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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

Please 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, please contact your regional SCE contact
siemens.com/sce/contact

Additional information regarding SCE
siemens.com/sce

For unrestricted use in educational and R&D institutions. © Siemens AG 2017. All rights reserved.
SCE_EN_032-500 Analog Values_S7-1500_R1703.docx


http://www.siemens.com/sce/tp
http://www.siemens.com/contact
http://www.siemens.com/contact
http://www.siemens.com/sce

SCE Training Curriculum | TIA Portal Module 032-500, Edition 05/2017 | Digital Factory, DF FA

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, especially Prof. Dr.-Ing. Leon Urbas, the Michael Dziallas
Engineering Corporation and all other involved persons for their support during the preparation of
this training curriculum.
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ANALOG VALUES FOR SIMATIC S7-1500

1 Goal

In this chapter, you will become acquainted with the analog value processing of the SIMATIC
S7-1500 with the TIA Portal programming tool.

The module explains the acquisition and processing of analog signals and gives a step-by-
step description of read and write access to analog values in the SIMATIC S7-1500.

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

2 Prerequisite

This chapter builds on the chapter IEC Timers and Counters with the SIMATIC S7 CPU1516F-
3 PN/DP. You can use the following project for this chapter, for example: 032-300 IEC Timers
and Counters.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 and analog inputs and outputs should be fed out to a control panel.

4  Ethernet connection between engineering station and controller

e 2 SIMATIC STEP 7

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

4 Ethernet connection

Control panel
3 SIMATIC S7-1500 controller
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4 Theory

4.1 Analog signals

In contrast to a binary signal, which can assume only two signal states (“Voltage present +24
V” and “Voltage not present 0 V”), analog signals can assume any value within a defined
range. A typical example of an analog sensor is a potentiometer. Depending on the position of
the knob, any resistance can be set, up to the maximum value.

Examples of analog quantities in control engineering:
- Temperature -50 to +150 °C

- Flow rate 0 to 200 I/min

- Speed -500 to +50 rpm

- etc.

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

These quantities are converted to electrical voltages, currents or resistances with the help of a
measuring transducer. If, for example, a speed is to be measured, the speed range of 500 to
1500 rpm can be converted to a voltage range of 0 to +10 V using a measuring transducer. At
a measured speed of 865 rpm, the measuring transducer would output a voltage value of

+3.65 V.
500 865 1500 rpm
365
10 V: 1000 rpm = 0.01 V/rpm
1000 rpm 365 rpm x 0.01 V/rpm = 3.65 V
10V
ov +10V

4.3 Analog modules — A/D converter

These electrical voltages, currents or resistances are then connected to an analog module that
digitizes this signal for further processing in the PLC.

If analog quantities will be processed with a PLC, the read-in voltage, current or resistance
value must be converted to digital information. The analog value is converted to a bit pattern.
This conversion is referred to as analog-to-digital conversion (A/D conversion). This means,
for example, that the voltage value of 3.65 V is stored as information in a series of binary
digits.

The result of this conversion is always a 16-bit word for SIMATIC products. The integrated
ADC (analog-to-digital converter) of the analog input module digitizes the analog signal being
acquired and approximates its value in the form of a stepped curve. The most important
parameters of an ADC are its resolution and conversion rate.

U

F

o)

-~
.

L J
—

1: Analog value

2. Digital value
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The more binary digits the digital representation uses, the finer the resolution is. For example,
if only 1 bit was available for the voltage range of 0 to +10 V, you would only know whether the
measured voltage is between 0 and +5 V or between +5 V and +10 V. With 2 bits, the range
can be divided into 4 individual ranges, i.e., 0t0 2.5/2.5t05/5t0 7.5/ 7.5t0 10 V.
Conventional A/D converters in control engineering use 8 or 11 bits for converting.

With 8 bits you have 256 individual ranges, while 11 bits provide a resolution of 2048
individual ranges.
0A/0V 20mA/10V

10 V: 2048 = 0.0048828
- Voltage differences of <5 mV can be
11-bit detected

0 2048

4.4 Data types of the SIMATIC S7-1500

The SIMATIC S7-1500 has many different data types for representing different numerical
formats. A list of some of the elementary data types is given below.

Data type | Size (bits) | Range Example of constant entry

Bool 1 Oto1l TRUE, FALSE, O, 1

Byte 8 16#00 to 16#FF 16#12, 16#AB

Word 16 16#0000 to 16#FFFF 16#ABCD, 16#0001

DWord 32 16#00000000 to 16#FFFFFFFF 16#02468ACE

Char 8 16#00 to 16#FF ALT'@

Sint 8 -128 to 127 123,-123

Int 16 -32,768 to 32,767 123, -123

Dint 32 -2,147,483,648 to 2,147,483,647 | 123, -123

uSint 8 0 to 255 123

Ulnt 16 0 to 65,535 123

UDint 32 0 to 4,294,967,295 123

Real 32 +/-1.18 x 10 *°to +/-3.40 x 10 *° | 123.456, -3.4, -1.2E+12, 3.4E-

3
LReal 64 +/-2.23 x 10 “® to +/-1.79 x 10 °* | 12345.123456789
-1.2E+40

Time 32 T#-24d_20h_31 m_23s_648ms to | T#5m_30s
T#24d_20h_31 m_23s_647ms 5#-2d
Saved as: -2,147,483,648 ms to | T#1d_2h_15m_30x_45ms
+2,147,483,647 ms

String Variable 0 to 254 characters in byte size 'ABC’

Note: The 'INT' and 'REAL' data types play a large role in analog value processing. This is
because read-in analog values exist as 16-bit integers in the 'INT' format, and in order to
ensure exact further processing only 'REAL' floating-point humbers should be used due to
rounding errors in the case of 'INT".
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4.5 Reading/outputting analog values

Analog values are read into the PLC or output from the PLC as word information. These words
are accessed, for example, with the following operands:

%IW 64 Analog input word 64
%QW 64 Analog output word 64

Each analog value (“channel”) occupies one input or output word. The format is ‘Int’, an
integer.

The addressing of input and output words conforms to the addressing in the device overview.
For example:

032_300_Analog Values » CPU1516F [CPU 1516F-3 PN/DP]

Here, the address of the first analog input would be %IW 64, that of the second analog input
%IW 66, that of the third analog input %IW68, that of the fourth analog input %IW70, that of
the fifth analog input %IW72, that of the sixth analog input %IW74, that of the seventh analog
input %IW 76 and that of the eighth analog input %IW78.

The address of the first analog output would be %QW®64, that of the second analog output
%QW66, that of the third analog output %QW 68 and that of the fourth analog output %QW70.
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The analog value transformation for further processing in the PLC is the same for analog
inputs and analog outputs.
The digitized value ranges are as follows:

Nominal range of the analog
0A/QV 10 mA/5 V 20mA/10v  value

e

Digitalized value for further
0 13824 27648 processing in the PLC

Often, these digitized values still have to be normalized by further processing them in the PLC
in an appropriate manner.

