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Creating and simulating a digital twin of a fire resistance test furnace
FELIX GIMBRINGER
Department of Electrical Engineering
Chalmers University of Technology

Abstract
Today, RISE - Sweden’s research institute and innovation partner, owns two com-
bustion furnaces where they test different products’ fire resistance. Since there are
only two of its kind in Sweden, a company would have to wait a long time before a
time slot is available. Also, if a small change of the product is made it would have to
go through testing once again, leading to a protracted process. A more time-efficient
way of dealing with the testing is to build a digital twin of the real furnace.

In this thesis, a model of the physical furnace is created and evaluated in two differ-
ent setups. The first one is a noninteractive setup in OpenModelica being controlled
by a PID-controller. The second one is an interactive, real-time, simulation of an
FMU in SIMIT being controlled using an HMI which is communicating with the
model and control logic on a PLC through an OPC UA server.

The first setup is put through several scenarios testing the implemented control sys-
tem along with the fire resistance of a simplified test object. The test object is a
15.9 mm thick gypsum board reinforced with glass fibers. The model is compared
against the physical furnace in terms of how the internal temperature develops over
time according to the ISO-834 standard. The second setup could not be simulated
due to issues with the PLC not completing its initialization process. However, the
system setup is designed and evaluated to be fully prepared and compatible for the
real PLC-program if this issue would be resolved.

The results from the simulations in OpenModelica show that the internal temper-
ature can be regulated according to the ISO-834 standard. The test object shows
interaction with the provided heat flow, but more complex models will have to be
developed to with certainty state their ability to withstand being put through a fire
scenario. The developed model shows similar characteristics as the physical system
when a simulation is compared to real data provided from a physical fire resistance
test conducted at RISE’s facility. To solve the issues within the PLC, two sugges-
tions are presented. Either to scale down the code to a state where systems not
being simulated by the model are present or to manually go through the code and
set static values on the required signals.

Keywords: Digital twin, FMI, FMU, HMI, ISO, OpenModelica, OPC UA, PLC
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Acronyms

Glossary
Digital twin a virtual copy of a physical system.

Industry 4.0 Current ongoing industrial revolution.

RISE Sweden’s research institute and innovation partner.

Acronyms
CXO Chief eXperience Officer.

DE Differential Equation.
DEM Discrete Element Method.

FMI Functional Mock-up Interface.
FMU Functional Mock-up Unit.

I/O Input/Output.
ISO International Organization for Standardization.

LPG Liquefied Petroleum Gas.

OPC UA Open Platform Communications Unified Architecture.

PLC Programmable Logic Controller.

VC Virtual Commissioning.
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1
Introduction

During the course of the master program Systems, control and mechatronics
various topics regarding technical systems, simulations and programming have been
covered. The aim is to give future engineers a broad systems engineering base,
suited to the engineering of complex, computer-controlled (embedded) products and
systems[1]. This master thesis will be carried out in order to create a virtual system
replicating a physical testing rig located at a testing facility in Sweden. This will
meet the aim of the master program in the sense that it will address areas in complex
systems, simulation and system control.

1.1 Background
Today, RISE - Sweden’s research institute and innovation partner, owns two com-
bustion furnaces where they test different products’ fire resistance. Since there are
only two of its kind in Sweden, a company would have to wait a long time before a
time slot is available. Also, if a small change of the product is made it would have to
go through testing once again, leading to a protracted process. A more time-efficient
way of dealing with the testing is to build a digital twin of the real furnace. This
twin would then simulate the fire and thus reduce both cost and wait time for the
company. Additionally, if RISE wants to make any changes to the physical system,
the digital twin could be used to carry out testing for the integrated control systems
before creating new physical models.

1.1.1 Industry 4.0
One area where ongoing revolution and strive for improvements are always hap-
pening is in the industry. Since the first industrial revolution took place almost
300 years ago, technology has been pushed to its limits and thus excelled in what
is possible to achieve. From the first revolution where steam-driven engines and
utilization of mass production played a major role, today’s revolution is driven by
the internet and the digitization of industries as a whole [2]. Utilizing Internet of
Things in production, converting factories into Smart Factories or making use of
Artificial Intelligence are all buzzwords describing this ongoing revolution. These
can collectively be put together under the name Industry 4.0. This concept describes
the current chapter of the industrial revolution under one broad brand name. The
possibilities brought by it can be seen as endless. Vachálek et al. say that possibili-
ties never seen before are now emerging through the use of these new technologies,
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1. Introduction

such as artificial intelligence, robotics, internet of things [3]. Furthermore, Vachálek
et al. state that another technological concept brought to life by Industry 4.0 is the
concept of the digital twin.

1.1.1.1 Digital twin

According to Armstrong, a digital twin can be seen as "the virtual representation
of a physical object or system across its life-cycle. It uses real-time data and other
sources to enable learning, reasoning, and dynamically recalibrating for improved
decision making" [4]. This means that the digital twin should act as a plain copy
of the physical system and be able to carry out the same tasks as its physical twin.
Furthermore, Armstrong views the digital twin as an essential tool in an engineer’s
toolbox. This tool should not only be used to look into how a system is performing
right now but also how it will perform in the future.

1.1.2 Current industrial situation, problem and need
Despite the vast possibilities brought to life by the implementation of Industry 4.0,
it also brings almost as many uncertainties as opportunities [5]. Bourgois et al.
mention that when transitioning into new technology, it is often seen that the com-
pany is affected on other planes than the technological. Furthermore, Bourgois et
al. state that it is crucial to understand the connections between business and social
needs; between financial outcomes and innovative strategies and between integrat-
ing existing technologies and creating completely new solutions. Deduced from the
survey presented in [5], given to Chief eXperience Officer (CXO) across the whole
world, it was found that only 14% of the CXO’s was prepared for a transition into
Industry 4.0. This means that the transition can not only be seen as a technological
one but also a social and managerial one. Today, companies are in the early stages
of making use of the possibilities brought by Industry 4.0 and when CXO’s across
the world are ready, the technology is waiting for them [5].

1.1.3 Relevant or similar research
For the project covered in this thesis, it is essential to study different areas to build up
a knowledge base before constructing the virtual system. One vital area to explore
is the the area of virtual preparation and commissioning. This means studying the
use of simulations to test or design various physical systems before making changes
to the physical system. This thesis concern the creation of a digital twin using a
virtual preparation approach based on the Virtual Commissioning (VC) methodol-
ogy, thus not focusing on the practical procedure of implementation of a physical
system. However, if future changes should be made to the physical system, then the
digital twin could be used as a platform to evaluate the planned modifications.

