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BASICS OF FB PROGRAMMING

1 Goal

In this chapter, you will get to know the basic elements of a control program — the
organization blocks (OBs), functions (FCs), function blocks (FBs) and data blocks
(DBs). In addition, you will be introduced to library-compatible function und function block
programming. You will get to know the Function Block Diagram (FBD) programming
language and use it to program a function block (FB1) and an organization block (OB1).

The SIMATIC S7 controllers listed in Chapter 3 can be used.

2 Prerequisite

This chapter builds on the hardware configuration of SIMATIC S7 CPU1516F-3 PN/DP.
However, other hardware configurations that have digital input and output cards can be used.
You can use the following project for this chapter, for example:

SCE_EN_012_101_Hardware_Configuration_ CPU1516F.zap13

For unrestricted use in educational and R&D institutions. © Siemens AG 2017. All rights reserved.
SCE_EN_032-200 FB-Programming_S7-1500_R1703.docx



SCE Training Curriculum | TIA Portal Module 032-200, Edition 05/2017 | Digital Factory, DF FA

3 Required hardware and software

1 Engineering station: requirements include hardware and operating system

(for additional information, see Readme on the TIA Portal Installation DVDs)
2  SIMATIC STEP 7 Professional software in TIA Portal — as of V13

3  SIMATIC S7-1500/S7-1200/S7-300 controller, e.g. CPU 1516F-3 PN/DP —
Firmware as of V1.6 with memory card and 16DI1/16DO and 2Al/1AO

Note: The digital inputs should be fed out to a control panel.

4  Ethernet connection between engineering station and controller

e 2 SIMATIC STEP 7

L Engi _ at Professional (TIA
ngineering station Portal) as of V13

4 Ethernet connection

Control panel
3 SIMATIC S7-1500 controller
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4 Theory

4.1 Operating system and application program

Every controller (CPU) contains an operating system, which organizes all functions and
processes of the CPU that are not associated with a specific control task. The tasks of the
operating system include the following:

— Performing a warm restart

— Updating the process image of the inputs and outputs

—  Cyclically calling the user program

— Detecting interrupts and calling interrupt OBs

— Detecting and handling errors

— Managing memory areas

The operating system is an integral component of the CPU and comes pre-installed.

The user program contains all functions that are necessary for executing your specific
automation task. The tasks of the user program include the following:

— Checking the basic requirements for a warm restart using startup OBs

— Processing of process data, i.e. activation of output signals as a function of the input
signal states

— Reaction to interrupts and interrupt inputs

— Error handling during normal program execution
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4.2 Organization blocks

Organization blocks (OBs) form the interface between the operating system of the controller
(CPU) and the application program. They are called from the operating system and control the
following operations:

—  Cyclic program processing (e.g. OB1)
— Startup characteristics of the controller
— Interrupt-driven program processing

— Error handling

A project must have an organization block for cyclic program processing at a minimum.
An OB is called by a start event as shown in Figure 1. In addition, the individual OBs have
defined priorities so that, for example, an OB82 for error handling can interrupt the cyclic OB1.

Startup routine
ON (Run) >
OB 100 Warm
restart ...
Cyclic program
processing Interrupt-driven
h Cycle > program processing
OB1
OB 10...17
. OB 56
Interruption
Interrupt - > “
Interruption Error handling
Error e >
OB 80
OB 82
OB 121
OB 122
Operating system

Figure 1: Start events in the operating system and OB calls
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When a start event occurs, the following reactions are possible:

— If an OB has been assigned to the event, this event triggers the execution of the assigned
OB. If the priority of the assigned OB is greater than the priority of the OB that is currently
being executed, it is executed immediately (interrupt). If not, the assigned OB waits until
the higher-priority OB has been completely executed.

— If an OB is not assigned to the event, the default system reaction is performed.

Table 1 gives a couple of examples of start events for a SIMATIC S7-1500, their possible OB
number(s) and the default system reaction in the event the organization block is not present in
the controller.

Start event Possible OB Default system
numbers reaction
Startup 100, > 123 Ignore
Cyclic program 1,>123 Ignore
Time-of-day interrupt 10to 17, > 123 -
Update interrupt 56 Ignore
Scan cycle monitoring time 80 STOP
exceeded once
Diagnostic interrupt 82 Ignore
Programming error 121 STOP
IO access error 122 Ignore

Table 1: OB numbers for various start events

4.3 Process image and cyclic program processing

When the cyclic user program addresses the inputs (1) and outputs (O), it does not query the
signal states directly from the input/output modules. Instead, it accesses a memory area of the
CPU. This memory area contains an image of the signal states and is called the process
image.
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The cyclic program processing sequence is as follows:

1. At the start of the cyclic program, a query is sent to determine whether or not the
individual inputs are energized. This status of the inputs is stored in the process image of the
inputs (PII). In doing so, the information 1 or "High" is stored for energized inputs and the
information O or "Low" for de-energized inputs.

2. The CPU now executes the program stored in the cyclic organization block. For the
required input information, the CPU accesses the previously read process image of the
inputs (PIl) and the results of logic operation (RLOs) are written to a so-called process
image of the outputs (PIQ).

3. At the end of the cycle, the process image of the outputs (PIQ) is transferred as the
signal state to the output modules and these are energized or de-energized. The sequence

then continues again with Item 1.

1. Save status of inputs in PII.

PLC program in the Pll

program memory

2. Processing the _ _ Local data
1st instruction

roren nscton 2y |
3rd instruction Bit memory

to Pll and PIQ 4th instruction

Data blocks

PIQ

Last instruction

3. Transfer status from the PIQ to the outputs.

Figure 2: Cyclic program processing

Note: The time the CPU needs for this sequence is called cycle time. This depends, in turn,
on the number and type of instructions and the processor performance of the controller.
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4.4 Functions

Functions (FCs) are logic blocks without memory. They have no data memory in which
values of block parameters can be stored. Therefore, all interface parameters must be
connected when a function is called. To store data permanently, global data blocks must be
created beforehand.

A function contains a program that is executed whenever the function is called from another
code block.

Functions can be used, for example, for the following purposes:
— Math functions — that return a result dependent on input values.
— Technological functions — such as individual controls with binary logic operations.

A function can also be called several times at different points within a program.

Organization block

Main [OB1]
Calls the » | MOTOR_MANUAL
MOTOR_MANUAL [FC1]

[FC1] function
Contains a program for
controlling a conveyor
in manual mode, for
example.

The function has no
memory.

Figure 3: Function with call from organization block Main [OB1]
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45 Function blocks and instance data blocks

Function blocks are code blocks that store their input, output and in-out tags as well as static
tags permanently in instance data blocks, so that they are available after the block has been
executed. For this reason, they are also referred to as blocks with "'memory".

Function blocks can also operate with temporary tags. Temporary tags are not stored in the
instance DB, however. Instead, they are only available for one cycle.

Function blocks are used for tasks that cannot be implemented with functions:
— Whenever timers and counters are required in the blocks.

— Whenever information must be saved in the program, such as pre-selection of the
operating mode with a button.

Function blocks are always executed when called from another code block. A function block
can also be called several times at different points within a program. This facilitates the
programming of frequently recurring complex functions.

A call of a function block is referred to as an instance. Each instance of a function block is
assigned a memory area that contains the data that the function block uses. This memory is
made available by data blocks created automatically by the software.

It is also possible to provide memory for multiple instances in one data block in the form of a
multi-instance. The maximum size of instance data blocks varies depending on the CPU. The
tags declared in the function block determine the structure of the instance data block.

Instance data block
MOTOR_AUTO_DB1

Organization block [DB1] as memory

Main [OB1] - for the call of
Function block function block

Calls function block m—p | MOTOR_AUTO [FB1] | MOTOR_AUTO

MOTOR_AUTO [FB1] _ [FB1]

together with its Contains a program for

instance data block controlling a conveyor

MOTOR AUTO DB1 in automatic mode, for

[DB1] - example

The function block
uses instance data
block
MOTOR_AUTO_DB1

[DB1] as memory in
this call.

=

Figure 4: Function block and instance with call from organization block Main [OB1]
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4.6 Global data blocks

In contrast to logic blocks, data blocks contain no instructions. Rather, they serve as memory
for user data.

Data blocks thus contain variable data that is used by the user program. You can define the
structure of global data blocks as required.

Global data blocks store data that can be used by all other blocks (see Figure 5). Only the
associated function block should access instance data blocks. The maximum size of data
blocks varies depending on the CPU.

Function_10 - =
Global DB
(DB_Global) | Access for all blocks
Function_11 -
Function_ / Instance DB Access only for function data
block_12 - (DB_Instance) | plock 12

Figure 5: Difference between global DB and instance DB.

Application examples for global data blocks are:
— Saving of information about a storage system. "Which product is located where?"

— Saving of recipes for particular products.

For unrestricted use in educational and R&D institutions. © Siemens AG 2017. All rights reserved.
SCE_EN_032-200 FB-Programming_S7-1500_R1703.docx



SCE Training Curriculum | TIA Portal Module 032-200, Edition 05/2017 | Digital Factory, DF FA

4.7 Library-compatible code blocks

A user program can be created with linear or structured programming. Linear programming
writes the entire user program in the cycle OB, but is only suitable for very simple programs for
which other less expensive control systems, such as LOGO!, can now be used.

Structured programming is always recommended for more complex programs. Here, the
overall automation task can be broken down into small sub-tasks in order to implement a
solution for them in functions and function blocks.

In this case, library-compatible logic blocks should be created preferentially. This means that
the input and output parameters of a function or function block are defined generally and only
supplied with the current global tags (inputs/outputs) when the block is used.