4.6 Normalizing analog values

If an analog input value exists as a digitized value in the range +/- 27648, it must usually still
be normalized so that the numerical values correspond to the physical quantities in the
process.

Likewise, the analog output usually results from setting of a normalized value that then still has
to be scaled to the output value +/- 27648.

In the TIA Portal, ready-made blocks or arithmetic operations are used for normalizing and
scaling.

For this to be carried out as exactly as possible, the values for the normalizing must be
converted to the REAL data type to minimize rounding errors.
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5 Task

In this chapter, a function for analog control of the conveyor speed will be added to the
program from chapter "SCE_EN_032-300 IEC Timers and Counters".

6 Planning

The analog control of the conveyor speed will be programmed in the
"MOTOR_SPEEDCONTROL" [FC10] function as an expansion of the "SCE_EN_032-300 IEC
Timers and Counters" project. This project must be retrieved from the archive in order to add
this function. The "MOTOR_ SPEEDCONTROL" [FC10] function will be called in the "Main*
[OB1]" organization block and wired. The control of the conveyor motor must be changed

to - Q3 (conveyor motor -M1 variable speed).

6.1 Analog control of the conveyor speed

The speed will be set at an input of the "MOTOR_SPEEDCONTROL" [FC10] function in
revolutions per minute (range: +/- 50 rpm). The data type is 32-bit floating-point number
(Real).

First, the function will be checked for correct entry of the speed setpoint in the range +/- 50
rpm.

If the speed setpoint is outside the range +/- 50 rpm, the value 0 with data type 16-bit integer
(Int) will be output at the output. The return value of the function (Ret_Val) will then be
assigned the value TRUE (1).

If the speed setting is within the range +/- 50 rpm, this value will first be normalized to the
range 0...1 and then scaled to +/- 27648 with data type 16-bit integer (Int) for output as the
speed manipulated value at the analog output.

The output will then be connected with signal U1 (manipulated value speed of the motor in 2
directions +/- 10V corresponds to +/- 50 rpm).

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

Here you see the technology diagram for the task.

Sortieranlage/ Sorting station

Rutsche/Slide

-B3 Motor aktiv/
motor active

-B8 Istwert Drehzahl/
actual value speed

5.0 U/min (rpm)
1.0 mfs

-B6

Metall/
metal
—

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
-P1 einon
i -Q0 Hauptschalter/Main switch
-P4 akiivierl/active
E -A1 NOTHALT/Emergency stop
-P2 Handimanual -P3 Autolauto

j -S0 Betriebsart/operating mode

Automatikbetrieb
Automatic mode

-P5 gestartet/started

__ -S1 Start/start

__ -52 Stopp/stop

Handbetrieb / Manual mode

-S3 Tippbetrieb -M1 vorwirts/
Manual -M1 forwards

-54 Tippbetrieb -M1 riickwérts/
Manual -M1 backwards

-PT ausgefahren/extended

-S6 Zylinder -M4 ausfahren/
cylinder -M4 extend

-85 Zylinder -M4 einfahren/
cylinder -M4 retract

-P& eingefahreniretracied

Figure 2: Control panel
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6.3 Reference list

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

DI Type Identifier Function NC/NO
10.0 BOOL -Al Return signal emergency stop OK NC
10.1 BOOL -KO Main switch "ON" NO

) 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
11.0 BOOL -B4 Sensor part at slide NO
11.3 BOOL -B7 Sensor part at end of conveyor NO

DO Type Identifier Function
Q0.2 BOOL -Q3 Conveyor motor -M1 variable speed

i Manipulated value speed of the motor in 2
QW 64 BOOL Ul directions +/- 10V corresponds to +/- 50 rpm

Legend for reference list

DI Digital Input DO Digital Output
Al Analog Input AO Analog Output
| Input Q Output

NC Normally Closed

NO Normally Open
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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 "SCE_EN_032-300_IEC_Timers_Counters.zap13 project from
chapter "SCE_EN_032-300_IEC_Timers_Counters", we must retrieve this project from
the archive. 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)

T Siemens

Project |Edit View Insert O

+h.
| 5 New..
i % open... Cl+0 5

Migrate project..

Delete project... Ctrl+E

5 Card Reader/lUSE memory b
¥ Memory card file [

Exat

— 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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— Save the opened project under the name 032-500_Analog_Values.

(— Project —» Save as ... —» 032-500_Analog_Values — Save)

emens - G:\Automation\032_300_IEC_Timers_Counters\032_300_IEC_Timers_Counters

Project [Edit  View Insert oOnline Options Tools Window Help

Totally Integrated Automation
PO

T3 New.. 1 B MG B coonine ¥ Gooffine i N IA 2 1 RTAL
7% open... culs0 .
Migrate project...
Close Culsw
=]

Delete project... Crl+E
Archive.
Retrieve...
T Card Reader/USE memary
T Memory card file
Upgrade
GilAutomat..1032_300_IEC_Timers_Counters
GilAutomationl..\032_200_F8-Programming
GlAutomation|..\032_200_F8-Programming

Exit
% Info ) || 2l Diagnostics
J General
No *properties’ available.
‘l T H > No 'properties’ can be shown at the moment. There is either no object selected or the selected object does not have anydisplayable properties.
> | Details view

4 Portal view
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7.2 Create the "MOTOR_SPEEDCONTROL" function

— Select the 'Program blocks' folder of your CPU 1516F-3 PN/DP and then click "Add new

block" to create a new function there.

(- CPU_1516F [CPU 1516F-3 PN/DP] — Add new block)

T4 Siemens - G:\Automation\032-500_Analog_Values\03

Project Edit View Insert Online Options Tools
GF T H saveproject @ ¥ = 33 X 92 (M2
Project tree

Devices

FQ O

¥ | ] 032-500_Analog_Values
B Add new device
gy Devices & networks
~ [} CPUIS16F [CPU1516F-3PN/DP] |
[IY Device configuration
%/ Online & diagnostics
v gl Program blocks
&’ Add newblock
&/ Main [0
& MOTOR_AUTO [FB1]
@ MOTOR_AUTO_DB [DB1]
» [ Technology objects
» G} External source files
» [g PLCtags
» [l PLC data types

— Select :.FC- in the next dialog and rename your new block to:
"MOTOR_SPEEDCONTROL". Set the language to FBD and manually assign the number
"10". Select the "Add new and open" check box. Click "OK".

(- IFC—> Name: MOTOR_SPEEDCONTROL — Language: FBD — Number: 10 Manual
— ™ Add new and open — OK)
Add new block X

Name:
MOTOR_SPEEDCONTROL ‘

L FBD [~]

Number: B’
Organiztion @ Manusl
block 5
O Automatic

Description:

d

5 Functions are code blocks or subroutines|without dedicated memory.
Function block

Ll

Function

8

Data block

W

More....

