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Matching SCE trainer packages for these training curriculums

SIMATIC Controllers

*  SIMATIC ET 200SP Open Controller CPU 1515SP PC F and HMI RT SW
Order no.: 6ES7677-2FA41-4AB1

*  SIMATIC ET 200SP Distributed Controller CPU 1512SP F-1 PN Safety
Order no.: 6ES7512-1SK00-4AB2

+  SIMATIC CPU 1516F PN/DP Safety
Order no.: 6ES7516-3FN00-4AB2

«  SIMATIC S7 CPU 1516-3 PN/DP
Order no.: 6ES7516-3AN00-4AB3

¢ SIMATIC CPU 1512C PN with Software and PM 1507
Order no.: 6ES7512-1CK00-4AB1

*  SIMATIC CPU 1512C PN with Software, PM 1507 and CP 1542-5 (PROFIBUS)
Order no.: 6ES7512-1CK00-4AB2

¢ SIMATIC CPU 1512C PN with Software
Order no.: 6ES7512-1CK00-4AB6

*  SIMATIC CPU 1512C PN with Software and CP 1542-5 (PROFIBUS)
Order no.;: 6ES7512-1CK00-4AB7

SIMATIC STEP 7 Software for Training

*  SIMATIC STEP 7 Professional V14 SP1 - Single license
Order no.: 6ES7822-1AA04-4YA5

+  SIMATIC STEP 7 Professional V14 SP1- Classroom license (up to 6 users)
Order no.: 6ES7822-1BA04-4YAS5

+  SIMATIC STEP 7 Professional V14 SP1 - Upgrade license (up to 6 users)
Order no.: 6ES7822-1AA04-4YES5

+  SIMATIC STEP 7 Professional V14 SP1 - Student license (up to 20 users)
Order no.: 6ES7822-1AC04-4YA5

Note that these trainer packages are replaced with successor packages when necessary.
An overview of the currently available SCE packages is provided at: siemens.com/sce/tp

Continued training
For regional Siemens SCE continued training, get in touch with your regional SCE contact
siemens.com/sce/contact

Additional information regarding SCE
siemens.com/sce
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Information regarding use

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

This document is to be used only for initial training on Siemens products/systems. This means it
can be copied in whole or part and given to those being trained for use within the scope of their
training. Circulation or copying this training curriculum and sharing its content is permitted within
public training and advanced training facilities for training purposes.

Exceptions require written consent from the Siemens AG contact: Roland Scheuerer
roland.scheuerer@siemens.com.

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

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

We wish to thank the TU Dresden, particularly Prof. Dr.-Ing. Leon Urbas, Michael Dziallas
Engineering Corporation and all other involved persons for their support during the preparation of
this training curriculum.
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IEC TIMERS AND IEC COUNTERS MULTI-
INSTANCES FOR SIMATIC S$7-1500

1 Goal

In this chapter, you will become acquainted with the use of single instances and multi-
instances for programming of the SIMATIC S7-1500 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 with the SIMATIC S7 CPU1516F-3 PN/DP. You
can use the following project for this chapter, for example:
032-200_FBProgramming_R1503.zap13

For unrestricted use in educational and R&D institutions. © Siemens AG 2017. 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)
2  SIMATIC STEP 7 Professional software in TIA Portal — as of V13

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

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

4  Ethernet connection between engineering station and controller

e 2 SIMATIC STEP 7

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

4 Ethernet connection

Control panel
3 SIMATIC S7-1500 controller

For unrestricted use in educational and R&D institutions. © Siemens AG 2017. All rights reserved.
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4 Theory

4.1 Instances and multi-instances in SIMATIC S7-1500

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 and R&D institutions. © Siemens AG 2017. 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 |

DB10

Call of FB10 with
instance DB10
for control of
Motor 1

FB10
Instance DB for

Standard block second call with
with motor data for Motor 1

| DB11

Call of FB10 with
instance DB11
for control of
Motor 2

FB10
Instance DB for
Standard block second call with
with motor data for Motor 2

-
\ program
\

program

Note: Some commands, such as timers and counters, react like function blocks. When these
are called, they also require an assigned memory area, e.g. in the form of an instance data
block.
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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 will 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 [EC_Timer_overrun} 152
5 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.