032-200_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1]

ik F S b EAERD8: a:Hw CGEas L T B =
MOTOR_AUTO
Name Data type Default value Retain Accessible .. Visible in ... ' Setpoint Comment
1 4@ v Input B
2 4as= Automatic_mode_act... Bool Non-et... z G D Automatic mode activated T
3 @ Start Bool Non-retain D D Pushbutton automatic start =
4 @ Stop Bool Non-retain ™ ™ Pushbutton automatic stop =
5 @ Enable_OK Bool Non-etain D D All enable conditions OK
6 a-=» Safety_shutoff active  Bool Non-retain 0 B Safety shutoff active e.g. emergencysto...
7 4@ v Output
8 @-= Conveyor_motor_aut... Bool false Non-retain ~ ™ Control of the conveyor motor in autom.... =
i
v Block title: - Motor control in automatic mode
» Conveyor motor in automatic mode:...
% Network 1: Memory automatic_start_stop and control of the conveyor motor in automatic mode
= #Memory_
#5t0p — automatic_
#Safety_shutoff_ Sat-stop 2
BCUVE SR #Conveyor_
motor_
#Automatic_ S5t e—g & automatic_
mode_active =0 3% — 1 Q— mode

#Enable_OK =3} —_— _

G e EREDEt @t C6CERY e @ T B =]

& >= 4 =0l = os]

w Block title: “Main Program Sweep (Cycle)* ~

¥  Network 1: Control conveyor motor forwards in automatic mode

%DB1
"MOTOR_AUTO_
DB*

W81
"MOTOR_AUTO"

(]

-=EN

W02 |Automatic_
*-50" =i mode_active

& 603

%01 *$1" —stan

“KO" — 6o 4
“cor Conveyor,

o S2" —o =

:40 5 1 Stop motor_

BT —r — Ena ble_OK automatic_| %Q0.0

%0.0 Safety. mode — Q1
“-A1" =0 shutoff_active ENO—

Figure 6: Library-compatible function with call in OB1
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4.8 Programming languages

The available programming languages for programming functions are Function Block Diagram
(FBD), Ladder Logic (LAD), Statement List (STL) and Structured Control Language (SCL). For
function blocks, the GRAPH programming language is additionally available for programming
graphical step sequences.

The Function Block Diagram (FBD) programming language will be presented in the
following.

FBD is a graphical programming language. The representation is based on electronic
switching systems. The program is mapped in networks. A network contains one or more logic
operation paths. Binary and analog signals are linked by boxes. The graphical logic symbols
known from Boolean algebra are used to represent the binary logic.

You can use binary functions to query binary operands and to logically combine their signal
states. The following instructions are examples of binary functions: "AND operation”, "OR
operation" and "EXCLUSIVE OR operation". These are shown in Figure 7.

Network 1: AND-Operation sel #e2] #al
& #Q1 0 1] 0
Y} p— - 0 1 0
FI2 3% —— - 1 0 0
1 1 1
Network 2: OR-Operation Hel #eld| #a2
0 0 0
>=1 Q2 0 1 1
| . 1 0|1
F12 sk —_—
1 1 1
#el #el| #a3
Network 3: EXCLUSIVE OR-Operation 0 0 0
x #Q3 0 1 1
F1T — = 1 0 1
fz—p . — 1 1] o0

Figure 7: Binary functions in FBD and associated logic table

You can thus use simple instructions, for example, to control binary outputs, evaluate edges
and execute jump functions in the program.

Program elements such as IEC timers and IEC counters provide complex instructions.

The empty box serves as a placeholder in which you can select the required instruction.
Enable input EN (enable)/ Enable output ENO (enable output) mechanism:

— Aninstruction without EN/ENO mechanism is executed independent of the signal state at

the box inputs.

— Instructions with EN/ENO mechanism are only executed if enable input "EN input has
signal state "1". When the box is processed correctly, enable output "ENO" has signal
state "1". As soon as an error occurs during the processing, the "ENO" enable output is

reset. If enable input EN is not connected, the box is always executed.
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5 Task

The following functions of the sorting station process description will be planned, programmed
and tested in this chapter:

— Automatic mode - Conveyor motor

6 Planning

The programming of all functions in OB1 is not recommended for reasons of clarity and
reusability. The majority of the program code will therefore be moved into functions (FCs) and
function blocks (FBs). The decision on which functions is to be moved to the FB and which is
to run in OB 1 is planned below.

6.1 EMERGENCY STOP

The EMERGENCY STOP does not require a separate function. Just like the operating mode,
the current state of the EMERGENCY STOP relay can be used directly at the blocks.

6.2 Automatic mode - Conveyor motor

Automatic mode of the conveyor motor is to be encapsulated in a function block (FB)
"MOTOR_AUTO". On the one hand, this preserves the clarity of OB1. On the other hand, it
enables reuse if another conveyor belt is added to the station. Table 2 lists the planned

parameters.
Input Data Comment
Automatic_mode_active BOOL Automatic mode activated
Start BOOL Pushbutton automatic start
Stop BOOL Pushbutton automatic stop
Enable_OK BOOL All enable conditions OK

BOOL Safety shutoff active, e.g. emergency stop

Safety_shutoff_active
pressed

Output

BOOL Control of the conveyor motor in automatic

Conveyor_motor_automatic_mode
- - - mode

Static

. BOOL Memory used for start/stop automatic mode
Memory_automatic_start_stop

Table 2: Parameters for FB "MOTOR_AUTO"
The Memory_automatic_start_stop is latched with Start but only if the reset conditions are not
present.

The Memory_automatic_start_stop is reset if Stop is present or safety shutoff is active or
automatic mode is not activated (manual mode).

The Conveyor_motor_automatic_mode output is controlled when
Memory_automatic_start_stop is set and the enable conditions are met.
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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 Retrieve an existing project
— Before we can start programming the function block (FB) "MOTOR_AUTQ", we need a
project with a hardware configuration (e.g.
SCE_EN_012_101_Hardware_Configuration_S7-1516F_R1502.zap). 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 .zap archive — Open)

JA Siemens

|Project Edit View |Insert Online Options T

[5F New... bR
7% open... Crl+0 |
Migrate project...

Delete project.. Ctrl+E
P Card Reader/USE memory »
B Memory card file »

D:\Automation\013_10..\013_101_CPU314C
D:\Automation\012_10..1012_101_CPU1516F
D:Worlagenprojekt_Webserv..\Tank_V13_SP1
D:1..\032-200_FB-Programmierung_S7-314...
D:\Automatisi...J012-100_CPU1500_V13_SP1

Exit

— 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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7.2 Create a new tag table

— In the project view, navigate to the — PLC tags of your controller and create a new tag

table by double-clicking — Add new tag table.

\ Siemens - D:\Automation\012_101_CPU1516R012_101_CPU1516F

Project Edit View Insert Online Options Tools Window Help

Cf Y H saveprojecr & X 35 5 X 0¥ T M B B[R F Goonline ¥ co,

Project tree m 4
Devices

HO O

~ | ]012_101_CPU1516F B

B Add new device
g Devices & networks
v (@ CPU_1516F [CPU 1516F-3 PN/DP]
[IY pevice configuration
% Online & diagnostics
[ Program blocks

il

[% Technology objects
External source files
[ & PLC tags

%5 Showall tags

& Add new tag table

24 standard-Variablentabelle [54]
[ PLC data types T
[z watch and force tables
Ej:.‘ Online backups

{ v v w

v v v w

E_’." Traces

& Program info

» Ej_ Device proxydata
4 PLCalarms
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— Rename the tag table you just created as "Tag_table_sorting_station" (— right-click

"Tag_table_1" — "Rename" — Tag_table_sorting_station).

T4 Siemens - D:\Automation\012_101_CPU1516R012_101_CPU

Project Edit View Insert Online Options Tools Window Help
GF (] saveproject & XM = 2 X D E: I MG & o Goonline ¥ cooffii
Project tree o 4

v |1 012_101_CPU1516F A
B Add new device
gy Devices & networks
~ [[Jl CPU_1516F [CPU 1516F-3 PN/DP]
[IY Device configuration
| Online & diagnostics

Iz Program blocks

[% Technology objects
External source files
[& PLC tags

% Show all tags
B Add new tag table —
22 Standard-Variablentabelle [54]
@ Tag table_sorting station [0]

{4 v v w

[ PLC data types

»
I; A
» 55l Watch and force tables
4
»

(& Online backups
:.53 Traces

& Program info

Project Edit View Insert Online Options Tools Window Help
OF Yy soveproject & X 2 = X D2 G M E E R F coonline F cootiine fo B X ] [[]
012_101_CPU1516F » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags » Tag table_sorting station [0]

— X
] Devices ‘ @ Tags |@ User constants L
5 =] =)

Totally Integrated Automation
PORT.

2
QO #2 B TR z|
Tag table_sorting station b4 l
> ] 012_101_CPUI516F [a] Name. Data type. Address Retain | Visibl... |Acces... Comment =1
W Add new device 1 Add ne & 2] ™ er

ahy Devices & networks =
~ ([ CPU_1516F [CPU 1516F-3 PN/DP} g[

Y Device configuration
%/ Online & diagnostics
» gl Program blocks

==

1l

» L3 Technology objects
» lgj Extemal source files
v (g PLCtags
G Show all tags
& Add new tag table
24 Standard-Varisblentabelle [54]
55 Tag table_sorting station (0]
» [ PLC data types
» [53 Watch and force tables ['d Properties | %i4Info |2 Diagnostics |
» &) Online backups
» [ Traces
5 Program info
» [, Device proxydata
£2 PLCalarms General
£ Textlists 1
» [l Local modules
» 4§ Common data | Data type: El
Address:
[ Retained

_| General

B

Tag =1

Name:

v I Details view

Data type Comment Name Comment:

4 Portal view E it 35 Tag table_so.. v Project closed
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7.3 Create new tags within a tag table
— Add the name Q1 and confirm the entry with the Enter key. If you have not yet created
additional tags, TIA Portal now automatically assigns data type "Bool" and address %I0.0

(10.0) (—» <Add> — Q1 — Enter).

