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Modelica Evolution — From My Perspective

Hilding EImqvist
Dassault Systemes
Ideon Science Park, SE-223 70 Lund, Sweden
Hilding.EImqgvist@3DS.com

This paper intends to tell the story of Modelica (www.Modelica.org) from the author’s
perspective. It is a fantastic saga that for me started in April 1976. The saga includes
studying the needs, the original idea, the development of a solution, waiting for mature
hardware technology, a start-up company, a fantastic collaboration, an automotive com-
pany caring for its software supplier, how to get momentum by standards collaboration,
forming the right team, and the magic phone call from the right company.

+ ( +

a 2 =
H'E[cdmsmdeTdNS Vags™Vass’ PawePaws ‘Vdsz*vdse)"dszhdsz] =

+w h

= d3mg * YapsPags T YpsiPas2 T YawsPaws (0.1

The mass balance the steam-water mixture in the risers and
the steam in the drum becomes:

a y .
az[‘vdi.s Vass) Paws * ‘Vdsz‘“’dss"’dsz]

=W

ags

T ¥ps1 T "gws (9.2)

of equation (9.2) by hy o and[Subtraction Jrom

eguation (9.1) gives:

Proceedings of the 10*" International ModelicaConference
March 10-12, 2014, Lund, Sweden



Modelica: Systems Engineering, Technology Readiness &
Industrial Opportunities

Clas A. Jacobson
Chief Scientist
Corporation Systems & Controls Engineering
United Technologies

The talk focuses on systems engineering in the industrial context. Systems engineering means
analytical and in the context of product development. Four elements characterize systems
engineering: (1) requirements, (2) architecture, (3) model based development and (4) design flows.
Lessons learned from using Modelica in several industrial case studies will be reviewed. Industrial
needs will be presented for wider & deeper deployment of Modelica.
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The Functional Mockup Interface
- seen from an industrial perspective

Christian Bertsch Elmar Ahle  Ulrich Schulmeister
Robert Bosch GmbH, Corporate Sector Research and Advance Engineering,

Robert-Bosch-Strasse 2, 71701 Schwieberdingen, Germany
christian.bertsch@de.bosch.com elmar.ahle@de.bosch.com ulrich.schulmeister@de.bosch.com

The demand for model exchange between development partners will grow during the
next years. The Functional Mockup Interface (FMI) [1] is a well received tool independ-
ent approach for model exchange. The Original Equipment Manufacturers (OEM) have
committed themselves to support FMI as exchange format for simulation models. There-
fore, the FMI is a promising candidate to become the industry standard for model ex-
change and cross-company collaboration.

There are two complementary approaches for modeling complex systems:

e White box modeling: Modeling the entire system with one modeling language.

e Black box model exchange: Defining an interface for model exchange for standard-

ized, tool-independent exchange format for simulation.

In this paper, the black box model exchange with FMI is evaluated from an industrial
perspective. Requirements on such an interface for industrial applications are standardiza-
tion of the model interface, availability of a significant number of supporting tools, easy-
of-use of the interface, adoption of the standard, accompanying documentation and the
maturity of such an interface. The paper focuses on the maturity of the FMI standard or
the maturity of the implementation respectively.

In the MODELISAR project, requirements for FMI were derived from the beginning
and tested for industrial applications. The Performance of the FMI approach was demon-
strated in 24 industrial applications. In 2012, an internal benchmark at Bosch with three
exporting tools and five importing tools showed quite different results. The test examples
range from a “model” containing a sine generator only, a bouncing ball, a spring-damper
system, an RC circuit to a thermal network. While some combinations worked quite well,
other combinations did not work at all. The challenges encountered in the benchmark are
classified and ordered with increasing maturity of the FMI standard. The maturity issues
of FMI-based simulation were addressed to the FMI community at the MODELICA/FMI
meetings beginning early 2012. The discussions and input from other companies and us-
ers resulted in the call for quotation of an FMU Compliance Checker and later of FMI
Cross Checking rules. In the future, FMI Cross Checking should be extended to more
tools and for multiple FMUs. The (co-)simulation techniques for importing tools should
be improved and the improvements of FMI standard 2.0 should be implemented soon.

While FMI as a technical standard is right on track, there are other points to be ad-
dressed such as model exchange process and accompanying documentation. FMI is the
best available approach for tool-independent model exchange and co-simulation. FMU
Compliance Checking and FMI Cross Checking address technical problems that existed
in the past. FMI Cross checking should be extended to more complicated examples. Then,
FMI can become the technical basis for model-based collaborative engineering in a heter-
ogeneous tool environment with different partners.

References
[1] Blochwitz, T. et al., The Functional Mockup Interface for Tool independent Ex-

change of Simulation Models, In: Proceedings of the 8" International Modelica
Conference 2011, Dresden, Germany
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An FMI-Based Tool for Robust Design
of Dynamical Systems

Maria Henningsson, Johan Akesson, Hubertus Tummescheit
Modelon AB, Modelon Inc
{maria.henningsson,johan.akesson,hubertus.tummescheit} @modelon.com

Model-based engineering is a key technology for competitive product development.
However, implementing, parameterizing, and validating simulation models of physical sys-
tems is time-consuming and costly. To make modeling efforts pay off, it is necessary to
systematically consider tools, practices, and workflows to get the most use out of a model
portfolio.

Concepts from quality sciences, such as robust design, six-sigma, and design-of-experiments
have had a large impact on product development in industry. These concepts are increas-
ingly used in a model-based engineering context where data is gathered from simulation
models rather than laboratory setups or prototypes.

This paper presents a framework to apply such ideas to analysis of dynamical systems.
A set of tools that can be used for uncertainty analysis of dynamical Modelica models is
presented. These tools are made available in the FMI Toolbox for MATLAB. The workflow
and tools are demonstrated on a cooling loop design problem.
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Simulating Rhapsody SysML Blocks in Hybrid Models
with FMI

Yishai A. Feldman! Lev Greenberg! Eldad Palachi®
IBM Research — Haifa, Israel 2IBM Rational, Rehovot, Israel
{yishai,levg,eldadpal}@il.ibm.com

The Functional Mockup Interface (FMI) [1] standard enables hybrid simulation of mod-
els from different tools. Such tools can have different underlying behavioral semantics,
creating challenges when models are combined. A case in point is the combination of the
Rhapsody® tool [3, 2], widely used to describe and implement discrete control behavior in
SysML, and Modelica®, widely used to model multi-domain physical systems.

This paper describes a plugin we developed for exporting Functional Mockup Units
(FMUs) from Rhapsody, and the results of combining generated FMUs with models from
other tools. The plugin is demonstrated in action through an example of a hybrid model,
in which a controller specified as a SysML statechart is exported as an FMU and imported
into a Modelica model in the SimulationX® tool [4].

When a Rhapsody FMU is used in a different environment, some basic assumptions on
its behavior are challenged. As a result, modelers need to be aware of the fact that their
models will be exported as FMUs and follow the guidelines described in the paper in order
to ensure for the exported FMU to express their intentions.

For example, there are constraints on how continuous input variables can be used in
Rhapsody; they must not be used to trigger Rhapsody events, otherwise they will cause
thrashing of the simulation. Another issue is the fact that events in Rhapsody are sent
asynchronously, while FMI semantics is synchronous. There are various strategies for the
generated FMU to choose how many events are reported at each step, and these effect the
semantics of the communication of the FMU with other units; the paper discusses several
strategies and their implications.

Other issues include the fact that simulation time is counted in different units in FMI
and in Rhapsody; this can also cause unexpected behavior of the FMU. Similarly, Rhap-
sody models can employ the full type system of the target language, while FMI defines a
restricted set of types. The export plugin will choose the best FMI type corresponding to
the Rhapsody type, to the extent possible.

Since different tools come with their own semantics, we expect that such mismatches
are common, especially when connecting continuous-time with discrete models, and that
our guidelines will generalize to many such cases.

References

[1] Functional Mockup Interface. https://www.fmi-standard.org.

[2] D. Harel and H. Kugler. The Rhapsody semantics of statecharts (or, on the executable
core of the UML). In Integration of Software Specification Techniques for Applications
in Engineering, pages 325-354. Springer, 2004.
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Nonlinear State Estimation
with an Extended FMI 2.0 Co-Simulation Interface

Jonathan Brembeck®, Andreas Pfeiffer', Michael Fleps-Dezasse®,
Martin Otter', Karl Wernersson?, Hilding Elmqvist?

'German Aerospace Center (DLR), Institute of System Dynamics and Control,
82234 Welling, Germany

?Dassault Systémes AB, Ideon Science Park, 22370 Lund, Sweden
Jonathan.Brembeck@dIr.de, Andreas.Pfeiffer@dIr.de, Michael.Fleps-Dezasse@dIr.de,
Martin.Otter@dlr.de, Karl.Wernersson@3ds.com, Hilding.EImqvist@3ds.com

Abstract

In this paper we propose a method how to automatically utilize continuous-time Modelica models directly in
nonlinear state estimators (Figure 1). The approach is based on an extended FMI 2.0 Co-Simulation Interface
that interacts with the state estimation algorithms implemented in a Modelica library (Figure 2). Besides a
short introduction to Kalman Filter based state estimation, we give details on a generic interface to cooperate
with FMUs in Modelica, an implementation of nonlinear state estimation based on this interface, and the
Dymola prototype used for the evaluation. Finally we show first results in a tire load estimation application
(Figure 4) for DLR’s robotic electric research platform ROMO (Figure 3).

Keywords: FMI 2.0 Co-Simulation, FMU, Event Handling, Inline Integration, Kalman Filter, State
Estimation, Moving Horizon Estimation, Tire Load Estimation
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Model-based Development of Future Small EVs
using Modelica

Yutaka Hirano Shintaro Inoue  Junya Ota
Toyota Motor Corporation, Future Project Division
1200 Mishuku, Susono, Shizuoka, 410-1193 JAPAN
{yutaka hirano, shintaro inoue aa, junya ota}@mail.toyota.co.jp

To cope with demands for future low carbon society, development of new-type small
electric vehicles (EVs) becomes very active. To reduce the energy consumption in vari-
ous actual driving conditions, considering overall running resistance such as aero-
dynamic resistance, tire rolling resistance including cornering drag, mechanical and elec-
trical losses, etc. will be necessary. On the other hand, to cope with reduced stability
against external disturbances such as side wind because of the light weight, it was clari-
fied that additional control of direct yaw moment is effective. In this paper, model-based
development of a new electric vehicle using Modelica is described. Full vehicle model
considering both vehicle dynamics and energy consumption was developed as shown in
Figure 1 and utilized to investigate the best possible solutions for both basic design of the
vehicle and design of the control system.

There are three points in this paper. First, the influence of tire rolling resistance coeffi-
cient (RRC) and tire cornering power (CP) and also the vehicle weight for overall driving
resistance and energy consumption was investigated. It became clear that light vehicle
weight, low RRC value and high CP value are effective to reduce the overall driving re-
sistance and thus energy consumption as Figure 2.

Secondly, it was also proved that light vehicle weight tends to result in reduced vehi-
cle stability against external disturbances such as side wind. To cope with this problem, a
new direct yaw moment control using a torque vectoring differential gear (TVD) was pro-
posed. Also detailed investigation about dynamic performance and energy consumption
of the new TVD systems was done.

Third point is that capability of recuperating breaking energy is also essential to im-
prove the energy consumption. To clarify the necessary specification of the electric power
system, the estimation of driving and breaking powers in various driving conditions were
performed. Finally estimation of proper battery capacity for breaking power regeneration
for various driving conditions was done.

