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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 CPU1214C. However, other
hardware configurations that has digital input and output board be used. For this chapter, you can
use the following project, for example:

SCE_EN_011_101_Hardware_Configuration_CPU1214C.zap14

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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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 Basic software in TIA Portal — as of V14 SP1

SIMATIC S7-1200 controller, e.g. CPU 1214C DC/DC/DC with ANALOG OUTPUT SB1232
signal board, 1 AO — Firmware as of V4.2.1

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

Ethernet connection between engineering station and controller

A 2 SIMATIC STEP 7

Basic (TIA Portal) as of
V14 SP1

1 Engineering Station

4 Ethernet connection

99T T T Ty
9T 9T Ty

3 SIMATIC S7-1200 controller Control panel

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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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
sequences 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 output
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

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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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, at a minimum, an organization block for cyclic program processing. 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) B
OB 100 Warm restart
Cyclic
program processing Interrupt-driven
> Cycle > OB 1 P program processing
” OB 40 ...
Interruption ,.
Interrupt |t 2
Interruption Error handling
Error - =
OB 80
OB 82
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 you have not assigned an OB to the event, the default system reaction is performed.

Table 1 shows examples for various start events for a SIMATIC S7-1200. Also shown are the
possible OB number(s) and the default system reactions that occur when the respective
organization block (OB) is not present in the controller.

Start event Possible Default
OB numbers system reaction
Startup 100, 3123 Ignore
Cyclic program 1,3123 Ignore
Time-of-day interrupt 10to 11 -
Update interrupt 56 Ignore
Scan cycle monitoring time 80 Ignore
exceeded once
Scan cycle monitoring time 80 STOP
exceeded twice
Diagnostic interrupt 82 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 (I) 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.

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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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
(PIl). 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 then 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 PlI
program memory
2. Processing the . ; Local data
: . 1st instruction
program instruction-by- ond instruction
Lgsgﬁ(;:'nodnp"l‘gh access 3rd instruction Bit memory
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.

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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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 logic
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.

L

Figure 3: Function with call from organization block Main [OB1]

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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Function blocks and instance data blocks

Function blocks are logic 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, or

— When information must be stored in the program, such as preselection of the operating mode
with a button.

Function blocks are always executed when called from another logic 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
Function block of function

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

MOTOR_AUTO [FB1] ] MOTOR_AUTO

together with its Contains a program for | (1]

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.

N

Figure 4: Function block and instance with call from organization block Main [OB1]

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
SCE_EN_031-200 FB-Programming S7-1200_R1709.docx

12



Learn-/Training Document | TIA Portal Module 031-200, Edition 2018 | Digital Factory, DF FA

46 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
e =N

block_12 (DB_lInstance) data block_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 / R&D institutions. © Siemens AG 2018. All rights reserved.
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4.7 Library-compatible logic 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.

For more complex programs, structured programming is always recommended. 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.

...D_FB_Programming » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » MOTOR_AUTO [FB1] - X

PP L E @GR aB Gl G &7 G o
MOTOR_AUTO
Name Data type Default value Retain Accessible f... Writa... Visiblein ... Setpoint
1 4@ v Input ~
2 @-n» Automatic_mode_active Bool r_ij f Non-re... [+] E v 9
3 @-s Start Bool Non-retain = 2 2 -
4 Qe Stop Bool Non-retain = 2 =)
5 @-» Enable_OK Bool Non-retain = 2 =2
6 @-= Safety_shutoff_active Bool f Non-retain ) = =
7 -
8 4@ v Output
9 Q- Conveyor_motor_automatic_mode Bool Non-retain @ B B v
< ] >

e s {77 A4 =a = o]

~
¥  Network 1: Memoryautomatic_start_stop and control of the conveyor motor in automatic mode
=l #Memory_
25t0p =— automatic_ =
#Safety_shutoff_ start_stop i
v
active — SR mc(ovyo -
%Automatic_ Starnt—g & automatic_
mode_active —0 35 _— Q— mode
=
#Enable_OK = 3¥ —_— =
& 35 =33 | =& o " . o oo
Wil B g 6, EE:‘{?Eid!g!g—: 25 Al Gl qd &7 & = |
N —
) >u1 E]' -4 =0l = s

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

¥  Network 1: Control conveyor motor forwards in automatic mode

%81
*MOTOR_AUTO_
DE*
w81
"MOTOR_AUTO"
—EN

%02 Automatic_
*-50" = mode_active

& %603
%01 "51" —Start
"KO* — %0.4
%05 52" =0 stop c°"mv3:::
"B1" sk - Enable_OK automatic_  %Q0.0
WO  Safety. mode — Q1"
"-A1" =0 shutoff_active ENO —

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

For SIMATIC S7-1200 controller, the available programming languages for programming
functions and function blocks are Function Block Diagram (FBD), Ladder Logic (LAD) and
Structured Control Language (SCL).

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 together 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 #el #e2| #al
& 401 0 0 0
#11 — o 0 1 0
F12 —t S— i n | 0 0
p | 1 1

Network 2: OR-Operation #el #el| #a2

0 0 0
#=] s 0 11
Al = 1 0|1
#12— st I L % 1 i
#el #e2| #a3
Network 3: EXCLUSIVE OR-Operation 0 0
X #03

= O
- O =
O = = O

o
]

= ik
| —f — —

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:

— An instruction 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". If
an error occurs during processing, the enable output "ENO" is reset. If enable input EN is not
connected, the box is always executed.

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
SCE_EN_031-200 FB-Programming S7-1200_R1709.docx

15



Learn-/Training Document | TIA Portal Module 031-200, Edition 2018 | Digital Factory, DF FA

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 are 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
Safety_shutoff_active BOOL Safety shutoff active e.g. emergency stop
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 Y P

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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Technology diagram

Here, you see the technology diagram for the task.

Sortieranlage / Sorting station

-B4 -B5

Rutsche/Slide

-B6

Metall/
metal

> Forderband/Conveyor [j

Zusitzliche Werte
Additional values

Plastik/
plastic

-B9 externer Stellwert Drehzahl/f
external manipulated value speed

5.0 U/min (rpm)

Switches of sorting station
-P1 einfon
j -QO0 Hauptschalter/Main switch
-P4 aktiviert/active
-A1 NOTHALT/Emergency stop
-P2 Handimanual -P3 Auto/auto
:- -50 Betriebsart/operating mode

-B3 Motor akti_v,t' M
motor active -U1 Stellwert Drehzahl/
N -B1 manipulated value speed
-B8 gtwler‘t i[)rehzahlé‘ 5.0 U/min (rpm)
actual value spee: —3 Ul (et
Figure 8: Technology diagram
Schalter der Sortieranlage Automatikbetrieb Handbetrieb / Manual mode

Automatic mode

-PS5 geslartetstarted
-51 Start/start

__ -52 Stopp/stop

— Manual -M1 forwards

= cylinder -M4 retract

-53 Tippbetrieb -M1 vorwarts/

-54 Tippbetrieb -M1 riickwarts/
Manual -M1 backwards

-PT ausgefahren/extended

-56 Zylinder -M4 ausfahren/
cylinder -M4 extend

-55 Zylinder -M4 einfahren/

-P6 eingefahrenfretracted

Figure 9: Control panel
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6.4 Reference list

The following signals are needed as operands for this task.

DI Type Identifier Function NC/NO
0.0 BOOL -Al Return signal emergency stop ok NC
0.1 BOOL -KO Main switch "ON" NO

) Manual =0
10.2 BOOL -S0 Mode selector manual (0)/ automatic (1)
Auto=1
10.3 BOOL -S1 Pushbutton automatic start NO
10.4 BOOL -S2 Pushbutton automatic stop NC
10.5 BOOL -B1 Sensor cylinder M4 retracted NO

DO Type Identifier Function

Q0.0 BOOL -Q1 Conveyor motor M1 forwards fixed speed

Legend for reference list

DI

Al

NC

NO

Digital Input
Analog Input
Input

Normally Closed

Normally Open

DO Digital Output
AO Analog Output

Q Output
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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_AUTO", we need a
project with a hardware configuration (e.g.
SCE_EN_011_101_Hardware_Configuration_S7-CPU1214C....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).

& Siemens

:Projett |Edit View Insert Online Options To

3F New...

~
4

= (% Open... Ctrl+0
Migrate project...

J .