..rogramming » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags » Tag table_sorting station [1] - X

< Tags "E] User constants
#F DT K =

Tag table_sorting station

Name Data type Address Retain  Visibl.. Acces.. Comment
i |l o 1Bool [E] %00 [+] M ™
2 <Add new> @ EI

— Change the address to %Q0.0 (Q 0.0) by entering this directly or by clicking the drop-
down arrow to open the Addressing menu, changing the operand identifier to Q and
confirming with Enter or by clicking the check mark. (— %I0.0 — Operand identifier - Q

—>@)

...rogramming » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags » Tag table_sorting station [1] - X

< Tags ||E User constants

g 2 B[ T i =
Tag table_sorting station
Name Data type Address Retain  Visibl... Acces.. Comment
1 @ o ool [ig)[%100 [+] =) )]
: S Operand identifier: | | @v\
Operand type: IQ_
Address: M

Bit number: { 0 \

MU

— Enter the "Conveyor motor M1 forwards fixed speed” comment for the tag.

..rogramming » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags » Tag table_sorting station [1] - X

Jﬂ Tags H'El User constants L
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Name Data type Address Retain  Visibl... Acces.. Comment
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— Add a new Q2 tag in line 2. TIA Portal has automatically assigned the same data type as
in line 1 and has incremented the address by 1 to %Q0.1 (Q0.1). Enter the comment

"Conveyor motor M1 backwards fixed speed".

(— <Add> - Q2 — Enter -» Comment — Conveyor motor M1 backwards fixed speed)

...rogramming » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags *» Tag table_sorting station [2] - X

!ﬂ Tags ﬂ@ User constants |
# P B T i =
Tag table_sorting station
Name Data type Address Retain  Visibl... Acces.. Comment
1 < Q1 Bool %Q0.0 9 9 conveyor motor -M1 forwards fixed speed
2 @ Q2 Bool [ %Q0.1 [+] = [ conveyor motor M1 backwards fixed speed|
3 <Add news V] V)

7.4 Import "Tag_table sorting_station"

— Toinsert an existing symbol table, right-click on an empty field of the created

"Tag_table_sorting_station”. Select "Import file" in the shortcut menu.

(— Right-click in an empty field of the tag table — Import file)

U4 Siemens - D:\Automation\032_100_FC-Programming\032_100_FC-Programming

Project Edit View |Insert Online Options Tools Wndow Help

2 i H sovepoje & X = T X D2 : 5 WG E R Y Goonline F Goctiine S IR x - [

..rogramming » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags »
Devices
0@ FE D TR
Tag table_sorting station
¥ 7] 032_100_FC-Programming [&] Name Datatype Address Retain  Visibl.. 'Acces
B Add new device 1 4 Q1 Bool %Q0.0 ™ =2
& Devices & networks 2 @ Q2 Bool %Q0.1 v =
~ [[§ CPU_1516F [CPU 1516F-3 PN/DP] 3 Add pev> | ‘ = [V ]
Y Device configuration = =¥ Insertrow
Y Online & diagnostics =¢ Add row
» ' Program blocks ¥ Ci
» [ Technolegy objects =
» "5 External source files =
v & PLCtags
“a Shg /3l R
"' o o Rename F2
I Add new tag table
34 StandardVariablentabelle [54] :
... ZmTeguable somingswtion[2] 2 Monitor il
b L FRCdate ppcs
» o Watch and force wables Export file
» _&, Online backups -
» 53 Traces g, Properties
E!i Program info f
= : ™
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— Select the desired symbol table (e.g. in .xIsx format) and confirm the selection with
"Open".

(— SCE_EN_020-100_Tag_table_sorting_station... — Open)

— 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 with warnings (0032:000031) X

l Import completed with warnings.
"

Detailed information is shown in the import log
file.

Click here to view the log file.

o)
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— You can see that some addresses have been highlighted in orange. These are duplicate

addresses and the names of the associated tags have been numbered automatically to

avoid confusion.

— Delete the duplicate tags by selecting the lines and pressing the Del key on your

keyboard or by selecting "Delete" in the shortcut menu.

(— Right-click on selected tags — Delete)

032_100_FC-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags » Tag table_sorting station [30]

Cross-reference information  Shift+F11
13 | °2" Monitor all

13 Import file
14 Export file

SIS RS R B R KR R I LR T TRV RS

NN 0OORRNRNANANOOORNDD

‘G, Properties
16 '~ 3 vour - pushbutton manual mode conveyor M1 backwards (no)
7 a 55 Bool %6 pushbutton manual mode cylinder -M4 retract (no)
1B @ 56 Bool %117 pushbutton manual mode cylinder M extend (no)
1 a Q1 Bool %000 conveyor motor -M1 forwards fived speed
20 a Q2 Bool %Q0.1 conveyor motor -M1 backwerds fixed speed
21 @ Q3 Bool %Q0.2 conveyor motor -M1 variable speed
2 a M2 Beol %Q0.3 cyfinder - retract
2 a M3 Bool %Q04 cylinder 44 extend
24 @ Eal Bool %Q0.5 display ;main switch on”
5 a £2 Bool %Q0.6 display manual mode” E
26 'qm p3 Rool =007 dicpln ic mods* |5

| Tags “@ User constants I_ 5
FPDTm =)
Tag table_sorting station o
Name Dsta type Address Retain  Visibl. Acces_. Comment =
i a Q9 Bool [2/%Q00 [+ W conveyor motor M1 forwards fixed speed [_A_ UFJ
. Panl  moni &  conveyor motor M1 backwards fxed speed [ =
3 ?: Insert row return signal emergency stop ok (nc) £
| & Add row main switch .ON" (no) a
5 x Cut Ctrl=X mode selector manual(0) / automatic(1) ==
6 | Copy CerloC pushbutton automatic start {no)
o ERE Ctrl- pushbutton automatic stop (nc) =
8 | W B Del sensor cylinder A4 retracted (no)
P  Rename E sensor oyfinder M4 extended (nc)
10 sensor motor M1 actice (pulse signal for positioning) (no)
)

sensor part at slide (no)

sensor metal part (no)

sensor partin front of cylinder -4 (no)

sensor part at end of conveyor (no)

pushbutton manual mode conveyor =M1 forwards (no)
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— You now have a complete symbol table of the digital inputs and outputs in front of you.

Save your project under the name 032-100_FCProgramming.

(— Project —» Save as ... »032-200_FBProgramming — Save)

74 Siemens - D:\Automation\012_101_CPU1516R012_101_CPU1516F

Froject |Edit View Insert Online Options

Tools Window Help

Totally Integrated Automation
PORTA

@ Tags V]'EI User constants |[%,
= =4
i |2
4 |2
&
-

oo

b

erew Dec: 3 MG E R ¥ coonline F cooffine o A 2 - ||

R :,p;,:;; —— = 012_101_CPU1516F » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags » Tag table_sorting station [28]
Close Culsw

E save Curlss &= B T
Tag table sorting station
Delete project Culs€ i Name tatype |Address  |Retain  Visibl. |Acces..

Archive.. i 3 d Al Bo‘éi*]ilim j "*w* 787 Tt & p ok (r
Retrieve | lEa <o Bool %01 M ™  mainswitch ,ON (no)
P Card Reader/USB memory > 3 a so Bool %102 = M mode selector manual(0) / automatic(1)
B Memorycard fle »| i a s Bocl %103 =] M pushbutton automatic start (no)
[ s a =2 Baol %104 )] @  pushbutton automatic stop (nc)

= Pm;‘w P | =ls @ & Bool %105 =) & sensorcylinder M retracted (no)

3 e 7 @ 82 Bool %10.6 =) @ sensorcylinder Ak extended (nc)

& Previsw. | 8 la 3 Bool %107 M &  sensormotor-Mi actice (pulse signal for ..
D:\Automationl012_10..1012_101_CPU1516F 9 a B84 Bool %11.0 g E sensor part atslide (no)
CilUsers\spelDo..1032_100_FC-Programming olla s Bool w1 = @  sensormen part (no)
D:lAutomation|013_10..1013_101_CPU314C Lty a e Bool %112 )] M sensorpartin front of cylinder -4 (no)
DiVorlagenprojekt_Webserv...\Tank_V13_SF1 2 @ 87 8ol %113 M @  sensorparatend of conveyor (no)
D:1=1032200.FD-lrogrammiening 57344, 3 @ 3 Bocl %14 ] @  pushbutton manual mode conveyor -Mt
D:\Automatisi...\012-100_CPU1500_V13_SP1 .