> | Additional information

(@] Add new and gpen [ oK %1 | Cancel
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— Create the local tags with their comments as shown here and change the data type of the
'Return’ tag from 'Void' to '‘Bool'.

(— Bool)

...Values » CPU1516F [CPU 1516F-3 PN/DP] * Program blocks » MOTOR_SPEEDCONTROL [FC10] - X

dFEE e EOERE8 @EE CaaT 2 &Y B =
MOTOR_SPEEDCONTROL
Name Data type Default value Cormment
1 <@ ¥ Input
2 @@= setpoint_speed Real =
3 < ¥ Output
4 |« = Manipulated_variable_speed_AQ Int
S < v InOut
6 = <Add new=
7 < > Temp
g |qnm= Setpoint_speed_OK Bool
S | = Manipulated_variable_speed_Morm Real
10 <4 * Constant
11 = <Add new>
12 <4l ™ Return
15 41 = MOTOR_SPEEDCOMTROL Bool
[<] I NE

I . |

& »=1 - =l == =]

* Block title: Speed control via analog output

Comment

|
3
2
[ ]

<]

100% %=

Note: Be sure to use the correct data types.

— Insert an Assignment ' 11 " in the first network and an 'And' ® " in front of it. Then use

drag-and-drop to move the 'Comparator operation' 'Less or equal' from the 'Basic
instructions' onto the first input of the & AND logic operation.

(— 111 5 = _; Basic instructions — Comparator operations— CMP<=)

b P b PN/DP Pro blo PEED 0 |

Options fes)

e e SR8 atEl C6aad e a2 B 3 [ WA JF|Z

g

MOTOR_SPEEDCONTROL > |Favorites E_
Name Data type Default value Cormment P | Basic instructions E'

-0 Eingnt *{ Hame Versi... 1
2 |a@m Setpoint_speed Real =1, [ General .
Bl <l Egutput » 5] Bit logic operations %

4 4w Manipulated_variable_speed_AO Int v [ . o

@] Timer operations
5 | v inou 2 = 2
|TI T | ¥ |+1] Counter operations 2
e e ~ ['¢] Comparator operations A

& s=1 B A =l = =] ?
=

~ Block title: Speed control via analog output z
Comment 3
= 0 Network 1: check setpoint speed for correct input range +- 50 rimin T m
C ent = l_
Comment IN_Range o

= E

OUT_Range -2

8 = —oKI- 8
= —NOT_OK|- |

» [ variant
b [£] Math functions
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Next use drag-and-drop to move the '‘Comparator operation' 'Greater or equal’ onto the

second input of the * AND logic operation.

(— Basic instructions — Comparator operations— CMP>=)

Al v v -

[£] Math functions

[=] Move operations

=5 Conversion operations
5m Program control operati...

Options
WEFE b ERER@r@:El taad el QL WA OF
MOTOR_SPEEDCONTROL » | Favorites
Name Data type Default value Comment + | Basic instructions
1 4@~ Input * L name Wersi...
2 4. Setpoint_speed Real =1y [ General =
5 4@ > Output » ] Bitlogic operations W
4 |lg)m= Manipulated_variable_speed_AD Int b [@] Timer operations
3 4 > InOut » [ Counter operations
|T| : E", — ‘ 2] = [¢] Comparator operations L
a == T 4 —al = -] WP ==
CMP <=
¥ Block title: Speed control via analog output Z P o=
Comment I 2= CMP ==
e ]
- QNEtwurk‘l: check setpoint speed for correct input range +/- 50 rimin CMP <
Comment IN_Range
OUT_Range
3 ok
—NOT_OK}-
& » [ ] variant

data types in the comparator operations are automatically adapted to 'Real'.

o

— Connect the contacts in Network 1 with the constants and local tags as shown here. The

../U1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_SPEEDCONTROL [FC10] - EX
Options
W FE b =R ERE GEFE CLeae e B o9 e =
MOTOR_SPEEDCONTROL » | Favorites
Narne Data type Default value Comment + | Basic instructions
@ |~ Input - * L name Versi...
2 |iw= Setpoint_speed Real =, [] General z
= 4a £ » [ Bitlogic operations
4 40w Manipulated_variable_speed_aAO Int » [i@] Timer operations
3 glv InQut m | n L3 E Counter operations
T T ~ [¢] Comparator operations A
& s=1 T A4 —a o] CMP ==
| CMP <
* Block title: Speed control via analog output [l CMP o=
Comment CWP ==
CMP >
- Network 1: check setpoint speed for correct input range +i- 50 rimin CMPA:
Comment INﬁnge
= > Range
== oK}~
Real ~NOT_OK|-
#Setpoint_speed INT & » [7] variant
50.0— N2 — » [£] Math functions
| » [ Move operations
== #setpoint_ » g Conversion operations
Real speed_OK » & Program control operati... ~
#Setpaint_speedugi - < [T ]
50.0 IN2 £+ — —
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— Use drag-and-drop to move the 'Conversion operation' 'NORM_X' into Network 2 in order
to normalize the speed setpoint of +/- 50 rpm to +/- 1.

(— Basic instructions — Conversion operations —» NORM_X)

b P 6 PN/DP Progra blo PEED 0
Options
G F S EEED8r@tEN @ s gl G |L__ Jme O=
MOTOR_SPEEDCONTROL > | Favorites
Name Data type Default value Comment « | Basic instructions
1 4@~ Input * L ame Versi...
2 |gqm setpoint_speed Real =1, [ General [
3 <@ ¥ Output » [] Bitlogic operations il
4 |qq = Manipulated_variable_speed_AO Int » [@] Timer operations
5 |!?|' InOut ] » [+1] Counter operations
L]
T T » [¢] Comparator operations
e : =
s | e q - o ] » [£] Math functions
» =] Move operations
== #Setpaini_ ~ [%;] Conversion operations
Real speed_OK CONVERT
#Setpoint_speed — N1 = o
-50.0 N2 —_—r — [—
Network 2: Mormalise setpoint speed from +-50 rimin to +-1
Comment
» [ Legacy
» 5S¢ Program control operati...
5,» » [ Word logic operations
» 5 shiftand
| » & shiftand rotate |

— Connect the contacts in Network 2 with the constants and local tags as shown here. The
data types in 'NORM_ X' are automatically adapted to '‘Real.

