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Warranty and Liability

Warranty and Liability

Note

Security
informa-
tion

The Application Examples are not binding and do not claim to be complete regarding the
circuits shown, equipping and any eventuality. The Application Examples do not represent
customer-specific solutions. They are only intended to provide support for typical
applications. You are responsible for ensuring that the described products are used
correctly. These Application Examples do not relieve you of the responsibility to use safe
practices in application, installation, operation and maintenance. When using these
Application Examples, you recognize that we cannot be made liable for any
damage/claims beyond the liability clause described. We reserve the right to make
changes to these Application Examples at any time without prior notice.

If there are any deviations between the recommendations provided in these Application
Examples and other Siemens publications — e.g. Catalogs — the contents of the other
documents have priority.

We do not accept any liability for the information contained in this document.

Any claims against us — based on whatever legal reason — resulting from the use of
the examples, information, programs, engineering and performance data etc.,
described in this Application Example shall be excluded. Such an exclusion shall
not apply in the case of mandatory liability, e.g. under the German Product Liability
Act (“Produkthaftungsgesetz”), in case of intent, gross negligence, or injury of life,
body or health, guarantee for the quality of a product, fraudulent concealment of a
deficiency or breach of a condition which goes to the root of the contract
(“wesentliche Vertragspflichten”). The damages for a breach of a substantial
contractual obligation are, however, limited to the foreseeable damage, typical for
the type of contract, except in the event of intent or gross negligence or injury to
life, body or health. The above provisions do not imply a change of the burden of
proof to your detriment.

Any form of duplication or distribution of these Application Examples or excerpts
hereof is prohibited without the expressed consent of the Siemens AG.

Siemens provides products and solutions with industrial security functions that support the
secure operation of plants, systems, machines and networks.

In order to protect plants, systems, machines and networks against cyber threats, it is
necessary to implement — and continuously maintain — a holistic, state-of-the-art industrial
security concept. Siemens’ products and solutions only form one element of such a
concept.

Customer is responsible to prevent unauthorized access to its plants, systems, machines
and networks. Systems, machines and components should only be connected to the
enterprise network or the internet if and to the extent necessary and with appropriate
security measures (e.g. use of firewalls and network segmentation) in place.

Additionally, Siemens’ guidance on appropriate security measures should be taken into
account. For more information about industrial security, please visit
http://www.siemens.com/industrialsecurity.

Siemens’ products and solutions undergo continuous development to make them more
secure. Siemens strongly recommends to apply product updates as soon as available and
to always use the latest product versions. Use of product versions that are no longer
supported, and failure to apply latest updates may increase customer’s exposure to cyber
threats.

To stay informed about product updates, subscribe to the Siemens Industrial Security
RSS Feed under http://www.siemens.com/industrialsecurity.
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1 Introduction

1 Introduction

1.1 Overview

In automation and control engineering, the Simulink® software from MathWorks is
frequently used to simulate processes and create algorithms. The requirement is to
simulate the model, algorithm or function in a virtual environment via PLCSIM
Advanced or, based on hardware, using a software controller in just a few steps.
This application example describes how to build a simulation model with Simulink.
It uses three digitization use cases to describe the possibilities and limitations of
validating and simulating the simulation model virtually and based on hardware
with SIMATIC products. The sample Simulink model consists of a process
simulation and a PID controller.

The following documents make up the entire application example:
¢ Main document: Overview of the three use cases and the Simulink model
(this document)
e Use Case 1: Connecting Simulink models to SIMATIC PLCSIM Advanced
via API?
e Use Case 2: Connecting Simulink models to SIMATIC PLCSIM Advanced
via OPC UA°
e Use Case 3: Using SIMATIC Target 1500S for a Hardware-Based
Simulation of the Simulink Model
Figure 1-1: Use cases overview

SIMATIC PLCSIM

Advanced
Simulink v . Open controller

Simulink

hf

PID controller é

ﬂ AP/\)PC UA
Use Case 3
Process model

\Use Case 1 Use Case Zj
~—/ —

Required knowledge
e Basics of configuring and programming with STEP 7 (TIA Portal)
e Basics of creating models with Simulink

! MATLAB and Simulink are registered trademarks of The MathWorks, Inc.
? Via the application programming interface (API), S7-PLCSIM Advanced allows interaction with
;/our own C++/C# programs or software.