S

Multi
instance MORE.

’ 0K \ f Cancel ]l

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 and R&D institutions. © Siemens AG 2017. 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 FB1 with
instance DB1

For unrestricted use in educational and R&D institutions. © Siemens AG 2017. All rights reserved.
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FB1

Call IEC_Timer
as multi-instance
#Timerl

Call IEC_Timer
as multi-instance
#Timer2

DB1
(Instance DB for
FB1)

Static tag

#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_032-
200 FB Programming".

6 Planning

The IEC timer is programmed as an addition to the MOTOR_AUTO [FB1] function block from
the "032-200_FBProgramming.zap13" project. This project must be retrieved in order to 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.

For unrestricted use in educational and R&D institutions. © Siemens AG 2017. 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
"032-200_FBProgramming.zap13" project from chapter "SCE_EN_032-200
FBProgramming". 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)

T4 Siemens

Project |Edit  View Insert Online Options
j New... S
7% open... Crl+0 =
Migrate project...
Delete project... Ceri+E

P Card ReaderiUSB memory
TP Mernorycard file

¥
¥

DlAutormationl..\032_200_FB-Frogramming
DlAutermationl. \032_100_FC-Frogramming
DilAutomation|SKG_Bregal115KG_Bregall
DiAutemation\Projektl\Projeke

Exit

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

Confirm your selection with "OK". (— Target directory — OK)

For unrestricted use in educational and R&D institutions. © Siemens AG 2017. All rights reserved. 12
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Save the opened project under the name 032-300_IEC_Timers_Counters.

— Project — Save as ... » 032-300-IEC_Timers_Counters — Save)

T Siemens - D:\Automation\032_200_FB-Programming\032_200_FB-Programming

Project |Edit View Insert Online Options Tools Window Help

Close Culw

Delete project... ke
Archive...
Retrieve...
S Card ReaderlUSE memory »
T Memory card file 3

Up

D:Automation)..\032_200_FB-Programming
DiAutomationl_1032_100_FC-Programming
DlAutomation|SKG_Bregal11SKG_Bregall
D:lAutomationlProjekt1Projektt

Exit

(3 Mew.. N:cis MM E B F coonline & Gooffine o [M B ¢ H [[]
H[%open.. curls0 -
Migrate project

6}, Properties *

| %] Diagnostics

Totally Integrated Automation
PORTAL

Options

]
syse it

~ | Find and replace

Find

sapeq £

Goto 7 Errors

Portal vie 1 overview

‘ General y” Cross-references H Compile
1634 show ot messoges -
I Fath Description
> | Reference projects
> | Details view <

For unrestricted use in educational and R&D institutions. © Siemens AG 2017. All rights reserved.
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7.2 Addition of I[IEC timer TP to function block FB1

"MOTOR_AUTO"

an

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

T4 Siemens - D:\Automation\032-300_IEC_Zeite

Project Edit  View Insert Online Options

Cf [y saveprojecr @ X EH 13 X )

Project tree [ 4
Devices

)

MName
* ] 032-300_IEC_Zeiten_Zaehler »~
B ~Add new device
EE,L,:, Devices & networks
-~ p_[. CPU1516F [CPU 1516F-3 PN/DP]
[IY pevice configuration
| online & diagnostics

~ [g Program blocks
K ~Add new block
4 Main [0B1]
I MOTOR_AUTO [FB1]
@ MOTOR_AUTC_DE1 [DB1]

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

selecting the — "block title" and then clicking the — K3 jcon for "Insert network”.