It was evident that Modelica was very powerful to perform this kind of multi-physics
and multi-discipline investigations for the holistic vehicle systems and control design in
the early phase of development planning.
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Modeling of an Electric Axle Drive with Modelica:
A Study of Electric Active Dynamics

Hasan Flaih Awad Frank Rettig Tomas Smetana
Schaeffler Technology AG & CO. KG
Industriestrasse 1-3, 91074 Herzogenaurach, Germany
{awadhsa, rettifan, smetatma}@schaeffler.com

This paper focuses on modeling of the electric axle drive system (eAxle) [Figure
1] used for improving vehicle stability and handling performance by means of a torque
vectoring (TV) feature as well as improving vehicle traction and reducing CO2 emissions
by means of an electric traction feature. The function, construction and benefits of the
eAxle will be explained within these contexts. An overview of the modeling of the eAxle
in Dymola® will be shown. Several simulation cases are conducted to verify the effec-
tiveness of the system for reducing fuel consumption and improving longitudinal and lat-
eral dynamics. A co-simulation was developed between Dymola® and Abaqus® to simu-
late the power loss and ascertain the temperature behavior on the housing of the eAxle .
Finally, the eAxle with a vehicle model was driven over a special realistic handling
course using an open source software called Blender®. The dynamic behavior of the
whole vehicle model (with eAxle) will be validated by means of an optical measurement
process or what so called Object-Tracking.

Figure 1:High voltage electric axle drive

References

[1] ,.Schaeffler E-Axle Drive. Dr. T. Smetana

[2] ,Lastdatenermittlung in Elektrischen Achsantrieben und Betriebsfestigkeitsbe-
wertung fir das Subsystem Elektrische-Maschine*.
D. Knetsch, F. Rettig, Dr. M. Funk, H. Awad, Dr. T. Smetana, M. Gramann.
40.Tagung des DVM-Arbeitskreises Betriebsfestigkeit.

Proceedings of the 10*" International ModelicaConference
March 10-12, 2014, Lund, Sweden

11



Utilizing Object-Oriented Modeling Techniques for
Composition of Operational Strategies for Electrified
Vehicles

Sebastian Himmerle Marco Kessler Markus Andres
Vorarlberg Univ. of Appl. Sc. Modelon GmbH Modelon GmbH
Austria Germany Germany
Sebastian.Haemmerle @students.fhv.at Marco.Kessler@modelon.com Markus.Andres @modelon.com

The paper introduces a new concept of modeling the overall control unit of hybrid elec-
tric vehicles in Modelica. The work focuses on a structure which can simulate substantially
different vehicle concepts without changing the structure of the control unit. Based on this
universal implementation different scenarios can be simulated rapidly and consequently
cheaply, including fundamentally different drive trains ranging from conventional to purely
electrical including hybrid versions. The paper focuses on components that are responsible
for the generation of traction force.

Secondary Control Level

SEN ETE] E

Figure 1: Template of the universal CU

The modeled control unit (Figure 1) is designed for one-dimensional simulations, there-
fore taking accelerator and brake pedal positions computed by a separated driver model as
inputs. Based on these inputs and the vehicle’s internal states the HCU’s primary control
level decides which one out of eight driving modes is activated. Based on the driving mode,
the component controllers in the secondary control level compute input signals for the cor-
responding component.

The full paper demonstrates that simulations of purely electrical, conventional and hy-
brid vehicles can be carried out with minimal changes in the controller’s parameters. The
vehicles of choice include BMW’s recent i-Series lineup, namely the purely electrical i3
(alternatively with range extender) and the through-the-road hybrid i8 representing a very
complex drive-line structure.
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Thermal shock testing for Enginesin Dymola

Alessandro Picarelli Eduardo Galindd Gonzalo Dia¥

'Claytex Services Ltd.,
Edmund House, Rugby Road, Leamington Spa, CV32§tiled Kingdom

*AVL IBERICA SA - OFICINA VALLADOLID
P. Tecn. Castilla-Ledn, Edif. Centro, E-47151, Bibe¢Valladolid)

'alessandro.picarelli@claytex.com *Eduarddirda@avl.com
*Gonzalo.Diaz@avl.com

In this work, we use an acausal multi-domain phalsigystem model to study the
interaction between an internal combustion engiperation and a range of cooling
scenarios. Although the model can be used for nindeh wide range of scenarios, in
this paper we concentrate on the application dadrftial shock”.

Many manufacturers carry out thermal shock testsnaerstand and prevent component
failure, as well as to accelerate durability testof engines and engine components,
including cylinder-head gaskets. An internal contlmmsengine is load-controlled on a
dynamometer and coolant temperature transientsngpesed on the engine system.
Using freely available and commercial Modelica kities within the Dymola
environment, the whole system integration of thelaat rig and engine dynamometer is
achieved. This allows the user to develop and defontrol strategies for the tests from
desktop, prior to engaging in the real tests.

The commercial library used to model the internaibustion engine is the Claytex
Engines library [1]. This library is capable of nadithg both mean value and crank angle
resolved engine models and is fully compatible itk Modelica Standard library. The
Modelica Standard library forms the basis for theling circuit modelling.

The engine being tested is a 4 cylinder inline Buhesel engine with direct injection.
The mean value version model of the engine is liegtain a torque controlled
dynamometer and coupled to the cooling rig.

The integrated systems including the engine, cgalig and associated controllers are
run within the Dymola environment to predict thegiere heat rejection and cooling rig
performance in a thermal shock scenario. A goodcmaif experimental data vs.
simulation results is achieved for the thermal &hogolant temperatures. The models
perform faster than real time with both variablel dixed step solvers. The fixed step
solver simulation with inline integration is showmbe capable of meeting and exceeding
the required 250Hz sampling for HIL (Hardware Ie ttoop) simulation.

Keywords: Engine testing, thermal-shock, contretem development

References
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Model-Based Design of Integrative Energy Con-
cepts for Building Quarters using Modelica

Dipl.-Ing. Torsten Schwan Dipl.-Ing. René Unger
EA Systems Dresden GmbH, Konigstr. 2, 01097 Dresden, Germany
torsten.schwan@ea-energie.de rene.unger@ea-energie.de

Dr.-Ing. Christian Lerche
Ingenieurbdiro Dr. Lerche, Lugstr. 5, 01796 Pirna, Germany
doclerche@web.de

Dipl.-Ing. Christian Kehrer
ITI GmbH, Schweriner Str. 1, 01067 Dresden, Germany
kehrer@itisim.com

Increasing energy prices as well as outdated building systems present the housing indus-
try with the challenge of finding new complex system solutions including renewable en-
ergy and storage systems. The municipality Lohmen (Germany) and the local housing
association contracted EA Systems and IB Dr. Lerche to develop an integrative energy

system concept for its historic town center.

Battery Photovoltaic
E-Mobility | System Control R.esin.:iential l.:nuildirjgs
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Figure 1: Modelica-based simulation model of renewable energy system concept for his-

toric town center in Lohmen (Germany)

This paper deals with modeling and simulating different energy system variants for the
existing building structure using the Modelica-based ‘Green Building’ library and Simu-
lationX. The discussion illustrates the challenges of the modeling process, innovative so-

lutions and the simulation results.
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Enhancement of the building ssimulation software
TRNSY S by coupling to the VEPZO model pro-
grammed in M odelica
Svea Kiibler? Victor Norrefeldt
1: Fraunhofer-Institute for Building Physics, Fraoferstr. 10, D-83626

Valley
2: Transsolar Energietechnik GmbH, Curiestr. 2,363 Stuttgart

svea.kuebler@ibp.fraunhofer.dietor.norrefeldt@ibp.fraunhofer.de

In this study, the possibility to interface a comam@ building simulation tool with Mod-
elica models is investigated. In this applicatithe zonal model VEPZO — modeled in
Modelica — is coupled to the software TRNSYS — nygogmogrammed in Fortran — to be
able to perform a dynamic co-simulation. The olyecof this coupling is to obtain re-
fined airflow and air temperature prediction, whiletaining computation effort low
enough to allow for transient computation. In atfiattempt, a coupling using FMI was
tested without success due to a lack of adequatersofor FMI export. Therefore, a
script coupling was implemented. Further stepauithela validation and evaluation of the
programmed interface and the results of the coupletem in respect to computation
time, quality of results, usability and further é&pment.
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The Modelica Thermal Model Generation Tool for
Automated Creation of a Coupled Airflow, Radiation
Model and Wall Model in Modelica

Arnav Pathak, Victor Norrefeldt, Abdellah Lemouedda, Gunnar Grin

Fraunhofer Institute for Building Physics, Dept. Indoor Climate, 83626 Valley,
Germany

arnav.pathak@ibp.fraunhofer.de, victor.norrefeldt@ibp.fraunhofer.de,
abdellah.lemouedda@ibp.fraunhofer.de , qunnar.gruen@ibp.fraunhofer.de

This paper presents the Modelica Thermal Model Generation Tool. The aim of this tool is to
enable the user to set up a geometrically correct thermal model for complex geometries that
allows predicting the impact of heated/heating devices and their location both in terms of
airflow pattern and radiation distribution. Using a geometry file exported from CAD
software, the tool distributes wall facets, air nodes and computes the long-wave radiant view
factor matrix for obstructed and unobstructed surfaces. This information is exported as ready
to use Modelica code. The zonal model VEPZO is used to model airflow within a domain
(enclosed space). This model allows predicting airflow and air temperature distribution in
space on a coarse mesh and thus computes faster than classical CFD computations. Walls are
subdivided on the same grid as the zonal model is set upon. For each wall facet, the Modelica
Thermal Model Generation Tool computes the view factors to the other facets in the domain.

Comparison of simulated results with test data and application of the Modelica Thermal
Model Generation Tool for a room with radiant heating and for the cooling of an aircraft
cockpit are presented in this paper.

16
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Modelling long-wave radiation heat exchange for
thermal network building simulations at urban
scale using Modelica

Moritz Lauster, Peter Remmen, Marcus Fuchs, Jens Teichmann,
Rita Streblow, Dirk Miller
RWTH Aachen University, E.ON Energy Research Center, Institute for
Energy Efficient Buildings
Mathieustr. 10, 52074 Aachen, Germany
mlauster@eonerc.rwth-aachen.de

There are different options for modelling indoor and outdoor long-wave radiation ex-
change in thermal building models for simulations at urban scale. For improving these
building models, a good trade-off between accuracy and simulation time is a major chal-
lenge.

During investigations of individual building model components with the help of the
American Standard ASHRAE 140 [1] , we identified long-wave radiation exchange as
one key part for optimization. It seems to have major influence on heat demand [2]. This
paper provides four different methods to calculate outdoor long-wave radiation exchange.
While three of them are based on the implementation of an equivalent air temperature,
one calculates the heat exchange based on the Stefan-Boltzmann law. In addition, two
methods to calculate indoor long-wave radiation exchanges are tested, one based on a
linear approach, another based on Stefan-Boltzmann law.

For the comparison, we set-up three test cases on a generic room and a single family
dwelling and analysed surface temperatures, heat demands and simulation times. The ge-
neric room corresponds to a test case of ASHRAE 140; the single family dwelling was
constructed in accordance to German Energy Savings Ordinance 2009 with a high ther-
mal mass. We varied the number of radiation sources between the test cases to observe
radiation heat exchange under generic and real conditions.

The results of the test cases show promising potential for an outdoor radiation ex-
change model based on a modified approach from German Guideline VDI 6007. It in-
cludes important simplifications that lead to short computing time while keeping a suffi-
cient accuracy. For indoor radiation exchange modelling at constant temperatures, a linear
approach significantly reduces simulation time without any major accuracy losses.

Modelica proved thereby to be a promising modelling language for urban scale build-
ing simulations. Major prerequisites and advantages are solvers with variable time steps
and the use of object-oriented and acausal modelling approaches.