4 a =S4 Bool %15 (=] M  pushbutton manusl mode conveyor —M1...
Exit 5 @ 55 Bool %I1.6 - M pushbutton manual mode cylinder -4 re...
» (& Online backups 16 @ s6 Bool %117 ~ M  pushbutton manual mode cylinder W4 ex...
» [55 Traces 7 a Q Bool %Q0.0 =] M conveyor motor M1 forwards fixed speed
0§ Program info B la Q@ Bool %Q0.1 - M  conveyor motor M1 backwards fixed speed
» [ Device proxy data e @ Q3 Bool %Q02 - & conveyor motor M1 variable speed
[ PLC alarms 0 @ e Bool %Q0.3 =) M clinder -4 retract
) Textlists 21 @ e Bool %Q0.4 ™ M cylinder M4 extend
» [ Local modules 2 a £ Bool %Q05 - &  display.main switch on”
» (4§ Common data —= a Bool %Q0.6 = &  display,manual mode*
. . 4 @ 3 Bool %Q0.7 =] M  display.automatic mode”
v | Details view s @ P4 Bool %Q1.0 =] @ display.emergencystop sctivated”
> : 5
Datatype  Comment Name '} Properties
4 Portal view =3 Overview |53 Tag table_so...
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7.5 Create function block FB1 "MOTOR_AUTO" for the conveyor
motor in automatic mode

— In the PLC programming section of the portal view, click "Add new block" to create a new
function block.

(— PLC programming — Add new block —

T4 Siemens - C:\UsersispelDocuments\Automatisierung\032_200_FB-Programming\032_200_F8-Programming —WX

Totally Integrated Automation _

Device: [RGB ~ &l Add new block

Name: Ai
@ Show all objects Block_1 I
2 @ Add new block —_— = =
| PLC l Language: FeD I~
2 Organiztion O Menual
Q Block ® Automatic

|

Show cross-references o = Z
L Functions are code blocks or subroutines without dedicated memory.

Function block
@ Show program structure ittt

3

Function

Data block

ul

>

[w] Add new and cpen

) Project view Opened project: C:AUsers\spe\Documents\Automatisierung\032_200_FB-Programming\032_200_FB-Programming
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— Rename your new block to: "MOTOR_AUTO", set the language to FBD and keep
automatic assignment of the number. Select the "Add new and open" check box. You are

then taken automatically to your created function block in the project view.Click "Add".

(— Name: MOTOR_AUTO—Language: FBD — Number: Automatic — & Add new and
open — Add)

For unrestricted use in educational and R&D institutions. © Siemens AG 2017. All rights reserved.
SCE_EN_032-200 FB-Programming_S7-1500_R1703.docx

26



SCE Training Curriculum | TIA Portal Module 032-200, Edition 05/2017 | Digital Factory, DF FA

7.6 Define the interface of FB1 "MOTOR_AUTO"

— If you selected "Add new and open", the project view opens with a window for creating

the block you just added.

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

programming view.

..aming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1] - EX

Wil F E h EREPRGt@E@ ClEad s &7 B o
MOTOR_AUTO
Name Data type Default value Retain Accessiblef... Visiblein ... .
1 4 v Input
2 . fiz]] -
3 4 v Output
4 - <Ad
S < ¥ InOut
6 . >
7 4@ v Static
8 - -
9 @ v Temp
10 -
11 €@ v Constant
12 -
| € l ([} I_)J
=z -
¥ Block title: [kl
v Network 1: \
-
< [ [>][100% = W, e
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— A binary output signal is needed for controlling the conveyor motor. For this reason, we
first create local output tag #Conveyor_motor_automatic_mode of the "Bool" type. Enter

the comment "Control of the conveyor motor in automatic mode" for the parameter.

(— Output: Conveyor_motor_automatic_mode — Bool — Control of the conveyor motor

in automatic mode)

032-200_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1]

i F S b ERECE R G aAB 2% &7 B =
MOTOR_AUTO
Name Datat.. Defaul.. Retain Acce.. Visibl.. Setp.. Comment
<@ v Input
= dd ne
< ¥ Output
i 4a-= Conveyor_motor_automatic_mode Bool @ false N... B ™M = Control of the conveyor motor in automatic mode

3
s = <Add news
6

& @ ¥ InOut
- id
8 @ v Static
9 = <Add new>
0.4~ Temp
. <Add news>
< v Constant

13 -

— Add parameter #Automatic_mode_active as the input interface under Input and confirm
the entry with the Enter key or by exiting the entry field. Data type "Bool" is assigned
automatically. This will be retained. Next, enter the associated comment "Automatic mode

activated".
(— Automatic_mode_active — Bool — Automatic mode activated)

— Add parameters #Start, #Stop, #Enable_OK and #Safety_shutoff active as additional
binary input parameters under Input and check their data types. Add descriptive

comments.

032-200_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1]

G F e e EOEPDEr@rEHw CEaB 1k & B =
MOTOR_AUTO
Name Datat.. Defaul. Retain Acce.. Visibl. Setp.. Comment
1 4@ v Input |
2 4a-n Automatic_mode_active Bool false Non+.. [1] D Automatic mode activated W
: as Start Bool  false  Nont.. [] (] Pushbutton automatic start
4 @@= Stop Bool false Non+.. [ ] Pushbutton automatic stop
5 @@=  Enable_OK Bool false Nonr.. [ [ All enable conditions OK =
6 4= Safety_shutoff_active Bool @ false N... [+l 8 D .rsafertg shutcﬁactxveig;emeggn:l stop operateql
7 . \dd ne
8 <@ v Output
9 4= Conveyor_motor_automatic_mode Bool false Non-r.. El @ Control of the conveyor motor in automatic mode
10 . < ne
11 <@ ¥ InOut
12 -
13 €@ v Static
14 . <Add new>
15 @ v Temp e}
16 L} <Add news | 11 1400 . IB.c
{ <l i \_l_
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The conveyor is started and stopped with pushbuttons. We therefore need a "Static" tag
as a memory. Under Static, add tag #Memory_automatic_start_stop and confirm the entry
with the Enter key or by exiting the entry field. Data type "Bool" is assigned automatically.
This will be retained. Enter the associated comment "Memory used for start/stop
automatic mode". (— Memory_automatic_start_stop — Bool - Memory used for

start/stop automatic mode)

032-200_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1]

Wi F S EREOEr Qe @B 2% & T H =
MOTOR_AUTO
Name Datat.. Defaul.. Retain Acce.. Visibl. Setp.. Comment
1 4@~ Input ~
2 @n» Automatic_mode_active Bool false Non-... D D Automatic mode activated
3 @n Start Bool Non+r.. [) (|} Pushbutton automatic start
4 @@= Stop Bool Non-r.. [ @ Pushbutton automatic stop =
5 @n Enable_OK Bool Non-r... D D All enable conditicns OK 1
6 @@= Safety_shutoff_active Bool false Non+.. [ (=] Safety shutoff active e.g. emergency stop operated
7 = <Add new>
8 <@ v Output
9 @@= Conveyor_motor_automatic_mode Bool false Non+r.. [ 1~ Control of the conveyor motor in automatic mode
10 L ew>
11 €@ ¥ InOut
12 L <Add new>
13 @ v Static
T an Memory_automatic_start_stop Bool E alse N... B 8 @ D IMemovyused for start/ stop automatic mode |

— For purposes of program documentation, assign the block title, a block comment and a
helpful network title for Network 1.

(— Block title: Motor control in automatic mode — Network 1.:

Memory_automatic_start_stop and control of the conveyor motor in automatic mode)

MOTOR_AUTO
Name Datat.. Defsul.. Retain Acce.. Visibl. Setp.. Comment
1 4@ v Input -~
2 Qs Automatic_mode_active Bool  false Non-r.. [) = Automatic mode activated
3 @ sen Bool  false Nonr.. [ [ Pushbutton automatic start
B
i @s Stop Bool false Non-r.. [ = Pushbutton automatic stop
5 4a-n Enable_OK Bool false Non-r.. [) (3 All enable conditions OK |
& @-ne Safety_shutoff_active Bool false Non-r.. [) [ Safety shutoffactive e.g. emergenc...
7 <&@ v Output
8 @-» Conveyor_motor_sutomatic_mode Bool false Non-r... (W M Control of the conveyor motorin a...
9 4@ ¥ InOut
10 e <Add new>
11 @ v Swatic
zas Memory_automatic_start_stop Bool  false  Non-r.. [M M [ Memoryused forstart stop autom... | v
(<] I B
i s o
w Block title: Motor control in automatic mode |~
w Conveyor motor in automatic mode: ‘
The bit Memory_automatic_start_stop is set with the input Start, but only if the reset conditions
are not fufilled.
The bit Memory_sutomatic_start_stop is reset with the input Stop or if the safety shutoffis |=
activated or if the automatic mode is not activated ( manual mode).
If Memory_sutomatic_start_stop is set, the enable conditions are granted and
Memory_conveyor_start_stop is set the output Conveyor_motor_automatic_mode is activated.
For reasons of energy efficiency the conveyor motor should only run ifa partis present. ™
Therefore Memory_conveyor_start_stop is setif there is a part detected in front of Sensor_slide
and reset with a negative edge at Sensor_end_of_conveyor or if the safety shutoffis activated
or if the automatic mode is not activated { manual mode).
A Network 1: Memoryautomatic_start_stop and control of the conveyor motor in automatic mode [l
[100% | [ e
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7.7 Program FB1: MOTOR_AUTO

— Below the interface description, you see a toolbar in the programming window with
various logic functions and below that an area with networks. We have already specified
the block title and the title for the first network there. Programming is performed within the
networks using individual logic blocks. Distribution among multiple networks helps to
preserve the clarity of the program. In the following, you will get to know the various ways
you can insert logic blocks.

3 =1 4 =ol = =]

— You can see a list of instructions you can use in the program on the right side of your

programming window. Under — Basic instructions — Bit logic operations, find function

-~ [=] (Assignment) and use a drag-and-drop operation to move it to Network 1

(green line appears, mouse pointer with + symbol).