Delete project... Ctrl+E
Manage multiuser server projects...
| Card Reader/USB memory »
T Memorycard file »

® 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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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.

1A Siemens - C:Wsersimde\Documents\Automatisierung\011-101_CPU1214C1011-101_CPU1214C

Project
Kb

<

Devices

Edit  View
H seve project 3}

] 011-101_CPU1214C

I Add new device
gh Devices & network

.7 [ Cu_1214C [cPU 1214C DUIDKIDC] |

Y Device configuration
%/ Online & diagnostics
» 'l Program blocks
» [ Technology objects
» g} External source files
v L& FLCtags
% Showalltags
B Add new tag table
5§ Default tag table [29]
» Ui PLC data types
» [ Watch and force tables
» Lig Online backups
» [ Traces
il

Insert  Online  Options

Xahx ez N E B R ¥ cooniine F cooffine gp NI 2 | || [<corchinporecs | 44

Tool  Window Help

m

v | Details view

ad

cl

L]

|| Module

Name

|¥ Device configuration
4/ Online & disgnestics
o Program blocks

% Technology objects

[} External source files

PLC tags
PLC data types

Portal view

‘g Properties |y Info & [ %I Diagnostics

I General y,| Cross-references

Totally Integrated Automation
PORTAL
Options ]
1=
1|8
a2
3
v | Find and replace

L
- |&
o
:?.
3

D) 1| @]/ show st messages

>

t Path

H Compile ‘l Energy Suite ‘

Description
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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).

T8, Siemens

:\Users\imde\Documents\Automatisierung011-101_CPU1214C\011-

01_CPU1214C

Project  Edit View Insert Online

Of (HE sveprojet & X = o

Options

X 0@ 5

Tools Window Help

Devices

> ] 011-101_CPU1214C
B¢ Add new device
g Devices & networks
~ [m cPu_1214c [CPU 1214C DUDC/DC]
IIY Device configuration
R/ Online & diagnostics
» gl Program blocks
» [ Technology objects
» G} External source files
~ (@ PLCtags
% show all tags
B Add newtag table
% Default tag table [29]
g Tag table_sorting station [0]
» (i@ PLC data types
» (5 Watch and force tables
» [ig Online backups
» [ Traces

v | Details view

MEER § coonline ¥ Gooffiine

hhBR x

Name Data type

4 Portal view

P <Seorch in project |

G, Properties 'j.‘lnfn V] &‘Diagnostics

Totally Integrated Automation
PORTAL

Options

~ |Find and replace

v
General
D..
No ‘properties’ available.
anydisplayable properties.
[>

No ‘properties’ can be shown at the moment. There is either no object selected or the selected object does not have

3 |Languages & resources

soueiqr || syseL @

Project  Edit View Insert Online

Cf (B sveprojet & X 2

Options

Tools  Window

Help
ms & & Goonline ¥

Totally Integrated Automation
PO

RTAL

Tag table_sorting station [0]
Devices @ Tags H B User constants ‘ Options 7
. P : = ]
4% =2 D Ty = = 2
Tag table_sorting station ~ | Find and replace q
~ [ 011-101_CPU1214C Name Data type Address Retain  Acces.. Writa.. Visibl.. Comment -
B¢ Add new device 1 | B ) v ) Find: L;:'
gy Devices & networks = |
~ [ CPU_1214C[CPU 1214C DUDC/DC] A g
Y Device configuration L Pt .
@/ Online & diagnostics [ Metch case
» gl Program blocks F
» [ Technology objects E .
» G} External source files
~ (@ PLCtags
% show all tags e
f Add
-‘ newtag table @ Down
% Default tag table [29]
i3 Tag table_sorting station [0] Oup -
» [ PLC data types F
» 55l Watch and force tables
» [ig Online backups Replace with:
» (53 Traces v [< [T > [+
+ | Details view | & Properties ]I'j.‘lnfn i “ %) Diagnostics ‘ le
General €
Tag o
Name Dastatype  |D.. ‘ i=g
| General
|
F Name: |
4 1
| Data type: | | E]|
Address: |
<} I [ Retained [+]? |Languages & resources
4 Portal view Overview Tag table_so...

v The project '011-101_CPU1214C was s...
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7.3 Create new tags within atag 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 %I10.0

(10.0) (® <Add> ® Q1 ® Enter).

- 0 EX

.11-101_CPU1214C » CPU_1214C [CPU 1214CDUDUDC] » PLCtags » Tag table_sorting station [1]
<1 Tags ||EIUserconstants

—a

a

b -

®

#w Dw T

Tag table_sorting_station
Name Data type Address Retain  Acces.. Writa... Visibl.. Comment
Q1 Bool  [&)]| %i0.0 | =l =) =]
ew> ¥ & ¥

<Add ne

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. Change the operand identifier to Q and
confirm with Enter or by clicking the check mark (® %Il0.0 ® Operand identifier® Q ®

.11-101_CPU1214C » CPU_1214C [CPU 1214C DUDCUDC] » PLCtags » Tag table_sorting_station [1] - X
< Tags |EIUserconstant5
&% B T e
Tag table_sorting_station
Name Data type Address Retain | Acces.. Writa.. Visibl.. Comment
1 a Q1 8ol & %i0.0 [+] ™ ™ ]
- St Operand identifier: || -
Operand type: NN
perand type Q
Address: M
Bit number: D
fel (x|

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

011-101_CPU1214C » CPU_1214C[CPU 1214C DUDCDC] » PLCtags » Tag table_sorting station [1] - X
@Tags |E User constants |
TIECET =
Tag table_sorting station
Name Data type Address Retain  Acces.. Writa.. Visibl.. Comment
1 a Q1  Bool ; %Q0.0 - ~ = v [mn‘.-e;cr maotor -M1 forwards fixed speed .\
3 Add M @ @
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® Add anew Q2 tag in line 2. TIA Portal has automatically assigned the same data type as
the one 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)

| |ﬂl Tags ” & User constants ‘ |

v & Do TH =
Tag table_sorting station

Name a | Datatype Address Retain  Acces.. |Writa... Visiblein ... |Comment
1 S| Q1 Bool %Q0.0 =] =2 =]l conveyor motor -M1 forwards fixed speed
2 < Q2 Bool %Q0.1 = 7] ) conveyor motor -M1 backwards fixed speed

7.4 Import "Tag_table sorting_station"
® To insert 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)

‘-ﬁm Tags | @ User constants

Tag table_sorting_station
Name Datatype  Address Retain  Acces.. Writa.. Visibl.. Comment

1 | Q1 Bool i %10.0 =~ ™) M  conveyor motor M1 forwards fixed speed
||l Q2 | Bool =il %10.1 [+ v ~ M  conveyor motor M1 backwards fixed speed
<Add 1 Z¥ Insert row ™ v [v]

=% Add row

w N -

X

25| Copy
% Delete Del
Rename F2
K Cross-references Fi1
€ Cross-reference information Shift+F11

o Monitor all

Export file

| G Properties = H >
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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. (0032:000001) X

Import completed successfully.

Detailed information is shown in the import log
file.

Click here to view the log file.
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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 selecting "Delete" in the shortcut menu.

(® Right-click on selected tags ® Delete)

1-101_CPU1214C » CPU_1214C [CPU 1214C DCUDUDC] » PLCtags » Tag table_sorting station [30] - X

<@ Tags “ & User constants
s % D% Ta &
Tag table_sorting station
Name Data type Address Retain  Acces.. Writa.. Visibl.. Comment