T Siemens - D:\Automation\032-300_IEC_Zeiten_Zaehler032-300_IEC_Zeiten_Zaehler

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

GfF (3 H saveprojer @ ¥ ig B X D T MG R coonline ¥ cooffine f (MM % H (1] ORTAL

B

(2}

m A
o b3 = =] g

£

2

[~ Insert network i

P - R N | 2
~ Block title: | motor control in automatic mode [~ =
¥ Conveyor motor in automatic made:... %

»

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

H

Comment

==1 I—?{

= #Memory_ =

#5top — automatic_ B

&

#Safety shutoff_ start_stop =|&
active — 5 | |

#Automatic_ #Start— g & (]

mode_active —o 3 _—w Q— £

g

N_TRIG 2
#Sensor_end_ »=1 o

of_conveyor — cLk o—
#Memory_edge_
detection
#hemory_ #Conveyor_
conveyor_start_ moter
#Safery_shutoff_ stop sutomatic_
sctive — sk mode
#Automatic_ #sensor_slide — g #Enable_OK— -
mode_active —03¢ Rl Q
100% - -
el Properties |} Info 1] & Diagnostics

4 Portal view

For unrestricted use in educational and R&D institutions. © Siemens AG 2017. All rights reserved.
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— Add helpful information to the block comment and the network title of "Network 1:".

032-300_IEC_Zeiten_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] * Program blocks » MOTOR

Wikl E s b ERA @8 GEH@ Cadad s &7 B

| e e |

) =1 ‘IE‘ 4 =al = =]

w Block title: Motor control in automatic mode

w Conveyor motor in automatic mode:
The bit Mernory_automatic_start_stop is set with the input Start, but only if the reset conditions
are not fufilled.
The bit Mernory_automatic_start_stop is reset with the input Stop or if the safety shutoffis
activated or if the automatic mode is not activated ( manual mode).
If Mernory_automatic_start_stop is set, the enable conditions are granted and
Mermory_conveyor_start_stop is set the output Conveyor_motor_automatic_mode is activated.
Far reasons of energy efficiency the conveyor motor should only run ifa partis present.
Therefore Memaory_conveyor_start_stop is set ifthere 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.

B8 Overrun time end of conveyor pulse 2 seconds

Comment

— 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-and-drop operation to move it to Network 1 (green line
appears, mouse pointer with + symbol).

(— Instructions — Basic instructions — Timer operations — ®TF )

Options
dEEE h EEER8atEl CGAB8 L &7 H S|l Jmat OO
MOTOR_AUTO ~ | Favorites
Name Data type Default value Retain Accessiblef_. Visiblein . Setpoint ..
1 4@ v Input 5 IR L i B BT
2 @ Autormatic_mode_act... Boal Mon-ret... E D D A
3 @ Start Bool Mon-retain [:] [:] Pu... =| 41
4 @m Stop Bool Hon-retain =2} = Pu_
5 @@= Enable_OK . Bool e [l [l Al V|Basic [
6 |n safety_shutoff active  Bool Mon-retain = = Sa..
7 @@= Sensor_slide Bool Mon-retain g g Se.. Nar:_a Deseri...
& 0= Sensorend of conve.. Bool false s =] =] sa (] * Bl General ] =
m‘z‘ » ’—:J Bit logic operations
Le] T . T ] = [@] Timer operations
ST £ B BT R S | =7 E=nil Ry
2 ToN Gener
w Block title: Motor contrel in automatic mode E 4 TOF Gener..
¥ Conveyor motor in automatic mode:.__ 4 TONR Time ...
= —[TFI- Starp...
- Network 1: Overrun time end of conveyor pulse 2 seconds _{ToN]- starto.|
Cemment —[ToF]- Starto...
~[TOMR]- Time ...
k —RT]- Resett...
4] —IFTl- Load t
» [ Legacy -

For unrestricted use in educational and R&D institutions. © Siemens AG 2017. All rights reserved.
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— The timer function requires a memory. Here, this memory is made available within the
instance data block by the function block without the creation of 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 IR

Multiple instance

' Name in the interface 7’:
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.

&

Multi
instance MORE.

’ oK | | Cancel

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

interface description.