(— Instructions — Basic instructions — Bit logic operations — -[=] )

Options
Wi s p EAEPE @l a8 2 &P B 3 | Jwr O
MOTOR AUTO ~ | Favorites
Name Data type | Default value |Retain Accessi... |Visible ... | Setpoint | Comment
PR 4 -a
1 4@ ~ Input b
2 4w Automatic_mode_active Bool false Non-retain =] =] Automatic mode a...
Haa . Start Bool false Non-retain [ ] Pushbutton aulom...E oA = e
4 4w Stop Bool false Non-retain =] =) Pushbutton autom...
5 |40 = Enable_OK Bool Non-retain D D All enable conditio...
6 41w safety_shutoff_active Bool Non-retain =] =] Safety shutoff activ.... - | Basic instructions
7 <@ ¥ Output . =l + [] General ||
8§ 4= Conveyor_motor_automatic_mode Bool fa Non-retain =] =) Control of the conv... ~ [i] Bitlogic opera...
9 4@ ¥ InQut & AND logic...
o [<] I ] E*z‘ =1 OR logic o
— CON— =
- 4 -o 4= q=] = & = Assig L]
- Network 1: Memoryautomatic_start_stop and control of the conveyor motor in automatic mode “:J:]] ::sg:l‘iuat;m
Cornment -Is] Set output

SET_BF Set bit field
RESET_BF  Reset bit fi...

SR Setlresetfl...
RS Resetiset fl..
-IP}-- 5can oper...
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— Now use drag-and-drop to move your output parameter

#Conveyor_motor_automatic_mode onto <?7?.?> above the block you just inserted. The

best way to select a parameter in the interface description is by "grabbing" it at the blue

symbol a

(> < Conveyor_motor_automatic_mode)

T Siemens -

Project Edit View Insert Online Options Tools Window Help
i (3 swveproject @ X 5 X N 5 M E R coonine ¥ coofine f; A ¥ (]

D:\00_DATASIEMENS\Unterlagen\08_Ausbildungsunterlage_TIA-Portal_R1503_e\SCE_EN_032-100 FC-Programming\032_200_FB-Programming\032_200_FB-Programming

Totally Integrated Automation
PORTAL

032 200 FB-Programming » CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR AUTO [FB1]

» [ Traces
4 Program info

Devices EE]
GO GF s b EAERDBatEHl B8 i & T H = ?_‘_
MOTOR AUTO g

~ [ ]032_200_FB-Programming Name Date type | Default value |Retain Accessiblef... | Visiblein ... | Setpoint | Comment g
B Add newdevice 1 @~ input Al”
h Devices & networks 2 @@=  Automatic_mode_active Bool false Non-retain (=] (=] Automatic mode activated -

~ [ CPU1516F [CPU 1516F3 PNIDP] 3l st Bool false Nor-retain =] =] Pushbutton automatic start =|e
Y Device configuration 4 l@= stop Bool false Non-retain =] =] Pushbution automatic stop 5

1%/ online & diagnostics s @ Enable_OK Bool false Non-retain B (m] All enable conditions OK Ed

~ gl Program blocks 6 @@=  safety shutoff_active Bool false Non-retain (] (=] safety shutoff active e.q. emergency stopoper [

I Add new block 7 @ v Output —

& Main [0B1] 8 @ = Conveyor_motor_automatic_mode  Bool Non-ret... E =] [=] Control of the conveyor motor in automaticm.. |52

4 MOTOR_AUTO [FB1] 9 @ ~ mout I~ g

@ MOTOR_AUTO_DB1 [DB1] — ] i ] &

+ [3 Technology objects e | |

» @ Extemnal source files N — g ow ow L

» L@ PLC tags - S| =

» [ PLC data types ~ Block title: Motor contral in automatic mode 4

» [z Watch and force tables ) Conveyor mator in automatic mode:... =

» [ Online backups 9

~ €3 Network 1: Memory automatic_start_stop and control of the conveyor motor in automatic mode | |

Comment

+ i} Device proxy data
£4 PLC alarms
] Text lists =
» [ Local modules
» [ Common data
» 5]} Documentation settings
» [ Languages & resources
» g Online access
» [i@ Card ReaderlUSB memory

100% ¥

> | Details view

{ Portal view =2 overview 4 MOTOR_AUTO

< properties  |* info @ [ piagnostics

— This determines that the #Conveyor_motor_automatic_mode parameter is written by this

block. Still missing, however, are the input conditions so that this actually happens. An

SR flip-flop and #Enable_OK parameter are logically combined with an AND logic

operation at the input of the assignment block. To do this, first click the input of the block

so that the input line has a blue background.

#Conveyor_
motor_
automatic_
mode
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— Click the

assignment block.

icon in your logic toolbar to insert an AND logic operation before your

L B e, |

a >=1

7 4 =-a

r Blip AND legic operation [Shift+F2] 1atic mode
Conveyor motor in automatic mode:...

= A

r Network 1: Memoryautomatic_start_stop and control of the conveyor moto

#Conveyor_
motor_
automatic_
mode

rin automatic mode

— Use drag-and-drop to move input parameter #Enable_OK onto the second input of the &

logic operation <??.?>. (— < Enable_OK)

..gramming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1]

- X

WS g EAED8e G ZH0 a8 12 &0 B =
MOTOR_AUTO
Name Datat... |Defaul.. |Retain |Acce.. Visibl.. Setp.. Comment
1 4@ v Input (4]
2 4= Automatic_mode_active Bool false Non-r.. [] = Automatic mode ... T
3 as= Start Bool false Nonr.. [ ) Pushbutton suto... |
4 4= Stop Bool false Non+.. [ ™ Pushbutton auto... |
5 4= Enable_OK Bool |=l| false N... E (] = All enable conditi...
6 4= Safety_shutoff_active Bool false Non-r.. [ ] = Safetyshutoffacti...
7 4 ¥ Output
8 4w Conveyor_motor_automatic_mode Bool false Non-r... B E Control ofthe con... ||
9 et = = R I=lREEIREY B
[% il | | >
L I . |
& >=1 @ - =0 .{=]
» Conveyor motor in automatic mode:... [~
w .3 Network 1: Memory automatic_start_stop and control of the conveyor motor in automatic mode m
oGS
#Conveyor_
motor_ =
automatic_
& mode
r J - -
X —_ —_— —_
h" e

100%
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instructions under — Basic instructions — Bit logic operations onto the first input of the &

operation &,

g P 6 P 6 PN/DP og 0 0TO O [FB
Options
G F T b EREPDEAEE CcE8a8 . 8T H EY [ =]
=
MOTOR_AUTO > |Favorites 5
Name Datat.. Defaul. Retsin  Acce.. Visibl. Setp.. Comment e E'
g @@= Conveyor_motor_automatic_mede Beol false Non-r... 8 Q Control of the con... [ A Niiha Descrip... »
B >IN0t — » [ General ”T
A = ST NERD: E] ~ [5i] Bit logic operations __'J
11 4@ v Static e AR 2
124ae Memory_sutomatic_start_stop Bool [ false N.. B = =) [[]  Memoryused hrs...m P ORlogi g
) ¥ =
< T Bl excios.
Assign... =
= el sl e Negate ... “z
¥ Block title: Motor control in automatic mode Reseto..| | i
» Conveyor motor in automatic mode-... Setout... 4
€] SET_BF Setbitf.. |e=
¥  Network 1: Memoryautomatic_start_stop and control of the conveyor motor in automatic mode 7] RESET_BF Resetbi... L
= £ sk Setirese... E
£ RS Resetise.. |2
€1 e~ Scano... a
#Conveyor_ ES) “INj- Scano.. L4
NT:';O;‘TC €1 -p)- Setope...
& mode 1 N Setope...
275 = 1 p_RIG ScanRL...
:Enable_OK 'L—l I_ & n_RG ScanRL...
| ERme  pewa..|v
— The SR flip-flop requires a memory tag. For this, use drag-and-drop to move static

parameter #Memory_automatic_start_stop onto the <??.?> above the SR flip-flop. (—

Memory_automatic_start_stop)

..gramming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1]

- X

¥ Block title: Motor control in automatic mode
P Conveyor motor in automatic mode:...

#Conveyor_
motor_

& automatic_
mode

£Enable_OK — 3}
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bedl 63 Network 1: Memoryautomatic_start_stop and control of the conveyor motor in automatic mode

i FF R EABPDBa@:HE ®aas % &7 N =
MOTOR_AUTO
Name Datat.. Defaul.. Retain |Acce.. Visibl.. |Setp... |Comment |
2 4= Conveyor_motor_sutomatic_mode Beol false Non-r... @ 8 Control of the con... F
S 4 ¥ nOut |
10 < <Add new> =
11 € v Static
12 l{n = Memory_sutomatic_start_stop Bool [=}| false N... E] =l ] [] Memoryusedfors..[,,
<] o [2]
a s>=1 7} A4 =0 = A=
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— The #Memory_automatic_start_stop will be set with input tag #Start. Click twice on the
S input of the SR flip-flop <??.?> and enter "Start" in the field that appears in order to see

a list of available tags starting with "Start".Click the #Start tag and apply with — Enter.

(— SR flip-flop —» <??.?7> — Start — #Start — Enter)

..gramming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1]

Wi T B EAER8r@EFF Caat s & B =
MOTOR_AUTO
Name Datat.. Defaul. Retain |Acce.. |Visibl. |Setp.. |Comment
8 4a-n= Conveyor_motor_automatic_mode Bool false Non-r... B 9 Control of the con,,,E
S €@ ¥ InOut
10 - <Add new> E
11 @ v Static
12 a Memory_automatic_start_stop Bool [E] else N [¢] @ M Memory used fors...[ |
[<] W |
2 >=1 - =0l = =]

w Block title: Motor control in automatic mode
P Conveyor motor in automatic mede:...

