechatronics engineer exam.

According to EN 81346-2 the minus sign is placed before the letter (-B1) of the product aspect,
thus in the case of -B1 the component that signals the retracted cylinder, independent of the

wiring. For output assignments, e.g. -Q1, the component that is being controlled.

The GRAPH function blocks created by us are to be created in just as function-related a manner

with the same designations.

The same tag designations can be used for global tags as well as local tags in the TIA Portal,
which is why we can take the needed tags from the GRAFCET for the automatic mode and from

the Tag table sorting station.

Select the last row of the input tags with the right mouse buttons and select menu item "Add row"
(— Input > ACK_EF — Add row)

AUTOMATIC_MODE

Name Data type Default value |Retain Ac...
<2l ¥ Input
4 = OFF_SQ Bool false Non-ret...
4] = INIT_SQ Bool false Non-ret...
. _.-‘-l‘: |nSer;:r.::lu‘.'" = Ctrl+Ente’r‘ 4
B Addrow T ing |
X c s
_§§ Copy Ctrl+C
¥ Delete Del Non-ret...
' Rename F2 Non-ret...
= ﬂ_ﬁ Add new supervision Non-ret...

Add parameter #Start as the input interface under Input in the added line and confirm the input
with the Enter key. Data type "Bool" is assigned automatically. This will be retained. Enter the

associated comment "Start command".

Add additional binary input parameters #-B1, #-B2, #-B4 to #-B7 under Input and check their data

types. Add descriptive comments for these.

Add the binary output parameters #-Q1, #-M2 and #-M3 under Output and check their data types.

Add descriptive comments for these.

Alternatively, you can also copy and paste these from the tag table.
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AUTOMATIC_MODE
|Name Data ty,

1 < v~ Input

2 4nm. OFF_5Q Bool
3 40 . INIT_SQ Bool
4 4)m ACK_EF Bool
5 4= Start Bool
6 4= B1 Bool
7 4w B2 Bool
8 41m -B4 Bool
9 4js= -B5 Bool
10 4 = -B6 Bool
11 41 = B7 Beol
12 4l ¥ Output

13 €] = -Q1 Bool
14 40 = -M2 Bool
15 4 = -M3 Bool

g Document | TIA Portal Module 052-100, Edition 10/2019 | Digital Industries, FA

i set.

pe | Defau.. |Retain AT Visi Sup... |Comment
false  Non-ret...
false  Non-ret..
false  Non-ret...
false  Nonvret. W M M starting command
false  Nonvet. M M M sensor cylinder -4 retracted
false Nonvet. W M M sensor cylinder -M4 extended
false Nonret.. M M M sensor partatslide
false Nen-ret... @ =] @ sensor metal part
f Nonet.. M M M sensor partin front of cylinder -\d

Nonret. M M M sensor part at end of conveyor

false Nonvet. W M M conveyor motor -M1 forwards fixed speed
alse  Nonret. M M M cylinder -\M4 retract
false Nonvet.. M M M cylinder -\M4 extend

7.6 Structure of the sequencer

After the local tags have been declared, we can start creating the sequencer.

AUTOMATIC_MODE

i... | set..

T A

T

Name Data type | Defau.. Retain AC.o e Visi Sup... Comment
1 4@l v Input E
2 4w OFF_SQ Bool false Non-ret... =
3 41n. INIT_SQ Bool false Non-ret... [v]
| i B s, i |

@ @ &) =

QQEl L & | § £ F 3 A
> x Permanent pre-instructio...

Q 1: <newsequencex>
v ] €3 Sequences (1) P
w £ 1: <new sequence>
Step field

Transition or

step-enabling condition

The first step of the sequencer is automatically inserted in

the block. This step will be labeled as initial step and is

> X Permanent post-instructi...
> [Alarms

active at the start of the sequencer.

[100%

m

YT AT

A sequencer consists of a series of steps that are activated in a fixed sequence depending on the

conditions for the transition

to the next step.

The execution of a sequencer always begins with an initial step.

A step is exited when an

y pending faults are eliminated or confirmed and the transition condition

following the step is satisfied.
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The next step, which follows the transition whose condition is met, becomes active.

Simultaneous branches allow multiple steps following the transition to be enabled simultaneously.
A jump to any step of this or another sequencer of the same function block is available at the end of the
sequencer. This allows a cyclic operation of the sequencer. A sequence end can also be placed at the

end of the sequencer. The sequence ends here when the sequence end is reached.

Active step
An active step is a step whose actions are currently being executed.

The step becomes active when the conditions of the previous transition are satisfied. In addition, it
becomes active as soon as it is defined as the initial step and the sequencer has been initialized or

when it is called by an event-dependent action.

Objects of S7-GRAPH

| B @'Y

0

E B E D RS TE E

§&:| eé:'i G'.L' @ IQ3 e

Different views of the sequencer can be selected with the first five buttons of the toolbar.

The sixth button is used to create a new sequencer in the seventh button to delete a sequencer.

Elements of a sequencer

The following elements of a sequencer can be directly selected under Favorites.

v [ Favorites

- el B 2 A

v | Basic instructions

Name Description

¥ || GRAPH sequence
|| Step and transition Step and transition [Shift+F5]
| Step Step
[}| Transition Transition
i Sequence end Sequence end [Shift+F7]
l'fs Jump to step Jump [Shift+F12]
E‘ Alternative branch Open alternative branch [Shift+F8]
| Simultanecus branch  Open simultaneous branch [Shift+F8]
'] Close branch Close branch [Shift+F9]
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7.7 Programming of FB50 "AUTOMATIC_MODE"
— First, we assign the sequencer the name "sequencer AUTOMATIC_MODE" by overwriting the text

<new sequence>.

— The step number and the designation of the step tag must now be changed. To do so, click inside

the step field and enter a new number and designation.

— Open the action table using the " #" button in the step field.

— Open the input window using the " H button at the transition.

052-100_GRAPH_S7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » AUTOMATIC_MODE [FB50]

EEEEE B G L EOEDE @ EF 0T & =]
AUTOMATIC_MODE
Name Data type | Defau.. |Retain e Visi... | Set.. Sup... Comment
1 <@ v Input [~
2 as= OFF_SQ Bool false Non-ret... o]
- - v}

o

@ Q @ é * _L -1- +S -} % A 2 sa 4 —ol Hw] L oWsT oMU CONV NEG  NOT SwaP 5_‘:.‘12; {,:f:;“

> ‘ Permanent pre-instruct...
v IQ Sequences (1)

€3 1: sequencer AUTOMATIC |

£3 1: sequencer AUTOMATIC_MODE

5] S30 - Step30: initial step X

Interlock Event Qualifier Action
<Add new:

T1-Trans1: X m Trans1

— Insert an AND logic operation with six inputs in the window of Transition 1.

— Designate T1 — Trans1: as "start conditions", and designate the S30 — Step 30: as "initial step” in

the action table.

é I-J|= _l_ -1- *S } % 2 o 4 =ol Hw] _!“!_ CMPST CMP>U CONV  NEG  NOT  SWAP Sﬂi; f\:“:;"
G 1: sequencer AUTOMATIC_MODE AND legic operation [Shift+F2]
5| S30 - Step30: initial step
Interlock Event Qualifier Action
<Add new>
= Q T

l €3 T1-Trans1: start conditions L == trans1
I
i &

ol y

= |

¥
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— To create the interconnection, drag the "Start" tag from the interface to the first input of the AND

logic operation.

AUTOMATIC_MODE

Name Data type | Defau.. |Retain ACsepis Visi... |Set... |Sup... | Comment
4 4l m= ACK_EF Bool Non-ret...
5 4= Start Bool Non... B B @ @ starting command
6 4@ -B1 Bool Nenret. W M M sensor cylinder -\M4 retracted
7 4@n -B2 Bool Nenet. (v M sensor cylinder -M4 extended
8 ﬁl = \84 Bool false Non-ret... @ @ @ sensor partatslide

x\ = Qg g sy TSR
& S é 4:: _L + -1-5 } % P S 4 —ol Hw] . OMFT oMP>U CONV NEG  NOT swap E’:&; Tf;,‘:;"

> lPermanent pre-\gstruct...

v \Q Sequences (‘l)\

wEd 1 sequencerAUTON“ﬂ\C_
Lo

€3 1: sequencer AUTOMATIC_MODE

Comment

" §30 - Step30: initial step

Interlock Event Qualifier Action
<Add new>

<
X]
|

€3 T1 Nrans1: startconditions o I =T Trans1

T

L

py3
<«

— Interconnect the AND logic operation according to the specification in the GRAFCET.

T1-Trans1: startconditions 3 o """ T Tranz1
&
F5tart =—
#"-B4" —
#°-B5" —0
£#"-B6" —0

#"-B7" -0
#YB1" sk

2

— Here, the initial step has no actions and is thus finished.

Note:

— To avoid confusion with the global tags from the "Tag table sorting station", the local tags should be
moved from the interface description using Drag & Drop. Local tags always start with a number
sign #.
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— Drag "Step and transition" onto the double arrow below Transition 1 to insert the next step with

transition. The numbering continues automatically.

BEE =G FE G FE L EARO/8 G EB €LY &7

AUTOMATIC_MODE

Name Data type Default value Retain Accessible f.. |Writa... |Visiblein ... |Setpoint Supervis... | Comment
5 @-n Start Bool false Non-retain =] ™ =) starting command
6 4@n -B1 Bool Non-ret... E ™M ™ ™ sensor cylinder M4 retracted
7 4@nw B2 Bool e Non-retain = =) ™ sensor cylinder -M4 extended

S

aQ é + .l. + i‘, } % e s 4 —ol Hw] 7 oue>T auesu coNv NEG  NOT swap Lol St

> lPermanent pre-instructions (1) ‘
v \Q Sequences (1) ) Step and transition [Shift+F5]
€3 1: sequencer AUTOMATIC_MODE

" 8§30 - Step30: initial step

Interlock Event Qualifier Action
<Add new>

530
Step30

T
Trans!

T1-Trans1: startxgnditions b G T Trans1

F5tart—
#7-B4" —
#°-B5"
#°-86"
#"-B7"
#"-B1"

T A

2
E— %

— Use Drag & Drop to move Steps S32 to S35 with their respective transitions into the work window.

i i [N =
Q Q é + J_ + + } % A 2 aa ZF A4 = quw] T aeesT awesu
> l Permanent pre-instructions (1) =
v I €3 Sequences (1) ) Step and transition [Shift+F5]
w£3 1: sequencer AUTOMATIC_MODE S31 5
Step31
| S30 kv
o | T
Transt e e e
S31 B
Step31 Step32
T B
rans2
A Sy Lo =" Trans3
Bans ; 33 5
33 - Step33
Step3 3 m
B e ™
"—;?an:d F s Trans4
s > s34 =
+ins Step34
e 535 15
tep3s [ == Transs
76
'rTran:S > 535 <
Step35
16
Lo T Trans6
. c ¥
? | Permanent post-instructions ...
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— After Step 31, the sequencer is divided using an alternative branch. Use Drag & Drop to move "

E Open alternative branch" onto the green square A below Step 31. The alternative branch

with Transition 7 is inserted.

1 .
QQ é + _L + +s } % O o4 =ol Hw] 7 oMesT cusu cONV NEG  NOT  swar {':&; TE;IA:;N
> |Permanent pre-instructions (1) o L)Open alternative branch [Shift+F8]
v i Sequences (1) - !
w 1: sequencer AUTOMATIC_MODE
S$31 )
Step31
7 7
(72— -I_Tran:'7 [ - L S
V5 5§32 $30
Step32
RE]
! C—
F 533 Hj
»
b Step33
T4
C—
e s =
Step34
R
C—
“er SEe

— Use Drag & Drop to move "Step and transition" onto the double arrow below Transition 7 to insert
Step 36 with Transition 8.

® Q 5“3 I+l _l_ + *s } % A s s 4 =ol Hw] 7 ouesT awesu conv
> ]Permanent pre-instructions (1) Y
A ] Sequences (1) ) Step and transition [Shift+F5] |
w 1: sequencer AUTOMATIC_MODE Ead
s31 5
Step31
T2 7
L s T Trans2 s Trans7
g7 §32 = R 57 $36
Trans2 ]I'—r’a'v:?‘ Sieps2 P30
e i | 7 A, —_—B . e B
Step32 St2p36 E : k- Trans3 L Trans8
T3 T8 =
Trans3 Transs [: 533 = 530
33 530 i
Step33 Step33
T4
Tran= 4
[T g <
o «éﬁ.; Trans4
_I_TS s s34 =
N 7] uTran.S Step34
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— Now, open the action table in Step 31.

é + _L + _LS } % | & |s= -4 =0 Hw] -l==!- CMPST CMP>U CONV  NEG  NOT  SwWaP ?f'ii {;f:;"
S31 =831 - Step31: conveyor forwards P
Step31 Interlock Event Qualifier Action
<Add new:
° 7
[ —rane2 bitjseeeeeses Trans7
A S32 g Her S36 e
Step32 Step36
= B
[T e —rans3 [ e Trans8
S33 B 239
Step33
1

— In Step 31 the conveyor motor -M1 it is to be driven forwards at a fixed speed.
To do so, set output -Q1 as the action, but only as long as Step 31 is active and sensor -B1

signals that the cylinder is in retracted position.
— ldentify the action field in Step 31 with "conveyor forwards".

— Set an interlock condition "-(C)-" under Interlock and choose "Set as long as step is active" as
qualifier.

— Drag the output tag "-Q1" into the action field.

HEE S FE GEF T o EOEO8: @ UG &
AUTOMATIC_MODE
Name Data type Default value Retain Accessiblef... Writa... |Visiblein ... |Setpoint Supervis...  Comment
12 41 v Output
i3 4= Q1 Bool false Non-retain = ™ =) conveyor
14 4= M2 Bool false Non-retain =) =) =) cylinder-

i W e,

/

Q é |.J|:| _L + -1-5 } % I 4 —ol Aw] . owesT awesu conv NEG  NOT S

> | Permanent pre-instructio...

gquencer AUTOMATIC_MODE
v I Sequences (1) S

w 1: sequencer AUTOMATIC_M( A |
S30
Step30
[T .
T7
Trans2 Tran
8 32 i g6 Bl $31 = $31-Step31: conveyorforwards X -
Step32 Step3s
= s |=F Step31 Interlock Event Qualifier  Action
Trans3 t;:n f: HCr [E T~ I $"-QL"
3,;333 = i CU -Countup -~
T D -Ondelay
-I_Tran’A L -Setforlimited time
o 533 -Setas long as step is active
Lo ON -Activate step
..I..?fams OFF -Deactivate step
o <35 R -SettocO v
Step35 AR - S -Settol =
_l_n; 5 Trans2 TD -Retentive on delay
PRl 53 TF -Turn offtimer
s32 T -Extended pulse =
Step32 TR -Hold timer and reset ‘7
I 1
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— Double-click Step 31 or press the single step

in order to input the interlock condition in the single step view.

view button &

HE|EE E B G LSRR8 QU GT & T
AUTOMATIC MODE

m‘SlngIe step view

Na | Data type Default value | Retain Accessible ... | Writa... |Visiblein ... Setpoint
5 4n= Start Bool false Non-retain =] ™ =)
6 @-= -B1 Bool |E)| fals Non-ret... E B B B
7 @@= B2 Bool e Nen-retain =] =] =)

Comment

starting command

sensor cylinder -\M4 retracted
sensor cylinder M4 extended

i i

° > & I

> I Permanent pre-instructio... ,

v | Sequences (1) 30
w 1: sequencer AUTOMATIC_M( A | Step30

[ A e 1)

=4

-f( } % A e s 7 4 =o Hw] L owesT awesu conv

CMP>  CMP>
NOT - SWAP 7 \ax TWARN

[~ Trans1
S $31 =" §31-Step31: conveyor forwards o
Step31 Interlock Event Qualifier Action
©r N #7-oL"
<Add new>

— You can find detailed information on interlock conditions/interlock in the manuals or the online help.

— Tag "-B1" can now be set as the condition for the interlock in the single step view. Drag tag "-B1"

onto the input of Interlock C.

HeEle FE dIFF L EOASDBL R EHE LT &
AUTOMATIC_MODE

Name Data type Default value Retain Accessible f.. | Writa... |Visiblein .. Setpdint Supervis... Comment
5 4= Start Bool false Non-retain 2 E g starting command
6 4= B1 Bool | falze Non-ret... E v v [=] sensor cylinder M4 retracted
7 4@-n» -B2 Bool false Non-retain = ~ A =] sensor cylinder M4 extended

| Al
QQ a s>=1 B A -0l Aw] T oMesT owsu conv NEG  NOT  swae e {CME >

TMAX TWARN
> | Permanent pre-instructio...