One aspect taking into account when creating a virtual system is never to disregard
from the physical systems’ safety limitations regulated by ISO-standards. Another
is how the verification procedure concludes that the virtual system is a copy of the
real physical system. Albo and Falkman presents in [6] how to tackle a VC project

2



1. Introduction

in a structured manner. Albo and Falkman presents a framework for categorizing
the different levels of detail. An overview of these levels can be seen in Figure 1.1.
This framework is created to be able to develop the final product using strategic
decisions in a well-planned order will be of greatest interest in this project.

Figure 1.1: "A framework hierarchy for categorizing different levels of details for
Virtual Commissioning implementation". Adapted from [6]

Another source of information regarding a standardized approach when setting up a
virtual replica of a physical system can be seen in [7]. Here Westbrink and Schwung
discuss an approach for VC with respect to a standardized method called the Dis-
crete Element Method (DEM). This approach is contrary to Albo and Falkman’s
more focused on obtaining a detailed and accurate simulation instead of taking a
step back and viewing the whole project as an optimization problem. Although
Westbrink and Schwung’s take on the simulation can be of interest when looking
into the creation of the simplified object, which to be put to the test in the simula-
tion furnace.

Materials put to test in the furnace are e.g. beams, doors or various board materials.
The materials are studied until failing to withstand fire, either by breaking or falling
off their mountings. According to Just et. al, gypsum boards with a reinforced glass
fiber structure can fall off the wall when the entire board reaches a temperature of
700 ◦C. When this temperature has been reached, the glass fiber structure melts
and the board itself will fail. Their study conducts that when at least 1% of the
material on the heating side of the board has fallen off, the board can no longer
withstand fire [8]. In addition to Just et. al, another study conducted by Yoshitani
et. al. shows non reinforced gypsum boards put to test [9]. From their experiments
Yoshitani et. al. concludes that regular gypsum boards of a thickness of 15.9 mm
fails at around 500◦C. Thermal properties of gypsum boards of various types is
measured in a study made by Manzello et. al. [10]. The values of these properties
are used when creating the model of the test object, presented in section 3.2.2.
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1. Introduction

1.1.4 Tools for digitalization of hardware components
To be able to create a digital twin, various hardware components have to be con-
verted into software representations. For instance, the physical Programmable Logic
Controller (PLC) must be simulated in some software environment. Two of the ma-
jor companies being used in the industry are Siemens and Schneider Electrics, both
of which provide software used for development and simulation of PLC-code. TIA-
portal from Siemens and Control Expert from Schneider. Since the physical PLC
runs on a hardware component, Modicon m580 provided by Schneider Electric, is
used as a simulation platform for the PLC.

Modelling of the furnace can be done using OpenModelica which is a simulation
platform based on the Modelica language. OpenModelica enables modelling of the
furnace including realistic dynamic with physical properties and elements. The
developed model can be constructed as a Functional Mock-up Unit (FMU) and
exported as a black box. The FMU is used as a component when setting up the
plant digitally. The communication between the soft-PLC and the software dealing
with the plant layout is established using an Open Platform Communications Unified
Architecture (OPC UA) server.

1.2 Method
The development of a digital twin from a physical system includes many tasks. Data
collection from RISE regarding the physical plant is essential to form a deeper un-
derstanding of the system itself. The data contains information about the physical
system and information about the different sensors being present during physical
testing. Along with the functionality of the sensors, information about how the
programmable logic controllers (PLC) operates is also studied.

The digital twin is created utilizing software supplied by AFRY and RISE, such as:

• SIMIT - handles signals and simulates functional mock-up units (FMU) based
on the physical system.

• SCHNEIDER - handles PLC logic using a soft-PLC application.
• OPC UA server - signal distribution between system and software.
• OpenModelica - modelling and evaluation of simulated case.

The main workload is focused on understanding the collected data and creating
functional mock-up units (FMU) in OpenModelica for the various components in-
tegrated into the physical system. The concept of utilizing modularity between the
components present in the model is key in this thesis. All of its components are
built in a manner that makes them easily connected, and if more functionality is
demanded from the model, it is rather uncomplicated to extend its current state.

The development of a digital twin is not done by developing the different components
after one another, starting with soft-PLC, followed by the simulation model and fi-
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1. Introduction

nally connecting them together. It is better described as an iterative process where,
at first, a setup with a small amount of functionality is built and tested. More and
more functionality is introduced into the system until the complete system is created.

Two simulation environments is set up. One noninteractive in Openmodelica de-
signed to test the model validity, and to study the first research question determin-
ing if it is possible to evaluate the fire resistance of a simplified object of a physical
product. To be able to test the model in OpenModelica, a PID-regulator is devel-
oped. The second environment is an interactive one in SIMIT showing the final
concept aimed towards industry usage.

The digital twin is compared to the physical system in terms regarding similari-
ties and differences when performing a fire resistance test following the ISO-834
guidelines. The results from the comparison is studied according to the second re-
search question, if and how the digital twin could be beneficial for a company or the
industry in general.

1.3 Aim
The scientific take on the master thesis is focused on investigating if the concept of
a digital twin working side by side with a physical system can be beneficial for the
industry. Important areas of study are time savings in terms of testing control code
since simulation time will be significantly decreased. Along with that, it is also of
interest to investigate if a simplified model of a physical product can be evaluated
using a digital twin approach. The creation of the virtual system will be handed to
AFRY and RISE for future development. In other words, the aim is to create a good
foundation to make sure it is possible to continue in-house research and development
at AFRY and RISE.

1.4 Objectives
To carry out the project with a strategic approach in mind, subtasks, research
questions and demarcations are stated and acts as guidelines during the course of
the project.

1.4.1 Research questions
During the project, information is be gathered, tests are created and conducted to
answer these research questions:

• Can the fire resistance of a simplified model of a physical product be evaluated
using a digital twin approach?

• Can the developed simulation environment in the thesis be beneficial for the
industry to either gain time savings in terms of reduced simulation time or
improve the company’s actual system?

5



1. Introduction

1.4.2 Divide the problem into subtasks
Three main areas have been identified as subtasks.

• Creation of soft-PLC
• Creation of FMU-blocks representing the physical model of the furnace
• Communication between PLC and FMU using OPC UA

During the course of the project, these subtasks are broken down into even smaller
tasks that are evaluated and documented as part of the final report.

1.5 Demarcations
An overview of the physical system can be seen in Figure 1.2. The red border
represents which part of the system that will be excluded in the virtual model.

Figure 1.2: System border of the furnace model.

This means that the pressure inside of the furnace will be kept constant during the
simulations and a constant volume flow of air is modeled into and out from the
furnace.

1.6 Outline
The remaining part of the thesis is divided into five chapters. Chapter 2 contains
the theory behind the concepts being described in the thesis. The developed model
and its components are presented in Chapter 3. The conducted simulations and
their setups are shown in Chapter 4 followed by their respective results in Chapter
5. Finally, a concluding chapter, Chapter 6 ties the results from the simulations
to the presented research questions.
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2
Theory

The theory behind the different components in this project, both mathematically
and purely informational, is presented in this chapter. The simulation tools such
as OpenModelica and SIMIT are using advanced mathematical algebraic equations
and are only briefly described. A deeper focus is placed on describing the various
subsystems used in the project.