..'U1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_SPEEDCONTROL [FC10]

Options
G F ke EEEDBt @l P BB s S| maw o
MOTOR_SPEEDCONTROL » | Favorites
Name Data type Default value Comment + | Basic instructions
1 4@~ Input * I Name Wersi...
2 |g) = setpoint_speed Real » D General [a]
3 <@~ Oulpul. . = » G sitlogic operations Fl
4 4] = Manipulated_variable_speed_AQ Int » [@&] Timer operations
-
5 | InOut » [+1] Counter operations
& - <Aod news » [¢] Comparator operations
7 @~ Temp » [£] Math functions 3
8 4w Setpoint_speed_OK Baal » [=] Move operations
S |4 = Manipulated_variable_speed_Norm Real ﬂ - 5,‘ Conversion operations
‘ < | In |
i
s san [ A o o o] o
Network 2: Normalise setpeint speed from +- 50 rimin to +/-1 FLOOR
Comment TRUNC
NORM_X ERRLE
Real to Real v [ Legacy
ssepoint » 5 Program control operati...

speed_OK — Ely » [ word logic operations
» 55 shiftand rotate

0.0 — nin =
#Setpoint_speed VALUE out L3 Inq Legacy u

s0.0 i B < i ]
> | Extended instructions
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— Use drag-and-drop to move the 'Conversion operation' 'SCALE_X' into Network 3 in order

to scale the speed setpoint from the normalized +/- 1 onto the range for the analog output
+/- 27468.

(— Basic instructions — Conversion operations — SCALE_X)

b P b PN/DP Pro blo PEED 0
Options
G E E p EAEE8: dedad s gl 2L JaW OF
MOTOR_SPEEDCONTROL > | Favorites
Mame Data type Default value Comment + | Basic instructions
1 4@ ~ Input i * I hame Versi_..
2 | w= Setpoint_speed Real =|» [ Genersl z
3 @ ~ Output » [ Bitlogic operations
4 |gq = Manipulated_variable_speed_AD Int » [@] Timer operations
S 4 ¥ InQut » [+1] Counter operations
6 - IS b [¢] Comparator operations
[<] i ] » [£] Math functions =
o
» [5] Move operations
& | ==1 4 -o = q] w [ Conversion operations
LT CONVERT
Real to Real HRIE B
. CEIL
#5etpoint_
speed_OK — gy . FLOOR
#Manipulated_ TRUNC
0.0 — MIN variable_speed_
#setpoint_speed — VALUE ouT — MNerm SCALE_X
50.0 — MAX S — E NORM_X
b [ Legacy
» & Program control operati...
Network 3: Scale normalised setpoint speed for analog output to +- 27648 » [ Word logic operations
B
Comment » r%] Shift and rotate
b [ETE| Legacy b’
5 <] i 1[2]
) b4 | Extended instructions
Connect the contacts with the constants and local tags in Network 3 as well, as shown
Hoa [ H 1 ' 1 ]
here. The data types in 'SCALE_X' are automatically changed to '‘Real’ or 'Int'.
..'U1516F [CPU 1516F-3 PN/IDP] » Program blocks » MOTOR_SPEEDCONTROL [FC10] - X
Options
e g EAEEE8rLEHE @B 2 gl | JWmE H
MOTOR_SPEEDCONTROL » | Favorites
Name Data type Default value Comment + | Basic instructions
1 4@ ~ Input * Y hame Wersi_..
2 4= Setpoint_speed Real =1 ) [ General [~
3 < ¥ Output » [ Bitlogic operations
4 41 = Manipulated_variable_speed_AD Int B » [@ Timer operations
S 4~ InOut » [+3] Counter operations
| (I 1] | » [¢] Comparator operations
e » [£] Math functions =
[ h fu
2 | >=1 4 - = ] » [ Move operations
e . .
Metwork 3: Scale normalised setpoint speed for analog output to +- 27648 = nverslnn SEEELSD
CONVERT
Comment =
CEIL
SCALE_X FLOOR
Real to Int TRUNC.
#Setpoint_ SCALE_X
speed_OK— gy NORM X
0N » [ Legacy
#Manipulated_ » 50 Program control operati...
varigble_speed_ » [ word logic operations
Merm — yaLug out =1 » i3 shiftand rotate
27648 A —_— — » [erg Legacy
<| i B
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— Insert an Assignment ' 1:1 " in the fourth network. Use drag-and-drop to move the 'Move'

command from the 'Move operations' folder under 'Basic instructions' in front of the

Assignment.

(» 11 - Basic instructions — Move operations — MOVE)

~  Network 4:

Comment

speed setpoint cut of range +-50 rimin - Manipulated_variable_speed_A0 =0/ Return = TRUE

UMOVE_BLK
FILL_BLK
UFILL_BLK
SVIAP

)

» [ 7] Arrsy DB

» [7] variant

Options
. T = & W o =
GaEE b AR 8 BN BB e T W 4| ma o
MOTOR_SPEEDCONTROL ? |Favorites
MName Data type Default value Comrment I | Basic instructions
1@ input * L name Versi...
2 = Setpoint_speed Real =1, [ Generl T3
S 4@ ¥ Output » |5i] Bitlogic operations
4 |4i = Manipulated variable_speed_AQ Int E b [@] Timer operations
S 4@ ¥ InOut b [+1] Counter operations
‘ <| : III\‘ — | b [€] Comparator operations =
» [£] Math funcrions
&  ==1 4 - = 7] ~ || Move operations
#Manipulated_ #Manipulated_ MOVE
variable_speed_ variable_speed_ Deserialize il |
Norm — v ug out — A0 Serializ Vi
27648 — MAX —_ MOVE_BLK
MOVE_BLK_VARIANT W12

— The contacts in Network 4 will now be connected with constants and local tags as shown

here. If the speed setpoint is not within the range +/- 50 rpm, the value '0' is output at the

analog output and the value TRUE is assigned to the return value (Return) of the
"MOTOR_SPEEDCONTROL* function.

../U1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_SPEEDCONTROL [FC10] - X
Options
Wil S i EREPE@:EHE B 2 &K |00 [Wme O
MOTOR_SPEEDCONTROL > |Favorites
Narne Data type Default value Comment w | Basic instructions
7o v Temp * I Name Wersi...
8 anm Setp.nmt_speed_.OK Bool & » [ ] General z
9 |4m = Manipulated_variable_speed_Norm | Real E » [51] Bit logic operations
10 @0 ~ Constant » [@| Timer operations
11 n <Add news » [+1] Counter operations
‘ ‘l i | 3 '—L Comparator operations 3
— » [£] Math functions 1
&  »=1 5 =0l = =] ~ |~ Move operations
¥  Network 4: Speed setpoint out of range +i- 50 rimin <= Manipulated_variable_speed_AQ =0/ Return = TRUE ;"SS\’&I?E!IEHZE ViA
Comment Serialize via
MOVE_BLK
MOVE MOVE_BLK_VARIANT V1.2
#Manipulated_ _ ERERERUE
#Setpoint_ varisble_speed_ FILL_BLK
speed_OK =0 EN —%¥|_DUT“I A0 = UFILL_BLK
0— N — SVUAP
» [ 7] Array DB
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— Do not forget to click ld ssveproject T finished function "MOTOR_SPEEDCONTROL"
[FC10] in FBD is shown below.