S$31: Step31

Cemment

v | Sequences (1)
w 1:sequencer AUTOMATIC_M( A |

¥ Interlock -(c)-:

Interlock

€
IR

T b/
Tranz2 T T
= o = = L A Supervision -(v)-:
Step32 Ttep3s i
3 e = ¥ Actions: conveyor forwards
Trans3 Tran :
533 530 i
S S0, Interlock Event Qualifier Action
‘I'wana - N -Setas long as step is active $"-QL"
534 <Add new:
stap3+
S
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— Drag tag "-B5" for Transition 2 and tag "-B7" for Transition 7as the step-enabling condition for the

step below.

HEEED B G L ERERD8 Q@Y &
AUTOMATIC_MODE
Name Data type Defau.. | Retain AC... ... |Visi.. Set..|Sup.. |Comment

9 s 85 Bool falce  Nonret. M M M sensor metal part
0/lq = 86 Bool false  Nonret. M M & sensor part in front of cylinder -4
1. 87 Bool ig| false  Non.. B MM ™ sensor part at end of conveyor

10 &n w Ouseur

L

A
@ Q & >=1 4 —ol w] . awsT owsu conv nee ot swee SRS CEE
> | P pre-i i —
v ] €3 Sequences (1)
det | S

¥ T2: Trans2

mment

532 536
Step32 Step36

#%-B5" —
'I';vsans t;ﬁm Trans2

av

533
step33

™
Tranz

534
Step34

15
Transs
S35
step3s

tm
Transs
<] [T ] Trans?
> |P posti ion... Step36

p36 s36

— Switch to the sequencer view &l and enter the designation "sensor metal part" for Transition 2 and

Step32 $32

T ar T o

L[]

¥ T7: Trans7

nment

<]

"sensor part at end of conveyor" for Transition 7.

T2 7
T2 - Trans2: sensormetalpart X o =T Trans2 T7 - Trans7: sensorpartatend ofconveyor 3 o ="' = Trans7

#"-B5" —I #°-B7" —I
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— Select and copy the first row in the action window from Step 31.

I
i 531 =7 §31-Step31: conveyorforwards
Step31 Interlock Event Qualifier  Action
[ [ N $"-o1"
Define tag... Ctrl+Shift+
Rename taqg... Ctri+Shift+T

Rewire tag... Ctrl+-Shift+P
¥ cut Ctrl+X
£S5 Copy Ctrl+C
— Paste the copied row in Step 32 and Step 36.
I e
ol S31 2 831 -Step31: conveyor forwards X -
Step31 Interlock Event Qualifier Action
-(C)- N #"-Q1"
<Add new:
°”
Hp. .......... —'_Transz
$32 = $32-Step32: .. X -
Step32 Interlock Event Qualifier Action
<Add new>
Ctrl+Shift+l
Ctrl+Shift+T
Ctri+Shift+P
L] Ctri+X
I.'b .......... Trans3 :! .
cori+C
$33 55 Ctrl+V b o
Step33 | o Delete Del PR
»
-
erence information Shift+F11

— ldentify the action fields in Steps 32 and 36 with "conveyor forwards".

7
Hp .......... fa— Trans7
536 # §36 - Step36: conveyor forwards O
Step36 Interlock Event Qualifier Action
o N #-al-
<Add new=
B
I.'h .......... ——— Transg
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— As shown previously for Step 31, the interlock condition "-B1" must now be set as Interlock C in

Step 32 and Step 36 in the single step view B by dragging from the interface. The -(C)- to the left

of the step field indicates that an interlock is programmed in this step.

e F deFF LERSRDE: Q| HEEEHL BFRE GEFF LWEAEDE G
AUTOMATIC_MODE AUTOMATIC_MODE
Name Data type Defau.. | Retain Aty |Visic it Name Data type Defau.. Retain Accisdss Visi
5 @@= Start Bool false  Nonvet. M M ™ 5 <4i= Start Bool false  Nonret.. M M M
6 @@= -B1 Bool falke Nonret. M M M 6 4= 81 Bool alse  Nonvet. M M &
&Tm B Baal Llen A - o) I o) B o | &n_m B Baal L n s [ o) I o) B o |
= 7]
o o [f] | N QQEN . oo @ 4 a4 g
> IPermanent pre-instructions... > IPermanent pre-instructions...
$32: Step32 S36: Step36
v | €3 Sequences (1) o v | €3 Sequences (1) Comment
w £33 1:sequencer AUTOMATIC_MOD | i w§3 1: sequencer AUTOMATIC_MOL i
¥ Interlock -(c)-: ¥ Interlock -(c)-:
0 50
tep30 Step30
s Interlock Tans) Interlock
531 C o c
so st 2B — #" 81" —
17
Trans?
Lo prg—
“tep36
-I-{,‘fm8 » Supervision -(v)-: » Supervision -(v)-: -
— Drag tag "-B6" onto Transition 3 as the step-enabling condition.
— Identify Transition 3 with "part in front of cylinder".
HEHEE FE GG, SR8 U@ G &
AUTOMATIC_MODE
Name Data type Defau.. | Retain Ac.: | Visi... |Set.. Sup.. Comment
g9 4@n" -B5 Bool false Nonvet.. M M sensor metal part
0 4a-n -B6 Bool @ false  Non..[v| M @ 8 sensor part in front of cylinder -4
P — ool ST ST e g i — I — W ~ | e b
[ Q é 4:! J_ + -ks } % | | s 4 —ol Hw] _p OMPST CMP>U CONV NEG  NOT swaP f_‘:"z; {:f:;'
> IPc- t pre-instructions... =
v | €3 Sequences (1) B -I_""f'"52
€3 1: sequencer AUTOMATIC_MOL e s32 5§32 -Step32: conveyor forwards
— Step32 Interlock Event Qualifier Action
Stap30 -(C)- N #"-QL"
b <Add new>
ransi
oy 31
Step3 1
2 el T3 -Trans3: partin front of cylinder
Trans2 Trans?
i s32 it 536
i e B #°86"
T3 T8 “
'Trans3 t‘rran:s Ll
P I
_|_r4 F
Tran
seps s33  H
_|_TS Step33
Transs
!
s P —
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— The conveyor will be stopped in Step 33. An action does not have to be programmed here,
because the advancement to Step 33 causes conveyor operation "-Q1" in Step 32 to stop due the
"Set as long as step is active" qualifier. After a wait time of 0.5 seconds, the next step is to be
activated.

— Drag the comparator "Greater than step activation time" onto the green square A in the window
of Transition 4 and enter T#500MS for the time.

— ldentify the action window with "conveyor stopped" and the transition window with "waiting time

0.5s"
é 43 _L + -‘L -1- % 2 s 4 =l Hw] . owsT owsu conv mee  nor swee ShES CAER
) SI32 ) Greater than step activation time
Step32
RE]
Ll Trans3
$33 55 8§33 -Step33: conveyorstopped
Step33 Interlock Event Qualifier Action
<Add new>
s z T4
T4 - Trans4: waiting time 0.55 P =t Trans4
>
Time
#5tep33.7 INT
t#500MS IN2 _—
S$34
Step34
LE)
Hsesssesss T Transs

— In Step 34, cylinder -M4 for pushing the metal part is to be extended by the control of "-M3" shown
here, but only as long as it has not reached its end position.

" S§34 - Step34: cylinder -\ extend et
Interlock Event Qualifier Action
«C)- N #"-M3"
<Add new:
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— Double-click Step 34 or press the single step view button =l in order to input the interlock

condition in the single step view.

— Tag "-B2" can now be set as the condition for the interlock in the single step view. Drag tag "-B2"

onto the input of Interlock C. Negate tag "-B2" because the cylinder is only driven as long as it has

not reached its end position.

ETEI.QJE' §¥§X k:')fkﬁ ’—5'2 _g -, E
AUTOMATIC_MODE
Name Data type Defau..  Retain AC... |... |Visi.. Set.. Sup.. Comment

I

7 4@m= 82 Bool E

OB QA €Y &7

6 4= 81 Bool false  Nontet. M M ™ sensor cylinder -M4 retracted

Non..,E] MM & sensor cylinder -Md
S o o e L —

> I Permanent pre-instructions...

S$34: Step34

Comment

v | €3 Sequences (1)
w§3 1: sequencer AUTOMATIC_MO(

¥ Interlock (c)-: .
S30

QQ & »=1 {7 A4 =a Hw] _’==!_ CMP>T CMP>U CONV  NEG  NOT  SWaP

Stap30
Tana1 Interlock
531 C
=2 I o
T2 17
Trans2 Trans7
532 536
Stap32 tep36 L
-I'Tran.s T;Em 4 » Supervision-(v)-: ...
e )| ¥ Actions: cylinder -4 extend
Tran# |
rw;;* =HEK Interlock Event Qualifier
[l o _\:SA,: -(C)- N  -Setas long as step is active $"-M3"
+T?5ﬂ:5 (Add news
S35
Stap3s

— The transition to Step 34 of the GRAFCET means: When the cylinder has reached its front-end

position "-B2", a wait time of 0.5 seconds begins. An intermediate step must be inserted for this in

S7-GRAPH.

— Select and copy Step 34 and the associated Transition 5.

RS " 5§34 - Step34: cylinder -4 extend W
In'ert.el‘em.entl B e » Action
: $"-M3"
¥ cut Ctrl+X
ES)| Copy Ctrl+C
g Paste Ctrl+\
.......... == Delete Del
B —”'—Trarxn_____ -
rRename rZ
S35
Go to »
ol Cross-references F11
[F B 16 Cross-reference information Shift+F11
“ Trar
Renumber...
For unrestricted use in educational and R&D institutions. © Siemens 2019. All rights reserved. 41

sce-052-100-graph-s7-1500-r1903-en.docx



Learn-/Training Document | TIA Portal Module 052-100, Edition 10/2019 | Digital Industries, FA

— Select Transition 5 and insert the copied step with transition.

Insert element »

x Cut Ctrl+X
E=| Copy Ctrl+C
BE| Paste Ctrl+V

— Change the step number and the tag designations of the inserted step.

— Change the transition number and the tag designations of the inserted transition.

53 S34 [=7/§34- Step34: cylinder M4 extend 0ot —
Step34 Interlock Event Qualifier Action
<Cr N $m-M3"
<Add new>
L]
Hb .......... ——— Transs
ALer 5341 =7 §341-Step34_1: cylinder M4 extend X -
Step34_1 Interlock Event Qualifier Action
< N B5H
<Add new>

51
Hb .......... % Tran55_1

s3500E

— Drag tag "-B2" onto Transition 5 as the step-enabling condition.
— First, drag an AND logic operation onto Transition 51 as the step-enabling condition,
and then drag tag "-B2" onto the first input of the AND logic operation. Now drag the comparator

"Greater than step activation time" onto the green square 4 at the second input and enter
T#500MS for the time.
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— Designate the transitions as shown here.

%

here, but only as long as it has not reached its end position.

Double-click Step 35 the

in order to input the interlock condition in the single step view.

or press single

é +| _L -1- -1- } % e s 4 —ol Hw] i owsT awesu conv nes ot swee VRS SRS
|
. Greater than step activation time
T5 - Trans5: cylinder extended 2 - 2 Iranss
#'-BZ'—I
e S341 "' 8341 - Ste
Step34_1 Interlol
1Cr-
5 L ) oS < o o oo oo e —— 151
T51 -Trans5_1: cylinder extended and waiting time 0.5s ™o Trans5_1
>
Time &
#5tep34_1.7 IN1 # B2 —
t%#500MS IN2 3E
$35 =3

In Step 35, cylinder -M4 for pushing the metal part is to be retracted by the control of "-M2" shown

=]

step view button

Tag "-B1" can now be set as the condition for the interlock in the single step view. Drag tag "-B1"

onto the input of Interlock C. Negate tag "-B1" because the cylinder is only driven as long as it has

not reached its end position.
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e FR GIFS LEOERDB Bt EEE LY &
AUTOMATIC_MODE

Name Data type Defau.. Retain A€z Visi... | Set... Sup.. |[Comment
6 41w B1 Bool [efalse Non.. [~ M ™ v sensor cylinder M4 retracted
7 a@s 82 Bool false Nonvet. M M M sensor cylinder -4 extended
o lan m B4 Baal fleo AL . | o) I o B o | P hadid
ool
Q Q s »=1 B A4 -0l W] . owesT owesu conv Nee  mOT  swep 1‘:'_“”;; &":;‘
> I Permanent pre-instructions...
S$35: Step3s
v | €3 Sequences (1) o
VO 1: sequencer AUTOMATIC_N A
¥ Interlock -(c)-:
530
tep30
TN Interlock

‘e 531 Cc

Step3t 81" —0
T2 17
Trans2 Trans7?

o 532 oo 536
Step32 t2p36 L
-I-L’an:a iﬁam | » Supervision AV o
st ~|| ~ Actions: cylinder 4 retract

T4 -
Tran#

,g;* =(c)» Interlock Event Qualifier Action
= e C)- N -Setas long as step is active $"-M2"
-I'Tran:s <Add new=

s
step34 1

751
Transs_t
R ]
| mep3s |
i“
Transs
[

— Switch to the sequence view &l and enter the designation "cylinder retracted" for Transition 6.

— Drag tag "-B1" onto Transition 6 as the step-enabling condition.

AR 535 =7 §35-Step35: cylinder 4 retract S

Step35 Interlock Event Qualifier Action

Q) N $m-M2"

<Add new:>
: 3
T6 - Trans6: cylinder retracted Hom T Trans6
#81" —I
¥
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— At the end of the sequence, we set a jump to Step 30.

— Drag a jump to the double arrow and select Step 30 as the jump destination.

GEIEIEE - B

>=1 4 =ol fw] . owsT owesu OV NEG  NOT  swee {":(:; va’f:;"
™
=T Transs
41 =7 8341 -Step34_1: cylinder -4 extend ot
Step34_1 Interlock Event Qualifier Action
<> N $#"-M3"
<Add new:
51
——Tran:5_1
$35 =7 635-Step35: cylinder-Md retract e
p35 Interlock Event Qualifier Action
<> N $#r-M2"
<Add new:
5 T6
T6 - Trans6: cylinder retracted b T Transs
x'—BI'—I
S
| 30 Step30 A

— The transition after Step 36 of the GRAFCET means that a wait time of 2 seconds begins when

the plastic part has passed light sensor "-B7". In other words, when "-B7" is no longer activated,

the wait time starts. An intermediate step must be inserted for this in S7-GRAPH like for Step 34.

— Repeat the procedure used for Step 34. (— Select and copy Step 36 and Transition 8. — Select

Transition 8 and insert the copied step with transition. — Change step number to S361 and step

tag to Step36_1. — Change transition number to T81 and tag designation Trans8_1.)

.......... T7
T Trans7
536 = S36 - Step36: conveyor forwards b
Step36 Interlock Event Qualifier Action
C)- N #"-Q1"
<Add new:>
.......... TB
T Transs
5361 = §361-Step36_1: conveyorforwards X -
Step36_1 Interlock Event Qualifier  Action
©r N PR
<Add new>
181
LR Trans8_1
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— Drag tag "-B7" with Negation onto Transition 8 as the step-enabling condition.

— First, drag an AND logic operation onto Transition 81 as the step-enabling condition,
and then drag tag "-B7" with a negation onto the first input of the AND logic operation. Now drag
the comparator "Greater than step activation time" onto the green square 1 at the second input

and enter T#2S for the time.

— Designate the transitions.

. - P> CMP>
= ” - i
é * | + i-s } % o s o - ol Hw] . ovesT owesu CONV NEG  NOT  swe? TMAX TWARN

T8 - Trans8: sensoratend of conveyor passed =T Trans8

#"-B7" —4

A% $361 = 6361 -Step36_1: conveyorforwards
Step36_1 Interlock Event Qualifier Action
G- N #"-QL"
<Add new=
™1
T81 - Trans8_1: sensoratend of conveyor passed and overtravel time 2s lapsed Ao —, R =T Trans8 1

=

Time &

#5tep36_1.7— N1 #"B7" =0
t#2s IN2 —

pr3
«

— At the end of the sequence, we set a jump to Step 30.

— Drag a jump to the double arrow and select Step 30 as the jump destination.

- 2 CMP> CMP>
= 72 = -
é r.JI: | + i-: 1— % I - of qw] 7 o4f>T owPsU cONV NEG  NOT  swep Loy bl

#"B7" —°| »

[Shift+F12]

Bia 5361 = §361-Step36_1: conveyorforwards
Step36_1 Interlock Event Qualifier  Action
Q- N #"-QL"
<Add new:
x 1
T81 - Trans8_1: senscratend of conveyor passed and overtravel time 2sNgpsed 00 o "o =T Trans8_1

>

Time &
#Step36_1.17 INT #"B7" =0
2s IN2 ——
y s30
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— The S7-GRAPH sequencer for sequencer AUTOMATIC_MODE is now finished.