2.1 Modelling

To create complex models of physical products, various approaches can be taken.
One approach is to model the behavior in state space and compute new state deriva-
tives at each time step. The time step can be of varying size depending on the dy-
namics in the model. If the equations describe large dynamics in the system, then
the time step will be decreased and if low dynamic is present, a larger step size can
be taken.

2.1.1 Modelica language

According to Fritzon and Bunus, "Modelica is a general equation-based object-oriented
language for continuous and discrete-event modelling of physical systems for the
purpose of efficient simulation". Modelica also supports multi-domain capabilities,
letting the user create models of complex systems containing different physical do-
mains, such as electrical, thermodynamic and mechanical in one model altogether.
Since Modelica is an acausal modelling language, the reusability of classes is made
possible considering that equations do not specify a certain data flow direction.
These features make Modelica a very powerful modelling language [11].

2.1.2 OpenModelica

OpenModelica is open source and is developed to make use of the strengths of the
Modelica language. The tool is described as "a unique large-scale integrated open-
source Modelica- and FMI-based modelling, simulation, optimization, model-based
analysis and development environment" [12]. In OpenModelica, users can make use
of various built-in libraries that contain standard and complex components.

7



2. Theory

2.1.2.1 Solvers

Two types of solvers can be utilized when simulating in OpenModelica. Single-step
solvers and multi-step solvers. The differences between the two are that single step
solvers approximate the model behavior by information only given between time,
t, and the time step, dt, while multi-step solvers approximate the model behav-
ior at the end of the time step by taking into account information that occurred
many steps before the new approximation. In a way, one can say that multi-step
solvers depend on the prior approximations while single-step solvers reset and give
a completely new approximation at each time step. This resetting yields a larger
computational cost when compared to a multi-step solver [13]. However, multi-step
solvers need a good initial approximation to stay away from initialization divergence.

To solve this, OpenModelica uses a multi-step ODE solver called dassl. It can handle
a variable step size depending on if the size of the state derivatives [14].

2.2 FMI-standard
The Functional Mock-up Interface (FMI) is a free standard that defines an industry-
standard way of packaging dynamic models with input, outputs and internal system
equations [15]. When exporting a model using the FMI-standard a Functional Mock-
up Unit (FMU) is created. This unit can be used in two different modes, Model-
Exchange or Co-Simulation. When building models containing physical quantities,
such as temperatures or heat flows, these quantities are generally solved using differ-
ential equations. Those differential equations are solved using a solver, either inside
the FMU or inside the simulation tool into which the FMU is imported. When using
the FMU as Model-Exchange, the FMU contains inputs, states and functions needed
to compute the state derivatives. The simulation tool sets up the time steps and how
to compute the state derivatives. However, when using the FMU as Co-Simulation,
the solver is included in the FMU itself and thus the simulation tool only provides
the FMU with inputs and a given time step and then reads the computed state
derivatives. Figure 2.1 shows this graphically.

Figure 2.1: Model-Exchange and Co-Simulation in FMI 2.0. Adapted from [16]

In the second major release of the FMI-standard, FMI 2.0, the FMU may be both
of type Model-Exchange and Co-Simulation. This means that all of the Model-

8



2. Theory

Exchange functions and a DE-solver are provided in the FMU and the user can
later choose if the FMU should be used as Model-Exchange or Co-Simulation.

2.3 Fire resistance standard
The International Organization for Standardization (ISO) work towards making
sure that most aspects of technology and manufacturing processes are met by in-
dependent and international standards [17]. The standard that handles tests and
evaluation of fire resistance is ISO-834 [18]. This handles the way of testing fire re-
sistance of various building materials such as wooden beams, brick walls or gypsum
boards. The temperature inside the furnace should follow a behaviour according to,

T = 20 + 345 ∗ log(8 ∗ t + 1) (2.1)
where, t is time [min], T is furnace temperature [◦ C] at time t as plotted in Figure
2.2.

Figure 2.2: Cellulosic curve from iso-834, given by equation (2.1). Adapted from
[19]

2.4 Process
The test facility is located at RISE in Borås and holds two different types of furnaces,
one horizontal and one vertical. The vertical furnace is the one studied during the
project. The quadratic shaped furnace has dimensions of depth = 1.7, width =
3, height = 3. Inside the furnace, three Liquefied Petroleum Gas (LPG) burners are
mounted on each side facing the furnace opening. Each burner has a power capacity
of 0.7 MW so when all six are being run on full throttle the vertical furnace produces
a total of 4.2 MW of power.

2.4.1 Medium
For OpenModelica to be able to compute state derivatives of the various states in
the model a medium must be declared. The medium has base properties such as
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[] []

Figure 2.3: (a) Open furnace viewed from front (b) Mounted glass as test object

specific enthalpy and heat capacity declared to itself. The medium used in the model
is FlueGasSixComponents [20] which is an extension of the mediumMixtureGasNasa.
This model uses data from a NASA report [21] to compute the thermodynamic state
properties. The model is valid in the temperature interval of −73◦C < Tvalid <
5726.85◦C. The medium itself can be viewed as a lumped homogeneous mass and
thus the complete mass will be affected by the changes in its thermodynamic states
as a whole.

2.4.2 Heat and mass flow rates
Heat transfer is assumed to be ideal with no thermal resistance from the medium.
The heat flow rate is injected into the system through a heat port and state deriva-
tives for the thermodynamic states such as temperature, pressure and density are
computed. Figure 2.4 depicts the various flows in and out of the system border. The
major source of heat flow rate is given from Q̇LP G which describes the provided heat
from the combustion of LPG. Also to be able to simulate a flow of air through the
furnace, ṁInlet has a constant temperature of 20◦C. The heat flow rate connected
to this mass flow is described by Q̇Inlet.

Figure 2.4: Heat and mass flow in and out of the furnace model

Three heat flow rates are present out from the furnace, Q̇Brick, Q̇Gypsum and Q̇F lue.
The first two describes heat dissipating through walls and the test object via con-
duction and the third one describes the heat flow rate carried by the mass flow of
flue gases, ṁF lue, passing out of the furnace.
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2.5 Control theory
This section describes the basic’s in control theory in terms of what type of regulator
are available to the industry. Along with the theory, a suggested tuning process is
presented.

2.5.1 PID-controller
The most frequently used controller in the industry is a PID-controller. The con-
troller utilizes three different control properties which all play a different part con-
trolling a system.

• P - stands for Proportional and can be seen as a direct gain to the system.
A large P-part will make the system fast and responsive but it will lower the
stability margins of the controller.

• I - stands for Integration. Increasing the I-part lowers the stability margins
and makes the system more responsive but is essential for eliminating static
errors over time.