1 -l Q1 Bool %Q0.0 ™2 v M conveyor mator -M1 forwards fixed speed | A
2 <1 Q2  Bool %Q0.1 ™~ = M  conveyor motor M1 forwards fixed speed [l
3 -ﬂl!_ -A1 | Bool E %10.0 E g B E return signal emergency stop ok (nc)
4 < «0 I Bool %l0.1 =l I M  main switch ,ON* (no)
5 < S0  Bool %10.2 [« v M  mode selector manual(0) / automatici{1)
6 4@ S1  Bool %103 i ™ M  pushbutton sutomatic start (no)
7 @ 52 Bool %10.4 ] ™ M  pushbutton automatic stop (nc) -
8 € 81 Bool %I0.5 = ] M  sensorcylinder w4 retracted (no)
9 <a 82 Bool %10.6 [ =] M  sensorcylinder M4 extended (nc)
i0 @ 83  Bool %I0.7 ™~ v M sensormotor M1 actice (pulse signal for ..
@ B4  Bool %I1.0 W =) M  sensorpartatsiide (no)
i2 4 85 Bool %I1.1 g g @ sensor metal part (na)
i3 @ €6 Bool %I11.2 = =] M  sensorpartin front of cylinder -h4 (no)
14 4 -B7  Bool %13 E @ B sensor part at end of conveyor (no)
15 @ 53  Bool %l1.4 E E g pushbutton manual mode conveyor —M1_.
16 @ -S4 Bool %115 v v M  pushbutton manual mode conveyor 1 ...
17 4@ <S5 | Bool %I1.6 2l =l M  pushbutton manual mode cylinder M4 re...
8 @ 56 Bool %I1.7 @ Q @ pushbutton manual mode cylinder -M4 ex..
19 4 Q1  Boal %Q0.0 @ g E conveyor mator -M1 forwards fixed speed
20 @@ Q2 Bool %Q0.1 [ I~ M  conveyor motor M1 backwards fixed speed
21 4l Q3 Boeol %Q0.2 =l ™ = conveyor motor M1 variable speed
22 4@ M2  Bool %Q0.3 @ B @ cylinder -M4 retract
23 @ M3 Bool %Q0.4 =] = M  cinder M4 extend
24 4@ P1 Bool %Q05 @ B @ display ,main switch on”
25 44 P2 Bool %Q0.6 =l = [~ display ,manual mode”
26 4@ £3 Bool %Q0.7 @ B E display .automatic mode” F
= = e AR =% = =S i "

(<] i [[>]
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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 031-200_FB_Programming.

(® Project ® Save as ... ® 031-200_FB_Programming ® Save)

14 Siemens :Wsers\imde\Documents\Automatisierung011-101_CPU1214C\011-101_CPU1214C

Project  Edit View Insert Online Options Tools Window Help Totally Integrated Automation
Cf (A seveprojet & X %=l 2 X D2 e G M E R ¥ coonline F cooffine | 7 MM 2 L (1] [Seochinpoecs | i PORTAL
011-101_CPU1214C » CPU_1214C[CPU 1214CDUDCDC] » PLCtags » Tag tabl orting station [28]
< Tags H B User constants ‘
2@ T =lE
Tag table_sorting station .
> ] 011-101_CPU1214C Name  Data type Address Retain  Acces.. Writa.. Visibl.. Comment =
B Add new device 1 4 A1 Bool v =2 =] [ return signal emergency stop ok (nc) A L,"_’J
oy Devices & networks 2 @ «0 Bool M & M mainswich 0N (no) [ ]
~ [ CPU_1214C[CPU 1214C DU/DC/DC] |z @ so |Bool =] (=) M  mode selector manual(0) / automatic(1) S
Y Device configuretion Sl: @ =1 Boal (=] =] M  pushbutton automatic start (no) ]
% Online & diagnostics | |5 @ s2 |Bool =) ~ M  pushbutton automatic stop (nc) ||
» g Program blocks & @ B |Bool =] - M sensor cylinder -4 retracted (no)
» [ Technology objects 7 @ B2 Bool =] - M sensor cylinder M4 extended (nc)
» 5} External source files 8 4@ B3 |Bool =] =] M sensor motor 1 actice (pulse signal for .. 3
v (& PLCtags 9 @ -84 Bool =] ~ M  sensor partatslide (no)
S Showsllmgs 0 @ 85 Bool M =& M  sensormetal part (no)
I ~dd new tag table i1 @ 85 Bool =] [~} M sensor partin front of cylinder -4 (no)
% Defoult tag table [29] 12 @ 87 Bool =] =) M  sensor partatend of conveyor (no}
@ Tag table_sorting station [28 13 @ s3 |Bool =) =] M  pushbutton manual mode conveyor —M1...
» [g PLC data types 4 @ -S4 |Bool ] ~ M  pushbutton manual mode conveyor =M1 .. =
» [ Watch and force tables 15 @ S5 Bool =] (=) [  pushbutton manual mode cylinder W4 re...
» [ig Online backups 16 @ -6 Bool =] - M  pushbutton manual mode cylinder -hid ex..
» [ Traces vli7 @ <1 |Bool =] )] @  conveyor motor M1 forwards fixed speed
| Details vews: 15 @ 2 | Bool ™ ~ M conveyor motor M1 backwards fixed speed
i @@ Q3 |Bool ™~ ~ M conveyor motor M1 variable speed
20 @ 2 Bool =] ~ M cylinder-m4 retract
21 @ 3 |Bool =] =) M cyinder -\ extend
Name Dats type 2 @ - |Bool =) =) @  display,main switch on”
@ Q1 Bool sal2z @ 2 |Bool ™ =] M display,manual mode*
@ Q2 Bool % |24 @ F3 |Bool =) =] M  display ,automatic mode*
@ Q3 Bool % |25 @ P2 Bool =] =]} [  display ,emergencystop activated”
l@m  so Bool L 4@ 5 Bool =] =] M  display.automatic mode started"
@ st Bool x| @ 6 Bool =] ~ M display cylinder M4 retracted” o
@@ s2 Bool A& =, = =
< ] |'cl Properties  [*} Info 4| % Diagnostics

4 Portal Overview |5 7ag table_so._.
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7.5 Create function block FB1 "MOTOR_AUTQ" for the conveyor
motor in automatic mode

® In the PLC programming section of the portal view, click "Add new block" to create a new
£

18 Siemens - C:\Users\mde\Documents\Automation\031-200_FB_Programming\031-200_FB_Programming -ox

function block. (® PLC programming ® Add new block ®

)

Totally Integrated Automation

Device IEEE— Y

@ Show all objects Name:
[Block_1
@ Add new block
Language: FBD -
B o
Organization () manual
Biock (@ Automatic

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

E 2

Function

Data block

. Show cross-references

@ Show program structure

more...

* | Additional information

(@) Add new and open

P Project view Opened project: C:\Users\mde\Documents\Automation\031-200_FB_Programming\031-200_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 will
thus be 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)
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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.

...0_FB_Programming » CPU_1214C [CPU 1214C DUDCUDC] » Program blocks * MOTOR_AUTO [FB1] - X

@GB@@?@'E“E‘IC' & T e H

il = F 0, ER @Y
MOTOR_AUTO

Name Data type Default value Retain Accessible f... Writa... Visiblein .. Setp..
<l ¥ Input b

-

<a

E 4=

Output

€l ¥ InOut
™ <Add ne
4@ ¥ Static

- <A =
1 ¥ Temp
10 N <Add ne
11 < v Constant

12 g | — _ = | = ﬂt

& 2=t B A4 = = 5]

* Block title: Fad

O Ny B WA

*  Network 1:

< il 3] [100% b
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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)

031-200_FB_Programming » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » MOTOR_AUTO [FB1]

il EBE (|8 @@
MOTOR_AUTO

Name Data type Default value | Retain Accessible f... Writa... |Visiblein ... Setpoint Comment
<@ ¥ Input

9B (=aEEHI N G S E =

B

& < d new>
<@ ¥ Output
4l - Conveyor_motor_automatic_mode Bool

PN =

Non-retain E] =] EI ] Control of the conveyor motor in automatic mode | =
a <Add ne

<1 ~ InOut
. 7

g oo

8 @ v Static
g n sdd news>
10 @ ¥ Temp
11 - <Add new>
12 @ ¥ Constant
(<] il

L —

® 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".

(® Input ® Automatic_mode_active ® Bool ® Automatic mode activated)

® Continue by adding parameters #Start, #Stop, #Enable_OK and #Safety_shutoff_active
as additional binary input parameters and check their data types. Add descriptive
comments.