1: sequencer AUTOMATIC_MODE
Comment
S30 =5
Step30
T
|.". .......... Trans1
2l 531
Step31
12 7
[T R =t rrans2 R eeeeeees T Trans7
“«cx 532 EES s 536 i
Step32 Step36
B T8
Bejeeeeeeees T Trans3 L. =T Transs
533 i ey S361 ==
Step33 Step36_1
T4 Lt
Hl- .......... _-Trans4 |.". .......... —-Tran58_1
“o s34 = ¥ s30
Step34
15
|.". .......... Trans5
mer 5341
Step34_1
151
|.". .......... com—— Tran55_1
elig S35 =<
Step35
T6
|.". .......... Trans6
S30

. I save project

— To save your project, select the ” button in the menu.
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7.8 Programming the organization block OB1
— Before programming organization block "Main [OB1]", we switch the programming language to
FBD (Function Block Diagram). To do this, first click on "Main [OB1]" in the "Program blocks"
folder. (-» CPU_1516F [CPU 1516F-3 PN/DP] — Program blocks — Main [OB1] — Switch

programming language — FBD)

JI& Siemens - C:\Usersimde\Documents\Automation\052-100_GRAPH_S7-1500\052-100_GRAPH_S7-1500

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation

CF Y saveproject 3 M i 2 X W& (¥: T I B R ¥ coonline ¥ cooifline Fo MA@ 2 — []°* PORTAL

Project tree m 4

Devices
Ralk = =3 2l =l B sk o~ - I o] - 3
£ B2 |sEssc e dass L SRR W ©6T & 7 ElH
g
=3
[ 052-100_GRAPH_57-1500 e 2
- - g Nl )
X . ||| |1: sequencer AUTOMATIC_MODE fad -2
B Add new device . @ Q Comment Wl
&, Devices & networks > ‘Permanent pre-instructions... |
v [ CPU_1516F [CPU 1516F-3 PN/DP] v | Sequences (1) o
IIY Device configuration w 1: sequencer AUTOMATIC_MODE =~
@
%} Online & diagnostics =3
~ g Program blocks T8 -
B Add new block Je=ims | |
4 Main [0B1] open B2
4 AUTOMATIC_] 3
. 2 Cut Crl+ @
» [ Technology objectt #° >
r 2 Crl+C
» g Energyobjects 5= i | |
» External source fils — : = E
» (& PLCtags X Delete Del o g
» [ PLC data types Bename F2 | =3 L E
» ) Watchandforce tsf  Compile 3 = 8 M é'
» [ Online backups Downlead to device » +m".'3 Il
0 g o TOEERS] q [T — -7
» [ Traces & Go online Ctrl+K Step36_1 i Trans7 ==
» [, Device proxy data &Y Go offline Ctrl+h _l_;fafm_. ~“ew
Fox > s
2§ Program info 8 Quick compare ) 530
e o
g PLC supervisions § = . :
5 . | g Searchin project CrleF ||| e [Reeeeeeees
5] PLC alarm textlist: # S prel * LG
» Cm Local modules [=p Generate source from blocks » FPR 55
= = =
4 k“ Ungro.uped ‘?9“595 X Cross-references F11 Step36_1
b 3@ Securitysettings X Cross-reference information  Shift+F11
rea 1
» g§ Common data all structure [ Trans8_1
» [5]) Documentation settin ssignment list
ra = S 530
i Languages R resous Switch programming language »
_d Project languages
=] pra Know-how protection
= Project texts [m e s
» [ Online access 2 Print.. Ctrl+P :
» [5 Card ReaderlUSB memor| & Print preview.. e R 100% =
> | Details view B Properves - AlEETter |G Properties  |?i} Info (i) | %] Diagnostics

4 Portal view 2 Overview | 5% pefauitag .. |5 Tag table so... | =) Projecttexts |4 AutomaTic... = oject 052-100_ GRAP 00

— Open the "Main [OB1]" organization block with a double-click.

Jia Siemens - C:\Users\imde\Documents\Automation

Project Edit View Insert Online Options Tools
Zf (HE seveproject & X E 5 X & (*:

Project tree o 4
Devices

¥ 7] 052-100_GRAPH_S7-1500
B Add new device
& Devices & networks
7 E[l CPU_1516F [CPU 1516F-3 PN/DP]
[IY pevice configuration
% Online & diagnostics
v [ Program blocks
B Add new block
48 Main [OB1]
4 AUTOMATIC_MODE [FB50]
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— Assign Network 1 the name "Call AUTOMATIC_MODE for test".

(— Network 1:... » Call AUTOMATIC_MODE for test)

e, ERER8 @R e Gl Gl &7

Main
Name Data type Default value Comment

I & v Input
2 4= Initial_Call Bool Initial call of this OB
3 4] e Remanence Bool =True, ifremanent data are available
4 @ ¥ Temp
5 = <Add nev
6 <4l ¥ Constant
7 = <Add new:

LS N s i

¥ Block title: “Main Program Sweep (Cycle)”

Comment

¥  Network 1: Call AUTOMATIC_MODE for test

Comment

— Use Drag & Drop to move your "AUTOMATIC_MODE [FB50]" function block onto the green line in
Network 1.

1A Siemens - C:\Users\imde\Documents\Automation\052-100_GRAPH_S7-15001052-100_GRAPH_S7-1500

Project Edit View Insert Online Options Tools Window Help
Of (Y H saveproject & ¥ 25 2 X ¥ WM B R ¥ coonline (F coorfline fr MW ¥ 1] °

Project tree m 4 0
Devices

Totally Integ

i e L, EEEO8rarasEHw C6aaB % G
Main
¥ | 7] 052-100_GRAPH_S7-1500 Name Data type Default value Comment
¢ Add new device 1 4@ ¥ Input
531, Devices & networks 2 4= Initial_Call Bool Initial call of this OB
o [{] CPU_1516F [CPU 1516F-3 PN/DP] 3 4ne Remanence Bool =True, ifremanent data are availal
IIY Device configuration 4 @ v Temp
%] Online & diagnestics 5 = <Add new=
> E‘. Program blocks 6 <@ v Constant
B Add new block 7 = <Add new

& Main [0B1] —
2 AUTOMATIC_MODE [FB50] Block title: “Main Program Sweep (Cycle)”
{3 Technology objects Comment

4

[31 Energy objects
External source files ¥  Network 1: Call AUTOMATIC_MODE for test
[@ PLCtags Comment

[ PLC data types

;,1 Watch and force tables
rJ. Online backups

i AUTOMATIC_MODE [FB50]

v v v wwwvw
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— The instance data block for this call of FB50 is created automatically. Accept the default name and
confirm with “OK”.

Call' options P
| Datablock
' Name JauTomanc_wooe_o: LS
DB Number [ [F]
ins;:agr:ie Clamfunl
(®) Automatic

Ifyou call the function block as a single instance, the function
block saves its data in its own instance data block.

maore...

’ oK ‘ [ Cancel ]

— A block with the interface you defined, the instance data block and 1/Os EN and ENO are inserted

in Network 1.
%DB1
"AUTOMATIC_
MODE_DB"
S B50
"AUTOMATIC_MODE"
et EN
false —OFF_SQ
false = INIT_SQ
falce —{ ACK_EF
fa Start
-B1
-B2
false —-B4 Qip—false
falce —i_B5 M2 —falze
faloe =BG M3 p—falze
false =i g7 ENO —
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— Select the "Tag table sorting station" in the project tree and move the desired global tags from the
Details view to the interface of the block using Drag & Drop (— Tag table sorting station — Details

view — -S0 — Start)

pi:d Siemens - C:\Usersimde\Documents\Automation\052-100_GRAPH_S7-1500\052-100_GRAPH_S7-1500

Project Edit View Insert Online Options Tools Window Help
Cf [ H saveproject & X = 5 X O u M B R ¥ coonline F Gooffine 2 B ¥

Project tree 4

Devices
[+58 iE s R ob =% (e === )
B =3 | X L =R @8 K@= 06
[ LI s
» External source files ~
v [ @ PLCtags & |t 4 -a = A4

=l

%5 Showall tags =

I Add new tag table v  Network 1: Call AUTOMATIC_MODE for test
24 Default tag table [54]

------------------------------ Comment

g Tag table_sorting station [28] :

» [ PLC data types v

v I Details view ) %DB1

AUTOMATIC_

MODE_DB"

%FB50
Name Datatype  Details AUTOMATIC_MODE

< -P3 Bool %Q0.7 IE N .= EN
a@ P4 Bool %Q1.0 folz¢ — OFF_5Q
an  P5 Bool %Q1.1 ‘ € — INIT_SQ
@ P Bool %Q1.2 false — ACK_EF
<0 -P7 Bool %Q1.3 %402
@ Q1 Bool %Q0.0 _— Start
< Q2 Bool %QO0.1 = ﬁ ‘ € —B1
< Q3 Bool %Q0.2 ~ :35 — 82 N
@) S0 Bool [i]%i02 = false — 84 Qr—rie
< S1 Bool %10.3 * 158 == 85 M — '.3\: =
@ s2 Bool %10.4 = lse — 86 M8 — false
@ s3  Beol %14 false —ZHy ENO —
<A L4 Rnnl %1 s

— Or enter the starting letters (e.g. "-B") of the desired global tag and select the global input tag "-
B1" from the displayed list.

9%0.2

50" — start
-B| 1
] *-B1" Bool %10.5
< "-B2° Bool %10.6
< “-B3" Bool %10.7
< "-B4" Bool %I11.0
<4l "-B5" Bool %l1.1
<4l "-B6" Bool %I1.2
< “-B7" Bool %11.3
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— Insert the other input and output tags.

— Negate input "-B2", because this sensor is wired as a normally closed contact. The controller
recognizes that the cylinder is in extended position ("-B2" is activated) when no voltage is present
at the terminal of input 10.6, i.e. a 0 signal is present.

%DB1
"AUTOMATIC_
MODE_DB"

%B50
"AUTOMATIC_MODE"
. == EN

falce — OFF_SQ

€ — INIT_SQ

falze — ACK_EF

%402

50" — start

%0 .5
"B1" — B1

|
I

%0 .6

"-B2" [l B2

%W€1.0

“-B4" — B4 9%Q0.0

%11
“-B5" — B5
%12
“-B6" — BB
%13
87" — 87

or— Q1"
%Q0.3
M2 — "-M2°
%Q0 4
AB — "M3T
ENO —
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7.9 Resultin the LAD programming language

v Network 1: Call AUTOMATIC_MODE for test

Comment

%DB1
"AUTOMATIC_
MODE_DB*
9%FB50
“AUTOMATIC_MODE"
[ EN ENO
false — OFF_SQ %Q0.0
falie —INIT_SQ Q1 —"QT”
false — ACK_EF %Q0.3
%0 2 M2 —1 2T
"-50" — Start %Q0.4
%0 5 M3 —i"-M3"
"B1" — B1
0.6
- 0"

/1 82
W0
84" — B4
%11
“-B5" — B5
W12
"B6" — B6
1.3
“B7" — 87
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7.10 Saving and compiling the program

— To save your project, select the

"Program blocks" folder and select the button

=]
Program blocks — )

« B Save project ,,

« o)

button in the menu. To compile all blocks, click the

” for compiling in the menu. (— Ed save project

Ha Siemens - C:\Usersimde\Documents\Automation}052-100

Devices

Project Edit View Insert Online Options Tools Wind¢
CF O sveproiect @ X B X 0 ] E

Al

)

¥ ] 052-100_GRAPH_S57-1500
B Add new device
o Devices & networks
v [[§ CPU_1516F [CPU 1516F-3 PN/DP]
[I} pevice configuration
%) Online & diagnestics

v . Program blocks

" Add new block

& Main [OB1]

& AUTOMATIC_MODE [FB50]

@ AUTOMATIC_MODE_DEB [DB1]

— The "Info", "Compile" area shows which blocks were successfully compiled.

e Properties  [*}Info @) |2l Diagnostics
I General i n Cross-references I, Compile H Energy Suite H Syntax I
@m@ i Show all messages F‘I
Compiling finished (errors: 0; warnings: 2)
1 |Path Descripticn Goto |? Errors ‘Warnings Time
I v CPU_1516F P 0 2 2:59:08 PM
1 ~ Program blocks P 0 2 2:59:08 PM
i v AUTOMATIC_MODE (FB... A 0 2 2:59:08 PM
B Sequence 1 Step Step30 does not contain actions. ol ? 2:59:08 PM
! Sequence 1 Step Step33 does not contain actions. ol ? 2:59:08 PM
Q Block was successfully compiled. 2:59:13 PM
Q AUTOMATIC_MODE_DB ... Block was successfully compiled. Pl 2:59:13 PM
o Main (OB1) Block was successfully compiled. Ve 2:59:13 PM
5 Compiling finished (errors: 0; warnings: 2) 2:59:14 PM
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7.11 Downloading the program

— After successful compilation, the complete controller with the created program, as previously

described in the modules for hardware configuration, can be downloaded (— £ ).

T4 Siemens -

C:WUsers\mde\Documents\Automation\052-100_GRAPH_S7-15001052-100_GRAPH_S7-1500

Project Edit View |Insert Online Options Tools Window Help Totally Integrated Automation
CF Yl seveproject 3 M = B X Dr: 5 MG E R § coonline ¥ coofiine F2 AR x —| || ciect [0 TAL
022-100 GRAPH S7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1]
Download to device
Devices
5 e, EOED8r Qe AEH G EAB 2l G &7 G =l
E,
=3
s 3
¥ ] 052-100_GRAPH_S7-1500 g
B Add new device kRN EUR G o
ﬂ%ﬂ Devices & networks Bz
~ [ CPU_1516F [CPU 1516F-3 PN/DP) v Network 1: Call AUTOMATIC_MODE for test Y
IIY Device configuration ) —a
a
R/ Online & diagnostics e
ot ra. Program blocks e
B Add new block DB1 |
- *AUTOMATIC_ =
& Main [0B1] MODE 8" 5
48 AUTOMATIC_MODE [FB50] N— 2
@ AUTOMATIC_MODE_DE [DB1] “AUTOMATIC_MODE" z
» 5 System blocks il |
» [ Technology objects L]
» [3 Energy objects g
3 External source files =13
» ;e PLC tags 3
» Lig PLC data types S0
» (5 Watch and force tables 7 otk =
» [ Online backups ,‘1?15
» [Z Traces s
(e N 0.6
» 4., Device proxydata B2 o8>
oy Program info F
v Details view e
84" — B4 %Q0.0
LR ] Q1—"Q1" -
85" — 85 %€ 0.3
Name Address 1.2 S — e
"-B6" — B6 %00 .4
w3 S — e
“B7" — 87 ENO —
v
|100% Jodl R
]g Properties H’i‘.lnfo y"&' Diagnostics |
«( Portal view £2 Overview |5 pefouittag t.. |55 Tag table so.. | =] Projecttexts [ main (081) i The programming language of the sele...
=
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7.12 Monitoring program blocks
— The "AUTOMATIC_MODE" [FB50] function block called in the "Main [OB1]" organization block
can be selected directly for "Open and monitor" after right-clicking (— "AUTOMATIC_MODE"
[FB50] — Open and monitor).

%DB1
* AUTOMATIC_
MODE_DB"
EB50
“"AUTOMATIC_MODE" Open
. —{EN ;

OFF_SQ Define tag C‘:rl-Sh‘m“‘
INT_SQ Rena_ me tag... C(rII+S:_|fftt+T
ACK_EF Rewire tag... Ctrl+Shift+P
X cut Crl+X
Start z Crl+C
—%J 3 Ctrl+v
81 X Delete Del
Go to »
2H Cross-references F11

Cross-reference information  Shift+F11
-B4
Change instance...