OPC Unified Architecture (UA), an industrial communications protocol.
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1.2

Use Case 1

Use Case 2

Use Case 3

How the application example works

A model of a control loop for a propeller-driven pendulum arm that was created
using Simulink is simulated and optimized in the MATLAB environment. The control
loop consists of a controlled system that emulates the physical behavior of the
pendulum arm and a PID controller for positioning the pendulum arm at the
specified angle of deflection.

The next step provides three use cases (see Figure 1-1) that allow you to simulate
the process model in conjunction with an S7 CPU.

This use case describes how to control the process model in Simulink using
PLCSIM Advanced. This requires that communication with the virtual controller be
established via the APl of PLCSIM Advanced. This is implemented by an S-
function in Simulink that is used instead of the PID controller. The “PID Compact”
PID controller runs on the virtual controller and can be virtually commissioned in
the context of the process simulation in Simulink.

This use case describes how to control the process model in Simulink using
PLCSIM Advanced. This requires that communication with the virtual controller be
established via the OPC UA interface. This is implemented by a MATLAB function
in Simulink that is used instead of the PID controller. The “PID Compact” PID
controller runs on the virtual controller and can be virtually commissioned in the
context of the process simulation in Simulink.

This use case describes how to code the Simulink model with the SIMATIC Target
1500S Simulink add-on and run it with a SIMATIC S7-1500 Software Controller.
The process model is controlled using the “PID Compact” PID controller.

Main Document
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1.3 Components used

This application example was created with the following hardware and software
components:

Table 1-1: Software components

Component Article number / note / link
(R2016a) MathWorks Online Documentation:
MATLAB V9.0 http://en.mathworks.com/help/
MATLAB Coder V3.1
Simulink V8.7

Simulink Coder V8.10
OPC Toolbox V4.0.1

STEP 7 V14 Professional

6ES7822-1..04-..

Manual:
https://support.industry.siemens.com/cs/ww/en/view/10974227
2

SIMATIC S7-1500 ODK
1500S v2.0

6ES7806-2CD02-0YAOQ

Manual:
https://support.industry.siemens.com/cs/ww/en/ps/13914/man

SIMATIC Target 1500S
for Simulink V1.0

6ES7823-1BE0O-OYAS

Manual:
https://support.industry.siemens.com/cs/ww/en/ps/24443/man

S7-PLCSIM Advanced
V1.0

6ES7823-1FE00-0YA5S

Manual:
https://support.industry.siemens.com/cs/ww/en/view/10973915
3

Table 1-2: Hardware components

No. Article no. Note

SIMATIC ET 200SP
Open Controller

1 6ES7677-2AA40-0AA0 -

CPU 1515SP PC
4GB (WES7-P, 64-

Manual: SIMATIC S7-1500 CPU 150xS

bit) https://support.industry.siemens.com/cs/ww/en/view/109249299

Manual: SIMATIC S7-1500 Software Controller Additional
Information on CPU 1505S/CPU 1507S

https://support.industry.siemens.com/cs/ww/en/view/104943430

Manual: SIMATIC ET 200SP Open Controller CPU 1515SP PC
https://support.industry.siemens.com/cs/ww/en/view/109248384

This application example consists of the following components:

Table 1-3

Component

Contents

109749187_DIGI_Usecases_MAIN_DOC_V10_en.pdf

This document.

109749187_DIGI_Usecases_API_DOC_V10_en.pdf

Documentation for
Use Case 1.

109749187_DIGI_Usecases_OPC_DOC_V10_en.pdf

Documentation for
Use Case 2.

109749187 DIGI_Usecases_ TARGET _DOC_V10_en.pdf

Documentation for
Use Case 3.
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1 Introduction

Component

Contents

109749187_DIGI_Usecases_TIA_PROJ_V10_en.zip

TIA Portal project for
Use Cases 1-3.

109749187_DIGI_Usecases_Simulink_PROJ_V10_en.zip

Simulink models for
Use Cases 1-3.
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2 Engineering

2

2.1

211

Engineering
This chapter describes how to set up and derive the control loop for the propeller-
driven pendulum arm for the simulation with Simulink.