..32-300_IEC_Zeiten_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1] - 2H X

dEFE h EREpA:@EHR Ccaal s &7 B =
MOTOR_AUTO
Mame Data type Default value Retain Acces... Visibl. Setpo.. Comment
4 L] <Add new>
5 |4 v Static
6 |4q1= Memaory automatic_s... Bool Non-retain E Q D Memory used for starti stop autom...
7 4anw Memaory_conveyor_st... | Bool Non-retain E E D Memory used for starti stop of con...| =
B @@= Memory_edge_detect... Bool 5 Non-retain E E D Memory used for edge detection
9 <40 = v |[EC_Timer_overrun IEC_TIMER Mon-retain E B
ola = ST Time Non-retain
Mla = PT Time Non-retain
2@ = ET Time Non-retain
13 |40 L RU Bool Non-retain
4@ = I Bool Non-retain
[<] [ ]
e
& ==1 4 = = H-]
* Block title: Moter control in automatic mode b

P Conveyor moter in autematic mode..

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

#IEC_Timer_
overrun

™
Time

Note: A multi-instance can only be used for programming within a function block because
static tags are only available there.

For unrestricted use in educational and R&D institutions. © Siemens AG 2017. All rights reserved.
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— Use drag-and-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. * (- “l Sensor_end_of_conveyor)

JO_IEC_Zeiten_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1] - 2l X

s g EAEO8 Ge(=H0 a8 s & B 2
MOTOR_AUTO
MName Data type Default.. Retain  Acces.. Visibl. Setpo.. Comment
1 <@ ~ Input -~
2 e Automatic_mode_active Bool false Mon-... D [:I Automatic mode activated
3 @ e Start Bool Non-T_.. Cl Cl Pushbutton automatic start =
4 @e Stop Bool Non-r_.. =) =] Pushbutton automatic stop
5 @- Enable_OK Bool Non-r... O 0 All enable conditions OK
6 <@- Safety_shutoff active Bool MNon-... D [:I safety shutoff active e.g. emergency ...
7 e Sensor_slide Bool Non-_ E E sensor part at slide
8 @w Sensor_end_of conveyor Bool N__. E] [ [ Sensor part at end of conveyor
9 < » Output

10 <@ » InQut

11 <0 ~ Static -
[<] [ ]

L W e, s |
R T I B O |

B

v Block title: Motor control in automatic mode
» Conveyor maotor in automatic mode:...

~ £.4 Network 1: Overrun time end of conveyor pulse 2 seconds

#IEC_Timer_
overrun

il
Time

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

& »=1 - =] = =]

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

- E:} Metwork 1: Overrun time end of conveyor pulse 2 seconds

Comment

#IEC_Timer_
overrun
™
Time
g5ensor_end_
of_conveyor — |y ET— -
= @ o-—
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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 4 —al = =]

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

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

Comment

#IEC_Timer_
overrun
L
Time
#Sensor_end_
of_conveyor = |y ET
T& 25 PT Q=—

— 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)

032-300_IEC_Zeiten_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] * Program blocks » MOTOR_AUTO [FB1]

G Es g EOERErgEHl G EES L &l =H
MOTOR_AUTO
Name Dasta type |Default.. Retsin | Acces.. Visibl.  Setpo.. |Comment
4 @ v Static [~
5 @@= Memory_automatic_sta... Bool false Non-r... g E D Memory used for start/ stop automatic mode
6 @@= Memory_conveyor_start... Bool Mon-r... =] =] )  Memoryused for start stop of conveyor in aut...
i @an Memory_edge_detection Bool Mon-r._. = [+ [[] memoaryused for edge detection
& 4@ = ~ IEC_Timer_overrun IEC_TIMER Honr.. [ =]
9 |4 L 5T Timne MNon-r...
w0la = PT Time Han-r_
Mla = ET Time Hon-...
12 | L RU Bool Non-..
3la = N Bool Hon-...
14| = Q Bool |Z ... E
15 @ v Temp (v
L
& == {7 A4 - = o]
»=1 #Memory_ E
#5top— sutomatic_
#5afety_shutoff_ start_stop
ACHVE m— SR
#AuTomatic_ FSW@M—5 &
mode_sctive —o 3k R1 Q—
N_TRIG
==1
o — QLK Q—
5‘“ #Memory_edge_
detection
#Memory_ #Conveyor_
conveyor_start_ motor
#5afety_shutoff stop sutomatic_
active — SR mode
#Automatic_ #5ensor_slide — g #Enable_OK— -
mode_sctive —0 3¢ _— m Qg — —

For unrestricted use in educational and R&D institutions. © Siemens AG 2017. All rights reserved.