85 Update block call

4 13§ Insert network ctrl+R
B6 Insert STL network

4 InsertSCL network

87 EN ¥ Insertinputand output  Ctrl+Shift+3
Insert empty box Shift+F5
@ Insert comment

Network 2: Generate ENO

Do not generate ENO

Comment

Properties Alt+Enter

v052-100_GRAPH_S7—1500 » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » AUTOMATIC_MODE [FB50]

mElslsc B GaF e L, EAEE|8: B W € 6T &7
avigatiol ® ) [[b][| | Instance DB: AUTOMATIC_MODE_DE [DB1]
> |Per t pre-instructi é + _L -i- -l-s -l- % A 2 7 A =0l Hw] | owesT cuesu conv Nec  noT  swap f_"M:; 3,‘:;‘
v | Sequences (1)
I w 1: sequencer AUTOMATIC_M( A i
l«— T Uninterrupted step activation time (U): T#4M_365_576MS
Step activation time (T): T#4M_365_576MS
| 30 5| S30 - Step30: initial step
Interlock Event Qualifier Action
<Add new:
<31
Step3 1
7
Trans2 Tran( e T __Tl
- - T1-Trans1: startconditions X - Trans1
Step3 2 Step36
_'_n 18 | = &
Trans3 Tran
= - g d FALSE
s 2. LT -
_I_r-» 181
Tranw Tran| TRUE
- tw #%-B4" —
Step3+
e FASE
L & b2
) FALSE
-I-??a'n;s‘; #"-86" -}
= e FALSE
was,s #"-B7" =9
't'rvansﬁ | SR
. TS - |
— The initial step (Step 30) is already active.
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— If the starting conditions are satisfied, the sequencer jumps to Step 31 and sets "-Q1" to TRUE.

052-100_GRAPH_S7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » AUTOMATIC_MODE [FB50]

avigatio ® ) |[b]|| | Instance DB: AUTOMATIC_MODE_DE [DB1]

> | P t pre-ir tio é + _L -1- *S 1- % ST T £ S (R R (| B OMPST OMPU CONV  NEG  NOT  SweP %‘M';\
vlSequences (1)

I w 1: sequencer AUTOMATIC_M( A

Uninterrupted step activation time (U): T#565_282MS

Step activation time (T): T#565_282MS
== S50 =7 S31-Step31: conveyor forwards g
Interlock Event Qualifier Action
Hc- N #"-QL" #"-Q1" TRUE
<Add new=

534
15
+Tnns§
5331
Step34 1
_|_1'51
Trans5_1
535
Step3s
I 18

— If a metal part is now detected by sensor "-B5", the sequencer jumps to Step 32

and "-Q1" remains set to TRUE.

T 3 2 A
Py Trans1 Uninterrupted step activation time (U): T#1M_375_916MS
Step activation time (T): T#1M_375_916MS
X -

L $31 - Step31: conveyor forwards
Interlock Event Qualifier Action
+9- N #"-o1" #"-Q1" TRUE.
<Add new:

n
T2 -Trans2: sensormetal part e =T Trans2

#'—BS'J

Uninterrupted step activation time (U): T#425_757MS
Step activation time (T): T#425_757MS

S ST 932 - Step32: conveyor forwards oo

[ 532 | interlock Event Qualifier  Action

Hc)- N #"-Q1" #-Q1" TRUE
<Add new>

[ Trans3
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— If sensor "-B6" now detects the metal part in front of the cylinder, the conveyor stops and the wait

time of 0.5 seconds starts. After the time elapses, the sequencer jumps ahead to Step 34.

T3 - Trans3: partin front of cylinder

FALSE
£ B6" m—m

T4 - Trans4: waiting time 0.5s

>
Time

T#501MS
#5tep33.7 = IN1

IN2

1% 500MS —|

$33
Ste|

_T3
Trans3

: T#501MS
T#501MS

Uninterrupted step activation time (U}
Step activation time (T):
25 S33-Step33: conveyorstopped
Interlock Event Qualifier
<Add new=

p33 Action

R
Trans4

— The cylinder extends and after it reaches the end position, the sequencer jumps to the next step

(Step 341). The time of 0.5 seconds starts. As long as an interlock is active, the step is displayed

in orange. After the time elapses, the sequencer jumps ahead to Step 35.

Step activaticn time (T): T&#145_757MS

R 534 = S34-Step34: cylinder -4 extend =
Step34 Interlock Event Qualifier Action
©- N fer-uzn #1-M3" FALSE
<Add new>
. TS
T5 - Trans5: cylinder extended X o = =T Tran:s
#°-82"
Uninterrupted step activation time (U): T#1M_165_423MS
Step activation time (T): T#2M 95_821MS
— $341 " §341-Step34_1: cylinder 144 extend K -
Step34_1 Interlock Event Qualifier Action
Flas N $m-M3" $7-M3" FALSE
<Add new>
2 1
T51 -Trans5_1: cylinderexte... 3 = =T Transs_1
i Time i
! !
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— The cylinder is retracted again in Step 35.

c 151
T51-Trans5_1: cyflinderextende... X o =T Trans5_1
>
Time
#5tep34_1.7—
T#500ms —|p —
Uninterrupted step activation time (U): T#465_994MS
Step activation time (T): T#465_994MS
-" S35 - Step35: cylinder -\4 retract GEaa
[ %P3 0 interlock Event Qualifier  Action
©- N FERYT UM TRUE
<Add new:
- T6
T6 - Trans6: cylinder retracted o =T Tranz6
FALSE
#5B1" ———
y s30

— When the cylinder has retracted, the sequencer jumps to Step 30 and waits for the next part.

A new cycle can begin.

l— 131
Uninterrupted step activation time (U): T#455_765MS
Step activation time (T): T#455_765MS
S30 - Step30: initial step o
Interlock Event Qualifier Action
<Add new> |

|+— 16

T1-Trans1: startconditions X =T Trans1

TRUE
#5tart ——

FALSE
#7-B4" =

FALSE
#°-B5" —af

FALSE
#°-B6" =y

FALSE
#-B7" =4

TRUE
#°-B1" sk e

— Test the next sequence with a plastic part.
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7.13 Sequencer in test mode

— The "Testing" window contains the "Sequence control” test function that can be used to test the

GRAPH sequence control in all operating modes.
— Allinputs and settings have the same effect as the corresponding FB parameters.

— The inputs in the "Sequence control" dialog window can differ from the settings that the
programmer has made for compiling the sequencer. The settings made here take precedence

over the other settings that were made when compiling.

. i v | Sequence control W
or deactivate any step you like. i g a3
Acknowledge ~(V)- -3

=

Proceed as follows: Mode: i=
(®) Automatic B g

— 1. Enter the step number of the step that you want to p
() semisutomatic mode ;_

execute in the "Step number" field or click the [ »
desired step. O manual mode |

vl

— 2. Select the action that is to be performed with the |<! I [ §

Setting of operating mode:

Select one of the options to put the sequencer into
the selected operating mode. For example, you can
have your sequencer run in manual mode instead of

automatic mode. In manual mode, you can activate

step:

Enable: The selected step is activated even if the
condition of the previous transition is not satisfied.

Disable: The selected step is deactivated.

Note that you when you enable a step the currently
active step will be deactivated because only one
step at a time may be active in a linear sequence.
You can thus enable only one step at a time:
Exception for simultaneous branches: Here, one

step in each branch can be activated.

Options

> | CPU operator panel

ol
el

> | Call environment

suopPNIsu| =

> | Call hierarchy

v Test settings

[) Track active step

[C] skip steps

[# Mandatory acknowledgment at supervision errors

] Stop sequence

[] stop timers

[] Process all interlocks

[] Process all transitions
[ Activate actions

[ Activate supervizions

[ Activate interlocks

Once you have controlled your sequencer in manual mode, you can return to automatic mode.

In semi-automatic mode, you have the option of using the "Ignore transition" button to advance the

sequencer even when transition conditions are not satisfied.

Additional parameters can be set under "Test settings".
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7.14 Synchronization of the sequencer

GRAPH helps you locate possible synchronization points between the process and sequencer. A

process is no longer synchronous when it is brought into a different state manually. This can happen,

for example, when you switch to manual mode in which you can enable any step you like — even when

the condition of its preceding transition is not satisfied.

In order for the process, which may have changed in the meantime, to run automatically again and to

find the possible synchronization points, the synchronization function is available with two options:

— Preceding transition satisfied

— Interlock condition satisfied

— To use this function, switch the sequencer to manual mode and enable the synchronization.

— Select the "Preceding transition satisfied" option.

Options z
EHEE S B G L EAED8 QW@ 0T &[T = 0|z
£
SRR > |CPU op panel 8
Instance DB: AUTOMATIC_MODE_DE [DE1] 1Y fig)]> | call environment 3
el + £ FF Ao 4 -l u] T} owsTowsu conv nes ot swe S oM > | Call hierarchy
& v | Sequence control oA
~
151 Ala
T51 - Trans5_1: cylinderextendeda.. ¥ o == Trans5. 1 Mode: a
> =S
= O Automatic =
Time p
Semiautomatic mede =]
T#3M_235_562M5 O r—r— =
#Step34_1.T— N1 L B ~
2
T#500ms —|IN2. SH— =
Uninterrupted step activation time (U): T#1M_85_370MS @ D e
Step activation time (T): T#1M_85_370MS Step with transition b=
i e $35 S35 - Step35: cylinder -\ retract ———— L."H
L Step35 Interlock Event Qualifier Action =
{ (C)- N PRl §' Select step manually 2
i <Add new> N 2
| Enable il |
13 g o
T6 - Trans6: cylinder retracted O =T Trans6 System synchronization
[V Enable synchronization
FALSE (® Preceding transition satisfied
—_— () Interlock condition satisfied
Step to activate:
e
s30
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— Right-click the suggested step to select it. In this example, it is assumed that the cylinder is

extended.
Instance DB: AUTOMATIC_MODE_DB [DB1] L] > | Call environment
é + -L '1' +s } % e s T oA g qu) b oesT sy conv wee  nar swae SRS GRS | > | Call hierarchy
I i i [y RAELT ontrol |
1 —| Mode: A
Trans5_1

ignore transition

Uninterrupted step activation time (U): T#105_898MS
8IS,

#
Enable Disable £
Transé
— Switch the sequencer back to automatic mode.
0 RAP 00 P 6 P 6 PN/DP P a A A 0D B50 o g 0
Options &g
FEEEE B G L EOEOB R @ 06T &F = dfz
| Instance DB: AUTOMATIC_MODE_DB [DEB1] LI nt :a
é + _l_ + *s}%‘_l a > B A4 -l Hw]l L owesT awesu conv wee mw?u:;&:;. ‘m
™1 " ‘ ‘ A3
Trans5_1 5
2
#5tep34 17— Ignore transition =|
T#500ms IN2 %
Uninterrupted step activation time (U): T#475_97MS
Stepactivationtime (T:  T#475_97Ms -
_‘ 7 535 - Stepd: csinder s et ‘ s 4|
]
=
Enable Disable —
X TTfanss
7 Enable )
y s30 &2
— The sequencer can now continue running in automatic mode.
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7.15 Creating function block FB30 "SIGNAL_LAMPS"

— Next, the GRAPH function block for controlling the signal lamps is to be programmed and tested.

— In the project tree under Program blocks, click on "Add new block" to create a new function block.

ik

(— Program blocks — Add new block — )
Project tree m 4
Devices
v | 7 052-100_GRAPH_S57-1500 )

I Add new device
i Devices & networks
~ [[§ CPU_1516F [CPU 1516F-3 PN/DP]
[IY pevice configuration
% Online & diagnostics
v [ Pregram blocks
ﬁ Add new block
& Main [OB1]
4 AUTOMATIC_MODE [FE50]
@ AUTOMATIC_MODE_DB [DB1]

— Name your function block "SIGNAL_LAMPS", set the language to GRAPH and manually choose
the number 30 for the FB number. Select the "Add new and open" check box. You are then taken

automatically to your created function block in the project view. Click "OK".
— (— Name: SIGNAL_LAMPS— Language: GRAPH — Manual - Number: 30 — & Add new and

open — OK)

"Add new block [X
Name:
[SIGNAL_LAMPS

] Language: | GRaPH -
% Number: [33 =
Organization (@ Manual
Blotk () Automatic

% Description:

g Function blocks are code blocks that store their values permanentlyin instance data blocks,
Function block so that they remain available after the block has been executed.

IFC
Functicn

—_—
|

e

Data block

more...

> lAdditionaI information

[w) Add newand open [ oK 4 [ cancel |
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7.16 Specifying the interface of FB30 "SIGNAL_LAMPS"

%

If you selected "Add new and open", the project view opens with a GRAPH editor for programming

the block you just created.

You can find the interface description of your function block in the upper section of your
programming view. Based on the default settings in the TIA Portal, the local tags of the standard
interface parameters have already been created. If necessary, these default settings can be
changed in the settings of the TIA Portal.

We need only the first three input tags. The rest of the input tags and all the output tags can be
deleted.

—

%

S W -

~ oo

For unrestricted use in educational and R&D institutions. © Siemens 2019. All rights reserved.

SIGNAL_LAMPS
Name Data type Default value Retain Acce... Writa... |Visible .. |Setpoi.. |Sup.. | Comment

1 <@ v Input
2 4w OFF_SQ Bool false Non-retain Turn sequence off
3 4@nw INIT_SQ Bool false Non-retain Set sequence to initial state
4 4@nw ACK_EF Bool false Non-retain Acknowledge all errors and fe
5 41 v Output
6 = <Add new:>
7 &~ InOut | [~
8 = Add new:>
9 4@ v Static
10 € = » RT_DATA G7_RTDataPlus_Vé Non-retain [ZJ Internal data area
11 40 = p» Transl G7_TransitionPlus_... Non-retain @ Transition structure
12 g1 = » Stepl G7_StepPlus_Vé Non-retain [v] Step structure
13 @1 ¥ Temp

The static tags must not be deleted.

The same tag designations can be used for global tags as well as local tags in the TIA Portal,
which is why we can take the needed tags from the GRAFCET for controlling the signal lamps

from previously created blocks (e.g.: FB50) or the Tag table sorting station.

Select the last row of the input tags with the right mouse button and select menu item "Add row"
(= Input: ACK_EF — Add row).

Name Data type Default value Retain At

<l ¥ Input
Q= OFF_SQ Bool false Non-retain
4] = INIT_SQ Bool false Non-retain

: false Non-ret... |~ |

=¥ Insert row Ctrl+Enter

=g Add row Alt+ins

25| Copy Ctrl+C

| V .

X Delete Del Plus_vé Non-retain

Rename F2 bnPlus_... Nen-retain
{ ] Add new supervision s V6 Non-retain

64

sce-052-100-graph-s7-1500-r1903-en.docx



Learn-/Training Document | TIA Portal Module 052-100, Edition 10/2019 | Digital Industries, FA

Add parameter #-Al as the input interface under Input in the added line and confirm the input with
the Enter key. Data type "Bool" is assigned automatically. This will be retained. Finally, enter the
associated comment "notification EmergOFF".

Add additional binary input parameters #-KO0, #-S0, #-B1 and #-B2 under Input and check their
data types. Add descriptive comments for these.

Add the binary output parameters #-P2, #-P3, #-P4, #-P6 and #-P7 under Output and check their
data types. Add descriptive comments for these.

— Alternatively, you can also copy and paste these from the tag table.
SIGNAL_LAMPS
Name Data type Default value  Retain Acce... Writa... Visible.. Setpoi.. Sup.. Comment
1 <&@ ¥ Input
2 4l e OFF_SQ Bool false Non-retain Turn sequence off
3 4. INIT_SQ Beol false Non-retain Set sequence to initial state
4 @-n ACK_EF Bool false Non-retain Acknowledge all errors and faults
5 40 = Al Bool false Non-retain ™) ™) ™ notification EmergOFF
6 4= +«o Bool false Non-retain = =] ™) plant “on*
7 4= S0 Bool false Non-retain ™ ™ ™ mode selector manual(0) / automatic(1)
8 4nw -B1 Bool false Non-retain =) ™ ™ sensor cylinder -Md retracted
S 4an 82 Bool false Non-retain =) ™ ™ sensor cylinder M4 extended
10 = Add ne
11 €0 ¥ Output
12 |40 = P2 Bool false Non-retain =) = =) display,manual mode”
13 40 = £3 Bool false Non-retain =) ™) ™ display ,automatic mode”
14 4 = P4 Bool false Non-retain =) =) ™) display ,.emergency stop activated”
15 4] = P6 Bool false Non-retain =) ™ ™ display cylinder -M4 retracted”
16 4] = -P7 Bool false Non-retain [~} ™) =) display cylinder W4 extended”
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7.17 Programming of FB30 "SIGNAL_LAMPS"

— First, we assign the sequencer the name "sequencer SIGNAL_LAMPS" by overwriting the text

<new sequence>.

— The step number and the designation of the step tag must now be changed. To do so, click inside

the step field and enter a new number and designation.

— Open the action table using the "=3#" button in the step field.

— Open the input window using the " H. button at the transition.