The ready-to-use Simulink model named “Pendulum_Controlled.sIx” can be found
in the supplied sample project. The file is located in the “Simulink_Main” folder in
the “109749187_DIGI_Usecases_Simulink_PROJ_V10_en.zip” file.

Control loop

The control loop consists of the controlled system that emulates the physical
behavior of the pendulum arm and a PID controller.

The controlled variable of the control loop is the angle of deflection (@) of the
pendulum arm. The force (f) drives the propeller forward.

Figure 2-1: Control loop

Setpoint: Cohtrolled
angle Output: e variable:
—* PID con- Controlle angle
Act.value force > —§_>
» troller system

Pendulum model (controlled system)

For the pendulum arm to be deflected to the setpoint position, the propulsive thrust
(F) of the propeller must be at least as large as the sum of all opposing forces.

Figure 2-2: Pendulum model

<\Mfriction

2\

AN
T\
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The sum of the opposing forces is composed of the following forces:
e Inertial force Fiyertia

e Tangential component of the weight force Fgyan

e Friction force Figion resulting from the friction moment Mgiction

Mathematical derivation

Figure 2-3: Mathematical derivation of the pendulum model

F = Fgtan + Fintertia + Frriction @: angle _
w: angular velocity
Fgtan =m - g - sin(p) a:angular acceleration
¢: damping constant
Fintertia =m- 'r-a=m-l-«a m: lumped mass
I: arm length
_ Mfriction _ c g: position factor
Ffriction - f =W

F=m-g-sin(@)+m-l-a+w-$

Resulting formula for angular acceleration:
_F g in(e) c 1
Y B R SR AP

2.1.2 Building the pendulum model

Based on the resulting angular acceleration formula from Figure 2-3, a recursive
space state model for the pendulum is built in Simulink.

The angular velocity (w) results from the integration of the angular acceleration (a).
The angle of deflection (@) results from the integration of the angular velocity.

Figure 2-4 shows the structure of the controlled system.
e X =angular acceleration a
e X =angular velocity w
e x =angle of deflection ¢

Main Document
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Figure 2-4: Control loop structure

e ]
_—
T T R NI —III g ——
il e
e
= ] Pendulum model (controlled system
I
oo .
X X x Phi
20100 m —l [radrs?] Jkmmn|  [rads] e [radl Py 1 ‘:l =
—- EEX) e ! —]
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PID controller
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As parameters for the pendulum model, the following values are specified for the
MATLAB variables:

e Damping constant: c=1
e Lumped mass: m=2
e Arm length: |=0.75
e Gravitational acceleration: g=9.81

2.1.3 Real-time behavior of the model

The “OPC Config Real-Time” Simulink function (see Figure 2-5) allows you to run
the simulation simultaneously with reality in terms of time. However, this time is
only pseudo real time*, where minimal deviations from real time can occur. This
deviation depends on the computer’'s computing power and cannot be exactly
determined or predicted.

* The term ‘real time’ characterizes the operation of IT systems that can reliably provide certain
results within a predefined time span, for example in a fixed time frame.
Source: https://de.wikipedia.org/wiki/Echtzeit

Main Document
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2 Engineering

Figure 2-5: “OPC Config Real-Time” block

(f%nM%MWMm
:

OPC Config
Resl-Time

OPC Configuration

?t:Valu:—

L WL
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Force
to Angular Accelerstion
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R X

i) — [rad/s?]

i AL
L] FT“\/

K T5 {z+1
2z-1)

Integrate
Acceleration to

[2D0F) -
r ! Output Percentage Fan Force

1o Fan Force to Angular Acceleration

2.14 Selecting the integration method

The following integration methods are available for selection:
Forward Euler

Backward Euler

Bilinear transformation (trapezoidal rule)

The bilinear transformation calculates a mean using the forward and backward
Euler method.

To select the suitable integration method, the damping constant is set to 0 and a
constant tangential force is applied to the controlled system. The controller is
commented out. The deflection of the pendulum is monitored in Simulink using the
“Scope” function.