...U1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_SPEEDCONTROL [FC10] - EH X

G T s g EAED8r @ El CA@T L @ B 5
MOTOR_SPEEDCONTROL
Name Data type Default value Comment
1 <@ > Input
2 4. Setpoint_speed Real
3 <@ ¥ Output
4 |q = Manipulated_variable_speed_AO Int
5 < ¥ InOut
6 = <Add new>
7 <@ >~ Temp
& |41 = Setpoint_speed_OK Boaol E
9 |q = Manipulated_variable_speed_Morm Real
10 <@ ~ Constant
11 = <Add new=
12 <@ ~ Return
15 a1 = MOTOR_SPEEDCONTROL Boaol
[<] i e

| 4 =ol = =]

[>]

w Block title: Speed control via analog output

Comment

= Metwork 1: check setpoint speed for correct input range +- 50 rimin

Comment
==
Real
#5etpoint_speed N1 &
s0.0 M2 —
»= #Setpoint_
Real speed_OK
#Setpoint_speed N1 -
-50.0 N2 —_— —_— —_
»  Network 2: Normalise setpoint speed from +/- 50 rimin to +/-1
NORM_X
Real to Real
#5etpoint_
speed_OK ——
peec El #Manipulated_
0.0 — MIN variable_speed_
#Setpoint_speed — yALUE ouT — Morm

50.0 AKX —_— —_

w7 MNetwork 3: Scale normalised setpoint speed for analog cutput to +-27648

SCALE_X
Real to Int
#5etpoint_
speed_OK — gpy
0 MM
#Manipulated_ #Manipulated_
variable_speed_ variable_speed_
Marm — vz g out — A0 =
27648 TAX e— —_

w7 Network 4: Speed setpoint out of range +i- 50 rimin <= Manipulated_variable_speed_AD = 0/ Return = TRUE

MOVE
#Manipulated_ #MOTOR_
#5etpoint_ variable_speed_ SPEEDCONTROL
speed_OK —0 gy _%L.LOU.“ AD _

o IN
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7.3 Configuration of the analog output channel

— Double-click the 'Device configuration' to open it.

74 Siemens - G:\Automation\032-500_Analog_

Froject Edit View Insert Online Options
U 3 saveproject & X = 5 X )

Project tree

Devices
OO

~ ] 032-500_Analog_Values
B Add new device
iy Devices & netwarks
~ [ CPU1516F [CPU 1516F-3 PN/DP]
[1{ Devicefconfiguration
% Onlinefdiagnustics
b gl Program blocks

» [ 3 Technology objects

— Check the address setting and the configuration of the analog output channel O.

(— Q address: 64...71 — Properties - General — Output O - 3 — Outputs — Channel 0

— Output type: Voltage — Output range: +/- 10 V — Reaction to CPU STOP: Shutdown)

032-500_Analog_Values » CPU1516F [CPU 1516F-3 PN/DP]

|E-F Topology view ",ggh Network view ”—[lf Device view |_
’t{ .. Module Rack Slot |l address | Q address
PA 190W 120i230VAC 0 o
~ CPU1516F 0 1
» PFROFINETinterface_1 o 1x1
» PFROFINETinterface_2 o 1x2
DF interface_1 0 1X%3
= DI 32x24VDC HF_1 0 2 0.3
1
- DQ 32x24VDCI0.5A ST_1 0 3 0.3
: Al BXUNIRTDITC ST_1 o 4 64..79
I~ AQ i 5T o0 5 64..71
0 &
0 7
o 8
o 9
0 10
0 11
n .
ol |
|§ Properties ""_i.'.lnfn y"ﬁ Diagnostics |
J General || 10 tags || System constants || Texts |
b Genersl Il h o
>
» Module parameters anne
¥ Output0-3
General Parameter settings: |I\-1anua| |V|
* Dutputs . .
Channel 0 Diagnostics
Channel 1
No lyvoltage L.
Channel 2 Byl
channel 3 Wire break
/0 addresses L DShoncircuil to ground
Hardware identifier | D Overflow
" [ underflow
QOutput
Qutput type: |VOItage |v ‘
QOutput range: | +-10 v | - ‘
Reaction to CFU STOP: | Shutdown |v ‘
Substitute value: | ‘
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7.4 Expand the tag table to include analog signals

— Double-click the 'Tag table_sorting station' to open it.

Siemens - G:\Wutomation\032-500_Analog_Values\D:

oject Edit View Insert Online Options Tools
T (3 H saveproject & M = 2 X & (dz
Project tree m «

Devices
QO

¥ 7 032-500_Analog_Walues
B ~dd new device
iy Devices & networks
w [[J CPU1516F [CPU 1516F-3 PN/DP]
[IY pevice configuration
ﬁ Online & diagnostics
» g Program blocks
» (34 Technology objects
4 External source files
w7 ':g FLCtags
g showall tags
B ~dd newtag table
%’ Defaulttag table [54]
% Tag table_[*qrting station [28]

— Add the global tags for the analog value processing to the "Tag table_sorting station". An
analog input B8 and an analog output U1 must be added.
(= Ul > %QW64 — B8 — %IW64)

032-500_Analog_Values » CPU1516F [CPU 1516F-3 PN/DP] » PLCtags » Tag table_sorting station [30]

|€|l Tags |3 User constants
= % B M F
Tag table_sorting station
Mame Data type Address Retain | Visibl.. Acces.. Comment
15 4 55 Bool %I1.6 v M pushbutton manual mode cylinder - retract(nn)lZ‘
s @ 56 Bool %17 =] M  pushbutton manual mode cylinder W4 extend (no)
7 Q1 Bool %0Q0.0 v M  conveyor motor - forwards fied speed
i 4@ Q2 Bool %QO0.1 E E conveyor motor -M1 backwards fixed speed
19 @ 03 Bool %Q02 [+ M  conveyor motor M variable speed
20 @ M2 Bool %Q0.3 E E cylinder 14 retract
21 @ M3 Bool %G04 [+ M cylinder 44 extend
22 @ -P1 Bool %Q0.5 E E display ,main switch on” I
23 @ P2 Bool %00.6 v M  display.manual mode*
24 <@ S Bool Q0.7 E E display ,automatic mode”
25 @ P4 Bool %01.0 v M  display.emergency stop activated”
26 @ -5 Bool *Q1.1 E E display ,automatic mode started”
27 <@ -P6 Bool %01.2 v M  displaycylinder M4 retracted” =
28 @ F7 Bool %Q1.3 E E display cylinder -M4 extended” 1
22 <@ Ui Int BOWeS v M manipulated value speed in 2 directions +- 10V
30 @ -B8 Int lvid E E sensoractual value speed 0 .10V
Eyl <Add new>
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7.5 Call the block in the organization block

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

74 Siemens - G:\Automationt032-500_Analog_Values03

Project Edit View Insert Online Opticns Tools )

CGf (Y B saveproject & M | 5 X N (H:

Project tree o«
Devices

HOO

* | ]032-500_fnelog_Values -~

B Add new device
ghy Devices & networks
~ [[@ CPU1516F [CPU 1516F-3 PN/DP)]
[IY pevice configuration
% Online & diagnaestics

hd Ii‘ Program blocks
‘:‘ Add new block
2 Maind{0B1] i
48 MOTOR_SPEEDCONTROL [...
48 MOTOR_AUTD [FB1]
@ MOTOR_AUTO_DE [DE1]

— Add the temporary tag 'Motor_speed_monitoring_Ret_Val' to the local tags of OB1.
These will be needed in order to interconnect the return value of the
"MOTOR_SPEEDCONTROL" function.