031-200_FB_Programming » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » MOTOR_AUTO [FB1]

G L, EREE8t g @B el Uad &7 & =
MOTOR_AUTO
Narne Data type Defaultvalue Retain Accessiblef.. Writa..  Visiblein . Setpoint Comment
1 @ ~ Input ~
2 4. Automatic_mode_active Bool Non-retain m @ g Autornatic mode activated (il
3 an Start Bool Non-retain [ ™ ™ Pushbutton automatic start
4 4@n Stop Bool Non-retain 2 =] I~ Pus hbutton automatic stop 3
5 a-= Enable_OK Bool false Non-retain =] =] =] All enable conditions OK 7
& = Safety_shutoff_active Boel false Non-retain E‘ @ @ Safety shutoff active e.g. emergency stop operated
7 . <Add news
8 4@ ~ Output
e Conveyor_motor_automatic_mede Bool false Non-retain ] =] =) Control of the conveyor motor in automatic mode
10 - <Add new>
11 4@ ¥ InOut
12 = <Add news
13 40 ¥ Static
14 L] <Ad
15 &n v Temn g
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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".
(® Static ® Memory_automatic_start_stop ® Bool ® Memory usedfor start/stop
automatic mode)

031-200_FB_Programming » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » MOTOR_AUTO [FB1]

i Ed LEREP/Et @S ER CER =B cEaB s Nad &7 & 4

MOTOR_AUTO
Name Data type Defaultvelue  Retain Accessiblef.. Writa.. Visiblein .. Setpoint Comment

1 41~ Input Ead

2 @ Automatic_mode_active Bool Non-retain =] =l ] Automatic mode activated [l

3 a@ns Start Bool Non-retain g B IQ Pushbutton automatic start

4 4= Stop Boal Non-retain @ @ g Pushbutton automatic stop

5 @-=» Enable_OK Bool Non-retain =) =) ™ All enable conditions 0K

6 @=® Safety_shutoff_active Bool Non-retain =) ~ =] Safety shutoffactive e.g. emergencystop operated | =

7 L] Add news

8 <@ v Output

S 4a-n Conveyor_motor_automatic_mode | Bool false Non-retain = ~ ~ Control of the conveyor moter in automatic mode

10 = <Add new>

11 €@ ¥ InOut

12 = <Add new>

13 4@ ~ Swtic

14 q) = Memory_sutomatic_start_stop Bool false MNon-retain @ @ B D Memory used for start/ stop automatic mode

15 n Add news

i6 @ ~ Temp

17 s <Add news

18 €1 ¥ Constant

B 5 dew El = [ 1 [+
[<] [ =]

® 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)

031-200_FB_Programming » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » MOTOR_AUTO [FB1]

Wit L, EA SR8 @ EHi] @@ B =l G & b =
MOTOR_AUTO
Name Data type Defsult value Retsin Accessiblef.. Writa.. Visiblein .. Setpoint Comment
1 <@~ Input
2 @n Automatic_mode_active Bool Non-retain = = =] Automatic mode activated
3 @ne Start Bool Nen-retain = - = Pushbutton automatic start
4 @@= Stop Bool Nen-retain = 1= =] Pushbutton automatic stop =
5 4w Enable_OK Bool Non-retain =] =] =] All enable conditions OK
6 dnw Safety_shutoff_active Bool false Non-retain g @ @ Safety shutoffactive e.g. emergency stop operated
7 L] <Add new> B
8 |41 ~ Output
9 @an Conveyor_motor_automatic_mode |Bool false Non-retain = ~ =] Control of the conveyor motor in automatic mode
10 Ll Add news
11 <@ * InOut
12 . <Add news
13 @ ~ Swtic
14 g Memory_automatic_start_stop Bool false Non-retain = =) =] =) Memory used for starti stop automatic mode |:
(<] — u_ _ _ i ' >
=TT
& =1 4 -ol = q=]
¥ Block title: Motor control in automatic mode [A]
w Conveyor motor in automatic mode: ml
The bit Memory_automatic_start_stop is set with the input Start, but only if the reset conditions
are not fufilled. =
The bit Memory_automatic_start_stop is reset with the input Stop or ifthe safety shutoffis
activated or if the automatic mode is not activated ( manual mode). E
If Memory_automatic_start_stop is set, the enable conditions are granted and
Memory_conveyor_start_stop is set the output Conveyor_motor_automatic_mode is activated.
¥  Network 1: Memoryautomatic_start_stop and control of the conveyor motor in automatic mode L
~
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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.

==1 ‘IE' =1 =al

= 1]

On the right side of your programming window is a list of instructions you can use in the

program. Under ® Basic instructions ® Bit logic operations, find function -[=]
(Assignment) and use a drag & drop operation to move it to Network 1 (green line

appears, mouse pointer with + symbol).

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

0g g DOUDOD ogra blo OTO O B
Options a'a
F— = =) 3 il |[Bsr]: @ 1 =l=1E2
iz es , EQR -'.'?“82 i %!\;Hﬁa AT Gl g &7 § = il =
= =12 == g
MOTOR_AUTO > | Favorites a
Name Data type Default value  Retain Accessible f.. Writa... | Visiblein .. Setp.. | Basicinstciions 5
< ¥ Input |~ =
- - ] Name Des.
2 lan Automatic_mode_active Bool Non-retain = =] =] - s
» =[» ] General ~
3 @@= Start Bool Non-retain @ =] E] —— - —1 2
= o L v ] Bit logic operations =N
4 gm= Stop Bool Non-etain Ej EI g o AND I{ ®
| “
5 @= Enable_0K Bool Non-retain = = = & ot ORlod g
6 @@= Safety_shutoff_active Bool Non-retain @ [v! E T« EXCLl: =
I SR Aesigt = =
8 4@ v output ] =] Neget |2
9 4= Conveyor_motor_sutomatic_mode Bool false Non-retain E I;] 1 ﬂ Fo G| Reset E
<] [T Iy eset| |a
= - — £ 5] Setoy ]
set T A -l = o] {E SET_BF Setbi IL.:J
1 RESET_BF Reset =
¥ Block title: Motor control in automatic mode £ sk Setire. | &
g 1
» Conveyor motor in automatic mode:... £ rs Resetl —
#1471~ Scant | @
¥  Network 1: Memoryautomatic_start_stop and control of the conveyor motor in sutomatic mode & -n- Scand
T P~ Setop
£ -N]- Setof
£l r_RiG scan |
£ n_mic Scan |
& R_IG Detec
] F_TRIG De!ec—l
= v
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Now use drag & drop to move your output parameter #Conveyor_motor_automatic_mode onto
<??.?> 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)

...0_FB_Programming » CPU_1214C [CPU 1214C DUDCUDC] » Program blocks » MOTOR_AUTO [FB1]

-0 EX

T B e R L e E T e
MOTOR_AUTO

Name Data type Default value | Retain Accessible f... Writa... |Visiblein .. Setp..
1 <@ ™ Input :
2 as Automatic_mode_active Bool Non-retain ! ) =) (Al
3 @-n Start Bool false Non-retain E El @ :E
4 @n Stop Bool false Non-retain 3 M =l —
5 4= Enable_OK Bool Non-retain ! v )
6 @@= Safety_shutoff_active Bool Non-retain =2 =] ]
7 L] <Add new>
8 @ « Output
e Conveyor_motor_sutomatic_mode Bool Non-re...E] I~ [« = ﬂ
L O ' 0 ' | E

_— L

P 4 -l = d=]
w Block title: Motor control in automatic mode

1E

P Conveyor mator in automatic mode:...

* £.9 Network 1: Memory automatic_start_stop and control of the conveyor mator in automatic mode

 p—

® 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_
rmotor_

automatic_
mode
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&
® Click the icon in your logic toolbar to insert an AND logic operation before your

assignment block.

& >=1 - -0l —p -{-l

v Natwnrl 1: Memnrsantnmatic_start_stop and control of the conveyor motor in automatic mode
) AND logic operation [Shift+F2]

Comment

#Conveyor_
motor_
automatic_
mode

® Use drag & drop to move input parameter #Enable_OK onto the second input of the &

logic operation <??.7>. (® “ Enable_OK)

031-200_FB_Programming » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » MOTOR_AUTO [FB1]
iE s L, ERERDE@r@rER e cdasg Eaais lad &7 & = |3
MOTOR_AUTO E
Name Data type |Default value  Retain Accessible f... |Writa... | Visiblein .. Setpoint | Comment | g'
2 4@ Automatic_mode_active Bool false Mon-retain =] ™| M Automatic mode activated A 2
3 @nr Start Bool false MNon-retain B E @ Pushbutton automatic start =
4 @-» Stop Bool false Non-retain = = =] Pushbutton automatic stop =|
5 @n Enable_OK Bool @ false None... [~ v =] All enable conditions OK = E‘
& @n Safety_shutoff_active Bool false Non-retain ) = =] Safetyshutoffactive e.g. emergencyst. | | =
7 L <Add new> —
8 <@ v Output !
S @as= Conveyor_motor_automatic_mode Bool false Non-retain =] =) v Control of the conveyor mator in auto... &
d new> - =
10 - <Add l‘ i
[<] ] 1> [