When the damping constant equals 0 and there is a constant force, a sinusoidal
oscillation is expected for the deflection of the pendulum.

Main Document
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Evaluating the integration method
Figure 2-6: Evaluating the integration method with the “Scope” function

Forward Euler Backward Euler Trapezoidal

Oscillation despite Damping despite Expected
constant force! >< damping constant= 0! >< sinusoidal oscillation! \/

As the bilinear transformation provides the expected, physically correct behavior of
the controlled system, this method is selected for the integration.

As they add the discretization error in each step, the forward Euler and backward
Euler methods are not suitable for the model. The bilinear transformation calculates
a mean using the two methods, which compensates the discretization error.

Main Document
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2.2 Controller

221 Tuning the controller

Empirical tuning is used to tune the controller.

e A noncritical, small value is chosen for the P gain and the integral-action and
derivative-action components are set to 0.

e The P gain is slowly increased until the system constantly oscillates.

e The integral-action and derivative-action components are added and slowly
increased until the result is acceptable.

Figure 2-7 shows the result of the control loop after the controller has been tuned.

Figure 2-7: Optimized control loop

Ladian to 1
[ OQutput o Fan Force

The following controller parameters were determined:
e Proportional component P =2

e Integral-action component | = 0.75

e Derivative-action component D = 0.5

Main Document
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2.2.2 Converting the parameters for PID Compact

The following figure shows the conversion of the controller parameters from
Simulink to parameters for PID Compact in TIA Portal.

Figure 2-8
Simulink
Controller parameters
Source: [internal ~| B Compensator formula
Proportional (P): 2
Integral (I): 0.75
Derivative (D): 0.5 {
1 N
Filter coefficient (N): 10 P| (br—y)+I=(r—-y)+D 1 (er—y)
& 1+N
Setpoint weight (b): 1 I\ L
Setpoint weight (c): 0.1
STEP 7 (TIA Portal)
PID Parameters
“ Kb w0 4 (w—) +H—2 .
[ Ensbie manual entry Y% WO ST, TD-s+1(C W)
K, > Froperionsl gain
T, > Integrol action fme: 1) Kp=P =20
T}, > Derivative action time: 11
4 > Dervetive delsycosficient 2) T=,=,,.=1333
Froportions| action weighting: 3) p _ D
Derivative action weighting: a-TD+§ %%
sampling time of PID algorithm: T. =D =05
D — == V.
Tuning rule a= 1 = 1 =
controllerstructure: [0 [+ NTp  10-0.5
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3 Use Cases

3

3.1

311

Use Cases

This chapter provides an overview of the three use cases.

For all the details and instructions, refer to the detailed document for the
appropriate use case.

Table 3-1
Use case Title File name
1 Connecting Simulink models to 109749187_DIGI_Usecases_
SIMATIC PLCSIM Advanced via API_DOC_V10_en.pdf
API
2 Connecting Simulink models to 109749187_DIGI_Usecases_
SIMATIC PLCSIM Advanced via OPC_DOC_V10_en.pdf
OPC UA
3 Using SIMATIC Target 1500S for a 109749187_DIGI_Usecases_
Hardware-Based Simulation of the TARGET_DOC_V10_en.pdf
Simulink model
Use Case 1

This chapter provides an overview of connecting Simulink models to SIMATIC
PLCSIM Advanced via the API application programming interface. For details
about Use Case 1, refer to the supplied documentation:
“109749187_DIGI_Usecases_API_DOC_V10_en.pdf’

How the use case works

In this use case, the controlled system is controlled from Simulink using the PID
controller (PID_Compact) in the virtual controller of PLCSIM Advanced.

In Simulink, the “S-function” for communication with SIMATIC S7-PLCSIM
Advanced is inserted instead of the PID controller.

Figure 3-1: Simulink model for communication via the PLCSIM Advanced API

Tangental
Applied Force
M= kg misd]

Dasy

The tag exchange between the controlled system in Simulink and the controller in
the virtual controller takes place via the API of PLCSIM Advanced.

The S-function is called in the cycle of the sampling rate Ts = 20 ms. The tags are
then read/written at the cycle check point of the virtual controller. As a result, the

Main Document
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controlled system is provided with the latest values from the virtual controller every
20 ms.