¥ .9 Network 1: Memory automatic_start_stop and control of the conveyor motor in automatic mode

#Memory_
automatic_
start_stop
#Conveyor_
— SR motor_
stary |85 & automatic_
#Stan Bool Pushbutton aut... -

Note: When assigning tags in this way, there is a risk of a mix-up with the global tags from the
tag table. The previously presented procedure using drag and drop from the interface
description should therefore be used preferentially.

— Multiple conditions are to be able to stop the conveyor. An OR block is therefore needed
at the R1 input of the SR flip-flop. First, click the R1 input of the SR flip-flop so that the
input line has a blue background.

£Memory_
automatic_
start_stop
R #Conveyor_
s motor_
#Stent—35g & automatic_
.. BRI Q— made
=
ZEnable_OK = i _ —
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Click the ™= 'iconin your logic toolbar to insert an OR logic operation.

& =0 7 A =ol = o]

.« AAN . Pletuuw snmoval ju o' 0w "
¥ Bloc P ORlogic operation [Shift+F3] Wemode

» Conveyor motor In automatic moae:...

v Network 1: Memoryautomatic_start_stop and control of the conveyor motor in automatic mode

mment

#Memory_
automatic_
stare_stop
#Conveyor_
SR motor_
FStAr—g & automatic_
=R Q — mode

#Enable_OK = st _ —

The OR block has 2 inputs initially. In order to logically combine an additional input tag,

click the yellow star * of the OR block.
»>=1

> — —

Add input tags #Stop, #Safety_shutoff _active and #Automatic_mode_active to the 3
inputs of the OR block.

#Memory_
S5top — automatic_
#Safety_shutoff_ start_stop R e
BCUVE SR mo(o?’o -
£Automatic_ #Start—5 & automatic_
mode_active - 3% R1 Q— mode
=
#Enable_OK == 3% — -
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— Negate the input connected to parameter #Automatic_mode_active by selecting it and

clicking ~"

o4 -

& >=1

S

¥ Block title: Motorcoy 1 en g0 [CirlsShift+4]
P Conveyor motor in automatic mode:...

Ammenst

#5t0p =—

#Safety_shutoff_
BCHVE =

fAutomatic_
mode_active == 3%

#Memory_
automatic_
start_stop
SR
S5t —g

R1 Q—

£Enable_OK — :

¥ Network 1: Memoryautomatic_start_stop and control of the conveyor motor in automatic mode

#Conveyor_
motor_
automatic_
mode

— Do not forget to click I ssveproject The finished function block "MOTOR_AUTO" [FB1]

in FBD is shown below.

..._FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1]

- 0w X

>=1
#510p =—

#Safety_shutoff_
BCUVE e

#Automatic_
mode_active [y 3k

#Memory_
automatic_
start_stop
SR
FSBM G &

R1 Q ——

#Enable_OK = 3§
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Wikl s g EAED8 @[T e aas - &2 B =
MOTOR_AUTO
Name Datat.. Defaul.. Retain |Acce.. Visibl.. |Setp... Comment
1 4 v Input [~]
2 4= Automatic_mode_active Bool Non-.. [ B Automatic mode activated [ -
: @n Start Bool Non+.. [] =) Pushbutton automatic start —
4 4= Stop Bool ls Non-r.. [ ™) Pushbutton automatic stop
5 an Enable_OK Bool alse Non-r.. [) = All enable conditions OK
6 4= Safety_shutoff_active Bool false Non-r.. [] ) Safetyshutoffactiveeg.e...
7 <4 ¥ Output = = (3
o S ]
& >=1 -4 =0l = =]

¥  Network 1: Memoryautomatic_start_stop and control of the conveyor motor in automatic mode

#Conveyor_
motor_
automatic_
mode
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— Under "General" in the properties of the block, you can change the "Language" to LAD

(Ladder Logic) (—Properties — General —» Language: LAD)

OTOR_AUT( |’d| Properties | i} Info gﬂﬁ Diagnostics
J General [
General
. General
Information
Time stamps
Compilation Name: |MOTOR_AUTO |
Protection
Type: |FB
Attributes b ! f
Download .. || ERHHEE xLA— hd
"
0 Number: £=55 l
- (ymanual
() automatic

— The program has the following appearance in LAD.

032-200_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1]

Wik F F b EREPB:G:HE e N & T H =
MOTOR_AUTO
Name Datat.. Defsul. Retain |Acce.. Visibl.. 'Setp.. Comment
1 4@ v Input -~
2 @-n= Automatic_mode_active Bool false Nont.. [] [ Automatic mode activated =
3 @- Start Bool Non-r... D D Pushbutton automatic start |2
4 a@-n Stop Bool false Non-r... B g Pushbutton automatic stop _JL
< 0 >
[<] o B
-k A == 7} = 2
v Block title: Motor control in automatic mode E
» Conveyor motor in automatic mode:...
¥  Network 1: Memoryautomatic_start_stop and control of the conveyor motor in ic mode
:Memory_ #Conveyor_
automatic_ motor_
start_stop automatic_
#Stant SR #Enable_OK mode
— ——:s Q i | { } =
#Stop
11
1r R1
#Safety_shutoff_
active
11
LI )
#Automatic_ e
mode_active
i/t =
v
<l "" 50> ] [100% E=e
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7.8 Program organization block OB1 — Control of the forward belt
tracking in automatic mode

— Before programming organization block "Main [OB1]", we switch the programming
language to FBD (Function Block Diagram). To do so, 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)

T4 Siemens - CAUsersspelDocuments\Automatisierung\032-200_F8-Programming\032-200_FB-Programming

Project Edit View Insert Online Options Tools Window Help
S h Rl sevepojert 3 X 1 = X st TMEGER S coonine F cootine fr MIE X 1)

Project tree

Totally Integrated Automation
PORTAL

Devices

QO

syse i

v | Find and replace
~ ] 032:200_FB-Programming T
I Add new device
g Devices & networks
~ [ CPU_1516F [CPU1516F3 P...
[IY pevice configuration
%] Online & diagnostics
v g Program blocks
B¢ Add new block
& Vein[O8  Open
& MOTOR
» [ Technologyq

1

saueiqn &

¥ [ Extermatsod o o
» [@ PLCtags -
» g PLC data 1yp)
» 3 watch and f¢
» (g} Online backi ~ Compile
» 23 Traces Download to device »
#j Program inid & Go online crlsk
a3 Navica neaw) §Y G Cul
<] il
G ference Shift=F11
X Crosseferences F11
T Call structure

X Delete
Rename

v | Details view

promos 5 Assignmentlist
Switch programming language »
Know-how protection

& Frint.. CrlP

< jip| & Print preview. | | 'd Properties  |%i}Info & | %l Diagnostics > | Languages & resources

q Properties... AltsEnter FB-Programming

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

74 Siemens - Ci\Users\spe\Documents\Automatisie
Project Edit View Insert Online Options Toc
OF (Y saveproject & ¥ 3= T2 X 92 (

Project tree

Devices

¥ 7] 032-200_FB-Programming -
ﬁ Add new device
ﬂ%h Devices & networks
~ [[j CPU_1516F [CPU 1516F-3 P__
[lY Device configuration

%) Online & diagnostics
v [l Program blocks
" Add new block
3 Main [OB1]
% MOTOR_AUTO [FB1]
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— Assign Network 1 the name "Control conveyor tracking forward in automatic mode"

(— Network 1:... »>Control conveyor motor forwards in automatic mode)

032-200_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1]

ST B

=True, ifremanent data are available

i K = e =EaED8rasEp ecaad iy
Main
Name Data type Default value Comment
1 & v Input
2 as Initial_Call Bool |=l Initial call of this OB
3 @-» Remanence Bool
4 @ > Temp
5 = <Add ne

TEY bl

<]

i e,

2 >=1

-

¥  Network 1:

-0

RS

w Block title: "Msin Program Sweep (Cycle)"

Control conveyor motor forwards in automatic mode

— Use drag-and-drop to move your "MOTOR_AUTO [FB1]" function block onto the green

line in Network 1.

T4 Siemens - C:Wsers\spelDocuments\Automatisierung\032-200_FB-Programming\032-200_FB-Programming

Project Edit View Insert Online Options Tools

Window  Help

Totally Integrated Automaotion
P

il sovepoject 3 X 35 = X 02 *: LM B R Y Goonline ¥ cooifine fo MR x - || RTAL
Project tree I |
Devices l Options 52
- . s oy -— T &) o 3 - » 2
LX) W FE s ERER8:a:tEl GERT 1 & B =1 | =
.l Main v | Favorites
~ ] 032:200_FB-Programming 1] Name Data type Defeultvelue  Comment
¢ Add new device 1@~ Input 7 I g | <a
gh Devices & networks 2 as Initial_Call Bool = Initial call of this OB = o =)
~ [ CPU_1516F [CPU1516F3 P_.. S @@=  Remanence Beel =True, ifremanent dats are available g > A ol
Y Device configuration =l @~ Temp 2
3
% Online & di i s 0 d ne v Z
v [ Program blocks =
& Add new block L &) b e M e =
2 Nein[o81] v Block title: “Msin Frogram Sweep (Cycle)® i
& MOTOR_AUTO [F81] - 2
» [ Technology objects 3
» s Extemnal source files ¥ Network 1: Control conveyor motor forwards in automatic mode | |
» L@ PLCtags c ]
» [ PLC data types =
» (53 Watch and force tables 3
» [ Online backups _, i 3
» [ Traces =
3§ Program info i v Basic i =
A B naui A ,,t‘ Name -
<[ B L] » [7] General (2]
v  Details view » Lii] Bit logic operations | =]
» (@] Timer operations =l
Name Address < W [2]
> Extended instructions
> Technology
100% [+] > | Communication
< W I[> |'d Properties [} Info 1| % Diagnostics 5 | Optional packages
=3 Overview 5
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— The instance data block for this call of FB1 is created automatically. Assign a name and

apply it with OK. (- MOTOR_AUTO_DB1 — OK)

Call'options X
Data block
“g Name [MOTOR AUTO_DB [+

Number [ [%]

Single

instance O Rl

() Automatic
The called function block saves its data in its own instance
data block.
More
Lok || concel |

— A block with the interface you defined, the instance data block and connections EN and
ENO are inserted in Network 1.