=TT
=
& s>=1 7 A4 =0 = o] LI
E
Bl5
=3
=3
“
#Conveyor_ —
motor_
automatic_
o mode
= — -
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® Use drag & drop to move the Set/reset flip-flop function £l 5k from the list of instructions

under ® Basic instructions ® Bit logic operations onto the first input of the & operation H

0g g DOUDUD ogra blo OTO O
Options
W F e L EAERE G R CGCARD Gl N & T R D w' 08
MOTOR_AUTO » | Favorites
Name Data type | Defaultvalue Retsin Accessible f.. Writa.. Visiblein .. |Setpoint .| Basic.instructions.
2 4. Automatic_mode_active Bool false Non-retain =] =] =] s o D
3 @n Start Bool false Non-retain =] =] =] al = e
g » 7] General A~
4 4= Stop Bool Non-retain 8 @ g = e 5 - =
¥ |41 Bitlogic operations
5 4@=n Enable_OK Bool |zl Non-e... E =] =] =l =l e AN
6 4= Safety_shutoff_active Bool false Non-retain =] =] =] @' 1 OR."
; - £ 5 S £ « EXC..
v Output &t =
=5 Ass...
9 e Conveyor_moter_automatic_mode Bool false MNeon-retain B g g & ] Ne
20 = : |~ £ Rl Res...
<] u - [2] £ -is] Set..
e £ seTeF set_.|
8 osa A A =al | = ] T RESET_BF Res...
= €I sk ) ) Setl...
= Tl R Res...
o Sca...
#Conveyor_ — £ - Sca..
motor_ =
atfiomate £ 1P Set
& mode B -nl- Set ..
el _ E aér P_TRIG S€a...
[EEREBIENK < - - - &l ti e Sea
£ R_RIG Det...
£ F_RIG Det... [z

® The SR flip-flop requires a memory tag. For this, use drag & drop to move static
parameter #Memory_automatic_start_stop onto the <??.?> above the SR flip-flop.

(® < Memory_automatic_start_stop)

..J_FB_Programming » CPU_1214C [CPU 1214C DUDCUDC] » Program blocks » MOTOR_AUTO [FB1]

i L, ERRED@: @@= emEHl:: N S
MOTOR_AUTO
Name Data type | Defaultvalue |Retsin Accessible f... |Writa.. | Visible in ... | Setpoint |
S 4an Conveyor_motor_sutomatic_mode Bool false Non-retain ™) =2 = ':
10 u <Add new>
11 € ¥ InOut
12 - <Add news Il
13 @ v Static B
4@ Memory_automatic_start_stop Bool [z fl= Non-e.. | ~| vl =] =] =1L
i5 ] <Add news
i6 € v Temp
17 [ ] <Add news i
|
— ‘ﬂ 1 | [2]
T T
& =1 T A =al = 4]
=
R > |
— #Conveyor_ I
AN motor_
It & automatic_
.=—R1 mode
#Enable_OK = & — —
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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)

..D_FB_Programming » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » MOTOR_AUTO [FB1] - 0 X

DR Gr@sdp B @B =l QN & 5 I

H:ii uu g il E E — ﬁ

MOTOR_AUTO

Name Data type | Defaultvalue Retain Accessible f... |Writa... Visiblein ... | Setpoint

1 4 Input ‘A
2 4a-n» Automatic_mode_active Bool false Non-retain Q @ @ |
3 4w Start Bool false Non-retain @ @ E =
4 4d@n Stop Bool false Non-retain =2l M 3 —
S 4w Enable_OK Bool Non-retain =] [ =2
6 41w safety_shutoff_sctive Bool false Non-retain = =l =
7 = dd ne
8§ <41 v Output
9 4@ Conveyor_motor_automatic_mode Bool false Non-retain “ ¥ ! o
C (|- _______ - s I \_2_‘7

| — i

& >=1 7 A = = =]

#Memary_ ~
sutomatic_
start_stop
g5 #Conveyor_
IEEEEEE—— motor_
Start s & sutomatic_
’G #Start Bool Pushbutton automatic start -~

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 & 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.

FMernory_
automatic_
start_stop
#Canveyar_
SR motor_
EStanm—sg & automatic_
___= R1 Q —— deE’
FEnable_OK m B — —
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==1

® Click the icon in your logic toolbar to insert an OR logic operation.
& >=1 4 =0 = A=]

¥  Nehanrk 1: Memarvautamatic start_stop and control of the conveyor motor in automatic mode
) ORlogic operation [Shift+F3]

#Memory_
automatic_
start_stop
#Conveyor_
SR motor_
#5tart——g & automatic_
I Q— mode
=
#Enable_OK == 3% — p—

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

click the yellow star *# of your OR block.

® Add input tags #Stop, #Safety shutoff active and #Automatic_mode_active to the 3
inputs of the OR block.

==1

#Memory_
#5t0p — automatic_
#5afety_shutoff_ start_stop 4 Comvevor
active — SR mnto? -
#AuUtoMatic_ #itam—g & autamatic_
mode_active — sk Rl Q— made

#Enable_OK = 1 —_— —_
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® Negate the input connected to parameter #Automatic_mode_active by selecting it and

L. —ol
clicking
s s 4 - o ]
% Netmrk1: Memornsanutamatic ctart ctan an

ment

P Invert RLO [Ctrl+Shift+4]

® Do not forget to click [l save project regularly. The finished

#Enable_OK = 3%

"MOTOR_AUTQ" [FB1] in FBD is shown below.

— #Memory_
= automatic_
#Safety_shutoff_ start_stop
BCUVE = SR
#Automatic_ #Starte——g
mode_active = ¢ R1 Q

d control of the conveyor motor in automatic mode

...0_FB_Programming » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » MOTOR_AUTO [FB1]

#Conveyor_
motor_
automatic_
mode

function

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.

SCE_EN_031-200 FB-Programming S7-1200_R1709.docx

#Enable_OK = 3¢

AT L, EOERR @ e B @EB s g &7 g o
MOTOR_AUTO
Name Data type | Default value |Retain Accessiblef... |Writa... | Visiblein .. |Setpoint
1 41~ Input |~
2 @-n Automatic_mode_active Bool [H) 1 Non-re... [+] = [~ = El
3 gnw Start Bool f Mon-retain 8 @ E iE
4 @n Stop Bool false Nen-retain = ] ! |
5 4= Enable_OK Bool f Mon-retain =] [ =
6 &@» Safety_shutoff_active Bool false Non-retain )] = =
7 L <Add new>
8 41 * Output
S 4= Conveyor_motor_automatic_mode Bool false Non-retain =) =2 ™! [+
(<] 1 ! |
e TaEr ey
& =1 T A4 =a = 4]
- Network 1: Memorysutomatic_start_stop and control of the conveyor motor in automnatic mode :]
»=1 #Memaory_
#5t0p — automatic_ 1=
#Safety_shutoff Shas.stop
g -l " #Comveyor_
#Automatic_ F5tBM——g & automatic_ | 4
mode_active =0 3¢ R1 Q— mode

block
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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)

[d Properties | Info i) | %) Diagnostics |
J General " FB supervision definitions
General I |
: General =
Information =
Time stamps
Compilation L Name: |MOTOR_AUTO |
Protection c Type: ‘FB |
Attributes b
Download without reinitializati... * Labae: ‘FBD {',l
ki . LAD
Refe I
T @Ampmaﬁc I
<] w JH>] v

® The program has the following appearance in LAD.

..D_FB_Programming » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » MOTOR_AUTO [FB1]

dEE e L EREREt Gt B ChaEB Gy 0l &7 % =

MOTOR_AUTO
Name Data type | Default value |Retain Accessible f... |Writa... Visiblein ... |Setpoint
1 <~ Input |i
2 4@ w  Automatic_mode_active Bool [&]] false Non-re... [+ =] =) = I
3 a@anw Start Bool false Non-retain g g g
4 41w Stop Bool false Non-retain =] [ =2 =
5 @n Ensble_OK Bool Mon-retain =] = [~ |
6 @n Safety_shutoff_active Bool fals Non-retain g @ @ |
7 . odd news =
8 @ ~ output
9 4= Conveyor_motor_automatic_mode Bool false MNon-retain B E E
10 L] <Add new>
11 @ ~ InOut
12 = <Add new>
13 4@ ~ Static
14 4] = Memory_sutomatic_star_stop Bool fal Non-retain E @ @ E] m
<] - i ) - ] B

g

H4F Ak —0— 7 = 2

w Block title: Motor control in automatic mode

w Conveyocr 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_automatic_start_stop is reset with the input Stop or if the safety shutoffis
activated or if the automatic mode is notactivated ( manual mode).
If Memory_automatic_start_stop is set, the enable conditions are granted and
Memory_conveyor_start_stop is set the cutput Conveyor_maotor_sutomatic_mede is activated.