The PID controller runs in the virtual controller in a cyclic interrupt OB with a cycle
time (20 ms) that is identical to the sampling rate Ts in Simulink.

Figure 3-2

= = === ‘\ PLCSIM Advanced

a}a virtual controller

A

PLC tags

v

PID
Compact

APl communication

3.1.2 Advantages of the use case

The connection to Simulink via the API offers the following advantages:

e Advanced programming options via the API such as freezing the virtual
controller at the cycle check point.

e Synchronization with the cycle check point of the virtual controller.

e Synchronization of the Simulink model with the virtual time of the virtual
controller. When speeding up/slowing down the virtual time, Simulink’s pseudo
real time speeds up/slows down accordingly.

3.1.3 Limits of the use case

The connection to Simulink via the API has the following limits:

e Performance strongly depends on the PC’s computing power as
PLCSIM Advanced and MATLAB run on one computer.

e No communication in real time

Main Document
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3 Use Cases

3.2

3.2.1

Use Case 2

This chapter provides an overview of connecting Simulink models to SIMATIC
PLCSIM Advanced via OPC UA. For details about Use Case 2, refer to the
supplied documentation: “109749187_DIGI_Usecases_ OPC_DOC_V10_en.pdf’

How the use case works

In this use case, the controlled system is controlled from Simulink using the PID
controller (PID_Compact) in the virtual controller of PLCSIM Advanced.

In Simulink, the “Read_OPC_Func” MATLAB function is inserted instead of the PID
controller. This function includes the required connection parameters for the OPC
server of the virtual controller and the instructions for reading/writing the controller
tags.

Figure 3-3: Simulink model for communication via OPC UA

Tangential
Applied Foroe
[N =kgemia?]

Tangential Applisd Force [N = kg*m/a?] :Value

OPC Config
ReatTime

OPC Confguaton

FanFace — 1 itegete
to.Angular Accelertion A

Radian o Degree.

2}

Delay

The tag exchange between the controlled system in Simulink and the controller in
the virtual controller takes place via OPC UA. The MATLAB function is called in the
cycle of the sampling rate Ts = 20 ms. As a result, read/write of the controller tags
from the virtual controller takes place every 20 ms. To this end, nodes for access to
interface tags from the global DB, “Opclnterface”, of the virtual controller are
defined in the “Read_OPC_Func” function.

The PID controller runs in the virtual controller in a cyclic interrupt OB with a cycle
time (20 ms) that is identical to the sampling rate Ts = 20 ms in Simulink.

Main Document
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Figure 3-4

- = :I — "\ PLCSIM Advanced

= | virtual controller

= T == 2
20 ms
B
PID Compact
A

e
=]

Opclinterface

OPC UA communication (asynchronous)

v

3.2.2 Advantages of the use case

The connection to Simulink via OPC UA offers the following advantages:

e Validation of controller parameters already before commissioning with
appropriate hardware.

e The parameter settings and the program of the virtual controller can be
transferred to a hardware controller (e.g., S7-1500) without any changes to test
also this controller in the context of the simulation model.

e PLCSIM Advanced and Simulink can run on different computers.

3.2.3 Limits of the use case

The connection via OPC UA has the following limits:
e Simulink model runs in pseudo real time.
e No communication in real time.

¢ No isochronous mode between the model in Simulink and the PID controller in
the controller. Regardless of the cycle check point of the virtual controller, data
exchange takes place at an undefined time.

e No synchronization with the virtual time of PLCSIM Advanced. When speeding
up/slowing down the virtual time of the virtual controller, qualitative control of
the model is no longer possible.
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3 Use Cases

3.3

3.3.1

Use Case 3

This chapter provides an overview of using SIMATIC Target 1500S for a hardware-
based simulation of the Simulink model. For details about Use Case 3, refer to the
supplied documentation:

“109749187_DIGI_Usecases TARGET_DOC_V10_en.pdf”

How the use case works

The Simulink model of the controlled system is coded using the SIMATIC Target
1500S Simulink add-on and run with the ODK-capable S7-1500 controller. The
controlled system is controlled by the PID controller (PID Compact) in the
controller.

