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IEC Timers and IEC Counters Multi-
Instances for SIMATIC S7-1200

1 Goal

In this chapter, you will become acquainted with the use of single instances and multi-instances
for programming of SIMATIC S7-1200 with the TIA Portal programming tool.

The module explains the various types of instance data blocks and shows step-by-step how to
add IEC timers and IEC counters to a program block.

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

2 Prerequisite

This chapter builds on the FB programming for SIMATIC S7 CPU1214C. For this chapter, you
can use the following project, for example:

031-200_FB-Programming_S7-1200....zap14

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

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

—_———— 2 SIMATIC STEP 7

. . . Basic (TIA Portal) as of
1 Engineering Station V14 SP1

4 Ethernet connection

99T T YTy
99T YT 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 Instances and multi-instances in SIMATIC S7-1200

The call of a function block is referred to as an instance. An instance is assigned to every call of
a function block and serves as a data memory. It stores the actual parameters and the static data
of the function block.

The tags declared in the function block determine the structure of the instance data block.

Use of single instances and multi-instances

You can assign instances as follows:

Call as a single instance:

— A separate instance data block for each instance of a function block

Call as a multi-instance:

— One instance data block for several instances of one or more function blocks

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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4.1.1 Instance data blocks / Single instances
The call of a function block that is assigned its own instance data block is called a single
instance.

If the function block was created according to the rules for library-compatible standard blocks, it
can also be called multiple times.

However, you must assign another instance data block for each call as a single instance.

Example of single instances:

The following figure shows the control of two motors using one function block FB10 and two
different data blocks:

The different data for the individual motors, such as speed, acceleration time and total operating
time, are saved in the instance data blocks DB10 and DB11.

OB1

Call of FC1

!

FC1

Call of FB10
with instance
DB10 for control

FB10

Standard block

DB10

Instance DB for
second call with

of Motor 1 with motor data for Motor 1
program
DB11
Call of FB10 FB10

with instance
DB11 for control
of Motor 2

VA

Standard block
with motor
program

Instance DB for
second call with
data for Motor 2

Note: Some commands, such as timers and counters, behave like function blocks. When these
are called, they also require an assigned memory area, e.g., in the form of an instance data

block.

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

You may want to limit the number of data blocks used for instances or this may be necessary due
to lack of memory in the utilized CPU.

If other function blocks, timers, counters, etc. that already exist are to be called in a function block
in your user program, you can call these other function blocks without separate (i.e. additional)
instance DBs.

Simply select ‘Multi-instance’ for the call options:

Call options "X
Multiple instance
' Name in the interface v
) DB The called function block saves its data in the instance data
_Single block of the calling function block and notin its own instance
instance data block. This allows you to concentrate the instance data in

a single block and to get by with fewer instance data blocks in
your program.

&5

Multi
instance MORE....

[ OK ‘ { Cancel

Notes: Multi-instances enable a called function block to store its data in the instance data block
of the calling function block.

In this case, the calling block must always be a function block.

This allows you to concentrate the instance data in one instance data block and thus make better
use of the number of DBs available.

Incidentally, this is always required when the calling block is to remain available for reuse as a
standard block.

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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Example of multi-instances:

The following figure shows two calls of an IEC timer of type TP (pulse) within a function block.

The different data for the two counters is stored as different multi-instances in the instance data
block DB1 of the calling function block FB1.

OB1

Call of FB1
with instance
DB1

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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FB1

Call of IEC_Timer
as multi-instance
#Timerl

Call of IEC_Timer
as multi-instance
#Timer2

DB1
(Instance DB
for FB1)

Static tag (Static)

#Timerl
IEC_Timer
#Timer2
IEC_Timer

as multi-instance
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5 Task

In this chapter, an IEC timer will be added to the function block from chapter "SCE_EN_031-200
FB Programming S7-1200".

6 Planning

The IEC timer is programmed as an addition to the MOTOR_AUTO [FB1] function block from the
"031-200_FB-Programming_S7-1200.zap13" project. This project must be retrieved in order to
now add the IEC timer TP (latching pulse). A multi-instance will be created as a memory for the
timer.

6.1 Automatic mode - Conveyor motor with time function

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 activated when Memory_automatic_start_stop is
set, the enable conditions are met and Memory_conveyor_start_stop is set.

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

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

Addition of time function:

Because the Sensor_end_of conveyor is not able to be mounted directly at the end of the
conveyor, the Sensor_end_of _conveyor signal must be stretched.