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

#hemory_ #Conveyor_
automatic_ motor_
start_stop automatic_
#Start SR #Enable_OK mode
11 { }
e | —— Q 11 i}
#Stop
11
LI | R1
#Safety shutoff_
active
11
LI |
#Automatic_
mode_active
|
4
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7.8 Program the organization block OB1 — Control conveyor
tracking forwards 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_1214C [CPU 1214C DC/DC/DC] ® Program blocks ® Main [OB1] ® Switch

programming language ® FBD)

14 Siemens - C:\Usersimde\Documents\Automation\031-200_FB_Programming\031-200_FB_Programming

Project  Edit View Insert Online Options Tools Window Help

O [l seveproiect @ M % (2 X : (s T MG B 3 cooniine & coofiine | Ay I 2 ] 1] [Seochmeoee |

Totally Integrated Automation
PORTAL

Project tree

Devices Options

~ ] 031-200_FB_Programming

. ‘ Find and replace

B Add new device

gy Devices & networks
e ’:’ CPU_1214C [CPU 1214C DCU/DC/DC]
Y Device configuretion

% Online & diagnostics
~ [gl Program blocks
B¢ Add new block
S i foB T
4 MOTOR_AUTO [FB1]
» [ Technologyobjects | 3 ©

» [} Exteral source files |35 Copy e
» [@ PLCtags & e c -
» [ PLC dats types X Delete Del b
» [ Watch and force tables|  Rename F2 [
» (&g Online backups Compile 5 7
S | Dt naace Download to device 3 i
& Goonline Ccurl+k [
&N Go off s
&8 Quick compare »
Name Ad
Lji Searchin project cul+F
b Generate source from blocks y
€ Cross-references Fi1

€ Crossreference information Shift+F11
tz] Call structure
(Bl Assignment list

Switch programming language »

sopeiqn ] syseL i

Know-how protection |'d Properties  |*4Info )| % Diagnostics

& Frint Ctrl+P

4 Portal view

Project Edit View Insert Online Options Teols Window
Cf i svepoject & X 35 5 X ©e*: I 0

Project tree

J Devices

38

¥ 7] 031-200_FB_Programming
B¢ Add new device
ﬁﬁh Devices & networks
~ [ CPU_1214C [CPU 1214C DC/DC/DC]
Y pevice configuration
R Online & diagnostics
ik I:ﬁ" Program blocks
ﬁ Add new block
........................ i Nhln[081]
& MOTOR_AUTO [FB1]
» '4| Technology objects

-

. RS ey -
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® Assign Network 1 the name "Control conveyor tracking forwards in automatic mode"

(® Network 1:... ®Control conveyor tracking forwards in automatic mode)

031-200_FB_Programming » CPU_1214C [CPU 1214CD

C] » Program blocks » Main [OB1]

-0 EX

W F e, EEECRr @[] 02 MmB 6l G ST G
Main
Name Data type Default value Comment
1 < ¥ Input
2 @n Initial_Call Boal Initial call of this OB
3 @n. Remanence Bool =True, ifremanent data are available
4 4@~ Temp
5 - <Add ne
& 4@ v Constant
7 = <Add news
<] i [>
A v
& »=1 - —o] b =]
w Block title: "Main Program Sweep (Cycle)”
v Network 1: Control conveyor motor forwards in automatic mode

® Use drag & drop to move your "MOTOR_AUTO [FB1]" function block onto the green line

in Network 1.

NA Siemens -

C:Wsersimde\Documents\Automation\031-200_FB_Programming\031-200_FB_Programming

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation
F (E saveproject & X 1) 2 X O *: MG B R Y coonine F cootiine fp A 2 | ] > Ll PORTAL
Project tree m 4
Devices Options =6
] == e He gs s |Ccaad s ad &7 6 o9 we o g
Main > |Favorites 8
* ] 031-200_FB_Programming A Name Data type Default value Comment v | Basic i = e
A £ sic instructions a
I Add new device 1 4@ v Input ‘ -3
Name Descri...
gﬂh Devices & networks 2 @a-= Initial_Call Bool Initial call of this OB » [ General |- —
« (@ cru_121ac[cput2racoamanc] =|: @@ s Remanence Bool =True, if remanent data are available T T A
BY Device configuration 4 Qv Temp i gic ops Y
» [®] Timer operations a
[ ol & diuigneatics 5 B X » [34] Counter operations s
¥ 'z Program blocks 6 4@ ~ Constant » [€] Comparator operations i
I Add new block 7 . Add ne » [%] Math functions =
& Mein [0B1] < 0 | ] [ o
& MOTOR_AUTO [FB1] | =T = > e Ky
» B Conversion operations a
» [ Technology objects & sa1 CRIEURE B ) » 5% Program control operati &
»@E i il e B
S D el oo e  Biock tiias] “Wein Frograr Sweep (Greiey” » L word logic operations =
Filgl FLC gy - . » &4 shift and rotate I
» [ PLC data types - £
L WCanrd Bores Weiter w  Network 1: Control conveyor motor forwards in automatic mode g
» L&} Online backups oy s
v | Details view -
Name Address
< ] >
> | Extended instructions
> | Technology
100% o =g >  Communication
| G Properties [‘j.lnh: ‘yl %l Diagnostics » | Optional packages
4 Portal view == Overview | = main (081)
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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 %
Data block
Name [~]
HB Number ;m -
Single O Manual .

instance
(s) Automatic

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

more...

[ ok || cancel |

|
® A block with the interface you defined, the instance data block and connections EN and

ENO are inserted in Network 1.

%DB1
“MOTOR_AUTO_
DE"
FB1
"MOTOR_AUTO"
= EMN
Automatic_
mode_active
start
Canveyar_
i S maotor_
Bl = Enable_OK BUtomatic_
Safety_ mode f— .
falze =4 shutoff_active ENO —

® To insert an AND before input parameter "Enable_OK", select this input and insert the

A A
AND by clicking the icon in your logic toolbar (® ).

3 >=1 4 = = 4=]

) AND logic operation [Shift=F2] ‘eep (Cycle)®

¥  Network 1: Control conveyor motor forwards in automatic mode

%81
*MOTOR_AUTO_
oe*
W81
"MOTOR_AUTO"
o —EN
Automatic_
- mode_active
- Start
- Conveyor_
Stop motor_
&= 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 & drop to move
the desired global tag from the Details view to the interfface of FC1

( ® Tag_table_sorting_station ® Details view ® -S0 ® Automatic_mode_active)

v (@ PLCtags w €3 Network 1:  Control conveyor motor forwards in automatic mode
Z5 Showall tags c
B Add new tag table
3¢ Default tag table [28] .
‘]. Tag table_sorting station [28] & = ,\AOTS;B;‘UTO
v | Details view DB*
wW@B1
"MOTOR_AUTO"
Name Data type Details
a @ Bool %Q0.1 [l e
a 3 Bool %Q0.2 Automatic_
a %0 e Hlei02 m alse — mode_active
| a s — T
a st Bool %10.3 —— folse —E Conveyor_
a =2 Bool %10.4 =T - motor_
a =3 Bool %14 oL Enable OK sutomatic_
= = Safe -
S = o ws L0 e — sl fvo—
a s6 Bool %I1.7

® Or, enter the starting letters (e.g. "-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).

& >m 4 =0l = o]

¥ Block title: *Main Program Sweep (Cycle)*

% Q Network 1: Control conveyor motor forwards in automatic mode

%DB1
*MOTOR_AUTO_
DB*
% B1
"MOTOR_AUTO"
-~ = EN
) tomatic_
5| g f'node_a ctive
*-S0* % Bool %10.2 mode selector.... | A
@ "-s1" Bool %103 pushbuttonaut.. |=
€ "-S2° Bool %I04 pushbutton aut... [
@ "-S3° Bool %114 pushbuttonma... |+
false = shutoff_active ENO —
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® Insert the other input tags "-S1", "-S2", "-K0", "-B1" and "-Al1" and then insert output tag

"-Q1" (%Q0.0) at output "Conveyor_motor_automatic_mode".