References

[1] American Society of Heating, Refrigerating and Air-Conditioning Engineers. Stand-
ard Method of Test for the Evaluation of Building Energy Analysis Computer Pro-
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Extension of the FundamentalWave Library
towards Multi Phase Electric Machine M odels

Christian Kral, Electric Machines, Drives and Systems,Ql0&nna, Austria
Anton Haumer, Technical Consulting, 3423 St.Andra-Wangéwstria
Reinhard Wohrnschimmel, AIT GmbH, 1210 Vienna, Austria

dr.christian.kral@gmail.com, a.haumer@haumer.at

Electric machine theory and electric machine simulationgl@fs are often lim-
ited to three phases. Up to the Modelica Standard Libray (M&lsion 3.2 the
provided machine models were limited to three phases. deéatly for large in-
dustrial drives and for redundancy reasons in electricokefiand aircrafts multi
phase electric machines are demanded. In the MSL 3.2.1 ensiah of the ex-
isting FundamentalWave library has been performed to caffepiase numbers
greater than or equal to three. The developed machine madelslly incorpo-
rating the multi phase electric, magnetic, rotational drmetrnal domain. In this
publication the theoretical background of the machineseatspdModelica imple-
mentation details, the parametrization of the models amdilsition examples are
presented.
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New Multi Phase Quasi Static Fundamental
Wave Electric Machine M odelsfor High
Perfor mance Simulations

Christian Kral, Electric Machines, Drives and Systems,Ql0&nna, Austria
Anton Haumer, Technical Consulting, 3423 St.Andra-Wandéwustria

dr.christian.kral@gmail.com, a.haumer@haumer.at

A new quasi static fundamental wave machines library wilifuded in the
magnetic domain package of the next Modelica Standard kyil{MSL). The pro-
vided classes of machine models omit all transient eledtaffects, but mechani-
cal dynamics are fully taken into account. By including tlesvmrmachine models
new classes of problems can be treated, enabling fastieletdchine and drive
simulations. Yet, all the characteristic loss effects ahsient machine models are
fully taken into account, where needed. Phase numbersegithain three are sup-
ported. For each machine type available in the MSL there tivlh exist both a
fully transient and a quasi static electric machine model.

The package structure of the quasi static fundamental waegkage and the
concept of implementation will be presented. All requireadwuamptions and lim-
itations for operating the new machine models will be présgtrand discussed.
Deviating parameters compared to the transient machineisadll be discussed
and explained. Simulation examples will be presented antgpbeoed with transient
simulation experiments. Possible applications for the maghine models will be
outlined.
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The New EDrives Library: A Modular Tool for
Engineering of Electric Drives

Anton Haumer, Technical Consulting, 3423 St.Andra-Wordern, Austria
Christian Kral, Electric Machines, Drives and Systems, 1060 Vienna, Austria

www.edrives.eu

Abstract

Simulation is an indispensable tool for the engineering of systems con-
taining electric drives. Depending on the design phase and the engineering
task different levels of modeling details are required: proof of concept, in-
vestigation of energy and power consumption, design of control, etc. The
new EDrives library provides three levels of abstraction for inverters: quasi
static (neglecting electrical transients), averaging (neglecting switching ef-
fects) and switching — for serving different demands. The inverters can feed
the machine models of the Modelica Standard Library:
Modelica.Magnetic.FundamentalWave and the new
Modelica.Magnetic.QuasiStatic.FundamentalWave. The EDrives library copes
with arbitrary phase numbers and can be easily extended to develop new con-
trol algorithms. In this publication the structure of the library and the imple-
mented control principles are presented. Furthermore, examples comparing
the three different levels of abstraction are included.
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Modelica Models for Magnetic Hysteresis,
Materials and Transformers

Johannes Ziske Thomas Bodrich
Technische Universitat Dresden, 01062 Dresden, Germany
{Johannes.Ziske, Thomas.Boedrich}@tu-dresden.de

This paper presents new extensions of the Modelica.Magnetic.FluxTubes library [1]
which will be integrated into the Modelica Standard Library soon. The extensions mainly
are hysteresis elements for modeling of ferromagnetic and dynamic hysteresis of magnet-
ic materials during transient simulation of electromagnetic components with lumped net-
work models. Two different static hysteresis models, the Tellinen [2] and the Preisach
model [3] have been implemented. Dynamic hysteresis is accounted for with a dB/dt
term. Consideration of both the static and dynamic hysteresis during transient simulation
allows, among others, for determination of hysteresis losses. This becomes more and
more important during design of electromagnetic actuators and systems due to increasing
requirements on power density and miniaturization. A new material package, mainly
based on in-house measurements, provides hysteresis data of several magnetic materials
for a one-click configuration of the hysteresis elements. Additionally, based on the hyste-
resis elements, models for permanent magnets as well as single- and three-phase trans-
former models have been implemented. An exemplary model of a
single-phase transformer including simulation results is shown in Figure 1.
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Figure 1: Model of a single-phase transformer with the new hysteresis element MagCore and a
ramped load (a), resulting B(H) hysteresis loops of the magnetic core (b) and the corresponding
hysteresis losses divided into their ferromagnetic and eddy current components (c)

o
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Custom Annotations:
Handling Meta-Information in Modelica

Dirk Zimmer', Martin Otter®, Hilding Elmqvist?, Gerd Kurzbach®
'German Aerospace Center (DLR), Institute of System Dynamics and Control,
D-82234 Wessling, Germany,
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Annotations and attributes form an important part of the Modelica language. They are
used to include various meta-information such as documentation, external C-code, compi-
lation hints, etc. Given the increasingly wide field of potential applications the set of use-
ful annotations becomes too large to be included in the language specification. Hence we
present a proposal how a Modelica modeler may define his own annotations and how
such custom annotations can be organized within Modelica libraries. In the long term, the
goal is to move the definition of standardized annotation, as well as of attributes, from the
Modelica specification to a standard library.

For example, a parameter can be marked to be a “Tuner” that shall be optimized. The fol-
lowing statement

parameter Real pl annotation(OptimSetup.Tuner(active=true, min=-2));

indicates that for a default optimization setup for this model, parameter p1 shall be used
as tuner and shall have a constraint p1 >= -2. A custom annotation is identified by the
full path name of the Tuner record class. This defines a new instance of the record, to-
gether with a modifier on this record. So, conceptually, this custom annotation is equiva-
lent to the following declaration:

OptimSetup.Tuner name(active=true, min=-2);

and the name of the instance is not defined, because not needed (the identification of the
data is via the class name).

It is proposed to optionally store custom annotations in the modelDescription.xml file
when exporting the model as Functional Mockup Unit (FMU). Since custom annotation
variables are basically standard Modelica variables with all the attributes of Modelica
variables, it is proposed to just define them as standard FMI variables and mark the “cus-
tom annotation” property in the name. In particular, the name of a custom annotation var-
iable shall be:

<ComponentName>_annotation.<CustomAnnotationFul IClassName>.<elementName>

With a script language the xml-file can be read, the custom annotations retrieved and used
to build automatically a default setup for special analysis or synthesis environments.

The proposed concept has been evaluated with a Dymola prototype.
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Modelica extensions for Multi-Mode DAE Systems
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The paper proposes to extend the scope of Modelica and model and simulate systems with mul-

tiple operating modes. Examples:

e Changing a controller from nominal operation to startup, shutdown or manual operation.

e Structural changes of a physical model (e.g. modeling the separation mechanism of a two or
three stage rocket).

o Describing failure situations where the model structure is changing (e.g. an electrical line or
a mechanical shaft breaks).

o Describing failure situations where the model is completely changing (e.g. the normal be-
havior of a pump is a 0D model. In case of cavitation, a 1D model is needed to describe
physics, requiring to switch dynamically from a OD to a 1D model when cavitation occurs).

In general this means that the number of continuous-time states of the model might change dy-

namically during the simulation. Such models cannot be described with current Modelica, ver-

sion 3.3, since in this case the basic requirement is that the number of continuous-time states of

a model is fixed during a simulation.

The basic idea for multi-mode modeling is to extend the Modelica 3.3 synchronous state ma-
chines to continuous-time state machines having
continuous-time models as “states”. Every model
can be a “state” of a state machine, including R=100
acausal models, such as a capacitor, or a rota-

tional inertia. The number of continuous-time % + 5 time > 0.5
states can change at a transition of a state ma- ﬁ———— 2 Lo I
chine. No new Modelica language element is ;3 4 =t ;

needed, but a generalized semantics for state ma-
chines has to be introduced, such as “merge se- T
mantics for differential equations®. The concepts —i—
have been evaluated with a Dymola prototype.  ground
Examples that can be handled with this prototype

are shown in the figure to the right and below.
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Making Modelica Applicable for Formal Methods

Matthew Klenk Daniel G. Bobrow Johan de Kleer Bill Janssen
Palo Alto Research Center
3333 Coyote Hill Rd, Palo Alto, CA, 94304
{klenk,dekleer,bobrow,janssen } @parc.com

Engineers need to perform many different types of analyses as they design systems.
Modelica has become a leading language to support numerical simulation. As a conse-
quence there is widespread understanding of Modelica and a large number of Modelica
model libraries available. This paper addresses the task of analyzing Modelica models with
formal methods to derive system properties such as whether a design meets its requirements
for all possible inputs. We report on our experience building a qualitative reasoner operating
on Modelica models. In particular, we discuss the importance of leveraging the Modelica
compiler to construct models for verification.

Modelica’s reuse and flexibility are central to its appeal among designers, engineers, and
researchers. Unfortunately, these features can also impede the application of formal meth-
ods to Modelica models. In this paper, we highlight five classes of problematic Modelica
modeling practices:

o Artifacts for numeric simulation
e Unnecessary component model complexity

Procedures

Sequential states

Incomplete models

For each class of modeling practices, we discuss a number of examples highlighting dif-
ferent ways in which the problem manifests. In each case, we seek to answer the following
questions:

e Why do designers use it?
e Why is this difficult for formal methods?

e What should be done to enable formal verification?

We close the paper with a discussion of modeling principles to guide modelers in the
future.
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Implementing stabilized co-simulation
of strongly coupled systems
using the Functional Mock-up Interface 2.0
Antoine Viel
LMS Imagine

7 Place des Minimes, 42300 Roanne, France
antoine.viel@lmsintl.com

This paper addresses the main issue encountered with the co-simulation of coupled
systems that exchange energy, i.e. the trade-off between computational performances and
numerical stability. The possible loss of stability is explained by the discretization of the
coupling variables and can be analyzed by considering such co-simulated systems as closed-

loop sampled-time systems, as shown on figure 1.

Subsystem 1

Subsystem 2

Figure 1: Bloc diagram of a two-subsystems co-simulation process.

This property is first explained in details with the help of a simple generic test system
for which a large oversampling with respect to the Nyquist frequency is required in order
to keep a good level of accuracy. The linearly implicit stabilization method from [1] is
then implemented and tested thanks to the directional directives computation capability of
the FMI for Co-simulation 2.0 standard [2]. Some minor extensions to the standard are
proposed to efficiently implement the method. When applied to the test system, it is shown
that large co-simulation steps can be taken, and hence significant computation time speed-

ups are observed.
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Context-based polynomial extrapolation and
slackened synchronization for fast multi-core
simulation using FMI
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The growing complexity of systems, together with increasing available parallelism pro-
vided by multi-core chips, calls for the parallelization of simulation. Simulation speed-ups
are expected from co-simulation and parallelization based on models splitting into loosely
coupled sub-systems in the framework of Functional Mockup Interface (FMI). However,
slackened synchronization between the sub-models and associated solvers running in paral-
lel introduces integration errors, which must be kept inside predefined bounds.

In this paper, context-based extrapolation is investigated to improve the trade-off be-
tween integration speed-ups, needing large communication steps, and simulation precision,
needing frequent updates for the models inputs. An internal combustion engine, based on
FMI for model exchange, is used to assess the parallelization methodology.