To achieve this, a latching pulse will be inserted between Sensor_end_of conveyor and the
negative edge detection.
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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 S

1.0 m/s

-B6

Metall/
metal

-B7

Zusitzliche Werte
Additional values

Plastik/
plastic

-B9 externer Stellwert Drehzahl/

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

U/min (rpm)

Figure 1: Technology diagram

Schalter der Sortieranlage
Switches of sorting station
P einfon
j -Q0 Hauptschalter/Main switch
-P4 aktivisrt/active
-A1 NOTHALT/Emergency stop
-P2 Hand/manual -P3 Autofauto

:- -S0 Betriebsart/operating mode

Automatikbetrieb

Automatic mode

-P5 gestartetistarted
-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

-G5 Zylinder -M4 einfahren/
cylinder -M4 retract

-P6 eingefahreniretracted

Figure 2: Control panel

11
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6.3 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 DO Digital Output
Al Analog Input AO Analog Output
I Input Q Output

NC Normally Closed

NO Normally Open

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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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 expand the "MOTOR_AUTO [FB1]" function block, we must retrieve the "031-
200_FB-Programming_S7-1200.zap14" project from chapter "SCE_EN_031-200 FB
Programming S7-1200". 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 ® 031-200_FB-
Programming_S7-1200.zap14 ® Open).

A Siemens

:Project |Edit View Insert Online Options To

b
3 New... D2
= % Open... Ctrl+0 —‘
Migrate project...

e ulss (o
Delete project... Ctrl+E
Manage multiuser server projects...

5 Card Reader/USB memory 4

T vemory card file »

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

Confirm your selection with "OK".

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved.
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® Save the opened project under the name 031-300_IEC_Timers_Counters

(® Project ® Save as ... ® 031-300_IEC_Timers_Counters ® Save)

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

[Project |Edit View insert oOnline Options Tools Window Help Tatally Intamated Rusomation
(3 New.. D T MG [ & coonline ¥ Gooffine gy MMM 2 — T[] [- PORTAL
HI% Open... cul+0
Migrate project..
Close culsw
B s by
Delete project.. culse
Archive... L.
Retrieve . =
Manage multiuser server projects... ES
»
B Card Reader/USE memory » 3
T Memorycard file 3

Start basic integrity check
C:WUsersimdelD..1031-200_FB_Programming
CiUsersimde\Docume...\011-101_CPU1214C
C:WUsersimdelD..1031-100_FC_Programming
CiUserslmde\Documen..1011-100_CPU1200

Exit AltsFa

+ | Details view

Name

Il Add new device

g Devices & networks

(@ cPu_1214C

I&4 ungrouped devices

(g Common data

[5]) Documentation settings
[@ Languages & resources

agnostics

Programming ope

4 Portal view verview

For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved. 14
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7.2 Addition of an IEC timer TP to function block FB1

"MOTOR_AUTO"

® First, open the "MOTOR_AUTO [FB1]" function block with a double-click.

N8 Siemens - C:\Users\imde\Documents\Automation\0:

Project Edit \View Insert Online Tools

Of (Y seveprojec @b X = B X D (4

Project tree

Devices

Options

¥ ] 031-300_IEC_Timers_Counters [~
B Add new device I
5&;, Devices & networks
~ [ cPu_1214C[cPU1214CDODCIDC] |
IIY pevice configuration
R Online & diagnostics

hd _:ﬂ'- Program blocks
ﬁ"" Add new block
4 Main [OB1]

@ MOTOR_AUTO_DB [DB1]
» ::ﬁ Technology objects

® Insert another network at the beginning of the "MOTOR_AUTO [FB1]" function block by

selecting the ® "block title” and clicking the ® KA icon for "Insert network".

031-300_IEC_Timers_Counters » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » MOTOR_AUTO [FB1]

i s L, ERERHe @' el aB =l G &7 G =
R s
O I 2 I IR L B |
w Block title: Motor control in automatic mode [
P Conveyor motor in automatic mode:...
¥  Network 1: Memoryautomatic_start_stop and control of the conveyor motor in automatic mode
el #Memory_
#Stop — automatic_
#Safety_shutoff_ star_stop
BCtiVE — SR =
#Automatic_ #swn—sg &
mode_active —0 s -_R1 . —
N_TRIG
#Sensor_end_ >=1
of_conveyor — c Q—
#Memory_edge_
detection
#Memory_ #Conveyor_ —
conveyor_start_ matar_
#Safety_shutoff_ Stop automatic_
active — SR mode
£Automatic #Sensor_slide — 5 #Enable_OK — -
mode_active =0 3 R1 Q 3 —
[eal
For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved. 15
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® Add helpful information to the block comment and the network title of "Network 1:".