(— Temp — Motor_speed_monitoring_Ret_Val — Bool)

032-500_Analog_Values » CPU1516F [CPU 1516F-3 PN/IDP] » Program blocks » Main [OB1]

e St ) |~ =] | 35 3 ] Q,
Wikl E s K EREP8rGEw Caad 2 &7 B =
Main
Mame Data type Default value Corrment
1 < ~ Input
2 |4 = Initial_Call Bool Initial call of this OB
3 <= Remanence Bool =True, if remanent data are available
4 |- v Temp
5 |qdm= Motor_speed_rmonitoring_Ret_Val Bool B
6 = <Add new>
7 4l ¥ Constant
8 = <Add new>
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— Select the block title of OB1 and then click (T to insert a new

other networks

Network 1 in front of the

(— k)
032-500_Analog_Values » CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1]
ﬁh’ﬁ—*:*!a‘-.:‘EE_ W CEaa &7 R =

Main

[==rinefnort Data type Default value Comment
1 < ™ Input
2 = Initial_Call Bool Initial call of this OB
3 4. Remanence Bool =True, if remanent data are available
4 |- v Temp
5 |40 = Motor_speed_maonitoring_Ret_Val Bool
6 = <Add new=
7 |« * Constant
8 = <Add new=
] B

~

i "Main Program Sweep (Cycle)”

Network 1: Control conveyor motor forwards in automatic mode

Comment

— Use drag-and-drop to move your "MOTOR_SPEEDCONTROL [FC10]" function onto the

green line in Network 1.

| T4 Siemens -

G:\Automation¥032-500_Analog_Values\032-500_Analog_Values

Project Edit View Insert Online Options Tools Window Help

Cf Y saveprojer & X = 2 X i T M E R Y Goonline (F coofiline fo AR ¥ - 1]

Totally Integrated Automation
PO

RTAL

Project tree m 4

Devices

HOQO il 2 g EA @8 G2
Main
¥ ] 032-500_Analog_Values [+] Name Data type
B Add new device Tl 1 <@ ~ Input
g Devices & networks 2 = Initial_Call Eool
7 ’?u CPU1516F [CPU 1516F-3 PN/DF] 3 4= Remanence Bool
Y Device configuration 4 | ~ Temp
ﬂ Online & diagnostics 5 |an = Maotor_speed_monitoring_Ret_Val Bool
~ g Program blocks 6 = <Add news
B Add new black =|l7 @ * constant
& Main [0B1] 5 <Add news

P0G BRI & s

bl

suepnsu| £

Default value Comment

Initial call of this OB
=True, ifremanent data are available

4 MOTOR_SPEEDCONTROL [FC10]:

48 MOTOR_AUTO [FB1]
@ MOTOR_AUTO_DE [DE1]

.
<]

1] | ¥

Bupsa [=

snseli@r”

* Block title: "Main Program Sweep (Cycle)”

Comment

[ Technology objects
External source files
r:d FLCtags

[ PLC data types

|2 Watch and force tables

-

Network 1:

Comment

(i online backups

=
5 Traces
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— Connect the contacts with the constants and global and local tags here as shown.

=¥

= i EE =P8 28

n

OGEERY I & B =

=
£z

MName Data type Default value Comment
¥ Input

Initial_Call Bool Initial call of this OB
Remanence Bool =True, ifremanent data are available
¥ Temp

L] Motor_speed_maonitoring_Ret_Val Bool

= <Add new>

& adpbd

¥ (Constant

(=SB T, R S FT W RE

= <Add new>

[<] il NE

e Tw
* Block title: "Main Program Sweep (Cycle)” b

Comnment

w7 Network 1: Speed control analog oputput conveyor motor

Comment

WFci1o
"MOTOR_SPEEDCONTROL™

#Motor_speed_

monitoring_Ret_

Ret_Val — Ll
Manipulated_
variable_ QW64
o= EN speed_AD 1t
15.0 — cetpoint_speed ENO —

— Change the connection of output tag "Conveyor_motor_automatic_mode" in Network 2 to

-Q3' (Conveyor motor -M1 variable speed) so that the conveyor motor is controlled taking

the analog speed setting into consideration.

(= -Q3)

Wikl F S p EAEP8rt@tEw CGERS Y & T B =
*  Network 2: Control conveyor motor forwards in automatic mode [
WDB1
"MOTOR_AUTO_
DB"
WFB1
"MOTOR_AUTO"
= EN |

W02  Automatic_
"50" — mode_active

& W03
W0 1 "S51 —stant
"KO" — W0 .4
0.5 52" =0 stop
BT — sk —  Enable_OK L
W00 safety
"-A1" =@ shutoff_active
Conveyor_
‘:’r‘” 0 motor_
84" — sensor_slide automatic_
= =l
W13 Sepsor end mode — 43| =l
|€I] Q3" k Bool %Q0.2 conveyor motor -M1 variable speed ~
b
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7.6 Save and compile the program

— To save your project, select the Ed ssve project

click the "Program blocks"

button in the menu. To compile all blocks,

Sl

folder and select the icon for compiling in the menu.