052-100_GRAPH_S7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » SIGNAL_LAMPS [FB30]

slElE e FR Gy LEAERDB @At 6D &2 =
SIGNAL_LAMPS
Name Data type Default value | Retain Acce... | Writa... |Visible.. Setpoi. Sup.. Comment
1 4 Y Input i
2 @a-s OFF_SQ Bool false Non-retain Turn sequence off E
3 @-v INIT_SQ Bool false Non-retain Set sequence to initial state
4 @n ACK_EF Bool false Nen-retain Acknowledge all errors and faults
5 as Al Bool false Non-retain ™ (=] ™ notification EmergOFF
Elas o Bool Non-retain ] M ™l plant “on”

»

T

S L T
v > [0 SN ER I RPeT [ gy e e ey - —,— — -y
> i Permanent pre-instructio...
v ‘ €3 Sequences (1)
€3 1: sequencer SIGNAL_LANP

0 1: sequencer SIGNAL_LAMPS

' 20 - Step20: initial step

Ij%jp
Trans Interlock Event Qualifier Action
<Add new=

m
T1-Trans1: X T Trans1

T

——I

— Insert "-K0" as the step-enabling condition in the window of Transition 1.

— Designate T1 — Trans1: as "main switch on", and designate S20 — Step 20:

action table.

as "initial step" in the

052-100_GRAPH_S7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » SIGNAL_LAMPS [FB30]

HElE e e G L EAED8 R A @ T & =1
SIGNAL_LAMPS
Name Data type Default value |Retain Acce... Writa... |Visible .. |Setpoi.. |Sup... |Comment
2 @-= OFF_SQ Bool false Non-retain Turn sequence off
3 @a-n= INIT_SQ Bool false Non-retain Setsequence to initial state
4 @w ACK_EF Bool false Non-retain Acknowledge all errors and faults
5 @-n -Al Bool Non-retain =] =) ™ notification EmergOFF
6 @= Ko Bool Nonret. [v] @ & ™ plant “on®
7 l@s 50 Bool Nonretain [l M__ mode selector manual(0) / automatic(1)

RN L [ L[ L[4 (4 (TR ] & [sui [ | | oot ] e o i o | s | s | v | 2z e
> ‘Permanent pre-instructio... = : ;
v|@s ()

w €03 1: sequencer SIGNAL_LAMPS

£31: seq SIGNAL_LAMPS

$20 - Step20: initial step
| Interlock Event Qualifier  Action

<Add new>

o m
-Trans1: mainswitchon X o = T Trans1

#°-KO" —I

U

o
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— Drag "Step and transition" onto the double arrow below Transition 1 to insert the next step with

transition. The numbering continues automatically.

ks == CMP>  CMP>
Pl 5 7 =
é + _L + -l-s } % E >=1 - ol w] 3 | OMPST CMPSU CONV  NEG  NOT  SWAP pyed runoy

€3 1: sequencer SIGNAL_LAMPS

" 20 - Step20: initial step x
Interlock Event Qualifier Action
<Add new=

= 2 T
T1-Trans1: mainswitchon X o o, e O
:‘-KO'—-I
521 5
Step21

— In Step 21 of the GRAFCET for controlling the indicator lights, five actions with five different
interlocks are specified. Because only one interlock per step can be programmed in S7-GRAPH,
additional parallel steps must be inserted using simultaneous branches. The five actions with

interlock are then distributed among five parallel steps.

— Drag "Open simultaneous branch" onto the green square 1 in the window of Transition 1.

7 - CMP>  CMP>
= ?? - J
é + _L + -1-5 1— %I A e s - ol Hw] 7 MPST OMP>U CONV  NEG  NOT  swiep TMAX TWARN

: sequencer SIGNAL_LAMPS

" 8§20 - Step20: initial step

Interlock Event Qualifier Action
<Add new=

= = T

T1-Trans1: mainswitchon X o ™ Trans1

=]

#"-KO" —I E:

s21 5

Step21
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— Drag "Open simultaneous branch" onto the green square 1 above Step 22.

é + -L + *« }‘_I & |>=1 4 =ol ow] . OWF>T cMP>U CONV NEG  NOT swep ] ot
i S20 - Step20: initial step N
Interlock Event Qualifi® Action
<Add new>
m
T = et
s21 5
Step21
T2
B T ¥
¥

— Drag "Open simultaneous branch” onto the green square 1 above Steps 23 and 24.

o = P> CMP>
= 77| -
é + J_ -&- *s } % P B S - ol w] T oMPsT aMP>U CONV KEG  NOT  swie? TMAX TWARN

bn

SY2 NN s23 & s24 s25 HE§
Step22 Step23 Step24 Step25

— Drag "Close branch" onto the green square 1 pelow Steps 22 to 25.

=l |HT |2

0 1: sequencer SIGNAL_LAMPS

Cemment

I I I I

s21 S22 s23 [ S24 s25 =
Step21 Step22 Step23 Step24 Step25
«l
T2
L E =T Trans2
¥
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At the end of the sequence, we set a jump to Step 20.

— Drag a jump to the double arrow and select Step 20 as the jump destination.

e P EACA RN

1: sequencer SIGNAL_LAI

S22 s23 s24 525
Step22 Step23 Step24 Step25
B zeczass T fans2
M
20 Step20 ~
21 Step21
22 Step22
23 Step23

— Insert "-K0" with a negation as the step-enabling condition in the window of Transition 2.

— Designate T2 — Trans2: as "main switch off".

o 2 P> CMP>
é + _l_ -l- *S } % pill | PV 7 4 -{w] 4 ST ONP>U conv NeG  Nor swee TVES G

I | I I
s21 & s22. [Ej s23  EH s24 g $25 [
Step21 Step22 Step23 Step24 Step25
E: s ”
T2 - Trans2: mainswitchoff X o = =1 Trans2
#‘—KO'—‘J
S20
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— To keep a uniform structure, the inserted steps should be renamed as shown here.

T1-Trans1: m.. X o =

#°-KO" —l

- = -«

s21 SRV 2 s213 = 2z S214 = 2k $215
Step21a Step21b Step2ic Step21d Step2ie
”
T2-Trans2: m.. X o =T Trans2
:'-Ko'—al
y s20

— Change to the single step view.

— Interconnect Step 21 / Step 21a and designate the action.

QQ & >=1 -

> ‘ Permanent pre-instructio...

—ol w] 7 oMfsT OMPU CONV NEG  NOT  swae i‘:&; 34":;"

$21: Step21
V]Sequences (1) o e.P,, 2

w 1: sequencer SIGNAL_LAMPS

¥ Interlock -(c)-:
T2

Step20 Interlock
is)
=" Transt c
#-A1" =0
[
212
tep21a Step21b
|
jr]
T Tranz2 » Supervision -(v)-:
20

¥ Actions: display,.emergencystop activated”

“

L =er Interlock Event Qualifier Action

:l - N -Setaslong as step is active $"-P4"
| <Add new>

— Interconnect Step 212 / Step 21b and designate the action.

Q Q & |>=v | {7 4 == MP>  CMP>

=ol Hw] 7 owesT owesu cONv NEG  NOT swAP S ooy
> | Permanent pre-instructio...

v | Sequences (1)
w 1: sequencer SIGNAL_LAMPS

$212: step2ib

Comment

v Interlock (c)-:

S20
Step20 Interlock
= Tranzt c
#°50" —0
step21a Step21b
——T2 Py
Trans2 » Supervision -(v)-: ..
20 m
‘| = Actions: display,manual mode”
v
il Interlock Event Qualifier Action
+C- N  -Setas long as step is active #"-P2"
<Add new>
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— Interconnect Step 213 / Step 21c and designate the action.

N]
QQ & >=1 {B A4 =ol w] i owesT uesu conv e nor swae TYES CUE>

TMAX TWARN
> ‘ Permanent pre-instructio...

$213: Step2ic

Comment

v ‘ Sequences (1)
LAMPS

¥ Interlock -(c)-:

Interlock
G
250" —
I
5212 Fo S
lep21b Steg
|
» Supervision -(v)-:
‘= Actions: display,automatic mode”
v
Fl =cr Interlock Event Qualifier Action
-(C)- N -Setas long as step is active $#"-P3"
<Add new:

— Interconnect Step 214 / Step 21d and designate the action.

i
QQ & =1 4 =0l Hw] . owesT awsu conv ne  mor swae ShES OND

T.MAX TWARN
> I Permanent pre-instructio...

S214: Step2id
v | Sequences (1) - R

Comment

¥ |Interlock -(c)-:

Interlock
€
# 81—
5213 2
tep2ic otef
|
» Supervision -(v)-: .
o
[/ = Actions: displaycylinder ,extended”
b
H =cr Interlock Event Qualifier Action
Q- N  -Setaslongas stepis active $"-Pg"
<Add new>

— Interconnect Step 215 / Step 21e and designate the action.

B
@ Q &  »=1 4 =ol qw] L owsT awsu conv nee  wor swee VRS CHES

> | Permanent pre-instructio...

$215: Step2ie

Comment

v I Sequences (1)

¥ Interlock -(c)-:

Interlock

P15

» Supervision -(v)-:

"/ = Actions: displaycylinder retracted”
d
iRaiid Interlock Event Qualifier Action
-(C)- N -Setas long as step is active $"-P7"
<Add new>

— The GRAPH function block is now finished and can be called for testing in OB1.
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Open OBL1 and delete the block call in Network 1.

Call function block "SIGNAL_LAMPS[FB30]" in Network 1.

Confirm the name of the data block.

Interconnect the tags of the block with the global tags of the sorting station.

Negate input "-B2", because this sensor is wired as a normally closed contact. The controller
recognizes that the cylinder is in extended position ("-B2" is activated) when no voltage is present
at the terminal of input 10.6, i.e. a 0 signal is present.

Project tree

Devices
) W F e, E0 = S?Igﬁ @t '%ﬂglﬁil e5 G 23 §
- I s, o |
¥ |l Program blocks [_A
B Add new block & | = 4 [ | e | =]
e kb i ¥ Block title: "Main Program Sweep (Cycle)”
48 AUTOMATIC_MODE [FB50] Commerit
4 SIGNAL_LAMPS [FB30] E
@ AUTOMATIC_MODE_DB [DB1] “|¥ Network 1: Call SIGNAL_LAMPS for test
@ SIGNAL_LAMPS_DEB [DB2] Comment
» [ System blocks B
» [ Technology objects e
= 52t X
= Ensigy ohjects *SIGNAL_LAMPS_
» External source files DB"
~ L& PLCtags % B30
% Show all tags “SIGNAL_LAMPS"
" Add new tag table = EN
% Default tag table [54] se — OFF 5Q
% Tag table_sorting station [28] - INIT-SQ
» [ PLC data types v s e ACK_EF %0 6
v | Details view %0 .0 P2 —"-P2"
AT — A1 %Q0.7
0.1 -3 — "3
0" — K0 Om-l 0
Name Data type Det... %40 2 Py — "P4"
So 3 Bool %Q... (A *50" — 50 wia
i P2 Bool  [El]=%Q.. i o —. PG
< P3 Bool %Q... “B1°— 81 %013
g} -P4 Bool %Q... o %06 p7 —"-F7"
@ P5 Bool %Q... ‘ 82" —0 g2 ENO —
<0 -P6 Bool %Q--- | =
- Save project . . .
— To save your project, select the bl sevepro button in the menu. To compile all blocks, click the

=l
"Program blocks" folder and select the button 2 for compiling in the menu. (—

)

r
ol

Program blocks —

Sa ject
E Ve projec N

After successful compilation, the complete controller with the created program, as previously

described in the modules for hardware configuration, can be downloaded (— L ).

Test the SIGNAL_LAMPS block.
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7.18 Creating function block FB20 "CLOCK_PULSE"
— Next, the GRAPH function block for generating a clock pulse is to be programmed and tested.
— In the project tree under Program blocks, click on "Add new block" to create a new function block.

Project tree m 4

¥ | ] 052-100_GRAPH_57-1500 E
B Add new device Il
Ei}h Devices & networks ’

v [[J CPU_1516F [CPU 1516F-3 PN/DP] 1=
[IY pevice configuration t
] online & diagnostics
v [l Program blocks

ﬁf‘ Add new block
4 Main [0B1]
4 AUTOMATIC_MODE [FB50]
4 SIGNAL_LAMPS [FB30]
@ AUTOMATIC_MODE_DB [DE1]
@ SIGNAL_LAMPS_DB [DB2]

— Name your new function block "CLOCK_PULSE", set the language to GRAPH and manually
choose the number 20 for the FB number. Select the "Add new and open" check box. You are
then taken automatically to your created function block in the project view. Click "OK".

"Add new block

53
Name:
[clock_puLse ]
Language: | GRAPH v
* Number: ["22
Organization (@ Manual
Bk () Automatic
% Description:
Function blocks are code blocks that store their values permanentlyin instance data blocks,
Function block so that they remain available after the block has been executed.
lFC
Function
!
Data block
more...
> lAdditional information
[w) Add newand open oK | [ Cancel
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7.19 Specifying the interface of FB20 "CLOCK_PULSE"

— If you selected "Add new and open", the project view opens with a GRAPH editor for programming
the block you just created.

— You can find the interface description of your function block in the upper section of your
programming view. Based on the default settings in the TIA Portal, the local tags of the standard
interface parameters have already been created. If necessary, these default settings can be
changed in the settings of the TIA Portal.

— We need only the first three input tags. The rest of the input tags and all the output tags can be

deleted.
Name Data type Default value | Retain Access... Writa... |Visibl... |Setpo... Sup.. Comment
I <@ ¥ Input
2 4= OFF_SQ Bool false Non-reta... Turn sequence off
3 40 m INIT_SQ Bool false Non-eta... Set sequence to initial state
4 4) = ACK_EF Bool false Non-reta... Acknowledge all errors and faults
5 < ¥ Output
6 = Add new=
7 4@~ Inout =] [~]
8 = Add nev
9 |@] v Static
10 €40 = » RT_DATA G7_RTDataPlus... Non-reta... !2 Internal data area
11 <40 = » Transi G7_Transition... Non-reta... fz| Transition structure
12 gl = » Stepl G7_StepPlus_Vé6 Neon-reta... !ZI Step structure
13 @l ¥ Temp

— The static tags must not be deleted.

— Add the binary output parameter #Clock_Pulse under Output and check the data type. Enter
"clock pulse 1Hz" as comment.

CLOCK_PULSE
Name Data type Default value Retain Access... Writa... Visibl... Setpo.. Sup.. Comment
1 < v Input
2 @n OFF_SQ Bool false Non-reta... Turn sequence off
3 4l s INIT_SQ Bool false Non-reta... Set sequence to initial state
4 @@= ACK_EF Bool false Non-reta... Acknowledge all errors and faults
5 <& v Output
6 4= Clock_Pulse Bool false Non-eta.. [w @ =) clock pulse THz
7 = <Add new>
8 4 v InOut
9 s <Add new>
10 @ v Static
11 41 = » RIDATA G7_RTDataPlus... Non-reta... ] Internal data area
12 €l = » Transl G7_Transition... Non-reta... |Z} Transition structure
13 @ = » Stepl G7_StepPlus_V6 Non-reta... [?J Step structure
14 @l ¥ Temp
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Programming of FB20 "CLOCK_PULSE"

— First, we assign the sequencer the name "sequencer CLOCK_ PULSE" by overwriting the text

<new sequence>.

— The step number and the designation of the step tag must now be changed. To do so, click inside

the step field and enter a new number and designation.

— Open the action table using the "%" button in the step field.

— Open the input window using the " k5. button at the transition.

— Now drag the comparator "Greater than step activation time" onto the green square as the step-
enabling condition and enter T#500MS for the time.

— Designate T1 — Trans1: as "pulse off time", and designate S100 — Step 100: as "initial step” in the

action table.

o ] a CMP> CMP>
I + + 1_ ‘_l = ” - - El > of J 5
é + B % & >=1 ol W] 3 E CMP>T CMP>U CONV  NEG NOT WAP TMAX TWARN

€3 1: sequencer CIOCK_PULSE

5100 | 5100 - Step100: initial step

Step100 Interlock Event Qualifier Action
<Add new>
: m
T1-Trans1: pulse offtime oo T Trans1
>
Time
#5tep100.7— N1
T#500MS — N2
2 2

— Drag "Step and transition” onto the double arrow below Transition 1 to insert the next step with

transition. The numbering continues automatically.

é + J_ * -1-: } % «l 2 s 4 —ol Hw] | oMPST OMPsU CONV NEG  NOT  swaP 1‘,_';"‘:\; {v‘f:’;‘
€3 1: sequencer CIOCK_PULSE
Comment
5100 5
Step100
: m
T1-Trans1: pulse offtime R — A
>
Time
#5tep100.7 INT
T#500MS IN2
s101 =
Step101
n
[ ERIREEEE ———ne2
¥
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Open the action table using the "

#" button in the step field.

Open the input window using the " H button at the transition.

enabling condition and enter T#500MS for the time.