Bledas Gl G &= & =
L
P L 1 BT R B |
w Block title: Motor control in automatic mode z
w Conveyor motor in automatic mede:
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 Step or if the safety shutoffis
activated or if the automatic mode is not activated ( manual mode).
If Memery_automatic_start_stop is set, the enable conditions are granted and
Memory_conveyor_start_stop is set the output Conveyor_moter_sutomatic_mode is activated. =
For reasons of energy efficiency the cenveyor motor should only run if a partis present. =
Therefore Memory_conveyor_start_stop is setifthere 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).
As the Sensor_end_of conveyor couldn't be assembled directly at the end of the conveyor we need
an additional time until we can stop the motor.
For that purpose we use an extended pulse timer in between the Sensor_end_of_conveyor =
and the negative edge detection.
¥  Network 1: Overrun time end of conveyor pulse 2 seconds
® On the right side of your programming window, you will see the timer functions in the list of
instructions. Under ® Basic instructions ® Timer operations, find function # TP (Generate
pulse) and use a drag & drop operation to move it to Network 1 (green line appears, mouse
pointer with + symbol).
(® Instructions ® Basic instructions ® Timer operations ® #®TF )
0 P 4 P 4C DUDUD Program blo OTOR O [FB
Options 5
&, B e aRd Gl Q8 & G EREETH
il I
MOTOR_AUTO 3 | Favorites. ﬁ
Name Data type Default value Retain Accessiblef_. Writa.. Visiblein .. |Setp.. | Basicinstaiciions g'
1 4@~ Input ~ =
— —] Name Descr...
2 @-= Automatic_mode_act... Bool Non-ret... |= G ~ -
: » [ ] General
3 @ Start Bool Non-retain C\ = i B % ﬂ
z =] » ] Bitlogic operations =
4 @@= Stop Bool Non-retain E Q E = :@U e S ®
5 @n= Enable_OK Bool Nen-retain = Tl =
E_ald Gener..| 2
6 @n Safety shutoff active  Bool Non-retain =] = o0 arar e
7 @-» Sensor_slide Bool Non-retain =) = =) - ToF e
: 2 = - Sensor_end_of conve... Bool Mon-etain g E =] & TONR T _:
> Output o
[TP]- Start ...
10 4@ = Conveyor_motor_aut... | Bool Non-retain =) =) =) E};N]_ S‘:m %
<] — &7 —{roFl- i 7
T —[ronR}]- Time .. [~
& sen =4 = = -] &1 R et 5
w Block title: Motor control in automatic mode i ET F1- A 5_
» Conveyor motor in automatic mode:... » 43| Counter operations =
=1’ ['<] Comparator operations g
- Network 1: Overrun time end of conveyor pulse 2 seconds » [%] Math functions
- = » (=] Move operations
» B Conversion operations
» 50 Program control aperati...
» 5 Word logic operations
» 55 Shift and rotate
For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved. 16
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® The timer function requires a memory. This memory is provided in this case within the
instance data block of the function block without creating a new instance data block. Select
the ®"Multi-instance" option for this. Enter a name for the multi-instance and confirm with ®
"OK". (® Multi-instance ® IEC_Timer_overrun ® OK)

Call options %

Multiple instance

H Name in the interface JEC_Timer_overrun}
B

g Ifyou call the function block as 8 multi-instance, it saves its
_Single data in the instance data block of the calling function block and
Instance notin its own instance data block. This allows you to
concentrate the instance data in a single block and to get by
with fewer instance data blocks in your program.
Nt
Multi

instance

"%

Parameter
instance

more...

| oK || cancel |

® As a result, a tag structure of "Static" type suitable for TP Timer will be created in the

interface description.

031-300_IEC_Timers_Counters » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » MOTOR_AUTO [FB1]

s i, EREPBr g Rt cd@ =B aEai Nad &% & =
MOTOR_AUTO
Name Datatype  Defaultvalue Retsin Accessible f... Writa... Visiblein ... | Setpoint Comment
134 ~ Static A
14 41 = Memory_automatic_start_stop Bool false Non-retain 8 @ B D Memory used for start/ stop automatic ...
i5dan Memory_conveyor_start_stop  Bool false Non-retain B g @ D Memory used for starti stop of convey...
6 .4l Memory_edge_detection Bool false Non-retain Q =] @ B Memory used for edge detection L
17 40 = ~ |EC_Timer_overrun TP_TIME Non-etain ™M =) =] ]
i8lqq = PT Time #0ms Non-retain (] T
19 @ [ ET Time T80ms Non-retain v @ ==
204 = IN Boal false Non-retain vl ] 4]
2@ = Q Bool false Non-etain v (v
22 4 ¥ Temp 7|
<[ ] B
T

£ et ERET I o |

5]

v Block title: Metor control in automatic mode
» Conveyor motor in automatic mode:..

w 23 Network 1:  Overrun time end of conveyor pulse 2 seconds

2IEC_Timer_
overrun

b
Time

(]

Note: A multi-instance can only be used for programming within a function block because static
tags are only available there.
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® Use drag & drop to move input parameter #Sensor_end_of_conveyor to <??.?> in front of
parameter "IN" of TP Timer so that this will be started at a positive edge at input
#Sensor_end_of_conveyor. The best way to select a parameter in the interface description is

by "grabbing" it at the blue symbol & (® ¥ Sensor_end_of_conveyor).