• D - stands for Derivative and studies the change of error in the system being
controlled. An increase of the D-part will make the controller faster but may
introduce a jumpy control process.

The continuous PID-controller can be mathematically described as,

u(t) = Kpe(t)︸ ︷︷ ︸
P

+ Kp

Ti

∫ t

e(t) dt︸ ︷︷ ︸
I

+ KdTd
de(t)

dt︸ ︷︷ ︸
D

(2.2)

where u(t) is the control signal and e(t) is the error between the reference and the
measurement, Kp is the proportional gain and Ti and Td are time constant connected
to the integral and derivative time respectively [22].

2.5.2 Tuning process
The PID-regulator used in the model suggests a four-step procedure when tuning
for desired behavior [23].

1. Set very large limits and select a P-controller. Manually enlarge the Kp pa-
rameter until the closed-loop system behaves satisfactorily.

2. Add integral action and manually adjust Ti until the remaining error goes to
zero.

3. If a faster dynamic is desired, add derivative action and start small and se-
quentially enlarge Td until the model behaves as desired.

4. Set the limits to the specification.
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2.6 OPC UA
OPC UA is a communication protocol developed after studying 15 years of usage
of classic OPC communication [24]. Classical OPC is still the most used in the
industry since being first implemented but the advantages of OPC UA is increasing.
One of the most advantageous parts of OPC UA is that it is platform independent.
Classical OPC requires Windows but OPC UA can be implemented using Windows,
MacOS or Linux [25]. OPC UA is a communication protocol allowing machines
to send and receive data over a secure and reliable channel to one another. This
communication takes place in a server/client type of fashion. A server is set up and
is given an endpoint address to which clients can connect via TCP/IP. Clients then
send and receive data containing information about, e.g variables names, types and
current values.

2.7 PLC

A Programmable Logic Controller (PLC) is an industrial computer used typically
in manufacturing processes and assembly lines. It is also suitable for harsher en-
vironments due to its robustness and reliability [26]. The PLC allows industries
to connect sensors and actuators to a computer on-site and carry out logic control
sequences to monitor and regulate the process. The hardware setup for a PLC can
be described as a rack containing a power supply, a CPU and several Input/Output
(I/O) cards mounted on the rack, seen in Figure 2.5

Figure 2.5: An overview of a PLC and its components. Adapted from [27]
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The operation takes place in scan cycles and can be described as a three step pro-
cedure.

1. Read inputs
2. Execute programs which contain logic control
3. Write outputs

These steps take place during one period and depending on the configuration, the
cycle time varies in time from project to project. A PLC will have an I/O-list which
is set up in the hardware configuration by the PLC programmer. This list should
be set up in a structured manner to let other users of the PLC code easily identify
what variables are read as inputs and what variables the PLC writes to as outputs.
To be able to run the PLC-code provided by RISE, a software configuration is set
up. This configuration includes the required libraries needed to simulate the PLC.
A guide on what libraries used and how to install them is described in Appendix A.

2.8 SIMIT
SIMIT is an industrial simulation platform developed by Siemens AG, which is
used to set up models of factories or other industrial processes in a simulating en-
vironment. SIMIT comes with a number of existing libraries containing standard
components such as tanks, valves, conveyor belts and connectors. It is also possible
to create components on your own using SIMIT Component Editor (SIMIT CTE).
Here a user can set up specific I/O- connections, component behavior and design a
custom operating interface that lets an operator intuitively interact with the compo-
nent. SIMIT CTE also supports FMI-standard and thus makes it possible to create
components based on an FMU created in another modelling tool.

Models being simulated in SIMIT can be regulated by controllers communicating
with SIMIT through an OPC UA server. With a server up and running SIMIT can
make an OPC UA client coupling that lets SIMIT send and receive data through the
server which has other clients connected to itself dealing with the control process.
A description of this coupling procedure is described in Appendix B.

13



2. Theory

14



3
Model

This chapter describes the created model and the two simulation setups. The first
one is a noninteractive setup in OpenModelica being controlled by a PID-controller.
The second one is an interactive, real-time, simulation in SIMIT being controlled
using an HMI which is communicating with the model and control logic on a PLC
through an OPC UA server.

3.1 Libraries used

The model was developed using two libraries:

• Modelica version 3.2.3
• Buildings version 7.0.0

Modelica was used for the standard components of the model, such as PID-regulator,
I/O-connectors, volume and heat ports. In the Buildings library, two models were
used to model the thermodynamic behaviors of two materials. A brick wall and
a gypsum board. The Brick was used to simulate the amount of heat dissipating
through the walls of the furnace. The gypsum board is a test object trying to
withstand the heat generated from the combustion inside the furnace.

3.2 Components of the furnace

3.2.1 Burner

The combustion of LPG is modeled as a generated heat flow from a given burner
setting. In Figure 3.1, the burner model in OpenModelica is presented. The burner
setting is an input value in the range of [0, 1] and multiplies this input with a gain
of the maximum power generated by the burner. This gain is then fed through a
component called prescribedHeatFlow, from the Thermal library in OpenModelica.
It takes a given heat flow as input and lets the modeler inject the heat flow amount
through a thermal port (port_b) which can be connected to other Modelica com-
ponents. In this case, the burner is connected to the heat ports of the furnace, test
object and furnace brick wall as can be seen in Figure 3.3.
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Figure 3.1: An overview of the burner model created in OpenModelica

3.2.2 Test object - Gypsum board, 15.9mm
A test object is created in OpenModelica using the Buildings library. This model
describes a 15.9mm gypsum board of type C. Type C gypsum board provides a ther-
mal resistance since being built with reinforced glass fibres in its structure [28]. By
reason of being a non homogeneous, multi-layer material, thermodynamic properties
of each layers and how they affect one another is hard to determine. The model is
therefore simplified to be a single layer homogeneous model with the thermodynamic
properties of a type c gypsum board, derived from Manzello et al. [10]. A heat flow
is passed through port_a and into the model itself. The Gypsum_model is a com-
ponent called singleLayer from the library Buildings.HeatTransfer.Conduction and
is a model for single layer heat conduction. The model characteristics are declared
in a table and are shown in Table 3.1.

Parameter Unit Value
Width [m] 1.22
Height [m] 2.44
Thickness [m] 0.0159
Thermal conductivity [W/(m.K)] 0.276
Specific heat capacity [J/(kg.K)] 1017
Mass density [kg/m3] 800

Table 3.1: Model characteristics of a 15.9mm thick gypsum board

Figure 3.2: An overview of a Gypsum board (15.9mm) test object created in
OpenModelica

3.2.3 Brick wall
The temperature element inside the brick wall is placed in the center of its thickness.
The wall is a total of 300 mm thick and because of the placement of the tempera-
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ture sensor only the inner half of the total wall is modeled. The model is build in
the same way as the test object described in section 3.2.2, but with different model
characteristics. The model characteristics are declared in a table and are shown in
Table 3.2.