(- kd seve project _, Program blocks — )

T4 Siemens - G:\Automation\032-500_Analog_Values\032-500_Analog_Values

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation
F (W saveproject 3 M 5 2 X 9 ez ’=m it} B & Goonline ¥ Go offline ﬂvh? 1. 1 e S = PORTAL
Apalog Values » CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1]
Compile
Devices ole)
. .y o g -— go W 5
HQOO Wi s EREPE 2w AT - &7 B =
c
L a
W 0-’:2500_1‘\"3'09_\"3‘“?5 ~ Block title: "Main Frogram Sweep (Cycle)” ]
K Add new device Comment ¥
i Devices & networks -
~ [ CPU1516F [CPU 1516F-3 PN/DP] - Network 1: Speed control analog oputput conveyor motor )
IIY Device configuration Comment A
Lomme 7]
4/ online & diagnostics =
- [ Program blocks U410 =
I Add new block "MOTOR_SPEEDCONTROL" I
4 Main [DB1] . =
P #Motor_speed_ -
28 MOTOR_SPEEDCONTROL [FC10]: monitoring_Ret. El
4 MOTOR_AUTO [FB1] Ret_val — Val =3
@ MOTOR_AUTO_DB [DBE1] Manipulated_ | |
v [4 Technology objects Vﬂ”;h)‘:a E:’\F" )
3 External source files = SEESE -2
15 - =
b @ PLCtags 5.0 Setpoint_speed EMNO E
v [ig PLC data types o
o 3
D | Vi e frnemizlizs ¥  Network 2: Control conveyor motor forwards in automatic mode
» [ig) Online backups & P _
<[ n [=] L& I il ] [100% [x] —§:
» | Details view |§, Properties ||"i.'. Info (4) uﬂ Diagnostics |
4 Portal view £21 Overview I" Main ¥ The proj

— The "Info", "Compile" area shows which blocks were successfully compiled.
|§,Properties ||"_L'.Info y”ﬁ Diagnostics |
| General y" Cross-references || Compile || Syntax |
@\\I\l Show all messages |V|

1 Path

& ~ cruisieF

* Program blocks
MOTOR_SFEEDCONTRO....
Main (OB1}

Compiling completed (errors: 0; warnings: 0)

Description Goto |? Errors Warnings | Time
A 0 0 12:2..
A 0 0 12:2..
Block was successfully compiled. P 12:2..
Block was successfully compiled. P 122
Compiling completed (errors: 0; warnings: 0} 12:2...

B
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7.7 Download the program

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

the hardware configuration can, as described in the previous modules, be downloaded.

(> )

T4 Siemens - G:\Automation\032-500_Analog_Values\032-500_Analog_Values

Froject  Edit  View Insert  Online

5 (% ] saveproject S ¥ =

Options

Tools

Window Help

X ) (H: @[F!mr% & Goonline ¥ Go offline n”p[![ﬂ ]

Totally Integrated Automation
POR

TAL

Project tree m 4

Download to device
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Devices '%
" = 3 o T EH= z W s
OO ERlaass o cOEO8@E0 C6OAT 1% &2 B 5 (3
=
=
L 2
¥ ] 032-500_Analog_Walues g
B Add new device a1 R e i | 5
y Devices & nerworks * Block title: “Main Program Sweep (Cycle)” E:
7777777 'r_f. CPU1516F [CPU 1516F-3 PN/DF] Comment y
Y Device configurstion 3
n
%] Online & diagnostics - Network 1: Speed control analog oputput conveyer motor = g
~ gl Frogram blocks Comment 1=
B Add new block ||
4 Main [OB1] w10 =
4 MOTOR_SPEEDCONTROL [FC10] "MOTOR_SPEEDCONTROL" 3,_J|
2B MOTOR_AUTO [FB1] =
#Motor_speed
@ MOTOR_AUTO_DE [DB1] mnnitninpg Ret_ —
» [ Technalogy objects Ret val — Val - ]
3 External source files Manipu\al_ed_ c
» [4 PLCtags variable_ :m\ntea 5
s L2 i s e cpeed A0 — U1 S
150 . =
» [ Watch and force tables ’ EEEEI it
T&l onli —
» Online back
:" nline backups 3
<] 1l [>] <[ L ‘ [>] [100% | 2 e rveveve
» | Details view |§. Properties H"_i.‘.lnfo y| 9] Diagnostics
4 Portal view =1 overview | = main | = moTor see...

30



SCE Training Curriculum | TIA Portal Module 032-500, Edition 05/2017 | Digital Factory, DF FA

7.8 Monitor program blocks

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

oo
“ ! icon.

can now be activated/deactivated by clicking the }

(—> Main [OB1] - |

.nalog_Values » CPU1516F [CPU 1516F-3 PN/IDP] » Program blocks » Main [OB1] -l X
Wik e s EREP8t @ Cadad w &7 B I
- Monitering onloff
L 1 B I O |
+ Block title: “Main Program Sweep (Cycle)® A
Comment
¥  Network 1: Speed control analeg cputput conveyor motor =
Comment
Wci1o
"MOTOR_SPEEDCONTROL™
#Motor_speed_
monitoring_Ret_
Ret_Val — vzl
Manipulated_
variable_  %QWe4
I — speed_AQ — "U1"
15.0 — Setpoint_speed ENO —

...nalog_Values » CPU1516F [CPU 1516F-3 PN/DP] *» Program blocks * Main [OB1] - 0 EX

wiklF e p =R ER8r G HE CGcaad s & E 2

a ==1 7 4 -a = -]

* Block title: “Main Frogram Sweep (Cycle)® E
Comment

*  Network 1: Speed contral analog oputput conveyor maotor

Comment
WFC10
"MOTOR_SPEEDCONTROL™
FALSE
#Motor_speed_
monitoring_Ret_
Ret_val - Vel
Manipulated_| 8294
variable_ W64
I e speed_AG — U
15.0 —{Setpoint speed ENO |—
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— The "MOTOR_SPEEDCONTROL" [FC10] function called in the "Main [OB1]" organization
block can be selected directly for "Open and monitor" after right-clicking and the program
code in the function can thus be monitored.

(— "MOTOR_SPEEDCONTROL" [FC10] — Open and monitor)

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

Block interface
& 2= {7 A =el = =]
¥  Network 1: Speed control analeg oputput conveyor motor E
Comment
=
TFCI0 1
"MOTOR_SPEEDCONTRG  Modify ’
Open
Define tag Cerl+Shift+l
R Rename tag... Curl+ShiftsT
Manipu Rewire tag... Ctrl+Shift+P
_ s"" X cu Curl+X
. - ) Pe 5] Copy Ctrl+C
5.0 —|Setpoint_speed | 0§ Paste Crrl+v E
<] [ || X peletz ol o

Wi F E b EE SR8 GEHF CEad s

=

Call path: Main [OB1] ™
& »=1 {7 A =0 = qF]
¥  Network 3: Scale nermalised setpoint speed for analog cutput to +- 27648
Comment
SCALE_X
Real to Int

[ w ]

03 8294
#Manipulated_ #Manipulated_
variable_speed_ variable_speed_
Morm —yaLue out—~0
27648 — MAX ——— ENOJ— .
<] ] > [ [100% |52 v, vereves
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7.9 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 — 032-500_Analog_Values.... —»

Save)