031-300_IEC_Timers_Counters » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » MOTOR_AUTO [FB1]

g d L EA@EP@t G @R AR sB EmITR L MOl &7 6 =]
MOTOR_AUTO
Name Datatype  Defaultvalue |Retain Accessible f... | Writa... |Visiblein ... Setpoint | Comment
1 4@ ~ Input Ead
2 4@ Automatic_mode_active Bool false Neon-retain D Automatic mode activated il
3 @ Start Bool Non-retain D Pushbutton automatic start =
4 4= Stop Bool Neon-retain =) =] = Pushbutton automatic stop T
5 4= Enable_OK Bool Non-retain D All enable conditions OK
6 @@= Safety_shutoff_active Bool Non-retain =] Safety shutoff active e.g. emergencyst...
7 A= Sensor_slide Bool Non-etain 8 B E Sensor partatslide
8 e Sensor_end_of_conveyor Bool Non-et.. |¥| =) ~ =] Sensor part atend of conveyor
9 <@ ¥ Output i 3
nqane Conveyor_motor_automatic_... Bool false Non-retain E @ E i Control of the conveyor motor in auto... ?I
(<] I >
L s o

8 =1 - =ol = =]

[2]

w Block title: Metor control in automatic mode
» Conveyor motor in automatic mode:_.

¥ £ Network 1: Overrun time end of conveyor pulse 2 seconds

#IEC_Timer_
overrun

L
Time

® Enter the required pulse duration of 2 seconds in front of parameter "PT" (®2s ).

& >=1 4 =o = =]

o Network 1: Overrun time end of conveyor pulse 2 seconds

Comment

#|EC_Timer_
overrun
™
Time
#Sensor_end_
of_conveyor — |y ET— -
25 Ely Q—
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® The entry of 2s is converted automatically to the IEC-Time format suitable for the IEC timer

and is shown as constant "T#2s".

& ==1 - =ol = =]
> Network 1: Overrun time end of conveyor pulse 2 seconds
Lommen
#IEC_Timer_
overrun
1]
Time
gSensor_end_
of_conveyor — |n ET
T#2s —4FT QP

® Now move output "Q" from tag structure "IEC_Timer_overrun" onto input "CLK" of negative

edge "N_TRIG" in Network 2. This will replace the #Sensor_end_of_conveyor input tag

previously entered there and the conveyor will be stopped by a negative edge of the

IEC_Timer_overrun pulse.

(® Network 2 ® IEC_Timer_overrun® Q ® #Sensor_end_of_conveyor)

i EE L EREP@r @SRt caasd EEaB s Nad &7 & =
MOTOR_AUTO
MName Data type | Defaultvalue |Retain Accessible f... Writa.. Visible in .. | Setpoint Comment
14 @n» Memory_automatic_start_stop Bool Non-etain ™ E @ D Memory used for start/ stop automatic ﬂ
15 <@ = Memory_conveyor_start_stop | Bool Non-retain ) =] 52 ] Memory used for starti stop of convey...
16 @ = Memory_edge_detection Bool Non-etain E g E D Memory used for edge detection
17 40 = ¥ |EC_Timer_overrun TP_TIME MNon-etain ™~ ] =
18 @ = PT Time 0 Non-retain @ E‘ :
19la =« ET Time Non-retain =2 lE
0@ = IN Bool alse Non-retain v [v]
22 4@ ¥ Temp i]
:5 <] i B
8 > B A4 =a = 4]
#5top — automatic_ q
3Safety_shu:gﬁ_ Star_stop B
active — SR
#Automatic_ #Start—s
mode_sctive —0 s Rl Q—
N_TRIG
»=T [l
RS- —
#Memory_edge_ =
detection
#Memaory_ #Conveyor_
conveyor_start_ motor [4)
#Safety_shutofi_ stop automatic_
active — SR mode
#Autormatic #Sensor_slide —g £Enable_OK — -
mode_active —0 3¢ e | Q 3 —_— _ 7‘
For unrestricted use in educational / R&D institutions. © Siemens AG 2018. All rights reserved. 19
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® Do not forget to click &l save project regularly. The finished function block "MOTOR_AUTO"
[FB1] with the timer is shown in FBD below.

MOTOR_AUTO
Name Datatype | Defaultvalue | Retain Accessible f... | Writa.. | Visible in ... | Setpoint Comment

1 4@ ~ Input (]
2 |@n Automatic_mode_active Bool Non-retain l:] Automatic mode activated [l
3 @as. Start Bool Non-retain [:] Pushbutton automatic start
4 |q@. Stop Bool Nen-etain =] =2 =) Pushbutton automatic stop
5 @e Enable_OK Bool Non-retain (=] All enable conditions OK
6 @@= Safety_shutoff active Bool Non-retain B Safety shutoff sctive e.g. emergencyst.| =
A - Sensor_slide Bool Non-fetain =] = Sensor part atslide
8 @@= Sensor_end_of conveyor Bool Non-retain B E Sensor part at end of conveyor
9 4@ v Output [
10 |4 = Conveyor_motor_sutomatic_.. Bool false Mon-retain ™ 7] =) Control of the conveyer motor in auto...
11 41 ¥ InOut T
12 = <Add news>
13 /@ v Static
14 @n Memory_automatic_start_stop Bool Non-retain ™ =] Memeory used for start/ stop automatic ...
154 Memory_conveyor_start_stop  Bool Non-retain g E Memory used for start/ stop of convey..
16 €@ = Memory_edge_detection Bool Non-retain ™ =) Memory used for edge detection
17 4@ =~ IEC_Timer_overrun TP_TIVE Non-retain ™M 7l
wla = PT Time Non-retain
9@ = £l Time Non-etain
20 @ = IN Boal Non-retain
2ilm = @ Bool Nonset_. [~ |
27 &N ¥ Temn EI

<] I 2]

4 =a = =]

¥ Block title: Motor control in automatic mode

» Conveyor motor in automatic mode:...