DB 1
"MOTOR_AUTO_
DB"
WFB1
MOTOR_AUTO"
oo
W02  Automatic_
*-50" — mode_active
& 0 3
00 1 *51" = Ctamn
KO — WO 4 c
5 onveyar_
“.!\EID.Sl ) 5top motor_
Bt — ik Enable_OK automatic_. %00
WO safety mode —i 417 | = |
"-A1" — chutoff active ENO —

® Negate the querying of input tags "-S2" and "-Al" by selecting them

=-a] =-al =-al

and clicking (®-S2® ®-Al® ).

UDE1
*MOTOR_AUTO_

DB

YFB1
"MOTOR_AUTO"

= EN

W02  Autornatic_
*-50" — mode_active

& a0 3

a0 1 *51" — Start

"KD" — W0 4 .
. onveyor_

‘.'.HG_Sl i = ztop motor_

B — 2k Enable_QK automatic_  %QO0.0

%o 0 Safety. mode — -1
"-A1" BB shutoff_active EMND —
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7.9 Resultin the LAD (Ladder Logic) programming language

The result in the LAD (Ladder Logic) programming language has the following appearance.

031-200_FB_Programming » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » Main [OB1] - EX
|8 @@= AR ¢z G & & =
HbF A = — 2
w  Network 1: Control conveyor motor forwards in automatic mode L&
“%DB1
*MOTOR_AUTO_
DE"
@Bl
"MOTOR_AUTO"
> EN ENO ——
W02 Automa tic_ Con;zx:_ =
50" — mode_active automatic: %Q0.0
%03 mode —"-Q1"
"51" —Start
%0 4
e
—/t stop
M0 1 W05
*-K0" 81"
I # { } Enable_OK
@0 .0
2l Safety_
1/} shutoff_active |
;V
|100% [:] TS ATTYTTIIY
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7.10 Save and compile the program
® To save your project, select the ke seve project hutton in the menu. To compile all blocks,

=N L
click the "Program blocks" folder and select the ™! icon for compiling in the menu

. =I
(@ Il seveproject ® program blocks ® ).

4 Siemens - C:AUsersimde\Documents\Automation\031-200_FB_Prog

Project Edit View Insert Online Options Teols Window Hel|
Sf i soveprojecs @ X = = X M Z MG

e

~

et

& = N

Main
* ] 031-200_FE_Programming E Name
B Add new device b a- Input
.;gn Devices & networks 2 4. Initial_
~ [ cPu_1214c[cPU1214CDODODE] |z ag = Remal

IIY Device configuration ‘ 1< 7

| Online & diagnostics

~ ' Program blocks < |50 |48
ﬁ Add new block :
& Main [0B1] w Block title: "M

4 MOTOR_AUTO [FB1]
) @ MOTOR AUTO_DB [DB1] v  Network 1:

TR - S R SRR S

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

|_@Properiies H"_i;.lnfo y“_‘f._i Diagnostics l

‘ General g” Cross-references ” Compile || Energy Suite |[ Syntax |

IQII\@‘ Show all messages [']
Compiling finished (errors: 0; warnings: 0)
Fath Description Goto |? Errors | Warnings  Time

@ ~ cru_1214C Pl 0 0 2:52:35 PM
®  ~ Program blocks P 0 0 2:52:35PM
0 MOTOR_AUTO (FE1) Block was successfully compiled. Pa 2:52:35PM
Q Main (OB1) Block was successfully compiled. A 2:52:36 PM
o i Compiling finished (errors: 0; warnings: 0) 2:52:36 PM
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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 (® = ).

I8 Siemens -

C:\Users\imde\Documents\Automation\031-200_FB_Programming\031-200_FB_Programming

Project  Edit View Insert Online

Options  Tools  Window

Help

Totally Integrated Automation
PO

SCE_EN_031-200 FB-Programming S7-1200_R1709.docx

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.

i il saveproject @& X 75 G2 X e 5 MG W B coonline (¥ coofiline | fp N I® 2® ] (|| [Scochinposco | W RTAL
Project tree o 4«
Devices Options l5e)
PO B e L =N | w' O E
v g
. i > ‘Favolites 5
~ 7] 031-200_FB_Programming [~ | sl . s
— tructi
B Add new device £ [2en EREC R | > | Basic instructions _ 3
ame escr...
By Devices & networks ~ Block title: “Main P ey A=
R | = ock title: in Program Sweep (Cycle)’ ™) » ] General ol
L Ga2le ey ac g Comment » [5i] it logic operations %
IIY pevice configuration S Mirer operations 2
%/ Online & diagnostics > Network1: Control conveyer motor forwards in automatic mode ol Coior ot s £
v [ Program blocks . . 5] P =
e s c » [¢] Comparator operations
2 :4, "[EO“;HM » [£] Math functions =
i = B
- MQ:OR —— w81 » 55 Move operations =
Cmelli “MOTOR_AUTO_ » Bg Conversion operations o
. LAUTO. DE (081} DE » 5 Program control operati.. .
»ibafechnolonyobiects W81 » L5 Word logic operations =
¥ @} External source files "MOTOR_AUTO™ 3 '_-d Shift and rotate I
v @ PLCtags i =
Za Show sll tags [v H
o bl = 02 Automatic_ =
v | Details view *50° — mode_active 2
|| Module & %03 -2
%01 51" — Start
KO — %0.4 a
Name : - %05 52" —05t0p °1§3§:’
¥ Device configuration |~ B — sk Enable_OK automatic %00
rﬁg Online & diagnostics | WO sakty mode —*-Q1° -
5 Program blocks |= *-A1" =0 shutoff_active ENO —
' Technology objects ‘ ;
@i External source files <] I ] 2
@ PLCtags ¥ Network 2: > | Extended instructions
& PLC data types omment « | > | Technology
- 1 =
(2l watch and force tables | iil 3] [100% [+ > | C ication
[ Online backups
82 Toces v |d Properties  |*JInfo @) %) Diagnostics > | Optional packages
4 Portal view Overview |I Main (0B1) li MOTOR_AUT...

a7
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7.12 Monitor program blocks

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

can now be activated/deactivated by clicking the @ icon (® Main [OB1] ® @)

031-200_FB_Programming » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » Main [OB1]

TS, EOEPB 8t TG EEB =l d &7 e o

& =1 T} A4 =a = q:]
 Block title: “Main Program Sweep (Cycle)" B

Comment

¥  Network 1: Control conveyor motor forwards in automatic mode

Comment

%81
“MOTOR_AUTO_
DB*
ws1

; i

) |

W02  Automatic_
*-50" — mode_active

& o 3

2.1 51" —Stant

"KO" — %0 .4 -
*52" =0 nveyor_

"ﬂoj Stop motor_

B1" -k — Ennble_OK 'mﬂﬁq_ %000

%O  sakety. mode —"-Q1" ]
"-A1" =0 shutoff_active ENO —

031-200_FB_Programming » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » Main [OB1] - X

i L EAECErt @Y Ep e el ad &7 o

& >=1 -4 =al = =]
@&
%We1
*MOTOR_AUTO_
DB*
w61 !
"MOTOR_AUTO" il
——1EN
FALSE
W02 | Automatic_
50" == mode_active
- FALSE
e 3
%501 51" ==iStant =
o
*0 FALSE
e »
0.5 S2" =0 Stop
" 81" —at Conveyor_
B1™ -y Enable_OK or| FALSE
TRUE automatic_| :r.qo;o
W00 |safety_ mode —- "-Q1
"-A1" —0 shutoff_active ENO—

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_AUTQ" [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).

il F L ERE(D[8 @2 = €@ way .I =

Monitor »
Display format »
& =1 TR A4 =al = 4] Open
Open and monitor l:
9  Define tag... Ctrl+Shift+l o
*MOTO| Rename tag... Ctrl+Shift+T
[ Rewire tag... Ctrl+Shift+P
Cut Ctrl+X !
5| Copy Crrl+C
—EN [0 Paste Crl+V
TRUE . ¥ Delete Del
402 | Automatic_
*-50" —Imode_active Goto 4
& Crossreference information  Shift+F11
FALSE
TRUE ?ulﬂ? Change instance...
%@0.1 1% ==Istart Update block call =
K0 — —
FALSE 13§ Insert network Crl+R
TRUE ?mf Insert STL network
o5 52" =9Stop Insert SCL network
LY o sk
81" —pt Enable_OK p¥ Insertinputand cutput  Ctrl+Shift+3
TRUE 7 Insert empty box Shift+F5
?_:1? -t ::l{“y-l_acﬂve Properties Alt+Enter
0 B_Prog g CP CP DODAD Prog blocks OTO O B

s L EREbEr@rEw e el ad &G o

Call path: Main [OB1] mnmnm s

a2 s> B 4 - > 4]

* Block title: Motor control in sutomatic 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_automatic_start_stop is reset with the input Stop or ifthe safety shutoffis
sctivated or if the automatic mode is not activated { manual mode).
If Memory_automatic_start_stop is set, the enable conditions are granted and
Memory_conveyor_start_stop is set the output Conveyor_motor_automatic_maode is activated.