Keywords

FMI; parallel simulation; signal processing; polynomial extrapolation; real-time; context-
based decision.
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Model-Based Integration Platform for FMI Co-
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Cyber-Physical Systems
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Virtual evaluation of complex Cyber-Physical Systems (CPS) [1] with a number of
tightly integrated domains such as physical, mechanical, electrical, thermal, cyber, etc.
demand the use of heterogeneous simulation environments. Our previous effort with C2
Wind Tunnel (C2WT) [2] [3] attempted to solve the challenges of evaluating these com-
plex systems as-a-whole, by integrating multiple simulation platforms with varying se-
mantics and integrating and managing different simulation models and their interactions.
Recently, a great interest has developed to use Functional Mockup Interface (FMI) [4] for
a variety of dynamics simulation packages, particularly in the automotive industry. Lev-
eraging the C2WT effort on effective integration of different simulation engines with dif-
ferent Models of Computation (MoCs), we propose, in this paper, to use the proven
methods of High-Level Architecture (HLA)-based model and system integration. We
identify the challenges of integrating Functional Mockup Unit for Co-Simulation (FMU-
CS) in general and via HLA [5] and present a novel model-based approach to rapidly syn-
thesize an effective integration. The approach presented provides a unique opportunity to
integrate readily available FMU-CS components with various specialized simulation
packages to rapidly synthesize HLA-based integrated simulations for the overall com-
posed Cyber-Physical Systems.
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Adapting Functional Mockup Units for HLA-compliant

Distributed Simulation

Faruk Yilmaz, Umut Durak, Koray Taylan Halit Oguztiiziin
Roketsan Missiles Inc. Middle East Technical University
Ankara, Turkey Ankara, Turkey
[fyilmaz|udurak|ktaylan] @roketsan.com.tr oguztuzn@metu.edu.tr
ABSTRACT

Conceptual design of systems requires aggregate level simulations of the designed system in its operational
setting. By this way, performance of the system and its interactions with the other entities in its environment
can be evaluated. The complex nature of these simulations often requires distributed execution. IEEE 1516
High Level Architecture (HLA) is a widely accepted standard architecture for distributed aggregate level
simulations. Functional Mock-up Interface (FMI) is a recent standardization effort that leads to a tool
independent systems simulation interface that enables model reuse and co-simulation. This paper aims to
present a method for developing HLA-compliant federates using FMI. The method enables a Functional
Mock-up Unit to join an HLA-compliant federation as a member.

Keywords: Functional Mockup Interface; High Level Architecture; Distributed Simulation
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Transmission Modeling in Modelica:
A consistent approach for several software development platforms
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Abstract

Simulation models play a fundamental role in the
development of transmission control software. In the
ideal case, the same model can be used throughout
the whole development process from concept and
design over implementation to system verification.
The idea is to use one uniform model along this V-
scheme. This leads to the requirement that simula-
tions have to be able to run in real-time on hardware-
in-the-loop platforms. On the other hand, very de-
tailed models of some components might be needed
during the early design phase.

Thus, a trade-off between modeling depth and com-
putational performance has to be found. This may be
achieved by selectively simplifying parts of the
model that are prone to generating stiff sub-systems
or a large number of state events.

Within this framework, the present paper introduces
the Modelica simulation model of TraXon, the new
modular transmission for heavy commercial vehicles
by ZF. The model can be adapted to various needs
by replacing components according to the required
modeling depth and/or dynamical behavior.

After a brief overview of the ZF in-house Modelica
libraries and the architecture of the TraXon model,
some approaches and tools are described for evaluat-
ing and optimizing models with respect to real-time
issues.

Keywords: ZF Modelica libraries; model simplifica-
tion; performance analysis; hardware-in-the-loop;
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Vectorized single-track model in M odelica for
articulated vehicleswith arbitrary number of units
and axles

Peter Sundstrét Bengt Jacobsdnand Leo Lainé

Modelon AB
2Chalmers University of Technology
3\olvo Group Trucks Technology

A single-track model for articulated vehicles has been implemented in ModMimzel
equations are vectorized which allows the model to represent articulatezlegewith ar-
bitrary number of units and axles without rewriting or adding new equatidlun-linear
kinematic constraints are defined for coupling points between units making thel rredid
for large articulation angles.

Four use cases for the model are presented: Inverse dynamicedborfi@ard control,
frequency responses when varying parameters, steady-statetievedieand dynamic sim-
ulation. For these use cases, four parametrizations of the model arearsesponding
to a tractor with a semitrailer, a truck with a dolly and a semitrailer, an A-double-(tra
tor+semitrailer+dolly+semitrailer) and an airport baggage carrier with faitets. Figure
1 shows results for three of the use cases.
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Figure 1: (a) Yaw rate frequency response of a three unitkeambination (b) Trailer steady-state
off-tracking of a four unit truck combination (c) Axle pasits of a five trailer vehicle in a lane
change maneuver (d) Yaw rates of the 5 trailer vehicle in lglmenge maneuver
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Multibody Model of a Motorbike with a Flexible
Swingarm
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Considering the specific case of the multibody modelling of a racing motorbike, where
the rigid model of the rear swingarm has been replaced with a flexible one, a general ap-
proach to flexible multibody systems modelling in Modelica is presented in this paper. In
particular, the steps required to generate the model of a flexible body starting from a FEM
analysis, performed with commercial packages, are detailed. Simulations results are shown
with reference to a sudden braking and to a series of impacts with curbs. In this last case, an
unstable behaviour occurred when considering the flexible component, which is currently
under investigation.

Figure 1: Model of the motorbike.
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Figure 3: First torsional eigenmode.
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Modelling and parameter identification of a
semi-active vehicle damper
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In this paper two semi-physical models of the semi-active dampers of the DLR robotic
electric vehicle ROboMObil (ROMO) are described and their implementation in Modelica
is presented. Besides the damper characteristics and hysteresis, the models additionally
consider the gas force and cover the differences of the damper characteristics for com-
pression and rebound. A procedure to identify the damper model parameters was imple-
mented using the DLR Optimization library. The measurement data used for parameter
identification was recorded during experiments on a damper test bench. The simulation
results of the damper models are compared to the experiment data of the semi-active
damper and the suitability of the damper models with respect to accuracy and real-time
simulation is discussed.
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The Modelica HouseModels Library: Presentation
and Evaluation of a Room Model with the ASHRAE
Standard 140
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In this paper we present the HouseModels library, which will be made available free
of charge in summer 2014, as part of our contribution to the IEA Annex 60. The library
contains complete standard house models for one and multi-family dwellings, as well as a
model for a single apartment. The models can be easily parameterized for different thermal
masses and energy saving ordinances. This variations are useful when testing energy con-
cepts and control strategies, as a robust system has to be able to adapt to different types of
buildings.

Our motivation for creating this library is to bridge the gap between developers and users
of Modelica for dynamic building system simulations. The models are easy to understand
and use. Extra effort has been made to enrich the parameter window and to make the icons
dynamic in regard to the chosen parameters (figure 1). In order not to confuse first time users

Alr exchange Solar radiation

Qutside
m Y -

Neigbour
rooms

Wind
speed

| A

Figure 1: Icon for a room model

certain parameters have been set as protected and the parameterization of a room model can
be done by specifying only a handful of parameters. This makes the library suitable for
teaching purposes as well.

The set of room types developed for the one family dwelling can, if necessary, be pa-
rameterized differently than the standard model or extended in order to build up specific
house models.

As we try to keep the models as simple as possible and as detailed as needed in order
to have good CPU-times for the simulations, a validation of the room models is currently
on the way. In this paper we present first results obtained with case 600 of the ASHARE
Standard 140. For all the required outputs our room model produced results within the
minimum and maximum specified ranges. We plan on further evaluating the models with
the whole suite of tests and improving them if necessary.

34

Proceedings of the 10*" International ModelicaConference
March 10-12, 2014, Lund, Sweden



Modelica Library for Building and Low-Voltage
Electrical AC and DC Grid Modeling

Juan Van Roy!??  Robbe Salenbien??  Johan Driesen!~
! University of Leuven, Department of Electrical Engineering (ESAT)
Kasteelpark Arenberg 10, PB 2445, 3001 Leuven, Belgium
2 Flemish Institution for Technological Research (VITO)
Unit Energy Technology, 2600 Mol, Belgium
3 EnergyVille, 3600 Genk, Belgium

This paper presents a Modelica library for electrical grid systems for low-voltage distri-
bution grids and in-building grids. The library is based on previous work, in which a library
was presented to simulate fully balanced three-phase AC low-voltage distribution grids [1].

This library is extended to simulate three-phase unbalanced AC low-voltage distribution
grids as part of the IDEAS library [2]. A second extension is the ability to simulate DC
grids. The Modelica implementation also allows to simulate multiple types of grid (i.e.
single-phase AC, three-phase AC and DC grids) on different scales (in-building or low-
voltage distribution grids) in one simulation. For AC grid analyses, a quasi-stationary model
is implemented, assuming a fixed frequency (e.g. 50 Hz). This allows to represent the
waveforms by its amplitude and phase shift. Therefore, dynamic transient are not included.

Electrical grids may connect many different energy systems (loads and generation units),
different grids and/or buildings within districts. The library allows to assess the grid impact
of these systems on different grid types. Control or optimization strategies can use grid
variables, such as voltages and power exchanges.

The electrical grid models are validated using a comparative validation method. The
three-phase grid models from this Modelica library are compared with the power flow anal-
ysis tool in [3]. A simple case study is developed with a small three-phase unbalanced
residential distribution grid, consisting of one feeder connected to the feeding transformer.
The feeder consists of 20 residential loads connected to respectively one of the 20 nodes in
this feeder. The comparative validation of this Modelica library shows that the difference in
nodal voltages depends on the loads, the grid topology and end criterion. Also the mutual
impedance of cables in three-phase systems is neglected. Nevertheless, the average voltage
differences between both models are limited, for this case study in the order of 1072 V for
a voltage of 230 V.
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This paper describes software tools developed at the Lawrence Berkeley National La-
boratory (LBNL) that can be coupled through the Functional Mock-up Interface standard
in support of the design and operation of building energy and control systems. These tools
have been developed to address the gaps and limitations encountered in legacy simulation
tools. These tools were originally designed for the analysis of individual domains of
buildings, and have been difficult to integrate with other tools for runtime data exchange.
The coupling has been realized by use of the Functional Mock-up Interface for co-
simulation, which standardizes an application programming interface for simulator in-
teroperability that has been adopted in a variety of industrial domains.

As a variety of coupling scenarios are possible, this paper provides users with guidance
on what coupling may be best suited for their application. Furthermore, the paper illus-
trates how tools can be integrated into a building management system to support the op-
eration of buildings. These tools may be a design model that is used for real-time perfor-
mance monitoring, a fault detection and diagnostics algorithm, or a control sequence,
each of which may be exported as a Functional Mock-up Unit and made available in a
building management system as an input/output block. We anticipate that this capability
can contribute to bridging the observed performance gap between design and operational
energy use of buildings.
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Occupant behaviour is commonly described in dynamiitdding simulation tools using standardized
occupancy profiles. Various studies suggest thatipant behaviour should be taken into accountrimoee
accurate way, as it can have a dramatic impactnengg consumption especially in the context of lawad
positive energy buildings.

This paper illustrates the use Bfinctional Mock-up Interface (FMI) standard to couple an occupant
behaviour simulator and a building model. Due ®irtintrinsic nature, occupant behaviour on the boaed,
and a building and its energy systems on the dilaed, are usually represented by different modgllin
paradigms. The occupant behaviour is here descitiyed\gent-Based Modelling (ABM) whereas the
building is described by a set of hybrid and diéfdral algebraic equations, typical of dynamic thak
modelling. Such different complex systems cannotffieiently simulated in a single tool. Therefoane
solution is the tool coupling approach.