052-100_GRAPH_S7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » CLOCK_PULSE [FB20]

Drag a jump to the double arrow and select Step 100 as the jump destination.

Now drag the comparator "Greater than step activation time" onto the green square as the step-

Designate T2 — Trans2: as "pulse on time", and designate S101 — Step 101: as "clock pulse 1 Hz".

FHES L B G FE L, EREEP8 QG 6T & 7

T T

Q Q]

> ‘ Permanent pre-instr...

v ‘ Sequences (1)

|
|
w 1: sequencer CIOCK_PULS‘
|

T T

é + _L + i-( } % | w | sm -4 =ol Hw] -l“i- OMP>T CMP>U CONV  NEG  NOT  SWAP

1|1: sequencer CIOCK_PULSE

T1-Trans1: pulse offtime

>

Time

#5tep100.7 INT
T#500MS IN2

T2 - Trans2: pulse ontime

Time

#5tep101.7 IN1

T#500MS IN2

5101

Step101

T Trans2

y 5100

= 8101 -Step101: clock pulse 1Hz

Interlock Event Qualifier

CMP>  CMP>
TMAX TWARN

Action

N
<Add new>

#Clock_Pulse

— The GRAPH function block is now finished and can be called for testing in OB1.
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TA Siemens -

Open OBL1 and delete the block call in Network 1.
Call function block of the clock pulse in Network 1.

Confirm the name of the data block.

Interconnect the pulse tag of the block with the global tag "-P1" of the sorting station.

C:\Users\mde\Documents\Automation\052-1 00_GRAPH_S7-1500M052-100_GRAPH_S7-1500

Project Edit View Insert Online

f (% B saveproject Sh ¥ :

Options

Tools

BEX D 500G E R ¥ coonline ¥ coofiline fz [RIB > H ] b

Devices

Window Help

Totally Integra’

052-100_GRAPH_S7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1]

=)

¥ 1 052-100_GRAPH_S7-1500
B Add new device
g Devices & networks

v ([ CPU_1516F [CPU 1516F-3 PN/DP]

[IY Device configuration
%} Online & diagnostics
v gl Program blocks
B¢ Add new block
& Main [0B1]
& AUTOMATIC_MODE [FB50]
48 CLOCK_PULSE [FB20]
& SIGNAL_LAMPS [FB30]
@ AUTOMATIC_MODE_DE [DB1]
@ CLOCK_PULSE_DE [DB3]
@ SIGNAL_LAMPS_DB [DB2]
» ' System blocks
» [3 Technology objects
» & Energy objects

menu. (— I save project

=— 1z [
=2, EREY

B 2 CGLEBD 6= s

LI I s, G

¥ Network 1:

To save your project, select the

— Program blocks —

& >=1

4 o ]

¥ Block title: “Main Program Sweep (Cycle)”

ocrnment

Call CLOCK_PULSE for test

%DB3
*CLOCK_PULSE_
DE"
%FB20
“CLOCK_PULSE"

9RQ0.5
Clock_Pulse — "-P1°
ENO —

B seveproject | 01 in the menu.

Then, click the "Program blocks" folder and select the button = for compiling all blocks in the

)

After successful compilation, the complete controller with the created program, as previously

described in the modules for hardware configuration, can be downloaded (— L ).
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7.21 General notes on use of events

In this chapter, event-controlled actions are also used for the GRAPH function block "RELEASE".

An event defines when an action is to be executed. You must specify an event for some action

qualifiers.

Below are the actions that always need an event, together with the associated events and a description:

Qualifier Events ‘ Description
CSs S1, S0, L1, | Setcounter value:
LO, V1, VO, | As soon as the defined event occurs, the counter is set to the specified
Al,R1 counter value. You can specify the counter value as a tag or constant of
data type WORD (C#0 to C#999).
Cu S1, SO, L1, | Countup:
LO, V1, VO, | As soon as the defined event occurs, the counter is incremented by "1".
Al R1 The counter value can be incremented until the limit of "999" is reached.
When the limit is reached, the counter value is no longer incremented on
a positive edge.
CD S1, SO, L1, | Countdown:
LO, V1, VO, | As soon as the defined event occurs, the counter is decremented by "1".
Al R1 The counter value can be decremented until the limit of "0" is reached.
When the limit is reached, the counter value is no longer decremented
on a positive edge.
CR S1, SO, L1, | Reset counter:
LO, V1, VO, | As soon as the defined event occurs, the counter is reset to "0".
Al, R1
TL S1, SO, L1, | Extended pulse:
LO, V1, VO, | As soon as the defined event occurs, the timer starts. During the
Al R1 specified duration, the timer status has signal state "1". After the time
expires, the timer status has signal state "0".
TD S1, SO, L1, | Retentive on delay:
LO, V1, VO, | As soon as the defined event occurs, the timer starts. During the
Al, R1 specified duration, the timer status has signal state "0". After the time
expires, the timer status has signal state "1".
TR S1, SO, L1, | Hold timer and reset:
LO, V1, VO, | As soon as the defined event occurs, the timer is stopped. Timer status
Al, R1 and time value are reset to "0".
ON S1, SO, L1, | Activate step
LO, V1, VO,
Al, R1
OFF S1, SO, L1, | Deactivate step
LO, V1, VO,
Al, R1
For unrestricted use in educational and R&D institutions. © Siemens 2019. All rights reserved. 78

sce-052-100-graph-s7-1500-r1903-en.docx




Learn-/Training Document | TIA Portal Module 052-100, Edition 10/2019 | Digital Industries, FA

The use of events is optional for the following actions.

Qualifier Description

N Setto 1 as long as step is active:

The signal state of the operand is "1" as long as the step is active. The specified block is
called as long as the step is active. The step is also regarded as active in the cycle in
which the S1 event occurs. This qualifier is also used for block calls. Functions (FC) with
syntax:

CALL "<FCName>" (parameter list)
Function blocks (FB) with syntax:
CALL "<FBName>", "<DBName>" (parameter list)

S Setto 1
As soon as the step is active, the operand is set to "1" and then remains at "1".

R Setto O:
As soon as the step is active, the operand is set to "0" and then remains at "0".

The following actions cannot be linked with events:

Qualifier Description

D On delay:

n seconds after the step activation, the operand is set to "1" and remains at "1" for the
duration of the step activation. This does not apply if the duration of the step activation is
shorter than n seconds. You can specify the time as a constant or as a PLC tag of data
type TIME/DWORD.

L Set for limited time:

When the step is active, the operand is set to "1" for n seconds. The operand is then
reset. The operand is also reset if the step activation time is less than the time duration.
You can specify the time as a constant or as a PLC tag of data type TIME/DWORD.

TF Turn off timer:

The timer status is set to "1" as soon as the step is activated. The timer runs when the
step is deactivated, and timer status is set to "0" only after the time expires.
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The following events are defined for GRAPH:

Event

S1

Signal evaluation

Positive edge

Description

Step is activated (signal state = "1")

SO

Negative edge

Step is deactivated (signal state = "0")

V1

Positive edge

Supervision condition is satisfied, i.e. fault occurs (signal state =
"1")

VO

Negative edge

Supervision condition is no longer satisfied, i.e. fault is eliminated
(signal state = "0")

LO

Positive edge

Interlock condition is satisfied, i.e. fault is eliminated (signal state
Illll)

L1

Negative edge

Interlock condition is not satisfied, i.e. fault occurs (signal state
lloll)

Al

Positive edge

An alarm is being acknowledged.

R1

Positive edge

Incoming registration.

You can additionally combine actions for which you use the "S1", "V1", "Al", or "R1" event with an

interlock. The actions are then only executed if the conditions of the interlock are satisfied.

Interlock

An interlock is a programmable condition that influences the execution of individual actions. If the

combination of conditions is satisfied, actions combined with interlock are executed. Otherwise the

execution is prevented.

If the combination of conditions is not satisfied, there is a fault:

Actions combined with interlock are not executed.
An interlock error is signaled (event L1).
The alarms specified for the interlock are displayed.

The fault does not affect the advancement to the next step, however.

A programmed interlock is indicated in each view type with the letter C to the left of the step.

The following figure shows the signal evaluation for an interlock:

Interlock
condition No fault
L1 LO
Interlock condition | Fault o
not satisfied | | E
L1: Interlock condition no longer satisfied (incoming fault)
LO: Interlock condition satisfied (outgoing fault)
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Supervision

A supervision is a programmable condition that can prevent the advancement from one step to the next.

If the combination of conditions is satisfied, there is a fault and event V1 is signaled.

— The sequencer does not advance to the next step.

— The current step stays active, however.

— The step activation time (step activation time U) is paused as soon as the condition is satisfied.

— The alarms specified for the interlock are displayed.

If the combination of conditions is not satisfied, there is a fault: If the condition of the following transition

is satisfied, the sequencer advances to the next step.

A programmed supervision is indicated in each view type with the letter V to the left of the step.

You can use supervision conditions, for example, to monitor the step activation time; in other words, the

time that has elapsed since activation of the step.

The following figure shows the signal evaluation for a supervision:

Supervision

condition satisfied

Supervision condition not

Fault

\o

satisfied |

V1: Supervision error occurs

VO: Supervision error is eliminated

No fault
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Alarm and registration

A registration is an event that is triggered outside the block. Registrations are queried via a positive
signal edge at either the "REG_S" or "REG_EF" input parameter.

If the registration occurs via the "REG_S" input parameter, the event is only forwarded to the active step
that is indicated at the "S_NO" output parameter.

If the registration occurs via the "REG_EF" input parameter, the event is forwarded to all currently
active steps.

The following figure shows the signal evaluation for an alarm and the registration:

Al: An alarm is being acknowledged.

R1: Incoming registration (positive edge at input REG_EF/REG_S)

Note:

— You can find detailed information on all actions, events and event-controlled actions in the manuals
or the online help.
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7.22 Creating function block FB10 "RELEASE"

— The GRAPH function block for release of the controller is to be programmed and tested.

— In the project tree under Program blocks, click on "Add new block" to create a new function block.

Project tree m 4

Devices

¥ | ] 052-100_GRAPH_S7-1500 E
B Add new device [

i Devices & networks
> [m CPU_1516F [CPU 1516F-3 PN/DP] |
[" Device configuration ‘

%) Online & diagnestics
v -5\ Program blocks
“" Add new block
& Main [OB1]
4 AUTOMATIC_MODE [FB50]
4 CLOCK_PULSE [FB20]
48 SIGNAL_LAMPS [FB30]
§ AUTOMATIC_MODE_DE [DEB1]
@ CLOCK_PULSE_DB [DB3]
@ SIGNAL_LAMPS_DB [DB2]

— Name your new function block "RELEASE", set the language to GRAPH and manually choose the
number 10 for the FB number. Select the "Add new and open” check box. You are then taken
automatically to your created function block in the project view. Click "OK".

"Add new BIoEK %

Name:
| RELEASE |

Language: | GRAPH v
% Number: L& 0 :
Organization (® Manual
block ;
() Automatic

% Description:

Function blocks are code blocks that store their values permanently in instance data blocks,

Function block so that they remain available after the block has been executed.

= 2

Function

e

Data block

more...

> |Additiona| information

[w) Add new and open oK ‘ | cancel
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7.23 Specifying the interface of FB10 "RELEASE"

— If you selected "Add new and open", the project view opens with a GRAPH editor for programming

the block you just created.

— You can find the interface description of your function block in the upper section of your

programming view. Based on the default settings in the TIA Portal, the local tags of the standard

interface parameters have already been created. If necessary, these default settings can be

changed in the settings of the TIA Portal.

— Here again, we need only the first three input tags. The rest of the input tags and all the output

tags can be deleted.

Name Data type Default value
1 <@ ¥ Input ]?
2 4. OFF_SQ Bool false
3 4= INIT_SQ Bool false
4 4= ACK_EF Bool false
5 40 ¥ Output
6 s Add new=
7 <4 v InOut
8 = Add news=
9 g1 v Static
10 40 = » RT_DATA G7_RTDataPlus_Vé6
11 @@= » Transi G7_TransitionPlus...
12 @1 = » Stepl G7_StepPlus_v6
153 gl ¥ Temp
— The static tags must not be deleted.

Retain Acce... Wri... Visibl... Setpo... Sup..

[]
Nen-ret...

Non-ret...
Non-ret...

Non-ret...

K

Non-ret...

Non-ret...

<

Comment

Turn sequence off
Set sequence to initial state
Acknowledge all errors and faults

Internal data area
Transition structure
Step structure

— The same tag designations can be used for global tags as well as local tags in the TIA Portal,

which is why we can take the needed tags from the GRAFCET for controlling the signal lamps,

from previously created blocks (e.g.: FB50, FB30, FB20) or from the Tag table sorting station.

— Select the last row of the input tags with the right mouse button and select menu item "Add row"

(— Input: ACK_EF — Add row).

For unrestricted use in educational and R&D institutions. © Siemens 2019. All rights reserved.
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Name Data type Default value  Retain Acce... Wri... Visibl... Setpo... |Sup.. Comment
1 @@ v Input
2 4= OFF_SQ Bool false Non-ret... Turn sequence off
3 4= INIT_SQ Bool false Non-ret... Setsequence to initial state
4 g ¥ Insert row CirliEritar Ise Nen... E} Acknowledge all errors and faults
B i o A
6 \/
- x Cut Ctrl+
a E5| Copy Ctrl+C
5 | [y Poste trl+
10 4 X Delete Del Non-ret... W Internal data area
11 Rename < Non-ret... (v] Transition structure
12 <€ (I] Add new supervision Non-ret... W Step structure
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— You can copy and paste the input tags #-Al, #-KO0, #-S0 from the SIGNAL_LAMPS block.

— Add additional binary input parameters #-S0 to #-S6 under Input and check their data types. Add
descriptive comments for these.

— Add the binary output parameters #-P1, #Man/Auto-OFF,  #Automatic OFF,
#Signal_Lamp_INIT, #Clock_Pulse_INIT, #Man/Auto_INIT and #Release under Output and check
their data types. Add descriptive comments for these.

— Alternatively, you can also copy and paste these from the tag table.

RELEASE
Name Data type Default value  Retain Acce... Wri.. Visibl... Setpo.. Sup.. Comment
1 4@ v Input
2 4. OFF_SQ Bool false Non-ret... Turn sequence off
3 4de INIT_SQ Bool false Non-ret... Set sequence to initial state
4 @-n» ACK_EF Bool false Non-ret... Acknowledge all errors and faults
5 4w Al Bool fals Nonret.. [ =] ™ notification EmergOFF ok
6 4= K0 Bool Nonret.. [ ™ ™ plant “on®
7 40w -50 Bool Non-ret... @ @ B mode selector manual(0) / automatic(1)
8 <4n= S1 Bool Nenret.. [M ™) =) pushbutton automatic start
9 @@= 52 Bool Nonret. (M M ™ pushbutten automatic stop
0 4= S3 Bool Nontet.. (v =] =] pushbutton inching operation conveyor -M1 forwards
11 4. 54 Bool false Non-ret.. [v =] ™ pushbutton inching operation conveyor -M1 backwards
12 .qn» S5 Bool false Nonret.. [ ™ ™ pushbutton inching operation cylinder M4 retract
12 4= S6 Bool false Nonret.. [W =) ™ pushbutton inching cperation cylinder M4 extend
14 = Ad
15 @ ¥ Output
16 40 = P1 Bool Nonret.. [v ™| =] display ,main switch cn”
17 €@ = Man/Auto-OFF Bool Non-ret.. (v ™ M switch off seqzencer OPERATING_MODES
18 4= Automatic_... Bool false Nonret.. [w ™ ] switch off seqzencer AUTOMATIC_MODE
19 40 = Signal_Lamp... Bool false Nenret.. (v ™ =) initialize seqzencer SIGNAL_LAMPS
20 @ = Clock_Pulse_... Bool false Non-ret.. [« ™ = initialize seqzencer CIOCK_PULSE
21 41 = Man/Auto_INIT Bool false Nonret.. [v =] =) initialize seqzencer OPERATING_MODES
2240 = Release Bool false Nenet.. [ ™ =] operational release
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7.24 Programming of FB10 "RELEASE"

%

%

_)

First, we assign the sequencer the name "sequencer RELEASE" by overwriting the text <new
sequence>.

Open the action table using the "=3#" button in the step field.
Open the input window using the " H. button at the transition.
Insert "-KO" as the step-enabling condition in the window of Transition 1.

Designate T1 — Trans1: as "main switch on", and designate S20 — Step 20: as "system off" in the
action table.

In the GRAFCET for release of the controller, the first action in the first step is to retentively turn
off the indicator light " main switch on" on activation of the step.

For this, program indicator light "-P1" using event S1 and qualifier R.

Program the remaining actions in Step 1.