%WB1
*MOTOR_AUTO_
DB"
W81
"MOTOR_AUTO"
—-=1EN
Automatic_
Zlie =t mode_active
Glee —iStan
g | Conveyor_
N motor_
Else = Enable_OK automatic_
Safety. mode f— .
Glze —dshutoff_active ENO —

— Toinsert an AND before input parameter "Enable_OK", select this input and insert the

AND by clicking the % iconin your logic toolbar (— & ).

a2 >=1 4 = = =]
) AND logic operation [Shift+F2]

%81
"MOTOR_AUTO_
DB*

“W*e1
"MOTOR_AUTO"

—EN

Automatic_
& = mode_active
&= Start
false — Stop Conveyor_
motor_
:¢ (e Enable_OK automatic_

Safety. mode — ..

false = shutoff_active ENO —
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— To connect the block to the global tags from "Tag_table_sorting_station", we have two

options:

— Either select the "Tag_table_sorting_station" in the project tree and use drag-and-drop to

move the desired global tag from the Details view to the interface of FC1 ( —

Tag_table_sorting_station — Details view. — SO — Automatic_mode_active)

~ L@ PLC tags
%@ Showall tags
I Add new tag table
¢ Default tag table [54]

3 Watch and force tables
» [} online backups
» [Z Traces
% program info
alEn o

~ \ Details view

Mame  Dstaty.. Comment

- -Q3 Bool conveyor motor -M1 variable sp.E
k@i S0 Bool | =] mode selector manual(0) | auto..
il S1  Bool pushbutton automatic start (no)

len  -s2  Bool pushbutton autematic stop (nc)

< -53  Bool pushbutton manual mede conv...

Cornment

w 73 Network 1: Control conveyor motor forwards in automatic mode

%DB1
"MOTOR_AUTO_DB"
%FB1
"MOTOR AUTO"
-—EN
Automatic_mode_

GRS — ociie

& false — Start

T — false — Stop

STt Enable_OK Conveyor_motor_
Safety_shutoff_ automatic_mode — ...

false — active ENO—

— Or, enter the starting letters (e.g. "S") “-S”of the desired global tag for <??.?> and select

the global input tag "-S0" (%I10.2) from the displayed list. (— Automatic_mode_active —» S

— -S0)
& >=1 o4 =0l = =]
=
%DB1
*MOTOR_AUTO_
De*
W81
"MOTOR_AUTO"
o EN
__pfutomatic_
-S| 15} mode_active
& <1 "-S0° Bool %10.2 mode selector man... | |
e < *-s1” Bool %i0.3 pushbutton autom...
o =3t <@ *-s2* Bool %10.4 pushbutton autom... =
<@ *-s3° Bool %I1.4 pushbutton manual...
@ "-54° Bool %11.5 pushbutton manual...
@ *-s5" Bool %I1.6 pushbutton manual... [
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— Insert the other input tags "-S1", "-S2", "-K0", "-B1" and "-A1" and insert output tag "-Q1"

(%Q0.0) at output "Conveyor_motor_automatic_mode".

%DB1
*MOTOR_AUTO_
DB*
%81
MOTOR_AUTO
o —EN
W02  Automatic_
*-S50" == mode_active
& %0.3
%o0.1 51 —sun
"0 — %0.4
B Conveyor.
%0.5 52" —stop e
"B il Enable_OK euxomatic___ %Q0.0
%0.0 Safety_ mode —*-Q1"
"-A1" == shutoff_active ENO —

— Negate the querying of input tags "-S2" and "-A1" by selecting them and clicking

—ol =-al
(»-S2—> - -Al > )
%81
*MOTOR_AUTO_
De*
% B1
"MOTOR_AUTO"
o= EN
W02 Automatic_
"-50" == mode_active
& 0.3
%0.1 *51" = Start
"KO" — %0 4 5
*52* -0 onveyor_
%0.5 Stop motor_
BT — ik Enable_OK automatic_. Q0.0
W00 Safery. mode = "-Q1*
“-A1" =0 shutoff_active ENO =—
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7.9 The result in the LAD (Ladder Logic) programming language has
the following appearance.

...2-200_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1] - 2l X

G EF S b EEAED8r 2t F C6aEs s & B =
Main
Name Data type Default value Comment
1 <&@ ¥ Input E
2 Qs Initial_Call Bool z Initial call of this OB ¥
<] il R E3

TR TRV

HF i —O— —_ 1

': LI S B Control conveyor motor forwards in automatic mode lﬂ
%81
“MOTOR_AUTO_
De*
W81
"MOTOR_AUTO"
= EN ENOQ ———————————
W02  Automatic_ Conveyor:
*50" — mod : motor_ =
Ll 2l automatic_.  %Q0.0
%403 mode —*-Q1"
517 = Stant
W4
<52t
=/‘l Stop
W0 WO S
*Ko0* *-81°
: : : : Enable_OK
%600
Al Safety_
/1 shutoff_active
BV
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7.10 Save and compile the program

— To save your project, select the [ save project button in the menu. To compile all blocks,

click the "Program blocks" folder and select the icon for compiling in the menu

(— Il ssveproject _, program blocks — ).

4 Siemens - C:\Users\spe\Documents\Automatisierung\032-200_FB-

Project Edit View Insert Online Options Tools Window Helf
i Bl saveproject @ X B 3 X O WM E |

Project tree m 4 2-200_FE

Compile

Devices
Main
¥ 7] 032-200_FB-Procgramming z Name
¥ Add new device 1 <@ v Input
g Devices & networks 2 4= Initial_Call
v [[@ CPU_1516F [CPU 1516F-3 P_.. ¢
[IY pevice configuration =
| Online & diagnostics ) =
vl Pr?gram blocks i B
" Add new block
4 Main [0B1] comment
4 MOTOR_AUTO [FB1]

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

]E",Properﬁes H"_i.‘.lnfo i) | 2| Diagnostics

, General y]] Cross-references H Compile “ Syntax l

|§]T]§]r Show all messages [+

Compiling completed (errors: 0; warnings: 0)

! Path Description Goto |? Errors
® ~ cru_isieF Pl 0
(V] ¥ Program blocks A 0

Q MOTOR_AUTO (FB1) Block was successfully compiled. P

Q MOTOR_AUTO_DB (DB1) Block was successfully compiled. P

@ Main (OB1) Block was successfully compiled. Pl

Q Compiling completed (errors: 0; warnings: 0)
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7.11 Download the program
— After successful compilation, the complete controller with the created program, as
previously described in the modules for hardware configuration, can be downloaded

- &

TiA Siemens - C:\Users\spelDocuments\Automatisierung\032-200_FB-Programming\032-200_FB-Programming

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation
CF i seveproier @ X 15 T3 X e s TG B B Goonline ¥ Goofiine | fo M HR ¢ ]| PORTAL
Fiojectires LR Download to device
Devices
O QO i EEE Cadmd 'zt &0 K 4 |2
c
= o 3
¥ ] 032-200_FB-Programming |~ 8
B Add new device T A | P A ol | &= | ofx] ]
Devi & ks 3
] ;I::;s:e[';s:smF 580 =|~ Network 1: Control conveyor motor forwards in automatic mode [~ i
IIY Device configuration s
v
%/ Online & diagnostics 2
v g Program blocks %DB1 e
B Add new block ‘MOTOR_'AUTO_ ==
& Main [0B1] DB B
4 MOTOR_AUTO [FB1] < W81 . ;
@ MOTOR_AUTO_DB [DB1] OIORAUTO =|=
v [ Technology objects I — =N 4}
B¢ Add new object 0.2 Automatic_ U_|_
» @i External source files -S0" = mode_active g
» (@ PLCtags [v| & %03 3
<[ m 1B %01 1" —starn .
v ] Details view i 2o i
%0.5 52" =0 s10p conmveoﬁ:_ I
"B1T ek ~———————————————Enable_OK auwmsu‘c: %Q0.0
Name — W00  safery. mode — Q1"
m‘ Device conﬁgura_non |~ “-A1" =0 shutoff_active ENO —
Q| Online & diagnostics B |
5 P blocks X
4 Program bloc g
I "
% Technology objects <[ il 1> | |100%
External source files |~ | '8 Properties  |?i}Info @[ %) Diagnostics |
4 Portal view £3 Overview & Main ¥ The project 032-200_FB-Programming
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7.12 Monitor program blocks

— The desired block must be open for monitoring the downloaded program. The monitoring

can be activated/deactivated by clicking the

icon. (— Main [OB1] —» " °)

...0_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1] - X
. 3% 3% ram [)] w3 ¢ [F=lll8sy oo
Wi e e EARPD8r@EF|aad 1 &7 B =
= Monitoring onloff
I L 1 R T B |
¥  Network 1: Control conveyor motor forwards in automatic mode {&
%DB1
"MOTOR_AUTO_
DB*
w81
"MOTOR_AUTO" e
—EN
%02 |Automatic_
*-50" —Imode_active
& %03
%01 "51" —{Starnt
KO — WO 4 ==
ot Conveyor.
S2" -0 =
c_“'o 5 . Stp motor_
BT —ak Enable_OK automatic_| Q0.0
WO |safery, mode f—"Q1"
"-A1" =0l shutoff active ENO—
ikl e s ERED8QEE Caas = &7 M =)
e p—
Y =1 B A4 =ol = =]
¥  Network 1: Control conveyor motor forwards in automatic mode 17:
“DB1
“MOTOR_AUTO_
DB*
WFB1
"MOTOR_AUTO"
. —{EN =
TRUE
0.2 |Automatic_
50" —{mode_active
* FALSE
TRUE o
%0.1 51" =-iStart
*K0" — =
TRUE
TRUE w04
@05 52" ~Qistop
*B1" —fsk Conveyor_
81 - Enable_OK motor_|  TRUE
TRUE automatic_| %Q0.0
0.0 |safery. mode }—"-Q1"
*-A1" ~Oishutoff_active ENOj— W

Note: The monitoring here is signal-related and controller-dependent. The signal states at the

terminals are indicated with TRUE or FALSE.
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— The "MOTOR_AUTO" [FB1] function block called in the "Main [OB1]" organization block

can be selected directly for "Open and monitor" after right-clicking (— "MOTOR_AUTO"

[FB1] — Open and monitor).