SCE_EN_032-300 IEC-Timers and Counters_S7-1500_R1703.docx

18



SCE Training Curriculum | TIA Portal Module 032-300, Edition 05/2017 | Digital Factory, DF FA

— Do not forget to click d save Project The finished function block "MOTOR_AUTO" [FB1]

with the timer is shown in FBD below.

032-300_IEC_Zeiten_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] * Program blocks » MOTOR_AUTO [FB1]

SR

Acces...

0 800000

=]
]
]
=]

Wisibl..

800800

INE®

KE

KE

Setpo...

0oo

T

Comment

Automnatic mode activated

Pushbutton automatic start

Pushbutton automatic stop

All enable conditions OK

Safety shutoff active e.g. emergency stop o...
Sensor partatslide

Sensor partat end of conveyor

Control of the conveyor motor in automati .

Memory used for start! stop automatic mode

Memory used for starti stop of conveyorin
Memory used for edge detection

i 1
MOTOR_AUTO
Name Retain
1 < ¥ Input
2 | = Automatic_mode_active | Bool Mon-...
3 <= Start Bool Non-r..
4 |1 = Stop Bool Non-r...
5 @an Enable_OK Bool MNon-r...
6 |1 = Safety_shutoff_active Bool Non-...
7 e Sensor_slide Bool Mon-r...
8 |41 m= Sensor_end_of_conveyor |Bool Non-...
8 40 ¥ Output
10 43 = Conveyor_motor_auto.. | Bool Non-r...
11 <@ P InOut
12 4@ ¥ Static
13 |« = Memory automatic_sta... Bool Mon-...
14 | = Memory_conveyor_start__| Bool Mon-r_
15 |40 = Memory_edge_detection |Bool Mon-...
16 < ® ¥ [|EC_Timer_overrun IEC_TIMER MNon-r...
17 | L 5T Timne Non-r...
18 @ L PT Time Non-r...
19 |3 L ET Tirmne Non-r...
20 < L] RU Bool Non-r...
21 |43 L] IN Bool MNon-r_
2@ = o Bool N... [=]
23 40 ~ Temp
#|EC_Timer_
averrun
i
Time
#Sensor_end_
of_conveyor — |y ET
TH2s — BT Q=

ent

¥  Network 2: Memaryautomatic_start_stop and control of the conveyar motor in automatic mode

==1 #Memory_
#5top — automatic_
#5afety_shutoff_ stan_stop
BELVE - SR
RAUtGMAtIE_ #Start—1g &
rnode_sctive —0 sk R1 Q—
N_TRIG
#IEC_Timer_ »=1
OVEITUN.Q —— ] | Q —
#hemaory_edge_
detection
#Memory_ #Conveyor_
conveyor_start_ motor_
#Safety_shutoff_ stop autematic_
BCHVE m—— SR mode
#Automatic_ #sensor_slide — g #Enable_OK — —
mode_active =0 3¢ R1 Q 3
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7.3 Update the block call in the organization block

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

T4 Siemens - D:\Automation\032-300_IEC_Zeite

Project Edit View Insert Online Options

F Y sweproiet & X 5 = X 9

Project tree m 4
Devices

QO

Name
¥ | ] 032-300_IEC_Zeiten_Zaehler [~
I Add new device —‘
gy Devices & networks =
~ [[j CPU1516F [CPU 1516F-3 PN/DP]

HIY Device configuration

%/ Online & diagnostics

v g Program blocks
B Add new block

4 MOTOR_AUTO [FB1]
§ MOTOR_AUTO_DB1 [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

-" il icon for "Update inconsistent block calls". This will add the

"MOTOR_AUTO_DB1" instance data block correctly again. (— ¢ )

032-300_|EC_Zeiten_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1]