¥  Network 1: Memory ic_start_stop and control of the conveyor motor in automatic mede
Comment a
»=1
TRUE
- #Memory.
FALSE automatic_
#Safety_shutoff_ start_stop
BLUVE mm ; SR
M FALSE #Conve: il
yor_
#Automatic_ #Stort-—Is & motor_
mode_active -3k R 2 automatic_
mode
Ll i
TRUE e
#Enable_OK —ls¢ et b

Note: The monitoring here is function-related and controller-independent. The actuation of
sensors and the station status are shown here with TRUE or FALSE.
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® 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 ™ icon. There are two
alternatives available for specifying the call environment: using the call environment or
the instance data block (® E‘ ® Instance data block ® MOTOR_AUTO_DB1 [DB1] ®
Call environment ® Address: OB1 ® Details: Main NW1 ® OK).

Call'environment of block %

() None

(®instance data block

| MOTOR_AUTO_DE [DB1] [+

O Call environment

() Manually adjusted call environment

| oK f Cancel |
e ———————————————————————————————————
Call' environment of block %
() Nene

() Instance data block

(®)|Call environment 7

Dependency structure | Address Details
4 Main ("MOTOR_AUTO_DB") oB1 @Main » NW1 (Control conveyor motor forwards in automatic mode)

Transfer to “adjusted manually”

() Manually adjusted call environment

oK | [ Cancel

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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7.13 Archive 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 ® 031-200_FB Programming.... ® Save)

I8 Siemens -

C:\Users\imde\Documents\Automation\031-200_FB_Programming\031-200_FB_Programming
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| P:clen Edit View Insert Online Options Tools Window Help Totally Integrated Automation
O New Deca: T MG B R & coonline ¥ cooffine | fz M B 2 ] | roject> | PORTAL
% Open... a0 " —
Meghas o 031-200_FB_Programming » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » Main [OB1]
Close Curlsw ET
" 45 1 2 . | agr] 5 i
Eseve s B lhdi W L, ER @ e aEB el G & & =S
Save as Ctrlshiftss. = g
Delete project. Ctrl+E [ e 2-
e ——— =1 IR MR S| g
Retrieve... o
_ |~ Block title: *Mein Program Sweep (Cycle)® =
Manage multiuser server projects... 1 Cormant 1 2
Co _‘
' Card Reader/USE memery » | 2
B Memory card file » ¥ Network 1: Control conveyor motor forwards in automatic mode =
=
Start basic integrity check Rt
E WDB1 '?
= Print.. Cerl+P
R et e “MOTOR_AUTO_ 8
& Print preview. BB 3
C:lusersimdelD...|031-200_FB_f TFE1 L
C:\WsersimdelDocume. \011-101_CPU1214C "MOTOR_AUTO" =i
CilUsersimdelD...1031-100_FC_| —{e o
= S -4
C:Wsers\mdelDocumen..1011-100_CPU1200 v - . s
— 402 |Automatic_ =4
Ext Alt+F4 "S0" —mode_active 2
& %03 L&
%01 "$1" —istart
K0T — %€0.4
Name Address o *52" —d5ion cﬂrx:{::,
"B1" —ax Enable_0OK ic_| %Qo.o
00 |satery mode |—*-Q1* -
"-A1" =88 shutoff_sctive ENO—
¥ Network 2:
AT |v]
[100% |~ e e
\3‘ Properties “3. Info y\} % Diagnostics
4 Portal view = Overview |i- Main (0B1) ¥ Connection to CPU_1214C terminated.
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7.14 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)
Conveyor motor forwards fixed speed then switches on (-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

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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Exercise

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
Memory_automatic_start_stop is set, the enable
Memory_conveyor_start_stop is set.

only activated when
conditions are met and

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).

Technology diagram

Here, you see the technology diagram for the task.

Sortieranlage / Sorting station

-B3 Motor aktiv/
motor active

-B8 Istwert Drehzahl/

actual value speed 5.0 Slusitni

1.0 m/s

-Bo
Additional values
Metall/
B4 85 metal -B7
5 Plastik/
Rutsche/Slide plastic

> Forderband/Conveyor .

Zusitzliche Werte

-B9 externer Stellwert Drehzahl/

external manipulated value speed
5.0 U/min (rpm)
-U1 Stellwert Drehzahl/
manipulated value speed

U/min (rpm)

Figure 10: Technology diagram

Schalter der Sortieranlage
Switches of sorting station
-P1 einfon
j -QO0 Hauptschalter/Main switch
-P4 aktiviert/active
E -A1 NOTHALT/Emergency stop
-P2 Handimanual -P3 Auto/auto

j -S0 Betriebsart/operating mode

Automatikbetrieb

Automatic mode

-PS5 geslartetstarted
-51 Start/start

__ -52 Stopp/stop

Handbetrieb / Manual mode

-53 Tippbetrieb -M1 vorwarts/
Manual -M1 forwards

-54 Tippbetrieb -M1 riickwarts/
Manual -M1 backwards
-P7 ausgefahren/extended
-56 Zylinder -M4 ausfahren/
cylinder -M4 extend

-55 Zylinder -M4 einfahren/
cylinder -M4 retract

-P6 eingefahrenfretracted

Figure 11: Control panel
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8.3 Reference list

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

DI Type Identifier Function NC/NO
0.0 BOOL -Al Return signal emergency stop ok NC
0.1 BOOL -KO Main switch "ON" NO

) Manual =0
10.2 BOOL -S0 Mode selector manual (0)/ automatic (1)
Auto=1

10.3 BOOL -S1 Pushbutton automatic start NO
10.4 BOOL -S2 Pushbutton automatic stop NC
10.5 BOOL -B1 Sensor cylinder M4 retracted NO
1.0 BOOL -B4 Sensor at chute occupied NO
1.3 BOOL -B7 Sensor part at end of conveyor NO

DO Type Identifier Function
Q0.0 BOOL -Q1 Conveyor motor M1 forwards fixed speed

Legend for reference list

DI Digital Input

Al Analog Input

I Input

NC Normally Closed

NO Normally Open

8.4 Planning

DO Digital Output
AO Analog Output

Q Output

Plan the implementation of the task on your own.

Note: Learn about the use of the negative edge in SIMATIC S7-1200 in the online help.

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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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)

Conveyor motor forwards fixed speed then switches on (-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 (-SO0=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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9 Additional information

More information for further practice and consolidation is available as orientation, for example:
Getting Started, videos, tutorials, apps, manuals, programming guidelines and trial software /

firmware, under the following link:

www.siemens.com/sce/s7-1200

Preview , Additional information”

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

A TlA Portal Videos

A TIA Portal Tutonal Center

» Getting Started

A Programming Guideline

A Easy Entry in SIMATIC 57-1200

» Download Trial Software/Firmware

A Technical Documentation SIMATIC Controller
A Indugtry Online Support App

A TlA Portal, SIMATIC 57-12001 500 Overview
A TIA Portal Website
A SIMATIC 57-1200 Website
A SIMATIC 57-1300 Website
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Further Information

Siemens Automation Cooperates with Education
siemens.com/sce

SCE Learn-/Training Documents
siemens.com/sce/documents

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

Product catalogue and online ordering system Industry Mall
mall.industry.siemens.com

Siemens AG
Digital Factory
P.O. Box 4848
90026 Nuremberg
Germany
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