*  Network 1: Overrun time end of conveyor pulse 2 seconds

#IEC_Timer_
overrun
L
Time
#Sensor_end_
of_conveyor — iy ET
T#25 — PT Q—

e Network 2: Memory automatic_start_stop and control of the conveyor motor in automatic mode

mment

o #Memory_ |=
#5top — sutomatic_
#Safety_shutoff_ -
BCHVE = SR
#Automatic_ #Start—g &
mode_active —0 3¢ R1 Q—
N_TRIG
#IEC_Timer_ ==1
overrun.Q — ik Q—
#Memory_edge_ i
detection
#Memorny_ #Conveyor_
conveyor_start_ makie,
#Safety shutoff_ S10p sutomatic_
Bctive — SR mode
#Automatic #Sensor_slide — § #Enable_OK — =
mode_active —0 3} _——r Qs —_— = :I
™
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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)

|_0'.Properties %} Info yﬂi._: Diagnostics

_J General " FB supervision definitions
General | ~
. General 1
Information =
Time stamps fisii
Compilation Name: |MOTOR_AUTO |
ProFect|on ] S |i=é |
Attributes F
Download without reinitializati... Lengrmge: |::g d
Memhes I
(TWEnuar
{®) Automatic

® This is what networks 1 and 2 look like in LAD.

031-300_IEC_Timers_Counters » CPU_1214C [CPU 1214C DUDCUDC] » Program blocks » MOTOR_AUTO [FB1]

e T = [F=l] s = 1 =
Wi F e L EREPDBr S Cdad ez Gl &7 & =
e
o]
#IEC_Timer_ L
overrun
#Sensor_end_ ™
of_conveyor Time
—] ——m Q
Te2s — pT ET
- Network 2: Memory automatic_start_stop and control of the conveyor motor in autoratic mode
nment
2=l #Memory_ .
#5top— automatic_ i
#Safety_shutoff_ start_stop
BCHVE = SR
#Automatic_ #tart—g &
mode_active =0 sk —— R Q—
N_TRIG
£IEC_Timer_ »=1
overrun.Q — cLK Q—
#Memory_edge_
detection
#Memory_ £Com
conveyor_start_
#safety_shutoff_ sop
BCHVE —— SR
#Automatic_ #Sensor_slide =g #Enable_OK = -
mode_active —0 3¢ R1 Q £ —_— — ] 7]
3 n [[>] [100% B v |
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7.3 Update the block call in the organization block
® Open the "Main [OB1]" organization block with a double-click.

o Siemens - C:\WUsersimde\Documents\Automation\(
Project Edit View Insert Online Options Tools
2f D H soveproject & X 2 2 X O (¥
Project tree
Devices

¥ |7 031-300_IEC_Timers_Counters
ﬁ Add new device
5&;, Devices & networks
= [ CPU_1214C [CPU 1214C DO/DC/DC]
IIY pevice configuration
% Online & diagnostics
- :ﬂ'- Program blocks
B Add new block
@ MOTOR_AUTO_DB [DB1]

® In Network 1 of the "Main [OB1" organization block, instance data block
"MOTOR_AUTO_DB1" for the "MOTOR_AUTO [FB1]" function block appears incorrect,
because the additional memory for the TP Timer has not yet been added there. Click the ® "

&l icon for "Update inconsistent block calls". This will add the "MOTOR_AUTO_DB1"

instance data block correctly again (® ¥ ).

..JO_IEC_Timers_Counters » CPU_1214C [CPU 1214C DUDCUDC] » Program blocks » Main [OB1] @ B X

Wil F e b, ERED8e @29

W eRaAT ¢l QA &7

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

[>]

w ¢4 Network 1: Control conveyor motor forwards in automatic mode

DE

%WFB1
"MOTOR_AUTO"
I — =
W02 Automatic_
*50° — mode_active =
& o 3
%0 .1 51" = Start
H0" — %0 4
%0 5 52" —0 stop
TB1T —k Enable_OK
W0  Safety
"-A1" =0 shutoff_active
Conveyor_
?‘“ " ) motor_
B4" — Sensor_slide sutomatic_ 000
%13  Sensor_end_ g —
87" — of_conveyor ENO —
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7.4 Save and compile the program
® To save your project, select the H saveproiect pytton in the menu. To compile all blocks, click

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

(@ bl seveproiect @ program blocks ® ).