SIMATIC Target 1500S generates SCL sources for TIA Portal blocks and an SO
file that is uploaded to the integrated web browser of the controller. The S7
program calls the SO file.

Figure 3-5

S7-1500
Software Controller

N ‘\ PID Compact

! "
~

SIMATIC Target 1500S —
SCL source 7'y |
b

SO file

\ 4

Web server

Running the controlled system in cyclic mode of a SIMATIC S7-1500 controller
requires that the integration method of the recursive controlled system be changed.

The bilinear transformation cannot be used as, due to the backward Euler method
part, it includes an implicit solution of the equation. This is not possible in a cyclic
execution of the STEP 7 program.

For an explicit solution of the equation, a weighted forward Euler method is used
instead. Figure 3-6 shows the modified controlled system.
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3 Use Cases

Figure 3-6: Modified controlled system
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3.3.2 Advantages of the use case

Running the model in conjunction with the controller on the controller offers the
following advantages:

e Controller and model are fully synchronous as both are processed in the same
cycle

¢ Change of simulation parameters using the S7 program

¢ Independent of Simulink, for example, for setting and testing new controller
parameters during a service or when changing model parameters

e Real-time communication between controller and model

e Simulink External mode allows you to monitor the model transferred to the S7
controller during operation and change parameters online.

3.3.3 Limits of the use case

Due to the sequence structure of an S7 controller, a trapezoidal rule cannot be
used for the recursive controlled system. Instead, the weighted forward Euler
method must be used as a workaround.

Especially the simulation of complex controlled systems can extend the cycle time
on the controller and thus deviate from the actual real behavior.
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4 Appendix

4
4.1

Appendix

Service and Support

Industry Online Support

Do you have any questions or do you need support?

With Industry Online Support, our complete service and support know-how and
services are available to you 24/7.

Industry Online Support is the place to go to for information about our products,
solutions and services.

Product Information, Manuals, Downloads, FAQs and Application Examples — all
the information can be accessed with just a few clicks:
https://support.industry.siemens.com

SITRAIN - Training for Industry

Well-trained employees are a crucial factor in any company’s success. Skills
development and expert knowledge make companies competitive and innovative.
With our globally available training courses for industry, we help you achieve these
goals — with practical experience, innovative learning methods, and a concept
that’s tailored to the customer’s specific needs.

www.siemens.com/sitrain

Technical Support

Siemens Industry’s Technical Support offers you fast and competent support for
any technical queries you may have, including numerous tailor-made offerings
ranging from basic support to custom support contracts.

You can use the web form below to send queries to Technical Support:
www.siemens.com/industry/supportrequest.

Service offer

Our service offer includes the following services:
e Product Training

e Plant Data Services

e Spare Part Services

e Repair Services

e Field & Maintenance Services

e Retrofit & Modernization Services

e Service Programs & Agreements

For detailed information about our service offer, please refer to the Service
Catalog:
https://support.industry.siemens.com/cs/sc

Industry Online Support app

The “Siemens Industry Online Support” app provides you with optimum support
while on the go. The app is available for Apple iOS, Android and Windows Phone:
https://support.industry.siemens.com/cs/ww/en/sc/2067
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4.2 Links and literature

Table 4-1

No.

\1\ Siemens Industry Online Support
https://support.industry.siemens.com

\2\ Link to the entry page of the application example
https://support.industry.siemens.com/cs/ww/en/view/109749187

\3\ Target 1500S for Simulink, product page
http://www.siemens.com/simulink

\4\ Target 1500S for Simulink, Industry Online Support page
https://support.industry.siemens.com/cs/ww/en/ps/6ES7823-1BE00-0YAS

\5\ SIMATIC S7-1200, S7-1500 PID Control
https://support.industry.siemens.com/cs/ww/en/view/108210036

\6\ Manual: SIMATIC S7-PLCSIM Advanced
https://support.industry.siemens.com/cs/ww/en/view/109739153

\7\ MathWorks Online Documentation:
http://en.mathworks.com/help/

\8\ Manual: STEP 7 V14 Professional
https://support.industry.siemens.com/cs/ww/en/view/109742272

4.3 Change documentation
Table 4-2
Version Date Modifications
V1.0 12/2017 First version
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