The FMI standard for co-simulation was used to tetipe SMACH occupant behaviour simulator and a
building energy model built with the BuildSysPro ddica library. Variables of interest are passethfone
model to another at fixed synchronization time stéfhe interactions that are considered betweenpaatt
behaviour on one side and the building and its ggnaystems on the other side are thermal comfort,
occupants’ control on HVAC systems and internalthleads supplied to the building's ambient air
temperature.

Have dinner —+ +— Have shower
Liz |
Mum . O =
Dad Omm
Work —+ Make dinner J L Sleep

The first results of the co-simulation are presgn#gtivity diagrams, such as the one presented@bo
illustrate the variability of the occupants’ actom one given household: some activities arerdistand
others can be synchronous, for instance “havingetin

From a computing time perspective, the couplinguge heavy. For a one month simulation and a time
step of 1 minute, the occupant behaviour simulatides 3 minutes with SMACH and the building energy
simulation takes 10 seconds with Dymola. When dagpé applied, the same simulation takes 13 msute

Future work will address computer efficiency by silering variable size of communication steps and
the modelling modularity of the building and itss®ms by composing FMUs.

Keywords: Building simulation; behavioural modelling; Specific use of dectricity; thermal comfort;
Modelica; FMI; co-simulation
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A key enabler (or constraint) of the electrifiedymo train is the need to store energy in a
form that can be easily and robustly converted alatricity. Batteries have emerged as
a preferred choice in alternative energy storagehaitechnology still comes with signif-
icant compromises for the customer. Many of thdlehges and opportunities presented
by battery technology can be traced to the li-iethat the heart of the battery.

The structure of a modular, acausal and reconfideralectro-thermal battery model is
described. In this paper, we extend the INEEL Foe®tiar program model [1] to include

temperature dependence, voltage hysteresis, selfialige and diffusion limitation. The

dynamic model structure adopted for the battery isebased on an equivalent circuit
whose parameters are generated using real cydlitaytdrough an optimisation routine
written in the Modelica language. A linearised ah®ensional thermal mathematical
model with lumped parameters is used to simulateégature profiles for the cell. The

cell and scaled-up pack model is parameterise@ faumber of commercially available

cells ranging a number of cell formats, sizes amehustries. These Dymola models are
validated using highly transient and aggressivéweald as well as synthetic drive cy-

cles.

The same battery models can be tested on virtgs| integrated into vehicle powertrains
thanks to the multi-domain properties of the Matkellanguage on which Dymola is

based.

Keywords: Lithiumion, battery, HEV, EV, PHEV, Acausal, Dymola, Modelica
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In Battery Electric Vehicles (BEV) and Hy-
brid Electric Vehicles (HEV) the majority of
car producers focus in lithium ion based bat-
tery concepts due to their high performance
density in connection with reasonably high
lifetime and acceptable thermal behavior. As
these vehicles become more accepted on the
market, the production numbers are supposed
to increase with some positive pricing effect.
It is likely that this will also make lithium ion
batteries attractive for use in homes and other
decentralized energy systems — especially in
connection with renewable energy.

Practically all lithium ion based batteries
show more or less troublesome aging behavior
which reduces the lifetime to inacceptable
levels, if no particular provisions are taken to
avoid or reduce it. Aging appears as calendric
and as cyclic effect according to the number
of charging and re-charging events.

Aging effects are severely influenced by the
thermal load on the battery. Therefore high
performance battery systems need to be kept
within a certain temperature range by cooling
and sometimes heating.

For whatever application, in current battery
systems single cells of a certain type are ar-
ranged in stacks, modules or packages
through serial and parallel alignment of the
cell. Cells can have cylindrical, prismatic or
so-called coffee bag shape. Apart from the
electrical interconnection, the cells are inte-
grated in some thermal design concept to cool
them and reduce aging. It should be noticed
that car as well as energy system manufactur-
ers design battery systems according to the
needs of the general concept of their product.

leonard.janczyk@modelon.com

nils.modrow@modelon.com

l.e. the design of the battery is not based on a
unified single-type approach, but many differ-
ent concepts are required to cover the large
range of system requirements.

Therefore, the battery model presented in this
paper uses the cell as a base unit to be pa-
rameterized with fairly simple data sheet and
empiric input. With the help of pre-defined
templates the user can easily set-up a battery
model as an electrical and thermal system
consisting of a single cell. Aging information
is provided by an integrated aging system or
user-defined approach.

While lithium ion battery cells are usually
described by RC circuit elements, the electro-
chemical effects in lead-acid batteries are ap-
proximated in a separate model to take ac-
count of the specialties of this battery type.

In the following, a comprehensive Modelica
model is introduced for the simulative de-
scription of the physical behavior of lithium
ion battery cells packs for relevant aspects and
use cases. It is part of the Modelon Battery
Library, a commercial Modelica library to
model battery cells and packs of various
types, shape and grouping.

Thermal behavior, electrical behavior and the
impact of the degradation due to aging are
considered as they influence each other.

The model parameters to calculate the electri-
cal behavior are to be derived from measure-
ments; an optimization algorithm to obtain
them is integrated in the package using the
Optimization Library. Functions to validate
the model against these measurements are in-
cluded as well.

As an application example the simulation of
an energetic energy storage system in the
model of a battery electrical vehicle is shown.
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The paper introduces behavioral (macro) models of power semiconductors, i.e. diodes,
MOSFETs and IGBTs, being part of a library for simulating power electronics utilized, e.g.
in electrified powertrains of either hybrid electric vehicles (HEV) or purely battery electric
vehicles (BEV). The models consider static, dynamic (switching mode) and thermal effects
and in most cases can be fully parameterized solely on the basis of characteristic curves and
parameters specified in datasheets. The main purpose of behavioral models is an accurate
representation of the semiconductor signals to, e.g. calculate the overall losses. To this end
the component’s behavior is described via characteristic curves and parameters provided in
datasheets.

In the simplest case, the static model of a diode can be described as depicted in the
figure below. The current through the diode is measured using a current sensor and serves

forwardCharacteristic

CEEE

VE=1(If)

p 7\ reverseBlockingDiode n

[ \ A P L]

currentSensor signalVoltage

as input signal to a table which stores the forward characteristic Vy = f(Ir) specified in the
datasheet. The corresponding forward voltage drop is fed into a signal-controlled voltage
source. The additional ideal reverse blocking diode ensures that the current solely flows in
forward direction. Thus, on the one hand behavioral models of, e.g. diodes and MOSFETSs
can be parameterized solely on the basis of datasheets and on the other hand, the models
behave as specified by the manufacturer under nominal conditions. In case of IGBTs due
to their internal semiconductor structure, the occurring tail current has to be measured in
advance. Moreover, in trench/field-stop IGBTs due to the additional field-stop layer added
to the semiconductor structure the model developed in [1] is not valid anymore and has to
be modified.

The MOSFET models are verified in simulations with various test circuits and are vali-
dated with measurement data provided by a company developing electric drive systems.

Since behavioral models provide detailed switching slopes, the simulation performance
is totally unacceptable if such models are used to simulate, e.g. the driving range of an
electric vehicle. The arising numerical problems are discussed and possible solutions are
provided on how to modify the models in order to use them in e.g. system simulation.
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Modelica gives the possibility to compose more and more detailed models since model
components can be reused. This means that simulation needs to be faster. One possibility
is then to use multi-core technology. Recent advances with more than 1000 cores show
the potential.

The problem is then how to utilize this enormous processing power in a user friendly
way. Partitioning needs to be made automatically. Modelica gives good possibility to au-
tomatically partition the model equation execution into separate threads since it is a de-
clarative language based on equations.

This paper describes a method to automatically parallelize model equations imple-
mented in Dymola. A speed-up of 3.4 times has been achieved using 4 cores/8 threads.
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A toolchain for Rapid Control Prototyping
using Rexroth controllersand open sour ce software
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Taking a look at project costs from a financial point of view, the commigsgptimes
of new industrial systems become more and more important, as they significanyra
costs. Hence, the reduction of commissioning times is part of currentrcbseBesides
the use of simulation and the coupling between hardware and softwaréwtarIn-The-
Loop-Simulations)Rapid Control Prototyping offers a huge potential to reduce commis-
sioning times. There are already possibilities to use virtually designed catgarithms
on real-time operating systems using Hardware-In-The-Loop-Setugspdssibilities are
using a dSPACE system or a xPC system in combination Matiab/Smulink. Though,
using such a toolchain leads to three serious drawbacks.

First, these commercial systems are very expensive. Second, evehdagbahe con-
trol algorithm has to be re-implemented on the real control hardware afterg®n the real-
time system. Furthermore, it has to be taken into account that the usagé aiosumercial
real-time systems leads to dependencies to external softwaréalgb/S mulink).

OpenModelica Rexroth Simster IndraWorks

. —> |[ig] —>
—> | <— O a—

WindRiver Workbench IndraControl L45

The aim of this work is to set up a toolchain for Rapid Control Prototyping with a

Rexroth controller (IndraControl L45) using open source softwaie lodelica for the
modeling part, i.e. a toolchain, which is completely independent from exteaflare
and hardware. To be more precise, this toolchain enables the enginesngtetrvirtual
controller models modeled in Modelica directly to standard Rexroth controllergalidate
the functionality, in this contribution, the controller is used in a Hardwar&Ha-Loop
setup. The validation of the controller in combination with a real system is partroent
work.
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The demand to ever increase realism and scope of models routinely exceeds the cur-
rently available computing power and thus requires thoughts on improving simulation effi-
ciency. This is especially true for real-time simulations, where fixed timing constraints do
not allow to just “wait a bit longer”.

This paper presents a new approach in Modelica that allows a modeler to separate a
model into different partitions for which individual solvers can be assigned. In effect, this
allows to use multi-rate and multi-method time integration schemes that can contribute to
improve the efficiency of a (real-time) simulation.

The first part of the paper discusses basic consideration relating to modular (real-)time
integration. Afterwards, the implementation of a convenient Modelica library for the par-
titioning of physical models is briefly described. Finally, the presented library is used to
partition a detailed six degree of freedom robot model for modular simulation. The sim-
ulation performance of that partitioned model is compared to the simulation performance
achieved by using “conventional” global solvers.

Figure 1 shows the robot benchmark example which is based on the RobotR3 example
from the Modelica Standard Library. It is partitioned into three parts: a) a discrete-time
(digital) control partition, b) a drive partition, solved by an implicit Euler method, and c) a
multi-body partition, solved by an explicit midpoint method. The coupling between b) and
¢) is achieved by using modeling elements from the presented library.

Keywords: multi-rate / multi-method time integration; simulation; clocked discretized
continuous-time partitions.
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Figure 1: 6-DOF robot example partitioned into three parts. The respective solvers are
assigned using the components clockControl, clockDrive, and clockMultiBody.
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Modern advanced driver assistance systems (ADAS) provide a significant increase in
comfort and safety. In many cases, a single vehicle, today, contains more than one assis-
tance system, while the trend to use ADAS continues to grow. At the same time, the
number of systems that perform control interventions with safety-relevant functions in-
creases as well. From an overall perspective, it must be assured that the driver assistance
systems — individually as well as in the way they interact — function flawlessly in any
driving situation and with any driver at the wheel anywhere in the world. This results in
an increased development and testing effort for modern ADAS in general. In-
development testing based on virtual test driving offers an approach to a solution that al-
lows the validation effort to be significantly reduced while meeting the requirements for
safety-relevant functions in the vehicle associated with 1ISO 26262. This is particularly
evident when developing and testing new light functions, which in real-world road tests
can often be performed only in conditions of darkness. Dynamic Light Functions are de-
fined as the situation-dependent headlight adjustment
consisting of cornering light, headlight leveling and
(glare-free) headlight assistance. This paper presents this new methodology.
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Due to the higher complexity of electrified vehicles the requirements for vehicle com-
ponents and vehicle design augment and new development tools are desirable. The fol-
lowing paper describes the design of a hardware-in-the-loop (HIL) test bench along with
its structure using Modelica and a Remote Process Communication library. The aim is to
support the development of components and operational strategies under realistic bounda-
ry conditions. The test bench is planned and built up within the scope of the public found-
ed project qOpt at the Institute for Automotive Engineering (RWTH Aachen University)
in cooperation with the Forschungsgesellschaft Kraftfahrwesen mbH Aachen and the In-
stitute of Automatic Control (RWTH Aachen University). An overview of the participat-
ed applications currently in use at the HIL is shown in Fig. 1.
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Fig. 1: Software structure of the HIL system. Multiple applications are joined for opera-
tion.