052-100_GRAPH_S7-1500 » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » RELEASE [FB10]

EEEEL FE G Fy L EEARD8r QG 6D &

RELEASE
Name Data type Defaultvalue  Retain Acce... |Wri... |Visibl... | Setpo... |Sup.. |/Comment
1 <&@ ¥ Input
2 an= OFF_SQ Bool false Non-ret... Turn sequence off
3 @n INIT_SQ Bool Non-ret... Set sequence to initial state
4 @ = ACK_EF Bool Non-ret... Acknowledge all errors and faults
5 @@= Al Bool e Non-et.. [ ™ =] notification EmergOFF ok
6 4@n Ko Bool Nen... B ™ =) =] plant “on”
7 @s= S0 Bool alse Nonvet.. (v =] =) mode selector manual(0) / automatic(1)
s TOEY
@, Q é + _1_ + -l-; } % | s |sa 4 =ol w] . OwsT Owsu CONV NEG  NOT swap f_‘h’:;; &‘:;"
> l Permanent pre-instructio...
v | €3 Sequences (1) =] $1-Stepl: plant off
v(:) Viswsaquences Interlock Event Qualifier Action
s1 R #"-P1"
st N #"Man/Buto-OFE"
Tho N #Rutomatic_OFF
el N #Signal_Lamps_INIT
b N #Clock_Pulse INIT
[ <Add new>
4 s T
d T1-Trans1: mainswitchon X o = =T Trans1
#‘«0'—'
¥
— Programmable events:
" §1-Stepl: plant off
Interlock Event Qualifier Action
R P
-No event io-OFF"
Al -Alarm acknowledgment c OFF
Lo »Incom!ng !nterlock cond{t!on lamps INIT
L1 -Outgoing interlock condition =
R1 -Incoming registration 1se INIT
S0 -Outgoing ste
~~~~~~~~~~ -t VO -Outgoing menitoring error
Trans1 % UrgoIng mononng o
V1 -Incoming monitoring error
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— Drag "Step and transition" onto the double arrow below Transition 1 to insert the next step with

transition. The numbering continues automatically.
— Open the action table and designate S2 — Step 2: as " main switch on".

— In the GRAFCET for release of the controller, the first action in the second step is to retentively

switch on the indicator light " main switch on" on activation of the step.
— For this, program indicator light "-P1" using event S1 and qualifier S.
— Program the remaining actions in Step 2.

— After Step 2, the sequencer is divided using an alternative  branch.

Use Drag & Drop to move "Open alternative branch™" onto the green square 1 below Step 2. The

alternative branch with Transition 3 is inserted.

K - CMP>  CMP>
P | R o ‘ oT  §
é +| _L + i—s } % & »=1 -4 of qw] . owesT awesu conv mee ot swae TVEE CUTE
L b

[ Trans1 ) Open alternative branch [Shift+F8]

s2 ' §2-Step2: plant on e
Step2 Interlock Event Qualifier Action
<1 S fr-pLn
N #"Man/Ruto_INIT"
<Add new>
n LE]
B ceeeeeeees == rans2 [ i Trans3

prs
<«

— Insert "-KO" with a negation as the step-enabling condition in the window of Transition 2.
— At the end of the sequence, we set a jump to Step 1.

— Drag a jump to the double arrow and select Step 1 as the jump destination.

é + _L + -i-: } % A s s o4 —ol Hw] _ OWPST OMP>U CONV NEG  NOT  SwaP ?_””_'.;; T‘ix'::"
P Jump [Shift+F12] I
52 = S2-Step2: plant on
Step2 Interlock Event Qualifier Action
s1 S $#"-P1"
N #"Man/Ruto_INIT"
<Add new>
S==n v
T2 - Trans2: mainswitch off M o m——AISD
#7-KO" —a|
f 51
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— Open the input window using the " H. button at Transition 3.
— Insert an AND logic operation with eight inputs in the window of Transition 3.
— Interconnect the AND logic operation according to the specification in the GRAFCET.

— Designate T3 — Trans3: as "initial state pushbuttons”, and designate S3 — Step 3: as "operational
release" in the action table.

— Open the action table for Step 3 using the "=5#" button in the step field.

— Program the actions shown here in Step 3.

5 _ > o = . . ’ coap  CMP> CMP>
é + _L -1- -1-3 1— % e s - o w] 7 oesT oesu conv NEG  NOT  swee TMAX TWARN

T3 -Trans3: initial state pushbuttens P T Trans3

&

h b
o =

' N

b B

LhLLitld

ELE T

S3 =83 Step3: operational release
Step3 Interlock Event Qualifier Action
N #Release
<Add new>

— Drag "Step and transition" onto the double arrow below Transition 3 to insert the next step with
transition. The numbering continues automatically.

— Open the input window using the " B button at Transition 4 and designate T4 — Trans4: as
"emergency stop operated or main switch off".

— Insert an OR logic operation with two inputs in the window of Transition 4.
— Interconnect the OR logic operation according to the specification in the GRAFCET.

— Drag a jump to the double arrow below Transition 4 and select Step 1 as the jump destination.

é 4: _L + *s } % . s o4 =ol W] . OMPST OMP>U CONV NEG  NOT swe? E’;"‘:& Tf;‘v":;‘
I
S3 i S3-Step3: operational release
Step3 Interlock Event Qualifier  Action
N #Release
<Add new>
T
T4 - Trans4: emergencystop operated ... X o " =T Tranc4
==
#"-A1" =0
#°H0" =0 3k
y 51
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— The GRAPH function block is now finished and can be called for testing in OB1.
— Open OB1 and delete the block call in Network 1.

— Call function block of the release in Network 1.

— Confirm the name of the data block.

— Interconnect the tags of the block with the global tags of the sorting station.

— Create the local Temp tags shown here in the interface of OB1.

— Interconnect the tags of the block with the local Temp tags of OB1.

Main
Name Data type Default value Comment
I <& » Input
2 @l ¥ Temp
3 4] e Man/Auto-OFF Bool switch off seqzencer OPERATING_MODES
4 @)= Autcmatic_OFF Bool switch off seqzencer AUTOMATIC_MODE
5 4= Sinal_Lamps_INIT Bool initialize seqzencer SIGNAL_LANMPS
6 4 = Clock_Pulse_INIT Bool initialize seqzencer CIOCK_PULSE
7 40w Man/Auto_INIT Bool initialize seqzencer OPERATING_MODES
8 4w Release Bool operaticnal release
%DB4
"RELEASE_DB"
9% B10
"RELEASE™
.= EN
fal:e — OFF_SQ
false —INIT_SQ
false —d ACK_EF
%0.0
AT —AT
%01
"-K0" —i K0
9%40.2
*50" —s0
%0.3
"S1"—51
o %Q0.5
404 P1p—"-P1"
"-52% —0)
5 a2 Ma n/Auto-OFF — #"ManiAuto-OFF*
s Automatic OFFp— #Automatic_OFF
"53"—53 - ;
Signal_ #Sinal_Lamps_
ms Lamps_INITj— INIT
54 —15d Clock_Pulse_
16 INIT}— #Clock_Pulse_INIT
"S55 —d 55 Man/Auto_INITH— #"ManiAute_INIT"
W17 Release f— #Release
56" —56 ENO —
Sa ject . .
 Save [l savepriee your project and download it '™ to your controller

— Test the "RELEASE" [FB10] block.
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7.25 Creating function block FB40 "OPERATING_MODES"
— Finally, the GRAPH function block "OPERATING_MODES" is to be programmed and tested.

— In the project tree under Program blocks, click on "Add new block" to create a new function block.

Project tree m 4

Devices

e
=5

v | ] 052-100_GRAPH_57-1500
I Add new device
gy Devices & networks
v [[@ CPU_1516F [CPU 1516F-3 PN/DP]
[IY Device configuration
% Online & diagnostics

v [l Program blocks
‘f' Add new block
4 Main [0B1]
4 AUTOMATIC_MODE [FB50]
4 CLOCK_PULSE [FB20]
4 RELEASE [FB10]
48 SIGNAL_LAMPS [FB30]
@ AUTOMATIC_MODE_DB [DB1]
@ CLOCK_PULSE_DB [DB3]
@ RELEASE_DB [DB4]

— Name your new function block "OPERATING_MODES". Then set the language to GRAPH and
manually choose the number 40 for the function block number. Select the "Add new and open”
check box. You are then taken automatically to your created function block in the project view.
Click "OK".

"Add new block

Name:
| OPERATING_MODES |

Language: | GRAPH o
% Number: [ﬂ :
Organization (®) Manual
block .
() Automatic

% Description:

Function blocks are code blocks that store their values permanentlyin instance data blocks,

Function block so that theyremain available after the block has been executed.

e

Functicn

&,

Data block

more...

> | Additional information

[w) Add new and open | oK V| cancel |
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7.26 Specifying the interface of FB40 "OPERATING_MODES"

— If you selected "Add new and open", the project view opens with a GRAPH editor for programming

the block you just created.

— You can find the interface description of your function block in the upper section of your
programming view. Based on the default settings in the TIA Portal, the local tags of the standard
interface parameters have already been created. If necessary, these default settings can be

changed in the settings of the TIA Portal.

— We need only the first three input tags. The rest of the input tags and all the output tags can be

deleted.
Name Data type Defaultvalue  Retain Acce... Wri.. Visible.. Setpo.. Sup.. Comment
1 &l Y~ Input
2 4@w= OFF_SQ Bool false Non-ret... Turn sequence off
3 4w INIT_SQ Bool false Non-ret... Setsequence to initial state
4 4@n ACK_EF Bool false Non-ret... Acknowledge all errors and faults
5 <4 v Output
6 - <Add new:=
7 4l ¥ InOut
8 a <Add new
S 40 v Static
10 @1 = » RT_DATA G7_RTDataPlu... Non-ret... @ Internal data area
11 €= » Transi G7_Transition... Non-ret... IZI Transition structure
12 gl = » Stepl G7_StepPlus_... Non-ret... E! Step structure
13 €@ ¥ Temp

— The static tags must not be deleted.

— The same tag designations can be used for global tags as well as local tags in the TIA Portal,
which is why we can take the needed tags from the GRAFCET for controlling the signal lamps,
from previously created blocks (e.g.: FB50, FB30, FB20, FB10) or from the Tag table sorting

station.

— Select the last row of the input tags with the right mouse button and select menu item "Add row"
(= Input: ACK_EF — Add row).

Name Data type Default value  Retain Acce...  Wri... Visible.. Setpo... Sup... |Comment
1 <@ ¥ Input
2 4= OFF_SQ Bool false Non-ret... Turn sequence off
3 4lse INIT_SQ Bool false Non-ret... Setsequence to initial state
N — Raol Ise Non... |~ | Acknowledge all errors and faults
5 ®1 =¥ Insert row Ctrl+Enter
s T
7 4 % Cut Ctrl+
8 Ctrl+C
9 4 el
10 4 X Delete Del Non-ret... EI Internal data area
11 4 Rename F2 Non-ret... @ Transition structure
12 4 '.f: Add new supervision Non-ret... [ZI Step structure
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— All tags, except for the output tags #-P5 and #Automatic_Mode_Start, can be copied and pasted

from the previously created function blocks.

— Alternatively, you can also copy and paste these from the tag table.

OPERATING_MODES

Name

1 <&@ ¥ Input

2 4= OFF_5Q
3 4= INIT_SQ
4 l@m ACK_EF
5 41nm Release
6 4= Clock_Pulse
7 @»= -S0

8 @nw 51

S 4w 52

10 €1 = -S3

1 qane -S54

12 4] = -55

3an 56
14 4= -B1
is@n -B2

16 = ‘Add new>
17 <@ ¥ Output
18 4= -P5
19 |4 = Q1

20@= Q2
Jilams e
Dlas

23 @ Automatic_OFF
24 4 = Automatic_INIT
25 4@ = Automatic_Mode_Start

1.27

Data type

Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool

Beol
Bool
Bool
Bool
Bool
Bool
Bool
Bool

Programming of FB40

text <new sequence>.

Default value

false
false
false

false

Retain

Non-ret...
Non-ret...
Non-ret...
Nen-ret...
Non-ret...
Non-ret...
Nen-ret...
Non-ret...
Non-ret...
Non-et...
Non-ret...
Non-ret...
Non-ret...
Non-ret...

Non-ret...
Non-ret...
Non-ret...
Nen-ret...
Non-ret...
Non-ret...
Non-ret...
Nen-ret...

Acce...

EIEERNEEREERPERJERJEA|

NNRRNRE®E

Wri... Visible..
¥ &
® @
M &
o &
“ @
¥ &
¥ &
“ @
M &
M &
“ @
o @
® @
¥ &
M &
® @
® @
“ &
“ @

Setpo... Sup...

"OPERATING_MODES"

— First, we assign the sequencer the name "sequencer OPERATING_MODES" by overwriting the

Comment

Turn sequence off
Set sequence to initial state
Acknowledge all errors and faults

mode selector manual(0) / automatic(1)

pushbutton automatic start

pushbutton automatic stop

pushbutton inching cperation conveyor -M1 forwards
pushbutton inching operation conveyor -M1 backwards
pushbutton inching cperation cylinder -\M4 retract
pushbutten inching cperation cylinder -4 extend
sensor cylinder -M4 retracted

sensor cylinder -M4 extended

display ,automatic mode” started
cenveyor motor -M1 forwards fixed speed
cenveyoer motor -M1 backwards fixed speed
cylinder -\4 retract

cylinder -M4 extend

switch off seqzencer AUTOMATIC_MODE
initialize seqzencer AUTOMATIC_MODE
start automatic mode

— The procedure for creating a GRAPH function block is already familiar from the previous GRAPH

function block programming.

— Try to create the GRAPH function block FB40 according to the specified GRAFCET of the

operating mode selection on your own.

— Remember to designate the action tables and the transition windows.

— The finished block is shown on the following pages.
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— Sequencer of the operating mode selection

l-— 17
l-— 15
l.— T8
S10
Step10
m 53
Hi cenenenees == Transi B ceeeeenen = Transs
s11
Step11 |
n - - 5142 iz e 5143 = - s144 5
[T ERR. s
LG Stepl4b Stepl4c Stept4d
- T2 | I |
<5 s12
Step12 BEfrezzzezeer ——;fanss
y si0
B jrd
[TEE. o [T E S
513 s10
Stepl3
T ;]
L T Tranz4 L Trans8
y s12 s10
— Steps S10 and S11, Transitions T1 and T2
l.— T7
l.— T6
" 810 - Step10: switch off seqzencer AUTOMATIC_MODE W
Interlock Event Qualifier Action
N #Automatic OFF
<Add new>
3 m
T1-Trans1: automatic mode on o= =T Trans1
&
#Release —
#°-50" — sk
511 =7 §11-Step11: initialize seqzencer AUTOMATIC_MODE X -
Stepil Interlock Event Qualifier  Action
N #Automatic_INIT
<Add new>
Sz : T2
T2 -Trans2: waiting time 0.25 X o =T Trans2
>
Time
#5tep11.7— N1
T#200MS — N2
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— Steps S12 and S13, Transitions T3 and T4

e

$12  #7 §12-Step12: display,automatic mode” flash P,
Stepl12 Interlock Event Qualifier Action
-(C)- N #"-P5"
<Add new=
: B
T3 -Trans3: startautomatic mode Ftia: I T Trans3
#°-51° —I
s13 ' §13 -Step13: starting command / display ,automatic mode” on b
Stepi3 Interlock Event Qualifier Action
N #Rhutomatic_Mode_Start
N $"-P5"
<Add new>
: T
T4 - Trans4: stop automatic mode Ooti e =T Trans4
#"-52" —I
y s12
— Step S12 single step view
$12: stepi2
Comment
S & nterlock -(c)-: 8
Interlock
C
#Clock_Pulse =—
» Supervision -(v)-:
w Actions: display,automatic mode” flash
=(c)r Interlock Event Qualifier Action
-(C)- N -Setas long as step is active $#"-P5"
<Add new>
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— Transitions T7 and T8

[FTREPR e T7 - Trans7: automatic mode off X =T Trans7

>=1

#Release —0
#"-50" =0 3k

Yy sio
Step13
T4 . L,
Hp .......... _—Trans4 T8 o Transs: automatic mode Oﬁ x N e e ___I_ran58
>=1
#Release =0
£#"-50" =0 3
S12
/ ¥ sio
— Step S14: Transitions T5 and T6
™
T5 - Trans5: manual mede on Eom T Transs
&
#Release —
#°-50" =03
i 514 7 §14 -Stepl14: inching operation conveyor M1 forwards p_
Stepi4 Interlock Event Qualifier Action
> N $#"-QL"
<Add new>
6
T6 - Trans6: manual mode off X =T Trans6
>=1
#Release =0