4y Siemens - C:\Usersimde\Documents\Automation\031-300_IEC_Timers_Counters\031-300_IEC_Timers_Counters

Prt]ecl Edit View Insert onu‘ne* Options  Tools w:dow Help ‘ Totally Integrated Automation
Y H seveproject & X = 5 X D2 5N IE E R Goonline ¥ Gooffine S MW ¥ ] (| [Scochinprojecs | - PORTAL
Project tree o4
Devices Options
i W E s L EREDGrarEEHe 8B Gl G & | Wt Wt * O EH|Z
e
i s > XFavorites a
+ 1031300 EC Timers Counters = Blockillie: TVRT o S n Oy [~] v | Basic instructions ]
B Add new device — il _ H
By Devices & networks ‘ ':E:“,E = i Hessiinion L
enera
~ [ cPu_1214C [CPU 1214C DLDA/DC] ¥ Network 1: Control conveyor motor forwards in automatic mode = 9l
Iy Device configuration = £l Bithosicopamons 5
4/ Online & diagnostics & [ o e g 2
g ; i » [+3] Counter operations 2
o ¢
I Add newblock | e » 'L Comparator operations
&0 MOTOR_AUTO_ » [E] Math functions =
il » 5| Move operations ‘:
4 MOTOR_AUTO [FB1] g1 B s : M)
MOTOR_AUTO_DE [DB1] " » 5 Conversion operations &
- T'h ; - 5 - Ll » 5 Program control operati... -
: o E“ i [ogyo |=;:s I — cn word logic operations | —
Xt —
rernal source files 0.2 Automatic_ =1 » &5 shiftand rotate I
» Lai PLcusgs *-50° — mode_active 5
» lgrc data types & - 5.
» ‘w-f,-w‘\'val‘ch and force tables — 51" —Start ]
» L& Online backups KO — %0 4
» ;.- Tm}»s %05 52" =0 Stop B
» [ Device prosy data B — s Enable_OK
2 Program info WO satety.
E] PLCalarm text lists -A1" =0 shutoff_active
» (@ Local modules e Conveyor_
[ o motor_
: ;‘ﬁ 2"9'“”: “': vices -84° — Sansor shide automatic’  %0.0
ommon data & mode — *Q1°
1.3 nsor
» [£]) Documentation settings 87" —2&:::-7:;;‘ ENO — N
» [@ Lenguages & resources
» (g Online access I & B
» [ Card Reader/USB memory ¥ Network 2: - -
> | Extended instructions
[«]? |Technology
<] il ] [3] [100% Ja] » | C
| d Properties  |%4info 1] &l Diagnestics > | Optional packages

4 Portal view Overview |‘ Main (0B1)

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

tfeieﬂ y” Cross-references ” Compile || Energy Suite H Syntax {
[Q|;_|ig| | Show &ll messages [:‘

Compiling finished (errors: 0; warnings: 0)

1 | Path Description Go o ? Errors Warnings | Time
& ~ cruiz14c A 0 0 4:48:34 PM
(] ~ Program blocks F o 0 4:48:34 PM
0 MOTOR_AUTO (FB1) Block was successfully compiled. ro 4:48:34 PM
0 Main (OB1) Block was successfully compiled. ~ 4:48:37 PM
Q Compiling finished (errors: 0; warnings: 0) 4:48:37 P
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7.5 Download the program

® After successful compilation, the complete controller with the created program including the

hardware configuration, as previously described in the modules, can be downloaded (® = ).

4y Siemens - C:\Usersimde\Documents\Automation\031-300_IEC_Timers_Counters\031-300_IEC_Timers_Counters

Project Edit View Insert Online Options Tools Window Help Totlly I moratad Automation
GF TR saveproject 3 X i 2 X s (H: MG E R § coonline ¥ cooffine Az MM 2 ] ] roject> PORTAL
Project tree ' 4 031-300_IEC_Timers_Counters » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » Main [OB1] - X
Devices Options
a6 B OEE EEEE@!R g1 wrg=|E
g
sl 4 ‘ Favorites E
+ 1 031:300_EC Timers_Counters = Blockillie: TVRTI o e n Oy ~] v Basic instructions H
& Add newdevice C w il Name Des. 1
B Devices & networks e i —L 4
enera
CPU_1214ccru121acbamanel ¢ | Network 1: Control canveyor motor forwards in automatic mode - 9
Y vevi = - » [ Bit logic operations =
levice configuration 7 » (@] Timer operations 2
2 Ondine & dldgiostics » [+ Counter operations 5
« g Program blocks SRR - 19
o R anB1 [¢] Comparator operaticns
& *MOTOR_AUTO_ » [£] Math functions =
= m‘:ok S o= » 5 Move operations ‘:
MOTOR_AUTO, [na Elnaf] St _ » 2 Conversion operations ﬂr
- T' e - % = Lol » &0 Program control operati... f
: - ;"' s [°9y° ";“ I — N » [ Word logic operations -
xtenal source files 0.2 Automatic_ =| » &5 shiftand rotate =
» [ PLCtags *50" — mode_active 5
» (g PLC data types & = s
» _é;wmchundhr:e:ab\es p— 51" St E'
» &) Online backups "KO"— %0 4
» 15 maces oS *57 0 5t0p =
» [i§, Device proxy data B — —_—  ErebeoOK
] Program info WO.0  safe )
af
&) PLCalorm textlists A1 —O SR actvn
» (@ Local modules S Conveyor_
[ b, 5 motor_
» ‘ja Ungrouped devices -B4" = Sensor_slide sutomatic_  %Q0.0
» 4§ Common data w13 sensor.end mode — *-Q1"
& r_end_
» [g]) Documentation settings *.87" — of_conveyor ENO —
» [@ Languages & resources
» [jgh Online sccess <] i | >
» [ Card Reader/USB memo ¥ Network 2:
- & » |Extended instructions
[v|? | Technology
<] [ 3] [100% = - > | C ication
2> | Details view G Properties t&‘.lnfo %! Diagnostics > | Optional packages