An application example is given in which a thermal storage unit is integrated into a
Plug-In-Hybrid Electric Vehicle, to enhance the combined heat and power (CHP) usage
of the internal combustion engine (ICE). In order to measure the usable amount of waste
heat of the ICE the vehicle is placed on a dynamic chassis dynamometer and the cooling
circuit of the ICE is connected to the HIL. All heat sinks, like the passenger cabin as well
as the thermal storage are simulated in Dymola and the respective physical values are
transferred to the thermo-hydraulic test bench. The results show that a reasonable amount
of waste heat could be recovered in a thermal storage. Therefore, the electric driving
range can be enhanced by providing the heat demand of the passenger cabin in form of
the storage unit.
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This paper highlights the use of a coordinated suite of Modelica libraries for vehicle
therma management (VTM) applications. The models are implemented using the V ehi-
cle Dynamics Library, Liquid Cooling Library, and Heat Exchanger Library from
Moddon. An integrated vehicle thermal management model is implemented, including
the key physical and controls models. The model is used to demonstrate complex, multi-
domain interactions between the physical and control systems over drive cycles for com-
bined thermal and fuel efficiency studies. The model is also used to support controller
development and optimization as an FMU integrated into Simulink. The flexibility of
FMI-based workflows is aso illustrated via batch and Monte Carlo simulations in Excel.
A heat exchanger application coupling inputs from CFD illustrates the use of higher fidel-
ity models from Heat Exchanger Library for calculation of performance degradation due
to non-uniformity.
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Dongfeng Commercial Vehicles (DFCV) is developing powertrain controls for a hybrid
light truck. To support this development, a virtual integration platform is being imple-
mented, using Modelica models and Functional Mock-up Units (FMUs) for the en-
gine/EMS, gearbox, MCU/e-motors, driveline, tyres and longitudinal dynamics. Simulink
models and/or c-code of the Hybrid Control Unit (HCU) and Transmission Control Unit
(TCU) are also integrated in the platform to achieve closed-loop simulation. The virtual
integration allows reproducing accurately the overall vehicle behavior and is used for op-
timization of gearshifts, hybrid mode switches and hybrid drive strategies.
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Figure 1 : schematic of the hybrid powertrain
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General fault triggering architecture to trigger model
faults in Modelica using a standardized blockset

Franciscus L. J. van der Linden
franciscus.vanderlinden @dlr.de

German Aerospace Center (DLR), Institute of System Dynamics and Control,
82234 WelBling, Germany

Adding faults to Modelica models can be done in many different ways and is not standardized
in any way. To support the standardization of Fault modeling in Modelica, a set of blocks is
presented using valid Modelica code which are used are sources for Faults.

The proposed method support the injection of parameter faults (constant during simula-
tion time) as well as variable faults. Special care has been taken that in absence of a block to
control the faults, the default values (no fault) are used.

A trade of study between multiple fault injection options is made. Based on the results
of this study, a broadcasting mechanism based on the inner-outer system is selected to
control the faults. This minimizes user interaction during model building and does not need
any non-physical connections. Also upgrading system components with extra faults does
not need any model redesign. Using the abstract syntax tree (AST) functionality of the
Dymola ModelManagement library, the model is analyzed and all faults in the model and its
sub models are found. Using the automatically generated wrapper library, it is possible to
conveniently control all faults in the model.

Parameter Faults Variable Faults
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Figure 1: Automatically generated wrapper model (yellow) which contains the extended
original model and the block faultTrigger. In this block all parameter and variable faults
can be set. The parameter faults communicate directly with the model instances using
instance modifiers (pink dash-dotted line), the variable faults using a bus system connected
to a global inner/ outer system (orange dashed line).

Proceedings of the 10*" International ModelicaConference
March 10-12, 2014, Lund, Sweden

49



Using Fault Augmented Modelica Models for
Diagnostics

Raj Minhas Johan de Kleer Ion Matei Bhaskar Saha
Bill Janssen Daniel G. Bobrow  Tolga Kurtoglu

Palo Alto Research Center
3333 Coyote Hill Road, Palo Alto, CA 94304 USA
contact email: dekleer @parc.com

We propose a model-based diagnosis framework in which Modelica models of faulted
behavior are used in combination with a Bayesian approach. The fault augmented models
are automatically generated through a process developed as part of our Fault Augmented
Model Extension (FAME) work. Fault diagnosis using a Bayesian approach is based on
computing a set of probability density functions, a process that is usually intractable for any
reasonably complex system. We use Approximate Bayesian Computation (ABC) to bound
the numerical and computational complexity. The basic idea is to use fault augmented Mod-
elica models to create probability distributions of possible outcomes and then compare those
distributions against actual observations to perform parameter estimation. The detection of
faults is treated as a model selection problem and the inference of their severity levels is
treated as parameter estimation. The diagnostic precision of this approach is evaluated on a
Modelica vehicle drive line model.

model aug sys

Type Modes - enumeration(nominal,
fault 1,.., fault n);

lodes mode = Modes.nomin.

if mode == Modes.nominal then
eqn_sys;
seif mode == Modes.fault 1 then
nd sys; eqn_sys_fault_1;

eqn_sys_fault_n;
d if;

end aug_sys;

Figure 1: Alternative dynamics are enabled for each operating mode.

In addition to predicting behaviors through numerical simulations of Modelica models,
we propose to use the same simulation models for diagnosis. Modelica’s focus on simula-
tion would seem to make it a poor choice for diagnosis. After all, diagnosis is the inverse of
simulation. Simulation predicts the behavior of a system given a (correct) model. Diagnosis
must infer how the model has changed (i.e., faulted) from observed behavior.

Most model-based diagnosis algorithms perform inference on declarative models. Al-
though Modelica supports the writing of declarative models, too many Modelica models
(including many in the MSL) contain imperative constructs making direct application of
existing model-based diagnosis algorithms problematic. RODON is a Modelica inspired
approach to modeling, but Modelica models first have to be re-written by hand in qualita-
tive declarative form. We know of no system identification or FDI technique that applies for
DAE models with boolean constraints (as Modelica models translate into). Our approach,
on the other hand, applies on Modelica models directly no matter what types of constraints
they contain.
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From Modelica Models to Fault Diagnosis in Air
Handling Units

Raymond Sterling!, Peter Struss?, Jesis Febres!, Umbreen Sabir?, Marcus
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Informatics Research Unit for Sustainable Engineering, Ryan Institute,
NUI Galway, Ireland
2Computer Science Department, Technische Universitat Miinchen
raymond.sterling@nuigalway.ie, struss@in.tum.de

Heating Ventilation and Air conditioning (HVAC) systems are known for being very inef-
ficient for different reasons, one of the most common causes being the presence of unde-
tected failures in one or more of its components. Undetected faults can remain for long
periods due to different factors: compensations made by the control algorithms of other
elements belonging to the same system; lack of proper maintenance, improper timing of
flow of energy to/from the building, etc. Even when systems are known to suboptimal op-
eration, the presence of faults may be very difficult to manually localize and identify, mak-
ing it a costly task for human operators who only act when indoor environmental conditions
are not met. This lack of timely intervention raises the need for developing automated fault
detection and diagnosis methods and technologies that assist the building operator.

Different fault detection and diagnosis (FDD) methodologies have been developed for
HVAC systems, mostly based on expert knowledge to help identifying the faulty condition
and its source. However, a new trend in FDD is that of using models of the HVAC systems
providing a base line for optimal operation, and supporting the detection of deviation from
this optimum. Model-based methods, offer the advantage of an increased flexibility to adapt
to different and innovative HVAC systems. Model-based diagnosis is based on an explicit
representation of the knowledge about the components and the information about the plant
structure, which determines how the components interact with each other. Unlike other
approaches, the development of model-based diagnosis system can be fully automated ra-
ther than hand-tailored once a suitable component library and the plant structure is place.

This paper presents an end-to-end tool chain for a model-based diagnostic solution that
uses a qualitative model for the part of the HVAC system corresponding to the Air Han-
dling Unit (AHU). This solution is derived from a general first-principle Modelica model
and exploits a general diagnosis algorithm that isolates and identifies faults that occur fre-
quently and can cause significant loss of system performance in AHUS: passing heating-
and cooling-coil valves, and stuck dampers. An application example using a heating coil
model is presented where the diagnosis solution is able to correctly recognise a passing
heating valve. Provisions are made for the extension to other components where the same
methodology can be applied only requiring first principle models that accurately represent
each component behaviour.
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Simulation for verification and validation of
functional safety

Lars Mikelsons Zhou Su
Bosch Rexroth AG
Rexrothstr. 3, 97816 Lohr am Main

Safety of machinery is the most critical issue in the design of mechatroniarsyste
The verification and validation procedure for functional safety of maafiis thoroughly
discussed in ISO 13849-2. Following this procedure, the system behaviase of a
component failure has to be analyzed. Up to now this analysis bases ert kxpwledge
and real experiments. In this contribution a simulation based approachsesnped. This
approach has several advantages over the state-of-the-art. éatstxperiments are more
time consuming and costly than simulation. Moreover, according models caretdars
further investigations like optimizing the sensor setup.

To enable failure simulation as a substitute of testing on real machinery foatrahidof
functional safety, typical hydraulic failures are added to safety-rletenponents of an
in-house Modelica hydraulics library. This library is then used for thefieation and
validation of functional safety of a hydraulic test bench. Moreovegrepropagation is
considered.

1st Case: a life dangerous risk
PL = e risk reduction

2nd Case: Major hazard, injury
Safe PL = d risk reduction
Machine

3 Case: medium hazard
PL = c risk reduction

tolefated not acceptable risk

idual risk Lo
residualns medium risk high risk

Probability that a dangerous situation occurs

Figure 1: Principle of the risk reduction by the safety function
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The Foundation of the DLR RailwayDynamics
Library: the Wheel-Rail-Contact

Andreas Heckmann®,  Alexander Keck®, Ingo Kaiser®, Bernhard Kurzeck®
°German Aerospace Center (DLR), Institute of System Dynamics and Control
Oberpfaffenhofen, 82234 Wessling, Germany
andreas.heckmann@dlr.de

The formulation of the wheel-rail contact is a crucial issue in simulations considering
the running dynamics of railway vehicles. Therefore a modeling environment that is dedi-
cated to railway vehicle dynamics such as the new DLR RaiwayDynamics Library relies on
an efficient representation of the kinematics and forces or torques, respectively, that appear
at the wheel-rail interface. In order to give an impression on the geometry and the physics
Fig. 1 presents a wheel-rail contact patch and the associated normal stress distribution.

A number of different formulations have been developed since the underlying rolling
contact problem was firstly discussed in literature in 1876 [1]. The paper overviews these
wheel-rail contact formulations in order to motivate the model, that has been chosen for
implementation, namely a quasielastic ellipitical single point contact [2] with tangential
force law according to Polach [3]. This model is then presented in detail.

Finally, the DLR RailwayDynamics Library is used to model and simulate the behavior
of an experimental scaled M 1:5 running gear operating on the DLR roller rig, see Fig. 2.
The simulations results are compared and validated with measurements.

Figure 1: Examplary wheel-rail contact patch ~ Figure 2: An animation of DLR’s M 1:5
and the associated normal stress distribution roller rig with experimental running gear
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It is our predicament that we live in a finite world, and yet we behave as if it were in-
finite. Steady exponential material growth with no limits on resource consumption and
population is the dominant conceptual model used by today’s decision makers.