T& Siemens - G:\Automation'032-500_Analog_Values¥032-500_Analog_Values

Project |Edit View Insert Online Options Tools Window Help Totally Integrated Automation
jNEW.‘... 3 (ds a=ﬂ.' m m r;;,. ﬁ Go online ;‘S‘ Go offline n"n? [E [H 3(J * PORTAL
M 3 Open... Cul+0
Migrate project...
Close Crrl+w EE
\ I L SF =% o) | g G = # L Q, £}
Hseove abt Rl s b EAEPE:a:[HE a3 a7 B |2
58VE B5.. Ctrl+Shift+5 =
: S - a2
Delete project... Crrl+E . — =
IET | : o @ 4 - o :
Retrieve...
*  Network 1: Speed control analog oputput conveyor motor =
W Card Reader/USE memory 3 ﬂ
T Memory card file 3 3 emment sl
w
u
Uparade TECTO =|&
=} Print... Ctrl+P "MOTOR_SPEEDCONTROL”
&b Print preview... #Motor_speed ;
| Export module labeling strips... manitoring_Ret_ o
X Ret_val — val 2
GlAutomationl03..1032-500_Analog_Values Manipulated 7]
GlAutomationl__..1032_300_Analog_Values variable: HQWe 4 ||
GlAutomat..1032_300_IEC_Timers_Counters --=—lEN speed_AO —"-UT” LI
GlAutomationl...\032_200_FB-Programming 15.0 —|Setpoint_speed ENOQ — E
. . o
GlAutemationl.\032_200_FB-Programming =
e
Exit = - E
w7 Network 2: Control conveyor motor forwards in automatic mode =
PSS Ve TLIT g FUTUE W UTeESs
[ i Comment —
» r{‘ Online backups 3
<] n Ll i ] 100% - —
¥ | Details view ‘g Properties ”"_i.'.lnfo Hﬂ Diagnostics

4 Portal view £ overview I" Main v Connection to CFU1516F terminated.

For unrestricted use in educational and R&D institutions. © Siemens AG 2017. All rights reserved. 33
SCE_EN_032-500 Analog Values_S7-1500_R1703.docx



SCE Training Curriculum | TIA Portal Module 032-500, Edition 05/2017 | Digital Factory, DF FA

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)
Pushbutton automatic stop not actuated (-S2 = 1)

3 Briefly press the automatic start pushbutton (-S1 = 1)
Sensor part at slide activated (-B4 = 1)
then Conveyor motor M1 variable speed (-Q3 = 1)
switches on and stays on.
The speed corresponds to the speed setpoint in the range +/-
50 rpm

4 Sensor part at end of conveyor activated (-B7 =1) > -Q3=0
(after 2 seconds)

5 Briefly press the automatic stop pushbutton (-S2 = 0) —» -Q3 =
0

6 Activate EMERGENCY OFF (-A1=0) »>-Q3=0

7 Manual mode (-S0=0) > -Q3 =0

8 Switch off station (-KO =0) - -Q3=0

9 Cylinder not retracted (-B1 =0) - -Q3 =0

10 Project successfully archived
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O Exercise

9.1 Task — Exercise

In this exercise a "MOTOR_SPEEDMONITORING" [FC11] function will be created
additionally.

The actual value will be made available to -B8 (sensor actual value speed of the motor +/-10V
corresponds to +/- 50 rpm) as an analog value and queried at an input of the
"MOTOR_SPEEDMONITORING" [FC11] function. The data type is 16-bit integer (Int.).

This actual speed value will first be normalized to the range +/- 1 as 32-bit floating-point
number (Real) in the function.

The normalized actual speed value will then be scaled to revolutions per minute (range: +/- 50
rpm) as 32-bit floating-point number (Real) and made available at an output.

The following 4 limit values can be specified as 32-bit floating-point numbers (Real) at the
block inputs in order to monitor them in the function:

Speed > Motor_speed_monitoring_error_max
Speed > Motor_speed_monitoring_warning_max
Speed < Motor_speed_monitoring_warning_min

Speed < Motor_speed_monitoring_error_min

If a limit value is exceeded or fallen below, the value TRUE (1) is assigned to the
corresponding output bit.

If a fault is present, the protective tripping of the "MOTOR_AUTO" [FB1] function block will be
tripped.
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9.2 Technology diagram

Here you see the technology diagram for the task.

Sortieranlage/ Sorting station

Rutsche/Slide

-B3 Motor aktiv/
motor active

-B8 Istwert Drehzahl/
actual value speed

5.0 U/min (rpm)
1.0 mfs

-B6

Metall/
metal
—

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 3: Technology diagram

Schalter der Sortieranlage
Switches of sorting station
-P1 einon
i -Q0 Hauptschalter/Main switch
-P4 akiivierl/active
E -A1 NOTHALT/Emergency stop
-P2 Handimanual -P3 Autolauto

j -S0 Betriebsart/operating mode

Automatikbetrieb
Automatic mode

-P5 gestartet/started

__ -S1 Start/start

__ -52 Stopp/stop

Handbetrieb / Manual mode

-S3 Tippbetrieb -M1 vorwirts/
Manual -M1 forwards

-54 Tippbetrieb -M1 riickwérts/
Manual -M1 backwards

-PT ausgefahren/extended

-S6 Zylinder -M4 ausfahren/
cylinder -M4 extend

-85 Zylinder -M4 einfahren/
cylinder -M4 retract

-P& eingefahreniretracied

Figure 4: Control panel
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9.3 Reference list

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

DI Type Identifier Function NC/NO
10.0 BOOL -Al Return signal emergency stop OK NC
10.1 BOOL -KO Main switch "ON" NO

. 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
11.0 BOOL -B4 Sensor part at slide NO
11.3 BOOL -B7 Sensor part at end of conveyor NO
W64 BOOL B8 Sensor actual value speed of the motor +/-10V
corresponds to +/- 50 rpm

DO Type Identifier Function

Q0.2 BOOL -Q3 Conveyor motor -M1 variable speed
QW 64 BOOL U1 Manipulated value speed of the motor in 2

directions +/- 10V corresponds to +/- 50 rpm

Legend for reference list

DI Digital Input DO Digital Output
Al Analog Input AO Analog Output
| Input Q Output

NC Normally Closed

NO Normally Open

9.4 Planning

Plan the implementation of the task on your own.
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9.5 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 part at slide activated (-B4 = 1)

then Conveyor motor -M1 variable speed (-Q3 = 1)
switches on and stays on.

The speed corresponds to the speed setpoint in the range +/-
50 rpm

Sensor part at end of conveyor activated (-B7 =1) - -Q3=0
(after 2 seconds)

Briefly press the automatic stop pushbutton (-S2 = 0) —» -Q3 =
0

Activate EMERGENCY OFF (-A1=0) - -Q3=0

Manual mode (-S0=0) »-Q3 =0

Switch off station (-KO =0) - -Q3=0

Cylinder not retracted (-B1 =0) - -Q3 =0

10

Speed > Motor_speed_monitoring_error_max — -Q3 =0

11

Speed < Motor_speed_monitoring_error_min — -Q3 =0

12

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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