4 Portal view | = main (081)
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7.6 Monitor program blocks

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

be activated/deactivated by clicking the ' * icon (® Main [OB1]® ).

...300_IEC_Timers_Counters » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » Main [OB1] - X

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

terminals are indicated with TRUE or FALSE.

i FE L, ERRP8r @ Ew CaaB s Gl £ o
o —
¥ Block title: “Main Program Sweep (Cycle)” |~
¥  Network 1: Control conveyor motor forwards in automatic mode
“B1
*MOTOR_AUTO_
pe*
W81
"MOTOR_AUTO"
I — =N
W02 Automatic_ =
“-50" == mode_active
& %03
%01 51" — Stant
Bandlen %0 .4
W0 5 *-52° =0 Stop
"B —k Enable_0OK
WOO  Safety
“-A1" =0 shutoff_active
Conveyor_
“x'.II() maotor_
84" — Sensor_slide automatic_  %Q0.0
W13 sensor_end_ mode —*-Q1° |
"B7" — of conveyor ENO —
i F e L, ER@EPBr @B =Ew AR s G ST o
.
¥  Network 1: Control conveyor motor forwards in automatic mode E
W81
*MOTOR_AUTO_
DB*
B
"MOTOR_AUTO"
I —en
TRUE
0.2 |Automatic_ |
"-50" — mode_active 1
FALSE
TRUE Ha
%0.1 517" ==iStant
"K0" —
TRUE
TRUE o4
%0 .5 52" ~@ stop
BT —{3t Enable_OK
TRUE
W00 |safety L
"-A1" 0 shutoff_sctive
FALSE
W0 e
84" -m i onveyor_
Sensor_slide mofor!|  EAESE
FALSE automa;':l:_ _%}0:0
%13 |sensor_end_ mosel-- Q)
“-B7" == of_conveyor ENO— ™
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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, thereby allowing the program
code in the function block with the TP Timer to be monitored

(® "MOTOR_AUTO" [FB1] ® Open and monitor).

-..300_IEC_Timers_Counters » CPU_1214C [CPU 1214CDUDCUDC] » Program blocks » Main [OB1] — & @ X

W L, EOEPE @ AE AT Gl G & o
Block interface
- Network 1: Control conveyor motor forwards in automatic mode ~
Comment
Modify »
. i Monitor »
W.I%R'B Display format »
Open
J Open and monitol
-~ —]EN Define tag Crrl+Shift+|
TRUE Rename tag... Cerl+Shift+T
W02 |Automatic_ Rewire tag... Ctrl+Shift+P A
50" —jiade ek x Cut Cerl+X 1
a FALSE &5 Copy Curl+C
TRUE :ﬂsﬂﬁ EEJ Paste Ctrl+V
= ==|Start
il % Delete Del
%0 4 Go to »
%50 5 52" —0l5top Cross-reference information Shift+F11
*B1° —f5F Enable_OK Change instance...
TRUE Update block call
".HBC: Safety_ 13 Insert network Crl+R | Tl
-A1" ~gshutoff active Insert STL network
FALSE Insert SCL network
W1.0 ¥ Insertinput and output Ctrl+Shift+3
84" —~Isensor_slide Insert empty box Shift+F5
FALSE Properties Alt+Enter
W13 |sensor_end_
*-B7" =={of conveyor ENOI— E
..[imers_Counters » CPU_1214C [CPU 1214C DUDUDC] » Program blocks » MOTOR_AUTO [FB1] - X
W FE L ERAEC88r e Ca@B s a8 &7 o

Call path: Main [0B1] nmnn
-~

¥  Network 1: Overrun time end of conveyor pulse 2 seconds

Comment
TROMS
#IEC_Timer_
overrun
™
FALSE =
#Sensor_end_
of_conveyor ——iy Bl — -
T#2s —dp1 Q-

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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7.7 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 ® SCE_EN_031-300_IEC_Timers_Counters_S7-1200.... ® Save)

I8 Siemens -

C:\Users\imde\Documents\Automation\031-300_IEC_Timers_Counters\031-300_IEC_Timers_Counters