Wk F e ER RO Q=i CB@B s & T B =
r= T Update inconsistent block calls
& a1 {7} A =0l = Ae]
* Block title: “Main Frogram Sweep (Cycle)” A
¥ .4 Network 1: Control conveyor motor forwards in autornatic mode
"MOTOR_AUTO,
DE1"
%FB1
|

“MOTOR_AUTO"

I — e

W02 Autornatic_
"-50" — mode_active

& 0.3

0.1 1 —start

K0T — 0.4

W0 .5 52" =0 510p

FBY — —————————Enable_0OK
W00 safety
“-A1" =0 shutoff_active O
W0 mo:::gr:
-B4" — sensor_slide sutomatic_  %0Q0.0
W13 sensor_end_ mode = "-Q1"
"B7" — of_conveyor ENO —
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— To save your project, select the ke save project yjtton in the menu. To compile all blocks,

click the "Program blocks" folder and select the

(- [ saveproject _, Program blocks —

=]
2 icon for compiling in the menu

T4 Siemens - D:\Automation\032-300_IEC_Zeiten_Zaehler\032-300_IEC_Zeiten_7aehler

Project Edit View Insert Online Options Tools Window Help

i i savepojes @ X H E X D mMEER

, Totally Integrated Auto

& Goonline §¥ Go offline n"n’ N

mation

PORTAL

Project tree m 4
Devices

Cormnpile

GO B B | ai & 2 = B

EREPEr@sEl Gl a - & H©

=H

Mame
¥ | ] 032-300_IEC_Zeiten_Zaehler
ﬁb' Add new device
iy Devices & netwarks
w [ CPU1516F [CPU 1516F-3 PN/DP]
Y Device configuration
ﬂ Online & diagnostics
|- Program blocks
K Add new block
4 Main [OB1]
28 MOTOR_AUTO [FB1]
@ MOTOR_AUTO_DB1 [DE1]
[ Technology objects
External source files

& »=1

)

b =
Comment
-

Network 1:

Comment

5 PLC tags

fﬂ FLC data types

I;:L watch and force tables
E Online backups

v v v wvwwow

Wo 1
r;[_ Traces .

Eloa
3 Program info 0o 5

-

E Device proxy data
E4 PLC alarms
E] Text lists

—al

KO* —

BT —k

RS

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

Contral conveyor motor forwards in automatic mode

%WB1
*MOTOR_AUTO_
DB

WFB1
“MOTOR_AUTO"
e

W02 Automatic_
"-50" = mode_active
W03
"51" — Start
W04
"52" =0 srop

Enable_OK

W00  safety

[ Local modules

.-wmﬂ% . =

[>]

Bunsal (=

suoonasu|

sqsel@n”

sapeIq E”

> | Details view

4 Portal view 21 Overview

|§Pmperﬁes ||"_i.'.|nfu yuﬂ Diagnostics |

iten_7Zael

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

General | Cross-references | Compile Syntax |

3 Properties |"_i..lnh:| y| A Diagnostics

Q EN Q Show all messages '~
Compiling completed (errors: 0; wamings: 0)

1 |Path

& ~ cruisier

o ~ Program blocks

MOTOR_AUTO (FB1) Block was successfully compiled.

Main (0B1)

Description

Block was successfully compiled.

Compiling ¢ d (errors: 0;

Goto |? Errors Warnings | Time
P 0 0 6:47:14 AM
P 0 0 6:47:14 AM
P 6:47:14 AM
P 6:47:14 AM
-0} 6:47:14 AM
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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.

(— K

T4y Siemens - D:\Automation\032-300_IEC_Zeiten_Zaehler\032-300_IEC_Zeiten_Zaehler