Parameter Unit Value
Width [m] 3
Height [m] 3
Thickness [m] 0.15
Thermal conductivity [W/(m.K)] 0.89
Specific heat capacity [J/(kg.K)] 790
Mass density [kg/m3] 1920

Table 3.2: Model characteristics of a 150 mm thick brick wall

3.2.4 Furnace
The complete model of the system can be seen in Figure 3.3 and gives an overview of
the different components required to make the system complete. The furnace studied
in the project uses six gas burners each producing 0.7 MW of power. When operating
in full capacity the furnace can deliver 4.2MW of power into the furnace chamber.
The heat flow is distributed in equal amounts to the three main components of
the furnace. The volume is the furnace’s chamber containing the medium. The
Brick_model represents the outer wall of the furnace and the test object, which in
this setup is the gypsum board.

Figure 3.3: An overview of the furnace model created in OpenModelica
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The furnace also models the mass flow of air passing through the furnace. The
furnace model has several inputs and outputs presented in Table 3.3.

Input Output
Burner setting Volume temperature
Flue gas pressure Pressure internal
Air volume flow inlet Air mass flow inlet

Flue gas mass flow
Brick temperature
Test object temperature

Table 3.3: Inputs and outputs connected to the furnace model

When running a simulation in OpenModelica, the developer can study all of the
model’s internal signals along with the ones provided through the I/O connections.
However, when the model is exported and used as an FMU in another simulation
platform i.e. in SIMIT, these output connections are used to connect signals within
SIMIT and then send these through the OPC UA coupling to a client which deals
with the control of the model. Depending on how this control procedure works, the
most important parameters are set as outputs.

3.3 Control parameters
The tuning of the controller is made by following the steps presented in section 2.5.2.
When only using a P-regulator, the model follows the reference well, but a static
error is present during the complete simulation. This error is removed by intro-
ducing integral action in the controller. Finally, a small derivative action is added
to increase the speed in which the controller adjust to errors between the reference
and the measured signal. The parameters used in the simulations are presented in
Table 3.4.

Control parameter value
Kp 0.01
Ti 50
Td 0.08
ymax 1
ymin 0

Table 3.4: Control parameters derived after tuning
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4
Simulation

This chapter includes a description of the two different simulation setups being used
in the project. First, an overview of the noninteractive simulation environment
being used in OpenModelica is presented. This setup is used to verify that the
model behaves as expected when being put through different scenarios.

4.1 Noninteractive simulation in OpenModelica
For simulation with a control sequence in OpenModelica, a model is created which
the furnace model is imported into. The created model can be seen in Figure 4.1.

Figure 4.1: An overview of the simulation setup in OpenModelica

The control sequence is managed by a PID-controller that, in this setup, takes in-
put from a table containing values from the ISO-834 temperature curve, described
in (2.1). The control loop being used in OpenModelica is different from the one
implemented in the PLC and thus the model will behave slightly differently when
simulating the FMU in SIMIT.
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Two tables are present, min_30_interval_1 handles a 30-minute-long simulation
time with reference temperature each second. The other table, min_180_interval_10
is being used when running a three-hour-long simulation with temperature reference
every 10-seconds. Since (2.1) rapidly increases and then produces a slow increase,
an interval of 10-seconds is considered to be enough.

The scenarios being tested are:

1. A step in reference temperature.
2. Applying maximum heat flow into the furnace for 10 minutes and then switch-

ing off LPG-burners and studying the cooling effect from, different and con-
stant values of the volume flow rates of air through the furnace.

3. A 30-minute-long fire resistance test conducted according to ISO-834, followed
by a 30-minute-long cooling phase.

4. A 90-minute-long fire resistance test conducted according to ISO-834, com-
pared against the physical system.

The expected behavior from the first function test is that the regulator increases the
burner settings to produce a higher heat flow into the furnace. Depending on the
controller parameters, the temperature should increase and settle around the new
reference value.

The second scenario should show an increase in temperature followed by two differ-
ent cooling curves depending on the different volume flow rates.

The third scenario is expected to follow the given temperature curve presented in
section 2.1. Depending on the tuning parameters in the PID-regulator, the temper-
ature may follow very precise with fast and large control signals as a consequence,
or present a slower and more stable dynamic at the cost of the temperature curve
not being followed as strictly.

The fourth scenario will test the similarities and differences between the model and
the physical system. The comparison will focus on how the temperature develops
during the course of time. Along with that, it will also be studied how the temper-
ature is regulated.

4.2 Interactive simulation in SIMIT
This setup describes the interactive simulation setup in SIMIT, that is more complex
and closer to a real industrial user case. Here, the model is meant to be simulated
in SIMIT and controlled from an HMI communicating with a PLC through an OPC
UA-server. The model is exported from OpenModelica as an FMU and imported
into SIMIT CTE. The FMU-component is given an operating interface making it
possible to control input parameters manually in a structured manner if an operator
would like to set input parameters without using the HMI. The FMU-component
and its operating interface in SIMIT can be seen in Figure 4.2.
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Figure 4.2: Usage of FMU-component in SIMIT alongside the operating interface

4.2.1 SP-Styr
At the physical system, the interaction with the furnace takes place through an
HMI called SP-Styr, a tool created by engineers at AFRY using LabVIEW. This
tool lets an operator use a graphical interface to interact with the simulation. The
HMI communicates with the PLC through an OPC UA-server. This is a contin-
uous bi-directional communication sending e.g sensor values and receiving control
parameters during the course of the simulation. This tool is meant to be used when
conducting a simulation in SIMIT.

4.2.2 Signal communication
When utilizing the interactive simulation setup, control signals and reference values
are being sent to all clients coupled with an OPC UA server. In Figure 4.3, this
communication is being shown. Description of the signal blocks inside of SP Styr
can be seen in Appendix C.

Figure 4.3: Signal communication in an interactive simulation setup in SIMIT.
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5
Results

The results of the project are presented both as simulations conducted in Open-
Modelica, to test the validity of the model and as a conceptual setup for the final
complete project. The modelled system did not meet all requirement for simulation
in regards to automatic control using the existing PLC-code.

5.1 Non interactive simulation in OpenModelica
The results are evaluated from the outcome of the simulated test cases described in
section 4.1. In addition to the results, brief describing texts are also presented along
with the plotted simulation data.

5.1.1 Test case 1
At time t = 200s a step in reference temperature is made and as can be seen in
Figure 5.1 the temperature inside of the furnace increases rather slowly, but with
a bit of an overshoot followed by a constant decrease until finally reaching the new
reference temperature.

Figure 5.1: Simulation of a step in reference temperature from 20◦C to 100◦C at
time, t = 200s in OpenModelica.