4 Portal view

Froject |Edit View Insert Online Options Tools Window Help Totally Intagrated Autbmation
(3 New.. D:ees G MG B X & Goonline ¥ cooffine | fp M IB 3 | || [Seochmpoeco | - PORTAL
% Open... cerio
sty o
Close Crrl+w Options =
| v gl e ., EEEE8 8 J BB G gl & 5 oz
Save as Ctrl+Shift+S - e
ERS vy panel a
Delete project. e - : = °
¥ Network 1: Contrel conveyor motor forwards in automatic mode » El
Retrieve.. Comme
Manage multiuser server projects... — w
%DB1 =]
' Card Reader/USE memory » “KASTOR ALITD i
T Vemory card file y b 3
H
Start basic integrity check Bl
de "MOTOR_AUTO" =
i v | Call environment =
3 Print Ctrl+P -—]EN ! .
& Print preview... %02 |Automatic_ ! 3
*50" — mode_active
CiUsersimd..1031-300_[EC_Timers_Counters < L
CiUsersimdelD..1031-200_FB_Pregramming ot L
: 0.1 51" st
Ci\Usersimde\Docume..1011-101_CPU1214C = =
C:WsersimdelD..1031-100_FC_Programming = f“(’ﬂ‘j 4 3
CiUsersimde\Documen..1011-100_CPU1200 %05 R - 2
1" — 3k Enable_Ok 7
Exit Alt+Fa o =
0.0 |safety ——
¥ 1z racE: 5 =
» F‘ Device proxy data *-A1" =0 shutoff_active v | Breakpoints
e & Conveyor_| P 3 93 g3
38 Program info g . e Bt & % O L (3 93 63
i 84" —iSensor_slide automatic_| %Q00
& PLColorm textlists e L ~ [ Call hierarchy
» [l Local modules el Sensor_end_
» = Ungrouped devices 7" —{of conveyor ENO [—
+ [4§ Common data
» 5] Documentation settings I Nt
» [@ Languages & resources -
» [ Onfine sccess i No call path available
» 5§ Card Reader/USB memory
[v]
< I [>][100% M ——
> | Details view |’ Properties  [*ilInfo @ | %) Diagnostics |
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7.8 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
AUTOMATIC mode (-S0 = 1)

3 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)
and stays on.

4 Sensor at end of conveyor activated (-B7 = 1) ® -Q1 = 0 (after 2
seconds)

5 Briefly press the automatic stop pushbutton (-S2 =0) ® -Q1 =0

6 Activate EMERGENCY OFF (-A1=0)®-Q1 =0

7 Manual mode (-SO=0) ®-Q1 =0

8 Switch off station (-KO=0) ® -Q1 =0

9 Cylinder not retracted (-B1=0) ®-Q1=0

10 Project successfully archived
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8 Exercise

8.1 Task — Exercise

In this exercise, an IEC counter is to be added to the MOTOR_AUTO [FB1] function block. The

expanded function block will be planned, programmed and tested:

The magazine for plastic holds only 5 parts. The parts are therefore be counted at the end of the

conveyor.

When 5 parts are stored in the magazine, automatic mode is to be stopped.

Once the magazine has been emptied, automatic mode will be restarted with Start_command is

started again and the counter is reset.

8.2 Technology diagram

Here, you see the technology diagram for the task.

Sortieranlage / Sorting station

-B4 -B5

Rutsche/Slide

-B3 Motor aktiv/
motor active

-B8 Istwert Drehzahl/

actual value speed 5.0 S B

1.0 m/s

-B6

Metall/
metal

> Forderband/Conveyor .

Zusitzliche Werte
Additional values

Plastik/
plastic

-B9 externer Stellwert Drehzahl/f

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

U/min (rpm)

Figure 3: Technology diagram

Schalter der Sortieranlage
Switches of sorting station
-P1 einfon
j -Q0 Hauptschalter/Main switch
-P4 aktivierl/active
E -A1 NOTHALT/Emergency stop
-P2 Hand/manual -P3 Autofauto

j -S0 Betriebsart/operating mode

Automatikbetrieb
Automatic mode

-P5 gestartet/staried

__ -S1Start/start

__ -52 Stopp/stop

Handbetrieb / Manual mode

-§3 Tippbetrieb -M1 vorwarts/
Manual -M1 forwards

-54 Tippbetrieb -M1 riickwarts/
Manual -M1 backwards

-P7 ausgefahren/extended

-56 Zylinder -M4 ausfahren/
cylinder -M4 extend

-85 Zylinder -M#4 einfahren/
cylinder -M4 retract

-P6 eingefahreniretracted

Figure 4: 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 DO Digital Output
Al Analog Input AO Analog Output
I Input Q Output
NC Normally Closed
NO Normally Open
8.4 Planning
Plan the implementation of the task on your own.
Note: Learn about the use of IEC counters in SIMATIC S7-1200 in the online help.
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8.5 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)

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

Sensor at end of conveyor activated (-B7 = 1) ® -Q1 = 0 (after 2
seconds)

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

5th part in magazine ® -Q1 =0

11

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

Subject to change and errors
© Siemens AG 2018
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