This is an approximation of reality that is no longer accurate and started to break
down. The World3 model, originally developed in the 1970s, includes many rather de-
tailed aspects of human society and its interaction with a resource-limited planet. Howev-
er, World3 is a rather complex model.

Therefore it is valuable for pedagogical reasons to show how similar behavior can be
also realized with models that are much simpler.

This paper presents a series of world models, starting with very simple exponential
growth and predator-prey systems, then investigates a minimal human-nature model,
Handy, and ends with a brief account of the World3 model.

For the first time, a simple human-nature interaction model is made available in
Modelica that distinguishes between dynamics of Elite and Commoner social groups.

It is shown that Handy can reproduce rather complex behavior with a very simple
model structure, as compared to that of world models like World3.
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1D/2D Cellular Automata Modeling with Modelica
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Cellular Automata (CA) can be used to describe dynamic phenomena dependent of the
spatial coordinates. This approach exhibits two main advantages: CA models are concep-
tually simple and can be simulated very efficiently. A new Modelica library named Cel-
lularAutomatalLib is presented. It facilitates describing one- and two-dimensional CA in
Modelica, and interfacing these CA models with other Modelica models. Simulation per-
formance and large model support have been highest priority in the design of the library. To
achieve these goals, the CA internal description is programmed in C and it is consequently
hidden to the modeling environment, which is released from the burden of causalizing and
manipulating the millions of equations that typically compose CA models. The library ar-
chitecture and use are discussed in this manuscript. Two examples illustrate the library use:
heat diffusion on a chip and spread of an epidemic disease. CellularAutomataLib is freely
available at http://www.euclides.dia.uned.es
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Physiolibrary - Modelica library for Physiology
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U nemocnice 5, Prague 2, 128 53, Czech Republic
**Faculty of Electrical Engineering, Czech Technical University in Prague

marek@matfyz.cz

Physiolibrary is a free open-source Modelica library designed for modeling human

physiology. It is accessible on the

Modelica Libraries web page at

https://www.modelica.org/libraries. This library contains basic physical laws governing
human physiology, usable for cardiovascular circulation, metabolic processes, nutrient
distribution, thermoregulation, gases transport, electrolyte regulation, water distribution,
hormonal regulation and pharmacological regulation.
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The More-Electric Aircraft (MEA) has been identified as the major trend of aircraft.
Compared with conventional aircraft, the Electrical Power System (EPS) in MEA is a
more complex system with increased numbers of power electronic converters (PEC) and
electrical loads. In order to ensure the over-all performance of the EPS, it is essential to
study the aircraft EPS at the system level. However, due to the switching behaviour of
power electronic devices, it is very time-consuming and even impractical to simulate a
large-scale EPS with some non-linear and time-varying models. In this paper, the Dynam-
ic Phasor (DP) technique is introduced to model the EPS [1]. The DP is in nature some
time-varying Fourier coefficients. Compared with traditional phasors, the DP can be used
not only for steady-state studies, but also for transient studies.

A model library based on DP concept has been built. This paper summarizes the DP
model library developed in The University of Nottingham for accelerated simulation stud-
ies of the aircraft EPS. The developed library includes Synchronous Generators, Con-
trolled Rectifier Units (CRU) [2], Auto-Transformer Rectifier Units (ATRU) [3] etc. A
twin-generator system based on the More-Open Electrical Technology (MOET) architec-
ture is studied using developed DP models. The ABC models (Models in three-phase co-
ordinates with switching behaviour) and DQO models (Averaging model in the dq frame)
are used for comparative studies. The efficiency and the accuracy of the DP model are
demonstrated through comparison of the simulation results with ABC and DQO models,
under both normal and abnormal operation conditions.
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Flexible modeling of electrical power systems —
the Modelica PowerSystems library
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Hansjurg Wiesmann, Switzerland — HJ.Wiesmann@bluewin.ch

New trends such as renewable power, virtual power
plants, electric mobility and smart grids raise the im-
portance of electrical power systems. The systems
are manifold, including e.g. DC, single- and multi-
phase AC with fixed and variable frequency. Often
times such systems cover other physical domains as
well, such as rotational mechanics and thermo-fluid.
Required system models range from simple flow cal-
culations of active power to detailed transient and
asymmetric studies of three-phase systems. Trans-
formed modal coordinates play an important role for
the treatment of three-phase AC systems.
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The paper introduces the new Modelica PowerSys-
tems library. It covers arbitrary phase systems in one
modeling framework. Besides simple generic models
that are valid with all phase systems, also large sets
of detailed component models for DC and three-
phase AC are included. The detailed component
models have been ported from the former Spot li-
brary to PowerSystems.

The applications of one and the same PowerSystems
library range from detailed transient drive train mod-
els up to online optimization models for the balanc-
ing of accounting grids.
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Inverter Library in Modelica

C.1. Hill P. Giangrande C.Geada SV.Bozkho

The University of Nottingham

Aerospace Technology Centre, Innovation Park, Nottingham. NG7 2TU.
C.Hill@nottingham.ac.uk  P.Giangrande@nottingham.ac.uk

Inverters
=l MonSwitching

@Nnnunearmsses

---@Fault
= Examples
J;-Lusses
i-FauIt
=[] Switching
é-"@-ﬁault
Jfr-ExampIE
i-SuhCDmpnnenE
+: Interfaces
%-@uu‘liﬁes
i-E'Data

Figure 1: Structure of the
presented library.

This paper presents a newly developed Power Electronic
Inverter library implemented in Moddica. The library
utilises a multi-level approach with increasng model
complexity at progressively higher levels. All levels are
fully interchangeable so as to provide a flexible library able
to be utilised for investigation at single or multiple levels of
complexity.

The library, ssimply named | nverters, provides the
ability to include losses, analyse thermal response and
introduce fault conditions into the modelling environment. It
aso gives the user multiple interchangeable models of the
Power Electronic Inverter in order to alow anaysis at
multiple levels of complexity. The I nverters | ibrary
presented here forms part of an overall Act uat or library
developed as part of Actuation 2015 [1]. For an overview of
the entire Act uat or library please see [2]. However the
purpose of this paper is to give in-depth detail on the
multi-level modelling of the Power Electronic Inverter.

The structure of the I nverters |ibrary is shown in
Figure 1. A central feature of this | nverters library is
that each modelling level is fully replaceable with one
another. In order for each modelling level to be fully
interchangeable a common interface is used for all 5
modelling levels. As aresult the user can smply and easily
investigate system responses under differing conditions and
at varying levels of complexity

Within this interchangeable multi-level approach, there are two key attributes which are
implemented into this new library. The first is the ability to include losses between the
input and output of the Power Electronic Inverter. This is implemented so that the losses
are included irrespective of the direction of power flow. Secondly, this library also
provides the ability to trigger single or multiple open and short circuit faults within the
Inverter. The library therefore provides an extremely useful tool able to compare system
response under avariety of operational scenarios.
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Simulation studies on AC electric networks may comprehend periods of quasi-stationary
operation and rapid transients. The adoption of a phasor-based approach results in high sim-
ulation efficiency, but is limited to the first of the two situations above, while for the second,
time domain models are required. For system studies where both situations have to be sim-
ulated, a modelling paradigm is thus required that can join the two approaches in all the
described components, and by which the simulator of an entire network can be endowed
with the capability of moving back and forth from a phasor to a time domain system de-
scription automatically, taking care of the proper re-initialisations when necessary.

In this paper we propose a possible solution, structured into a component-level part and
a system-level one. This allows to preserve the object-oriented nature of the constructed
models, even though the automatic changeover from phasors to time domain mode is a
decision to be taken at the overall system level. For that particular purpose, we introduce
a mechanism based on continuous-time filters, that allows to exploit the capabilities of
variable-step solvers in a view to efficiency, and limits the number of changeover-generated
state events to the bare necessary.

As a result of the design sketched out above, the additional effort required on the part
of the analyst for using the proposed mixed modelling paradigm is reduced to a minimum,
and — which is equally important — requires a really minimal (if any) and easy to understand
knowledge of the underlying mechanism.

To prove the viability and usefulness of the proposed ideas, we put them to work, and
as a consequence we present the first nucleus of a Modelica library designed along them.
We also show some simulation examples to support the validity and practical convenience
of the proposal.

*Former graduated student at the Dipartimento di Elettronica, Informazione e Bioingegneria.
Corresponding author.
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impact — A Modelica® Package Manager
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To manage complexity, modern programming languages use organizational units
to group code related by some common purpose. Depending on the programming
language, these units might be called libraries, packages or modules. But they all
attempt to encapsulate functionality to promote modular code and reusability. For
the remainder of this paper, we will simply refer to these organizational units as
packages (as they are called in Modelica).

Also common to many modern programming languages are tools to manage these
packages. These tools are generally called package managers and they allow devel-
opers to quickly “fetch” any packages they may need for a given project. The main
functions of package managers are to allow developers to search, install, update
and uninstall packages with a simple command-line or graphical interface. In the
Java world, the most common package manager is maven. For Python, tools like
easy_install[l] and pip[2] are used for managing packages. For client-side web
development, bower is used. For server-side JavaScript, the tool of choice is npm[3].
For compiled languages, these package managers often include some additional build
functionality as well.

This paper introduces impact, a package manager for Modelica. Using impact,
Modelica users and developers can quickly search for, install and update Modelica
libraries. In this paper, we will discuss the functionality provided by impact. In
addition, we will discuss how the functionality was implemented. As part of this we
will discuss the importance of collaborative platforms, like GitHub[4] in our case,
for providing a means for collecting, curating and distributing packages within a
community of developers.

The impact package manager is provided to the Modelica community as a free,
open-source tool. Furthermore, the protocols involved are all documented and we
encourage tool vendors to integrate them into their own tools so they can provide
the same searching, updating and installation capabilities that the command-line
tool provides.
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Roland Samlaus!  Mareike Strach!  Claudio Hillmann!  Peter Fritzson?

Fraunhofer IWES, Turbine Simulation, Software Development, and Aerodynamics
Department of Computer and Information Science Linkdping University?

A vital part in development of physical models, i.e., mathematical models of physical
system behavior, is testing whether the simulation results match the developer’s expecta-
tions and physical laws. Creation and automatic execution of tests need to be easy to be
accepted by the user. Currently, testing is mostly performed manually by regression test-
ing and investigation of result plots. Furthermore, comparisons between different tools can
be cumbersome due to different output formats. In this paper, the test framework MoUnit
is introduced for automatic testing of Modelica models through unit testing. MoUnit al-
lows comparison of Modelica simulation results with reference data, where both reference
data and simulation results can originate from different simulation tools and/or Modelica
compilers. The presented test framework MoUnit brings the widespread approach of unit
testing from software development into practice also for physical modeling. The testing
strategy that is used within the Modelica IDE OneModelica from which the requirements
for MoUnit arose, is introduced using an example of linear water wave models. The imple-
mentation and features of MoUnit are described and its flexibility is exhibited through two
test cases. It is outlined, how MoUnit is integrated into OneModelica and how the tests can
be automated within continuous build environments.

w2 Modelica Tests 52 =0

4 [ WaveTestSuite
| TestRegularWave (13573 ms)
¢ TestlrregularWave (54 ms)

Wave elevation does not match.
Allowed tolerance exceeded by 1.5199993939932997E-5 at index
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Figure 1: Result of a MoUnit test case
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Modeling Parameter Sensitivities via Equation-based
Algorithmic Differentiation Techniques
The ADMSL.Electrical.Analog Library

Atiyah Elsheikh
Austrian Institute of Technology, Vienna, Austria
Atiyah.Elsheikh @ait.ac.at

Figure 1 presents a standard electrical circuit example, the ChuaCircuit model from
the standard Modelica library Modelica.Electrical.Analog.Example. By simulating
this example, parameter sensitivities are additionally evaluated. The curves in the upper
part and the lower part correspond to the parameter sensitivities of

e the current at all components (i.e.L.i,R0.i,G.1i,C1.1,02.1i,Nr.1i,Gr.i) w.r.t. the
inductance parameter L.L and

e the voltage at the Inductor L w.r.t. all parameters (i.e.L.L,Ro.R,G.G, C2.C, etc.)
respectively

Chua Circuit
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Figure 1: The Chua Circuit standard example and simulation of parameter sensitivities

This example is within the ADMSL library [1] (Algorithmically Differentiated Model-
ica Standard Library). The ADMSL library is an Algorithmic Differentiation (AD) version
of the standard library Modelica.Electrical.Analog.Basic. It has an identical struc-
ture to the original standard library, but it enhances the components with additional decla-
ration and equations for describing parameter sensitivities.