The control signal from the PID-controller in Figure 5.2 shows a spike at t = 200s
followed by a decrease until just before t = 300s letting the furnace cool on its own
by outputting a control signal of zero until the new reference temperature have been
reached.
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Figure 5.2: Control signal from a step in reference temperature from 20◦C to
100◦C at time, t = 200s in OpenModelica.

5.1.2 Test case 2

The two different volume flows of air being studied. The red curve in Figure 5.3
shows a lower volume flow of 4000 m3

h
and the blue curve shows a larger volume flow

of 8000 m3

h
. The larger volume flow through the furnace brings a larger cooling effect

on the system and thus a slower increase but faster decrease in temperature is being
shown.

Figure 5.3: Simulation in OpenModelica with an unreachable reference temper-
ature to force maximum heating. Two different volume flows of air through the
furnace are studied. At time t = 600s the reference temperature is set to zero
letting the furnace cool with no heat being added to the system.

The control input in Figure 5.4 shows a maximum control signal being generated
for the first 600s since the reference temperature in not reachable for the model in
that period of time. Trivially, when the reference temperature is set to 20◦C at time
t = 600s, the control signal is set to zero for the remaining simulation time.
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Figure 5.4: Control signal from a step in reference temperature from 2000◦C to
20◦C at time, t = 200s in OpenModelica.

5.1.3 Test case 3
A 60 minutes long simulation divided into 30 minutes of heating according to ISO-
834 followed by a 30-minute long cooling time is shown in Figure 5.5. The red curve
shows the furnace temperature and during the first minute of the simulation, the
furnace can not provide sufficient enough heat flow to follow the ISO-834 curve.
When the furnace reaches the reference temperature a slight overshoot occurs and
after settling from this overshoot the furnace temperature follows accordingly to the
reference temperature.

The temperature of the gypsum board shows a rather rapid increase when compared
to the temperature of the brick. Since the temperature of the gypsum board reaches
a higher value than the furnace inner temperature, a cooling effect is applied to the
board at time t ≈ 35 min. The temperature of the brick wall is slowly increasing
during the whole simulation since it always stays below the temperature curve of
the furnace. It is thereby affected by a positive heat flow passing through the brick
wall from the inside of the furnace.

Figure 5.5: Simulation in OpenModelica according to ISO-834 for a duration of
30 minutes followed by a cooling process for a duration of 60 minutes. Reference
temperature along with the effects on furnace temperature, outer brick temperature
and test object temperature being shown.
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The control signal generated during the simulation is seen in Figure 5.6. This control
signal shows a dynamic behavior during the complete course of the heating phase.
As mentioned above, the amount of needed heat transferred into the system to
follow the reference temperature comes up short due to the maximum capacity of
the furnace being insufficient. Therefore the control signal is from the start staying
constant at its maximum capacity. After the temperature has caught up with the
reference, around t = 3 min, the control signal is decreased until settled around 30%
of its maximum capacity. At t = 30 min the heating phase is done and the control
signal turns to zero for the remaining simulation time.

Figure 5.6: Control signal during a 60 minutes long simulation in OpenModelica
according to ISO-843.

The provided heat flow during the simulation is shown in Figure 5.7. It follows the
same curve as the control signal in Figure 5.6 since the control signal is modelled to
be a percentage setting of the capacity of the furnace. From Figure 5.7, it is easy to
understand that the furnace operates at full capacity during the first three minutes
of the simulation.

Figure 5.7: Prescribed heat flow in MW during a 60 minutes long simulation in
OpenModelica according to ISO-843.
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5.1.4 Comparison against physical furnace

The final test case is shown in Figure 5.8 and depicts a comparison between the
simulated model and real data from the physical system. It can be seen that the
red and blue temperature curve both have difficulties following the black reference
temperature for the first five minutes. This may be due to the lack of power available
since both furnaces are running on full capacity during this time period. Along
with that, both temperature curves also show a slight overshoot when reaching the
reference, at time t ≈ 2 min. This overshot settles in approximately three minutes
after its first appearance. This time-window can be seen in the magnified box in
Figure 5.8. During the rest of the run time, the blue curve shows difficulties following
the reference. A constant negative error is present for the entirety of the following
run time.

Figure 5.8: Simulation in OpenModelica according to ISO-834 for a duration of 90
minutes. The simulation is compared against real data from the physical system.

5.2 Interactive simulation in SIMIT

The interactive simulation setup in SIMIT depends on many different clients to
communicate and work together, as was described in 4.2. To refresh the memory on
the setup, the clients communicating with one another were:

• FMU in SIMIT
• SP-Styr for HMI
• Soft PLC in Control Expert
• All communication through an OPC UA server

Results from the complete setup when all of these clients are communicating were not
achieved. Separate results from each clients are provided in sections 5.2.1 through
5.2.4.
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5.2.1 FMU in SIMIT

Simulating the FMU in SIMIT without any control through an interactive interface
is achieved. The FMU is controlled using the operation interface created in SIMIT
CTE shown in section 5.2.1. Figure 5.9 shows the user telling the burners to operate
at various values. The rate of change in temperature can be seen as having different
large values. When the burners are set to be high, the rate of change increases and
when the burners are set low the rate of change decreases. Also, when the burners
are set to be equal to zero, the temperature decreases very slowly. This is due to
the short time span in the simulation.

Figure 5.9: Manually controlled burner settings in interactive simulation in SIMIT.

5.2.2 SP Styr for HMI

SP Styr could not be run together with the logic provided by the PLC. This was
due to the fact that the HMI was waiting for the PLC to complete the initialization
procedure. The PLC got stuck at some of the initialization steps and thus not
sending the needed signals to the HMI that the system was go for simulation. One
problem identified is that insight about how the PLC-code operates is limited to
a few number of people. Along with this, the documentation and overall code
structure made it difficult to find out what procedures and where, inside of the
PLC, the code got stuck. If the PLC-code would have had better documentation
and a more desirable structure, then the problems that was encountered would not
have arisen.

5.2.3 Soft PLC in Control Expert

Even though the soft-PLC was able to run in simulation mode, as can be seen in
Figure 5.10, the PLC was waiting for certain signals from hardware components
that were not present in the built setup. Sometimes the PLC would set itself into
HALT-state which means that some procedures have taken too long to execute.
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Figure 5.10: PLC Simulator Panel in Control Expert showing the soft-PLC being
simulated on a local host in its RUN -state.

5.2.4 Communication through OPC UA server
The communication setup through the server is finished in SIMIT. The signals from
the PLC have successfully been imported through the OPC UA server but since
the PLC awaits certain signal values for its initialization process to complete, no
simulation can take place. A part of the configuration is shown in Figure 5.11.
The temperature from the FMU is being written to T1 through T6 and the burner
setting is being read and computed as an average of Pådrag_brännare_1 through
Pådrag_brännare_6. The signals being used to compute the burner setting have
been manually added to the OPC UA server to prove a concept. These should in a
later stage be replaced with the real signals coming from the PLC.