Project Edit View Insert Online Options Tools Window Help

Ui [ saveproject & ¥ 3

Totally Integrated Automation

X e G E R coonline F Gooffine A M8 3 - ] PORTAL

Project tree o 4 Download ta device

Devices ’%‘
6o © H|dasd b ERRDE: TR A s & T H 2 |5
<
s 2
Name H
~ | ] 032-300_IEC_Zeiten_Zaehler ~ 2 L R ] @
[ ~dd new device ~  Network 1: Control conveyor motor forwards in automatic mode A=
& Device W
Comment
~ g CRUTST6F [CPU 1516F-3 PN/DP] 5
a
Y Device configuration ES
%) online & diagnestics B 1 B
~ I Program blocks = "“OTS;T?UTD—
B Add new black =4
w81 o]
& Main [0B1] "MOTOR_AUTO" &
4 MOTOR_AUTO [FB1] - - 3
@ MOTOR_AUTO_DE1 [DB1] - =
I W02 Automatic_ ==
r& Technology objects L O e L
» L External source files c
= & W0 3 -3
» L@ PLCtags it 2
I 0.1 51" — Start B
» [ig) FLC data types x| H
» [ Wiatch and force tables Ho4
e W5 -52" =0 stop -
» [ Online backups el —
e BT —k Enable_OK
» [ Traces
2 Frogram info e S
= 41" —0 shutoff_active
» [i, Device proxy data T
[A PLCalarms. “o motor_
) rem s 84" — Sensor_slide sutomatic Fﬁé?;o
» [l Local modules f";f, Si”‘ﬂ'ﬂ"‘f ——
. — of conveyor —
» [§§ Common data - =
[5]) Documentation settings - 100% BB ¥ o
» | Details view Properties [} Info )| %] Diagnostics
P i, i g
4 Portal view =1 Overview | = main
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7.6 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] —» i )

..12-300_IEC_Zeiten_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1] - 12X

e e b EREP8r @l Caad % &M =
I - Menitoring onloff -
& =1 o =ol = =]
w Block title: “Main Program Sweep (Cycle)” [~
T LBl Control conveyor motor forwards in automatic mode
UDB1
“MOTOR_AUTO_
[=]-2 0
WFB1
"MOTOR_AUTO"
== EN
W02 Automatic_ =
50" — mode_active
& Wo 3
%0.1 51— stan
K" — 0.4
W0 .5 "52" =0 Stop
"Bt —sk —————————————————— Enable_0K
W00  safery
“-A1" —0 shutoff_active
. Conveyor_
:djo_ motor_
84" — Sensor_slide sutomatic_  ¥Q0.0
W13 sensor_end_ mode —=-01° L
"-B7" — of_conveyor END —
=
FEEEIC =
L
&  >=1 4 -al = -]
2081
“MOTOR_AUTO_
De1”
B
"MOTOR_AUTD"
EN
TRUE
W02 |Automatic_
"-50" —{mode_active
B FALSE
FALSE o3
W1 517 =={Start
"-KQ" ==
FALSE
FALSE o4
W05 52" =9Stop |
BT ==l Enable_OK 1
TRUE
0.0 |safety_
"A1" e shutoff_active
FALSE
w.0 .
B4 - ; anveyor_
sensor_slide motor_|  FALSE
EALSE aummatid:_ :é()n_:)
W3 |sensor_end_ mode--*-Q1
"-B7" ==|of_conveyor 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_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_AUTQ" [FB1] — Open and monitor)

..i2-300_IEC_Zeiten_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1]

—-2E X

s st ok = == ;
Wik E s s EREP8r @ et caad = &7 K
Block interface
& =1 {7 A4 =o = =]
WB1
*MOTOR_AUTO_
DE1*
i 1
Modify »
—iEN Open
Open and monitor
TRUE
a2 e Define tag... Ctrl+Shift+
*-50" — mode Rename tag... Ctrl+Shift+T
Rewire tag... Crrl+Shift+F
= FALSE g
SR 0.3 M cut Crrl+X
%01 ST ==istart| 55| copy Crl+C
Kot - FALSE [ Faste Crrl+v
FALSE o4 % Delete Del
W05 52" -4stop
BT -l Enabl GOt '
Cross-reference information  Shift+F11
TRUE
Show overlapping accesses
W00 |safery
"-A1" =8 chutol Change instance...
Update block call
FALSE
.o (& Insert network cul+R
B4 ——isensc Insert STL network
FALSE Insert empty box Shift+Fs
W13  |sensq ¥ Insertinput and output Crrl+Shift+3
"B7" —=lof -
= Properties Alt+Enter

..c_Zeiten_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1]

<

- X

dss g EAED8ratHE Caaas s & B

Call path: Main [OB1]

a =1 (B 4 -a

* Block title: Motor control in automatic mode

= 4]

» Conveyor motor in automatic mode:...