#°-50" — 3k
y s10
For unrestricted use in educational and R&D institutions. © Siemens 2019. All rights reserved. 95

sce-052-100-graph-s7-1500-r1903-en.docx



Learn-/Training Document | TIA Portal Module 052-100, Edition 10/2019 | Digital Industries, FA

— Step S14 single step view

S14: Stepi4

Comment

¥ Interlock -(c)-: ...

&
#1537 — Interlock
#'54" —0 c
#"B1" — 3k —_—

» Supervision -(v)-:

¥ Actions: inching operation conveyor -M1 forwards

=(cr Interlock Event Qualifier Action
-(C)- N -Setas long as step is active $#"-Q1"
<Add new=

— Step S142 single step view

S142: stepldb

Comment

¥ Interlock (c)-: .

#7547 — Interlock
#°53" =0 C

#"B1" —i) _—

» Supervision -(v)-:

¥ Actions: inching operation conveyer -M1 backwards

~(cr Interlock Event Qualifier Action
-(C)- N -Setas long as step is active #"-Q2"
<Add new>
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— Step S143 single step view

S$143: Stepldc

Comment

¥ Interlock -(c)-:

&
#°-55" — Interlock
£°56" —0 c
#"-B1" =0k

» Supervision -(v)-:

w Actions: inching operation cylinder -\M4 retract

~cr Interlock Event Qualifier Action
-(C)- N -Setas long as step is active $"-M2"
<Add new=

— Step S144 single step view

S144: stepiad

p

Comment

¥ Interlock (c)-:

&
#°-56" — Interlock
#°-55" =0 C
#"-B2" =03k

» Supervision -(v)-:

¥ Actions: inching cperation cylinder -M4 extend, sequencer AUTOMATIC_MODE off

=C): Interlock Event Qualifier

Action
«C)- N  -Setas long as stepis active $"-M3"
N  -Setaslongas stepis active $Rutomatic_OFF
<Add new>
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— The GRAPH function block is now finished and can be called together with the other blocks in

OB1.
— Open OB1.
4 <&@ v~ Temp
5 4} = ManiAutc-OFF Beol switch off seqzencer OPERATING_MODES
6 4] = Automatic_OFF Bool switch off seqzencer AUTOMATIC_MODE
7 €4nm= Sinal_Lamps_INIT Bool initialize seqzencer SIGNAL_LAMPS
8 4= Clock_Pulse_INIT Bool initialize seqzencer CIOCK_PULSE
9 4= ManiAuto_INIT Bool initialize seqzencer OPERATING_MODES
10 40 = Release Bool operational release
%DB4
"RELEASE_DB"
FB10
"RELEASE"
= EN
falze — OFF_SQ
false = INIT_SQ
false — ACK_EF
€0.0
AT — a1
%0 1
"-KO" — KO0
%02
50" — 50
%03
51" —51
i 9%Q0.5
40 4 Py —"-P1"
"52" —0
= 52 Ma niAuto-OFF — # “Man/Auto-OFF*
W4 Automatic OFF — #Automatic_OFF
"53" — 53 * ,
signal_  #Sinal_Lamps_
NH Lamps_INIT — INIT
5S4 —i5 Clock_Pulse_
W16 INIT = #Clock_Pulse_INIT
*55" — 55 ManlAuto_INIT — #"ManiAuto_INIT
W17 Release — #Release
"-56" — 56 ENO —
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— The block of the release is called in Network 1.
— Call function block of the clock pulse in Network 2.
— Choose the existing data block DB3 of the clock pulse.

— Create a local TEMP tag named "#Clock_pulse" in the interface of OB1 and interconnect it with
the block of the clock pulse.

— Interconnect the existing Temp tag #Clock_Pulse_INIT.

b Network 2: call block CLOCK_PULSE

%DB3
"CLOCK_PULSE_
DB"
WB20
"CIOCK_PULSE"
== EN
false — OFF 5Q
#Clock_Pulse_INIT— |NIT_SQ Clock_Pulse — #Clock_pulse
Glse — ACK_EF ENO —

— Call function block of the signal lamps in Network 3.

— Choose the existing data block DB2 of the signal lamp.

— Interconnect the tags of the block with the global tags of the sorting station.
— Interconnect the existing Temp tag #Signal_Lamps_INIT.

¥  Network 3: call block SIGNAL_LAMPS

%DB2
"SIGNAL_LAMPS_
DE"
%FB30
“SIGNAL_LAMPS™
- =—EN
false — OFF_SQ
#Sinal_Lamps_
INIT— |NIT_SQ
false — ACK_EF %00.6
%0.0 -p2 — "-P2°
AT — A1 %07
%01 g —
"K0" — KO0 Q1.0
%0.2 P4 — P4
50" — 50 %Q1.2
%0.5 -P6 — "6
"B1" — B1 %Q1.3
%0.6 F7 — "7
82" —0 g2 ENO —
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— Call function block of the operating mode selection in Network 4.

— Confirm the data block.

— Interconnect the tags of the block with the global tags of the sorting station.
— Create the local Temp tags in the interface of OB1.

— Interconnect the tags of the block with the local Temp tags of OB1.

4 @ v Temp
5 4= Ma n/Autc-OFF Bool switch off seqzencer OPERATING_MODES

6 4= Automatic_OFF Bool switch off seqzencer AUTOMATIC_MODE

7 4w Sinal_Lamps_INIT Bool initialize seqzencer SIGNAL_LAMPS

8 @@= Clock_Pulse_INIT Bool initialize seqzencer CIOCK_PULSE

9 41m= Man/Autc_INIT Bool initialize seqzencer OPERATING_MODES

10 41 = Release Bool operational release

11 4] = Clock_pulse Bool clock pulse 1Hz

12 40 = -Q1_Manual Bool conveyor forwards in manual mode

13 € = -Q2_Manual Bool conveyor motor backwards in manual mede
4 4 -M2_Manual Beol cylinder retract in automatic mede

15 4 = -M3_Manual Bool cylinder extend in autcmatic mode

16 4] = Automatic_OFF_Manual Bool switch off seqzencer AUTOMATIC_MODE

17 4 = Automatic_INIT Bool initialize seqzencer AUTOMATIC_MODE

18 4 = Automatic_Mode_Start Bool start automatic mode

b Network 4: call block OPERATING_MODES

Comment

%DB5
"OPERATING_
MODES_DB®

%FB40
"OPERATING_MODES"
== EN

#"Man/Auto-OFF" — OFF_SQ
#"ManiAuto_INIT — |NIT_SQ
false — ACK_EF

#Release — Release

#Clock_pulse =— Clock_Pulse

%40 2
50" — 50
%03
51— 51
%0 4
52" =0 52
W14 %0Q1.1
53 —s3 5 — "-P5"
W15 Q1 —#"-Q1_Manual”
54" — s5a Q2 — #°-Q2_Manual”
W16 M2 — #°-M2_Manual”
55" — 55 M3 — #°-M3_Manual®
W7 #Automatic_
56" — 56 Automatic_OFF — OFF_Manual
%0.5 Automatic_INIT — #Automatic_INIT
BT — Automatic_  #Automatic_
%0 .6 Mode_Start — Mode_Start
“B2" =0 B2 ENO —
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— Call function block of the automatic mode in Network 5.

— Choose the existing data block DB1 of the automatic mode.

— Interconnect the tags of the block with the global tags of the sorting station.
— Create the local Temp tags in the interface of OB1.

— Interconnect the tags of the block with the local Temp tags of OB1.

4 € v Temp

5 @l = Ma n/Autc-OFF Bool switch off seqzencer OPERATING_MODES

6 4w Automatic_OFF Bool switch off seqzencer AUTOMATIC_MODE

7 4w Sinal_Lamps_INIT Bool initialize seqzencer SIGNAL_LAMPS

8 @nm Clock_Pulse_INIT Bool initialize seqzencer CIOCK_PULSE

9 4= Man/Autc_INIT Bool initialize seqzencer OPERATING_MODES

10 4 = Release Bool operational release

11 40 = Clock_pulse Bool clock pulse 1Hz

12 41 = -Q1_Manual Bool conveyor forwards in manual mode

13 @1 = -Q2_Manual Bool conveyor motor backwards in manual mode
14 4 = -M2_Manual Beol cylinder retract in automatic mede

15 40 = -M3_Manual Beol cylinder extend in autcmatic mode

16 40 = Automatic_OFF_Manual Bool switch off seqzencer AUTOMATIC_MODE

17 4] = Automatic_INIT Beol initialize seqzencer AUTOMATIC_MODE

18 4 = Automatic_Mode_Start Bool start automatic mode

19 47 = -Q1_Automatic Bool conveyor forwards in automatic mode

20 40 = -Q2_Automatic Bool conveyor motor backwards in automatic mode
21 i = -M2_Automatic Bool cylinder retract in automatic mode

22 4q = -M3_Automatic Bool cylinder extend in automatic mode

o Network 5: call block "AUTOMATIC_MODE*®

Comment

Y%DB1
"AUTOMATIC_
MODE_DB"
=>=1 FB50
#Automatic_OFF = "AUTOMATIC_MODE™
#Automatic_ == EN
OFF_Manual e st OFF_SQ
#Automatic_INIT— |NIT_SQ
false — ACK_EF
#Automatic_
Mode_Start — Start
o5
“B1T— 81
%06
“B2" =0 B2
W10
B4T— B4
W1
“-B5" — B5
W62 Q1 — #"-Q1_Automatic”
"-B6" — B6 M2 — #°-M2_Automatic”
%13 M3 — #"-M3_Automatic”
“-B7" — B7 ENO —

— The OR logic operation is needed at input OFF_SQ because the sequencer can be switched off
from either the release or the operating mode selection.

For unrestricted use in educational and R&D institutions. © Siemens 2019. All rights reserved. 101
sce-052-100-graph-s7-1500-r1903-en.docx



Learn-/Training Document | TIA Portal Module 052-100, Edition 10/2019 | Digital Industries, FA

— Create networks 6 to 9 to assign the outputs correctly.

v

v

v

v
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Network 6: conveyor motor M1 forwards fixed speed

ment

#°-Q1_Manual® — =
#"-Q1_Automatic” = 3k

Network 7: conveyer motor -M1 backwards fixed speed

9001
>=1 "Q2*
#"-Q2_Manual® — _
#"-Q2_Automatic” = 3k M |
Network 8: cylinder -4 retract
Comment
9%Q0.3
>=1 M2t
#"-M2_Manual® — _
#"-M2_Automatic”® — 3¢ — -
Network 9: cylinder M4 extend
Comment
Q0 4
==1 3T

#*-M3_Manual® — e
#"-M3_Automatic” = 3k

bl Ssveproieet] | ion in the menu.

To save your project, select the
“=|l g .
Then, click the "Program blocks" folder and select the button 2 for compiling all blocks in the

=)

&
oIl

] save project

menu. (— — Program blocks —

After successful compilation, the complete controller with the created program, as previously

described in the modules for hardware configuration, can be downloaded (— L ).

Test the program of the sorting station.
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7.28 Archiving the project
— As the final step, we want to archive the complete project. Select the — "Archive ..." command in
the — "Project” menu. Select a folder where you want to archive your project and save it as file
type "TIA Portal project archive". (— Project — Archive — TIA Portal project archive — sce-052-
100-graph-s7-1500.... — Save)

JA Siemens - C:\Usersimde\Documents\Automation\052-100_GRAPH_S7-15001052-100_GRAPH_S7-1500

Project |Edit View Insert Online Options Tools Window Help
[3F New... DE(H:2 41." m m ',?, ﬁ Go online ﬂ Go offline &? m m e __U
M B Open... Ctrl+0
Migrate project...
Close Cerl+w
|see cols EEd | i okl 3 | Ba B B @@ HHCGEAD =% G ST &
Save as... Ctrl+Shift+S
Delete project... Ctrl+E E ==
Er | | - T 4 - o
Retrieve... =
Multiuser » ¥  Network 6: conveyor motor -M1 forwards fixed speed
S Card Reader/USB memory » § Comment
T Memory card file »
Start basic integrity check u‘fQO'?
17 ==1 Q1
=} Print.. Ctrl+P #°-Q1_Manual” — =
& Print preview... #°-Q1_Automatic” — s — "
C:WUsersimdelDo...1052-100_GRAPH_57-1500
C:\UsersimdelDocume..1012_101_CPU1516F
C:\Usersl..1012_101_CPU1516F_V14_V15.1 ¥  Network 7: cenveyor motor -M1 backwards fixed speed
C:WsersimdelDo..1052-100_GRAPH_S7-1500 Comment
C:WUsersimdelDo...1020-112_OPC UA 57-1500
C:\WUsersimdelDe...\092 300_OPC UA 57-1500 %0Q0.1
C:\Usersimd...\032-600_Global_Data_Blocks = Q2"
Exit Alt+Fa | #°-Q2_Manual® — =
W SIGNAL_LARPS_DE [UBZ] #"-Q2_Automatic” — st e —
» "5 System blocks
» [ Tarhnalany ahisrte
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7.29 Checklist — step-by-step instructions
The following checklist helps trainees/students to independently check whether all steps of the step-by-

step instruction have been carefully completed and enables them to successfully complete the module

on their own.
No. Description Checked
1 Function block "AUTOMATIC_MODE" with sequencer created in GRAPH
5 Function block "AUTOMATIC_MODE" successfully downloaded and
tested
3 Function block "SIGNAL_LAMPS" with sequencer created in GRAPH
4 Function block "SIGNAL_LAMPS" successfully downloaded and tested
5 Function block "CLOCK_PULSE" with sequencer created in GRAPH
6 Function block "CLOCK_PULSE" successfully downloaded and tested
7 Function block "RELEASE" with sequencer created in GRAPH
8 Function block "RELEASE" successfully downloaded and tested
9 Function block "OPERATING_MODES" with sequencer created in
GRAPH
10 Function block "OPERATING_MODES" successfully downloaded and
tested
11 Project successfully archived
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Exercise

8.1 Task — Exercise
In this exercise, the function block PRG_SORTING_STATION [FB1] is to be added to the created
control program
The existing block calls in OB1 are to be implemented in function block PRG_SORTING_STATION
[FB1]. The block is to be library-suitable, meaning that only local tags are to be used in the block.
The block calls of the GRAPH function blocks will therefore be implemented with a parameter instance.
The function block is to be planned, programmed and tested.
Only the function block PRG_SORTING_STATION [FB1] together with the associated data block is
permitted to be called in OB1.
The automatic mode is to be changed in such a way that it does not have to be restarted for each part
but rather continues operating cyclically.
8.2 Planning
Plan the implementation of the tasks on your own.
8.3 Checklist — Exercise
The following checklist helps trainees/students to independently check whether all steps of the exercise
have been carefully completed and enables them to successfully complete the module on their own.
(\[o} Description Checked
1 Library-suitable function block "PRG_SORTING_STATION" with call of
sequencers created
Function block "PRG_SORTING_STATION" called in organization block
2 )
"Main" [OB1]
3 Changed blocks successfully downloaded and tested
4 Project successfully archived
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9 Additional information

You can find additional information as an orientation aid to familiarize yourself or deepen your
knowledge, for example: Getting Started, videos, tutorials, apps, manuals, programming guidelines and

trial software/firmware, at the following link:

Advanced Programming

Preview "Additional information”

Getting Started, Videos, Tutorials, Apps, Manuals, Trial-SW/Firmware

» TIA Portal Videos

» TIA Portal Tutorial Center

> Getting Started

Programming Guideline

Easy Entry in SIMATIC 57-1200

Download Trial Software/Firmware
Technical Documentation SIMATIC Controller
Industry Online Support App

TIA Portal, SIMATIC S7-1200/1500 Overview
TIA Portal Website

SIMATIC 57-1200 Website

» SIMATIC 57-1500 Website

WO W W W W W W
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Additional information

Siemens Automation Cooperates with Education
siemens.com/sce

SCE Learn-/Training Document
siemens.com/sce/module

SCE Trainer Packages
siemens.com/sceltp

SCE Contact Partners
siemens.com/sce/contact

Digital Enterprise
siemens.com/digital-enterprise

Industrie 4.0
siemens.com/future-of-manufacturing

Totally Integrated Automation (TIA)
siemens.com/tia

TIA Portal
siemens.com/tia-portal

SIMATIC Controller
siemens.com/controller

SIMATIC Technical Documentation
siemens.com/simatic-docu

Industry Online Support
support.industry.siemens.com

Industry Mall catalog and ordering system
mall.industry.siemens.com

Siemens

Digital Industries, FA
P.O. Box 4848
90026 Nuremberg
Germany

Errors excepted and subject to change without prior notice.
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