Figure 5.11: Signal configuration of temperature and burner setting in SIMIT.
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6
Conclusion

From the studied literature, developed model and conducted simulations, conclu-
sions associated with each area are presented in this chapter. Brief discussions
regarding the conclusions are also carried out here.

6.1 Non interactive simulation in OpenModelica
The development of a model in OpenModelica is a time-consuming process. The ease
of use of the standard library components speed up the process but learning how the
program itself works takes a good amount of time. OpenModelica is nevertheless
a good tool to use when modelling since it is free of use and no front-up cost is
demanded to use the software. Some disadvantages are that it quite often crashes or
freezes but a quick restart resolves these issues. Since the model itself is a simplified
model of the real system, one can ask how accurate the model compares against the
physical plant. Even so, the test conducted in section 5.1.4, and its result, shows
that the simplified model performs close to the physical system.

6.2 Interactive simulation in SIMIT
The results in section 5.2 show that the FMU can be simulated and controlled man-
ually in SIMIT, through the operation interface. The HMI itself works as intended
since it is the same program that is used at the physical plant to interact with the
system. However, the HMI was not allowed to start a simulation when communi-
cating with the soft-PLC and the model in SIMIT. Since the complete system could
not be simulated in SIMIT using control signals from the PLC, two important areas
need to be addressed. First, one must describe the problems that occurred and then
state what type of work that needs to be done to tackle these problems.

6.2.1 Problems when using control signals from the PLC
The fundamental problem lies within the soft-PLC and its way of handling signals.
The PLC-code provided by RISE handles the complete test facility that has more
components, which is not dealt with in the current setup. Systems that the initial-
ization process needs to check are e.g. feed water and flue gas cleaning which both
are not simulated. When the PLC waits for these signals for too long it sets itself in
a HALT-state which means that some procedures have taken too long to execute.
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Another problem was when trying to write to internal signals on the PLC through
OPC UA, the PLC would not give permission to do so. To work around this issue, an
employee at Schneider Electrics suggested to remove the internal addressees from the
variable list in Control Expert. This however, brought issues later on since at some
places in the PLC-code, variables was told to read from explicit internal addresses
instead of from a specific internal variable. To read from explicit internal addresses
is not to strive for.

6.2.2 Solutions to presented problems

Two paths have been identified trying to solve the issues occurring with the soft-
PLC. The first is to scale down the PLC-code to a state where systems not being
simulated are not present in the PLC-code. This could make it possible to simu-
late the furnace in SIMIT using control from the PLC. It would be beneficial for
RISE since they could test out changes on the control system before implementing
the changes to the physical plant. However, tests regarding the connecting systems
would not be able to be conducted.

The other way is to go through the complete PLC-code structure and manually
set the signals needed to complete the initialization sequence. This would make
it possible to simulate the model using the real control sequence. Despite being
possible to carry out, it is a time-consuming procedure since the PLC-code has got
add-on functions built into the original code that have a lack of documentation.
Problems may arise after the initialization process has been completed and these
will have to be handled at a later stage.

6.2.3 Future work

Along with the suggested solutions, future work that could be of interest for both
RISE and AFRY have been identified. One key area is to develop a well defined
documentation about the system. It is suggested to set up a functional description
over the system that describes the various functions in the PLC and what variables
are used in each function. Along with this document, it would be of interest to cre-
ate a structured I/O-list describing all the signals connected as inputs and outputs.

Another key area is the development of structured interfaces between the software
products. In the interactive simulation setup in SIMIT, this interface have been
prepared to send and recieve signals via OPC UA. SP Styr have been modified to read
temperature and pressure from OPC UA instead of from a physical measurement
box. The PLC is the final software in which its interface have not been adapted. To
be able to connect all of the systems to one another, the interface of the PLC must
be refined to deal with the OPC UA communication. The solutions to the issue
with the PLC, and the suggested key areas could be developed by another master’s
thesis student, consultants at AFRY or RISE themselves.

32



6. Conclusion

6.3 Research questions
Two research questions were set up at the beginning of the thesis:

• Can the fire resistance of a simplified model of a physical product be evaluated
using a digital twin approach?

• Can the developed simulation environment in the thesis be beneficial for the
industry to either gain time savings in terms of reduced simulation time or
improve the company’s actual system?

The Buildings library brings the possibility to test the fire resistance of various sim-
plified components. In this thesis, a model of a gypsum board was tested and it is
concluded that it is possible to make the test object interact in a simulated environ-
ment. However, when the test results are being compared to real-made experiments,
the results show somewhat similar behavior as data from the experimental tests made
by Yoshitani et. al [9]. The experimental data shows a greater ability to withstand
fire when compared to the gypsum board model used in the simulation presented in
section 5.1.3. The thermodynamic properties of the gypsum board model are not the
same as the one in the experimental case but similar nonetheless. Therefore it can
be concluded that simplified models can be tested due to their ability to withstand
fire. To bring the simulated results closer to reality, more complex models will have
to be developed. As an example, the gypsum model used in the simulations was set
as a single-layer homogeneous material with static thermodynamic properties. A
more exact model would have multiple layers and temperature varying thermody-
namic properties. The changes to the model can be made in OpenModelcia due to
the fact that the creation of a multi-layer material comes from stacking single-layer
materials on one another. This could bring the simulations closer to reality.

When it comes to the benefits that the digital twin brings to the industry, it can be
concluded that the developed model of the furnace behaves similarly to the physical
system when being simulated in a simplified setup, section 5.1.4. The benefits will
be greater when the model can be simulated and controlled by the PLC. Then the
industry can use the model to try out new control sequences without needing to
interact with the physical plant. This would bring the time of simulation down and
no need to book up the physical plant to conduct tests of new PLC-code. The time
savings along with the possibility to conduct simulations without taking time from
the physical plant would justify continued development of the complete system.

6.4 Ethics
The ethics behind turning industries and factories toward a more automated state
has been wildly discussed. As the level of automation goes up, the need for human
work labor goes down. As mentioned in 1.1.2, the ongoing revolution is not only
affecting change in technology but also social and managerial planes must be seen
as areas which will be impacted. When companies and industries implement tech-
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nological changes in their factories, changes in job opportunities take place. The
simulator would be able to take a bit of the workload of the real testing furnace.
This would reduce the amount of human labor needed from one place and move it
to another. It is reasonable to think that the total amount of human labor actually
would increase instead of decrease. However, the operators’ educational level would
have to be higher for those who handle the simulation instead of the ones who handle
the real testing furnace.

One of the United Nations sustainability goals states that "We must learn how
to use and produce in sustainable ways that will reverse the harm that
we have inflicted on the planet" [29]. If fire testing could be simulated in-
stead of being performed in a real environment, fewer prototype products could be
made. Small changes in existing products would not have to be built and tested
once again. These changes could be handled with the change of parameter values in
cyber-physical models and then being run through a virtual simulation. This would
reduce unnecessary production that, in the long run, negatively impacts the health
of the planet.