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

Comment
T#15_36Ms
FIEC_Timer_
overrun

TRUE
#Sensor_end_
of_conveyor

T&2s 0

Note: The monitoring here is function-related and controller-independent. The

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 — 032-300_IEC_Timers_Counters.... — Save)

T4 Siemens - D:Automati 2-300_IEC_Zeiten_Zaehleri032-300_IEC_Zeiten_Zaehler
rojec | e Totally Integrated Automation
(3 New... ti: G M E R § coonline F cooffiine B, 8 M 3 o 1] PORTAL
7% open... crlo -
Migrate project...
Close Crlaw Options Eg]
Save et B =3 « ra— — - = o . T v = H
Hseve ws R |G i EEEEB @R AR 2 & W = =)= i
Save ss... Cerl+Shiftes - 2
~ | Favorites H
Delete project... Cerl+E =T /== =
Archive vy IS =4 = = 4] & »=1 Ll H
~ Block title: "Main Program Sweep (Cycle)® ] _ 3 —
S Card ReaderlUSB memory 3 Comment aad e | W
T Memarycard file > 5
Upgrade ~  Network 1: Control conveyor motor forwards in automatic mode =
- =l
5} Frint... CurlsP L comment
& rint preview. 3 =
~ | Basic instructions e
DilAutomatio._\032-300_IEC_Zeiten_Zachler . 'mﬂf — b
DAASPElAus..1032_300_IEC_Timers_Counters MOTORALTO = =
D81 » [] General &
DrAutomationl.|032_200_FB-Programming B v ) it |
DAutomationl._1032_100_FC-Programming e . o’ = it logic operations o
D:lAutomationlSKG_Bregs|11SKkG_Bregalt 1 = D T""E'”Pm””"s =
DAutomationlProjekt1 Projektl ey M| CountaroperationsT| e
o W2  Automatic_ » [<] Comparator operati..| &
- *-50" — mode_active » [£] Math functions e
=
D7) T et e s = wos D=
b 'f- Online backups %01 51" —stan » B Conversion operati__.
4 5 Traces KO — %504 » 5p| Frogram control op....
22§ program info WS 52" =0 5t0p » 54 Word logic operati...
frie
» [, Device proxy data BTt —  nableok | » 5 shiftand rotate
[ PLCalarms
= WO safery <
B Textlists 41" —0 shutof active > | Extended instructions
» [l Local modules wo Conveyor_
» (& Common data o motor_ +|? | Technology
» [5]) Documentation settings - 100% — > | Communicatiol
Details view ‘g Properties "1\1 Info y“ﬂ Diagnostics > | Optional packages
4 Portal view =2 Ovenview | main ¥ The proj _Zaehl...
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8 Checklist

No. Description Completed

1 Compiling successful and without error message

2 Download successful and without error message
Switch on station (-KO = 1)
Cylinder retracted / Feedback activated (-B1 = 1)
EMERGENCY OFF (-Al = 1) not activated
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)
then conveyor motor forwards fixed speed (-Q1 = 1) switches
on 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 (-S0=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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O Exercise

9.1 Task — Exercise

In this exercise, an IEC counter is also 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 and the parts will 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.

9.2 Planning

Plan the implementation of the task on your own.

Note: Learn about the use of IEC counters in SIMATIC S7-1500 in the online help.
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9.3 Checklist — Exercise

No.

Description

Completed

Compiling successful and without error message

Download successful and without error message

Switch on station (-KO = 1)

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

AUTOMATIC mode (-S0 = 1)

Pushbutton automatic stop not actuated (-S2 = 1)

Briefly press the automatic start pushbutton (S1 = 1)

Sensor at chute activated (-B4 = 1)

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

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

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

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

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

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

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

10

5th part in magazine - -Q1 =0

11

Project successfully archived
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10 Additional information

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

software/firmware, at the following link:

www.siemens.com/sce/s7-1500
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