032-200_FB-Programming » CPU_1516F [CPU 1516F-3 PNIDP] » Program blocks » Main [OB1] W EX

Wi E S bk EAER8a:HPE ke % &5
& >. - =0l = o]
%081
*MOTOR_AUTO_
DB*
Modify »
——EN Open
— [Openand monitor |
0.2 |Automi Define tag Crrl+Shifts!
*50"—{mode_|  Rename tag... Curl+ShiftsT
& FALSE Rewire tag... Crl+Shift+P
TRUE %03 X cut Culsx
w€0.1 S1%==IStart 13 Copy CulsC
= TRUE [ Paste Cerlev
Wo.4
o Delete Del
w05 52 -dsiop | X
"B1° i} Enabl Goto »
Cross-reference information  Shift+F11
xg Safety Show overlapping accesses
“A1"~gshutoffi  Change instance...
Update block call
v Network2: . 1 Insert network Curl+R
Insert STL network
Comment 7 insert empty box Shift+F5
¥ Insertinputand output  CarlShift3

Properties Alt+Enter

032-200_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Programblocks » MOTOR_AUTO [F81]

wiF e b EEEPDEtarFp Cecaas % & B

Call path: Main [OB1]
2 ser {B A4 =al = 2]

~ Block title: | Motor control in automatic mode
» Conveyor motor in automatic mode:...

¥  Network 1: Memoryautomatic_start_stop and control of the conveyor motor in automatic mode

Comment
S
FALSE
e #Memory_
FALSE automatic_
#Safety_shutofi_ start_stop

BCUVE —ut
“‘_E S E #Conveyor_
#Automatic_ #Start~ & motor_
mode_active sy ==~ heecccccccccceee- Q automatic_

mode

TRUE =
#Enable_OK —{3}

Note: The monitoring here is function-related and controller-independent.
sensors and the station status are shown here with TRUE or FALSE.

For unrestricted use in educational and R&D institutions. © Siemens AG 2017. All rights reserved.
SCE_EN_032-200 FB-Programming_S7-1500_R1703.docx

Soneiq ] SAselqu] bunsey =] suononnsuj i

The actuation of

47



SCE Training Curriculum | TIA Portal Module 032-200, Edition 05/2017 | Digital Factory, DF FA

— If a particular point of use of a "MOTOR_AUTO" [FB1] function block that is called

multiple times is to be monitored, this can be performed using the ol icon. There are two
alternatives available for specifying the call environment: using the call environment or
the instance data block. (— ™ — Instance data block - MOTOR_AUTO_DB1 [DB1] —»
Call environment — Address: OB1 — Details: Main NW1 — OK).

Call environment of block X
O None

() Instance data block
MOTOR_AUTO_DB [DB1] v

() call environment

Dyanand P - dd race N

snende e Addre Detail

&/ Vair TOR_AUTO_DE o:

() Manually adjusted call environment

Call’environment of block

(") None

() Instance data block

[MOTOR_AUTD_DB [DB1]

(® Call environment

| Dependency structure ! Address Details ]
| : 2 Main ("MOTOR_AUTO_DE") : 0B1 Main NW1 (Co...

-

Transfer to "adjusted manually”

() Manually adjusted call environment
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7.13Archive 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 with the file type "TIA Portal project archive". (— Project — Archive —

TIA Portal project archive — 032-200_FBProgramming.... — Save)

A Siemens -

D:\00_DATAISIEMENS\Unterlagen\08_Ausbildungsunterlage_TIA-Portal_R1503_e\SCE_EN_032-100 FC-Programming\032_200_FB-Programming\032_200_FB-Programming

EdN View Insert Online Opfions Tools Window Help

Totally Integrated Automation
POR

[3F New:... dECE: T MG [} & coonline ¥ coofiiine B, [ MM > 1] TAL
H [¥ Open... ctr+0 " " - _
Migrate project... 032_200_FB-Programming * CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1]
Close Cctrivw Eg]
save s B ) G E ey ER =8 @ Cod@B 1z% &7 1 =
Save as... CtrisshiftsS g
Delete project... Ctrl+E —— é
R I N R i
Retrieve... e
[~ =
T Card ReaderlUSB memory v ~  Network 1: Contral conveyor motar forwards in automatic mode gl
T Memory card file » =
Comment 9
U g
2
) Print... Cirl+P %DB1
&b Print preview... 4 "MOTOR_AUTO_DB1" 5
400_DATAL..1032_200_FE-Programming %FB1 2!
D:00_TIA..\032-100_FC-Programmierung "MOTOR AUTO" :r
D:00_TIA..J032-200_FB-Programmierung — =
D:00_TIA_Po..1032_100_FC-Programming T ey E
Dil.\Abschlusspruefung_Teil1_Mechatr_. %02 Automatic_mode_ =
; e . =
Exit -50" — active 5
b T Wiaich and ore fabes 2 %03 z
» r{‘ Online backups %01 51" — Start | |
b = Traces k0"
1 Program info 0.4 =
» [i, Device proxy data %0.5 -52"—o stop
4 PLC alarms. "B1"—s: Enable_OK
, = TE"‘""“d ; 0.0 safety_shutoff_
,—u.-u Local modules ".A1" =0 active
» g% Common data
» [3] Documentation settings %I1.0
+ [ Languages & resources -B4"— Sensor_slide Conveyor_motor_  %Q0.0
» (i@ Online access %1.3  semsor.end of automatic_mode —"-Q1"
» [ Card ReaderlUSB memory <] [ ] |2 v
> | Details view | properties |7 info @ piagnosti

4 Portal view
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8 Checklist

No. Description Completed
1 Compiling successful and without error message
2 Download successful and without error message
Switch on station (-KO = 1)
Cylinder retracted / Feedback activated (-B1 = 1)
EMERGENCY OFF (-Al = 1) not activated
3 AUTOMATIC mode (-S0 = 1)
Pushbutton automatic stop not actuated (-S2 = 1)
Briefly press the automatic start pushbutton (-S1 = 1)
then conveyor motor forwards fixed speed (-Q1 = 1)
switches on and stays on.
4 Briefly press the automatic stop pushbutton (-S2=0) > Q1 =0
5 Activate EMERGENCY OFF (-A1=0) > Q1=0
6 Manual mode (-S0=0) > Q1 =0
7 Switch off station (-KO=0) > Q1 =0
8 Cylinder not retracted (-B1=0) > Q1 =0
9 Project successfully archived
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O Exercise

9.1 Task — Exercise

In this exercise, an energy saving function is to be added to the MOTOR_AUTO [FB1] function
block. The expanded function block will be planned, programmed and tested:

To save energy, the conveyor should only run when a part is present.

The Conveyor_motor_automatic_mode output is therefore only activated when
Memory_automatic_start_stop is set, the enable conditions are met and
Memory_conveyor_start_stop is set.

The Memory_conveyor_start_stop is set when Sensor_chute_occupied signals a part and is
reset when Sensor_end_of conveyor produces a negative edge or safety shutoff is active or
automatic mode is not activated (manual mode).

9.2 Planning
Plan the implementation of the task on your own.
Note: Learn about the use of the negative edge in SIMATIC S7-1500 in the online help.
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9.3 Checklist — Exercise

No.

Description

Completed

Compiling successful and without error message

Download successful and without error message

Switch on station (-KO = 1)

Cylinder retracted / Feedback activated (-B1 = 1)
EMERGENCY OFF (-Al = 1) not activated

AUTOMATIC mode (-S0 =1)

Pushbutton automatic stop not actuated (-S2 = 1)

Briefly press the automatic start pushbutton (-S1 = 1)

Sensor at chute activated (-B4 = 1)

then conveyor motor forwards fixed speed (-Q1 = 1) switches
on and stays on.

Sensor at end of conveyor activated (-B7=1) »>-Q1 =0

Briefly press the automatic stop pushbutton (-S2 = 0) —» -Q1 =
0

Activate EMERGENCY OFF (-A1=0) > -Q1=0

Manual mode (-S0=0) - -Q1=0

Switch off station (-KO=0) - -Q1=0

Cylinder not retracted (-B1 =0) > -Q1 =0

10

Project successfully archived
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10 Additional information

You can find additional information as an orientation aid for initial and advanced training, for
example: Getting Started, videos, tutorials, apps, manuals, programming guidelines and trial

software/firmware, at the following link:

www.siemens.com/sce/s7-1500
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