This leads into the next sustainability goal, "Climate change is a real and
undeniable threat to our entire civilization" [30]. A switch from real testing
towards a virtual simulation environment would lead to fewer combustion gasses
being released into the atmosphere. In addition to this, the usage of materials when
manufacturing prototypes and finished products will be significantly reduced since
no real products will be needed for testing in a virtual environment.
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A
Software configuration of Control

Expert - DTM libraries

The PLC code is exported as a ZEF-file extension that supports applications con-
taining DTM configuration. Given a ZEF-file, DTM audit tool can be run in Control
Expert. This tool searches the file for DTM configuration and presents a list of pack-
ages/files that needs to be installed to be able to compile the project. This list will
depend on the specific configuration of the PC that runs the code. Given the PC
configuration used in this project, the list can be seen in Figure B.3.

Figure A.1: DTM audit tool in Control Expert with given list of needed pack-
ages/files

PRM Gateway can be downloaded from [31] and installed from the file explorer
using the provided installation files.

170 DNT 110 00 (from GSD) can be downloaded from [32]. This package, un-
like PRM Gateway must be downloaded and the extracted, but not installed from
the file explorer. This package is installed inside of the Modbus module in Control
Expert.

To be able to install 170 DNT 110 00 inside of the Modbus module, one must
also download Modbus Communication Library [33]. Unzip these and install
all packages included using the file explorer.

Navigate to Tools - DTM Browser and right click on <Modbus:10.110.45.11
> PRM_GW. Navigate to Device menu - Additional functions - Add GSD In
Library. This will launch an extension that gives the user the means to install a
downloaded GSD-file. Figure A.2 shows this graphically.
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A. Software configuration of Control Expert - DTM libraries

Figure A.2: Path to open GSD Addition tool

Next, browse to the path that contains the downloaded GSD-file. After choosing
the correct path, complete the installation by following the instructions given on the
GSD Addition tool.

Now run the DTM audit tool again and make sure the list is now updated with
green check marks as can be seen in Figure A.3.

Figure A.3: Updated list from DTM audit tool in Control Expert
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B
Coupling between PLC and
SIMIT through OPC UA

B.1 Server configuration

The server was initiated using EcoStructure OPC UA Server Expert Configuration
tool that can be downloaded from [34]. In this program a new device is created in
File - New Device Alias. This device will act as our server. The device is given
a name and an address. Since all of the simulation will take place locally, Device
address 1 is set to a local host, 127.0.0.1. Also, to be able to see variables from
the PLC, the check mark Using Data Dictionary is checked.

Figure B.1: General settings when setting up OPC UA server configuration

To make it easy to communicate over the server without needing to authenticate
new users, Security - SecurityPolicy is checked as Allow "None".

III



B. Coupling between PLC and SIMIT through OPC UA

Figure B.2: Security settings when setting up OPC UA server configuration

Save the configuration and open up EcoStructure OPC UA Server Expert that
is installed together with EcoStructure OPC UA Server Expert Configura-
tion tool. This program will generate an endpoint address for which clients can
connect to the server.

Figure B.3: Auto generated endpoint address for the server

B.2 Connecting a client to a server

In the project, a client called UaExpert from Unified Automation was used. It can
be downloaded from [35] and lets users very easily connect to a OPCUA-server.

Navigate to Server - Add and specify Configuration Name and Authentication
settings. As was mentioned in B.1, the security option was set up to allow new users
to connect with no authentication protocol and thus the option of Authentication
Settings - Anonymous is chosen. Endpoint Url is the generated address provided
from OPC UA Server Expert also mentioned in B.1. Figure B.4 shows this
graphically.
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Figure B.4: Configurations settings in OPC UA client

After performing these steps the server/client communication has been established
and the client can be connected to the server by right clicking on the server name
in the Project-window and choosing Connect.

B.3 Simulating the PLC
In EcoStructure Control Expert navigate to Tools - Project Settings - PLC
Embedded Data and make sure that Data dictionary is checked as in Figure
B.5.

Figure B.5: Project settings in EcoStructure Control Expert
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In EcoStructure Control Expert, set the PLC in simulation mode by clicking
the red square as shown in Figure B.6.

Figure B.6: Simulation mode for PLC

Navigate to Build - Rebuild All Project to compile the project. After compiling
the project it can be saved. Now navigate to PLC-Connect to connect the PLC to
the simulation rack. Next, transfer the project to the PLC by navigating to PLC
- Transfer Project to PLC. Finally the PLC can be started by clicking PLC
- Run. Now the PLC Simulator Panel will show the current state of the PLC
simulation, as can be seen in Figure B.7.

Figure B.7: Online simulation of the PLC

In UaExpert, inside the Address Space-window one can now navigate to the
variable list by browsing to Root/Objects/DA/OPCUA-RISE as can be seen
in Figure B.8.
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Figure B.8: Online client with variables being read from PLC

B.4 Coupling OPCUA server in Simit
To be able to read and write signals from and to the OPC UA server, the user must
be granted full read and write privileges in four directories. This is done by selecting
Full control for the User as shown in Figure B.11

Figure B.9: User security privileges for reading and writing from OPCUA-server

The four directories are located in the following paths:
• C:\ProgramData\Siemens\Automation\SIMIT\8.0\PKI \own
• C:\ProgramData\Siemens\Automation\SIMIT\8.0\PKI \own \private
• C:\ProgramData\Siemens\Automation\SIMIT\8.0\PKI \rejected
• C:\ProgramData\Siemens\Automation\SIMIT\8.0\PKI \trusted

In SIMIT SP, under Project navigation-window select Couplings - New cou-
pling. Chose to configure an OPC UA Client and paste the endpoint address
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generated in EcoStructure OPC UA Server Expert (described in B.1) under
OPC UA server URL as shown in Figure B.10.

Figure B.10: OPC UA coupling configuration in SIMIT

Under Endpoint one may choose between several security protocols which will be
used when establishing the connection. Since the server is configured to allow a user
to be anonymous, the one in Figure B.11 is chosen.

Figure B.11: Chosen Endpoint encryption protocol to be used when connecting
to the server

The final setting to configure is the Namespace URI. The variables are contained
inside of the Namespace shown in Figure B.12.
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Figure B.12: Chosen Namespace URI to be used when connecting to the server
and looking for the variables

Now, after clicking on Browse as shown in Figure B.13 the variables posted by the
PLC to the OPC UA server will be imported into SIMIT and can now be used to
connect SIMIT signals to real PLC-variables.

Figure B.13: Published variables from PLC imported in SIMIT via OPC UA
server
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C
Variable list from HMI

Figure C.1: Variable list 1
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Figure C.2: Variable list 2
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