The algorithmically differentiated library ADMSL serves as an illustrative example for
applying novel equation-based AD techniques on Modelica libraries. It illustrates the basic
steps required to systematically transform a Modelica library to another library that addi-
tionally describes models parameter sensitivities. The produced library remains with the
same structure and the underlying models keep the same interface and outlook.
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Modelica Based Parser Generator with Good Error
Handling
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This paper describes the new OpenModelica Compiler-Compiler (OMCC) including a
parser generator, OMCCp which is based on an LALR parser generator extended with
advanced error handling facilities. It is implemented in the MetaModelica language with
parsing tables generated by the tools Flex and Bison. It is integrated with the MetaModel-
ica semantics specification language, based on operational semantics for generating exe-
cutable compiler and interpreter modules.

The OMCCp parser generating part of OMCC has been used for the full Modelica lan-
guage grammar as well as for the language extensions of MetaModelica, ParModelica,
and Optimization specifications. It has been successfully tested on MSL models and on
the OpenModelica test suite comprising more than 1200 example models. The generated
parsers have reasonable performance compared to most other parser generators.

Keywords: Modelica, MetaModelica, Parsing, Compilers, Error Handling, Flex, Bison,
ParModelica, Optimization, OMCCp

64

Proceedings of the 10*" International ModelicaConference
March 10-12, 2014, Lund, Sweden



Nonlinear inverse models for the control of satellites
with flexible structures
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Nonlinear inverse dynamic models can be utilized in various parts of advanced model-
based control system design: reference trajectory optimization, feed-forward control and
feedback linearization [3]. In this paper, a new synthesis approach for nonlinear inverse dy-
namic models of satellites with flexible structures is presented. For satellite configurations
with unstable zero dynamics, a stable inverse model approximation is proposed which has
been successfully applied to robots with flexible bodies [2, 1].

Figure 1: Animation of a satellite with the DLR Space Systems Library.

This inverse modeling approach is part of the newly developed DLR Space Systems
Library for object-oriented modeling and simulation of satellites and launchers in a detailed
space environment. For satellites with flexible structures, the library provides models for
normal simulation mode and the necessary tools to directly generate approximate inverse
models.

In this paper, trajectory optimization is shown to be an important use case for inverse
dynamic models. By inversion based reformulation of the trajectory optimization problem,
the optimal reference motion of the control system can be determined in a reliable and
efficient way.
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M odelica Stage Separ ation Dynamics M odeling for
End-to-End Launch Vehicle Trajectory Simulations
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Stage separation dynamics modeling is a critical capability of future launphegyara-
tory studies. The development of stage separation frameworks integnabtel-to-end
launch vehicle trajectory simulations have been presented in the relevaattlieebut none
profiting from the object-oriented and equation-based acausal modetipgrties of MoD-
ELICA [1, 2]. The objective of this paper is therefore to present such aroapp to this
problematic. Based on théonstraint Force Equation (CFE) methodology [3, 4, 5], two
case studies to evaluate the proposed approach are considerelts Ramonstrate that the
approach corresponds very well with the physics behind separatiaddition, we found
easiness of implementation of the method within a single environment suckhinasLUa,
demonstrating the benefits of an integrated approach.
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A Modelica Library for Scalable Modelling of
Aircraft Environmental Control Systems
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In this paper, the Modelica library developed in the Clean Sky project TEMPO [1]
is presented. The aim of the library is to support scalable system models for aircraft
environmental control systems, which can be modified in detail and characteristic to be used
during different phases of the design cycle without the need of rebuilding the system model
or switching to another software tool.

The design process of complex technical systems such as aircraft environmental control
and cooling systems can be broken down into characteristic design phases (figure 1a).
Depending on the design phase, models of the system under development may differ in
structure and complexity, as they are designed to answer design phase specific questions.
The library presented in this paper aims at using the object-oriented features of the Modelica
language to integrate multiple layers of models. Each layer corresponds to a set of models
designed for use in a particular design phase. The design phase-specific models are integrated
such that a single system model that has been assembled from available library component
models can be “scaled”, i.e. reused, for a simulation activity of a different phase of the
system design cycle.

The library structure and the chosen container model approach (figure 1b) to integrate
the different detail levels is outlined. The functionality of the library is then demonstrated at
the example of a generic aircraft environmental control system architecture.
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Figure 1: (a): V-diagram showing the different phases of a system design cycle. (b): Diagram
layer of a scalable component model using the container approach
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The peak power consumption of multi-axis production machinery (e.g. industrial ro-
bots) is determined by the forces during acceleration phases of continuous movements.
The required high electric currents represent a cost factor in terms of the mains power
supply. In this paper a new Modelica-based method is presented to save the mechanical
braking energy of production machinery into a local flywheel-based energy recuperation
system (ERS) for later utilization. An ERS has twofold advantages: on the one side it re-
duces the apparent power peaks from the mains power system. On the other side the
overall energy consumption can also be reduced therewith. However, a mechanical ERS
with a flywheel needs to be controlled in advance, as its internal inertia and the switched
magnetic field introduce some dead time in the process. Therefore, the here presented
approach uses an interdisciplinary Modelica model of the machinery to compute future
power requirements prior execution of new movements. It is assumed that the machine
program is known upfront in a textual form. The movement commands must be carried
out with the virtual machine model first. The simulation computes the energy demand,
according to which the stored amount of energy within the ERS (i.e. the angular velocity
of its flywheel) must be controlled. The here computed reference angular velocity signal
is put later also to the real controller, where the physical ERS is attached to as an extra
motor. This paper presents the methodology along an example of a 3-axis robotic ma-
nipulator that is installed in the VDTC building of the Fraunhofer IFF, Magdeburg. This
specific example has been used to validate the concept: 12% less power-consumption and
10% less power peaks were achieved during the operation.
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A Generalized Power-Based Modelica Library with
Application to an Industrial Hydraulic Plant
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The generalized power-based approach is an efficient modeling formalism based on the
idea that in each technically relevant discipline, power is represented by the product of
an effort value and a flow value. By the generalized power definition, unified modeling
elements are conceptualized applicable to the direct multidisciplinary modeling of complex
systems. Consequently, the modeling procedure consists of the characterization of domain
specific processes corresponding to their unified complements and interconnecting these
complements to the model of complete system according to its structure.

The Bond Graph (BG) formalism provides a multidisciplinary, generalized power-based
approach to the modeling and also graphical model representation of dynamic systems. By
the object-oriented nature, BG possess the according advantages. The Modelica language
and the BG formalism are partly closely related modeling methodologies. Hence, an imple-
mentation of the BG formalism in Modelica is considered in this contribution. The proposed
implementation attempts to take advantages of both modeling concepts.

The corresponding developed library BondGraph available online at the official Model-
ica web page [1] is discussed in detail. It allows graphical modeling according to the bond
graph formalism, and contains common bond graph elements, as well as specific nonlinear
elements, especially related to hydraulic effects. For these, attention has been paid to their
numerically stable computation. Furthermore, several composed models are provided, such
as switching valves, pipes, cylinders, etc. A combination with blocks of the Modelica Stan-
dard Library is possible. The application of BondGraph to an industrial plant is described
to demonstrate its capabilities.

Ry 6
1

TF, Se, F{fnly ;. .cr\ -7| |.‘J_L:
™ c % c, / Hlmedl K
I, JPT,
R4

\ W C ﬁzg : N N ‘ 8
! RE = R4 o1 s Sed 5 1 & s 0 $ 1 & bMse

é R““‘“‘%_\VM_ Sez RZ 5 _ N _ \ - 3 " _
7 ? om ; R ¢ s c b R = ]
sz = @ D OO €

PT1 PTZ MSe @ e 1 e * 0 o oTF‘c R e e C
(a) Iconic model of a hydraulic cylinder. (b) According Bond Graph representation of the
cylinder using the BondGraph library in Dymola.
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Physical Design of Hydraulic Valves in Modelica
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Abstract

This paper focuses on the physical design of hydraulic relief and servo valves and its applications.
Specifically, this paper serves to illustrate how the physical design parameters of hydraulic components can
be incorporated into system modeling and their effect on the system dynamics and stability characteristics.
Detailed physical models of a relief valve and a servo valve developed using the Hydraulics Library®
are discussed in this paper with particular emphasis on the effect of design parameters on the stability
characteristics. A simple design of experiment (DoE) to illustrate robust design methods for hydraulic
system design is also shown with the use of the FMI Toolbox (FMIT) for MATLAB®. Furthermore with
the help of these two valve models, we seek to bring to the attention of the community, a limitation in open
loop controls analysis in an acausal modeling environment where the feedback loops are embedded in the
physics of the model.
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Exploiting Actuator Limits with
Feedforward Control based on Inverse Models
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Feedforward control based on inverse dynamic plant models (linear or nonlinear) is a
suitable method to enhance set-point tracking performance of control systems. Modelica
as equation-based modeling language provides a powerful possibility to automatically gen-
erate inverse dynamic models. In many cases inverse models can directly be derived from
forward models. Details about model inversion with Modelica can be found in [1].

In reality actuators always have limits, but limiting functions can not be inverted. A
common approach to handle this issue is to invert the unlimited plant model and detune
the feedforward filter in order to stay always in between the actuator limits. This approach
causes a loss in performance for rapid set-point changes, because the actuator range is not
entirely used. In this article a rather simple but powerful method is presented, which over-
comes this performance issue for many types of plant models. Actuator limits are fully
exploited, and the obtained trajectories are close to optimal ones. Simulation and measure-
ment results (see Figure 1) demonstrate the usability of the proposed feedforward structure.
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Figure 1: Measurement results from feedforward control of a liquid heater. Using an inverse
plant model and a reference trajectory for the temperature 7', almost time-optimal plant
input values (#) are computed.
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In many applications, after the system has been designed, controls and/or fault detection
and diagnostics (FDD) algorithms are developed and deployed. These techniques should be
able to leverage the models developed during the earlier design stages, thereby increasing
the productivity of the overall product development. Advanced control (such as adaptive
control or model predictive control) and FDD techniques require an enhanced knowledge
of the system state. For example, the flight controller of an airplane should try to estimate
the real velocity and position of the aircraft while compensating for measurements errors
and sensor noises. When dealing with dynamic system, having an enhanced knowledge
about the system state means estimating its state variables with associated error bounds.

This paper proposes a solution for creating a model-based state estimator for dynamic
systems described using the FMI standard. This work extends the capabilities of any mod-
eling framework compliant with the FMI standard version 1.0. The FMI is a standard that
allows to embed a simulation model within a unified interface in order to couple simula-
tion models developed using different simulation programs. Although the FMI standard has
been created mainly for co-simulation, we leverage this standard for providing an algorithm
that is compatible with a large number of simulation and modeling platforms, including
Modelica-based ones.

The state estimation technique used in this work is the unscented Kalman filter (UKF) [1,
2]. The UKEF is able to deal with nonlinear systems and it just requires to perform function
evaluations of the model in order to compute the evolution of its state variables and the value
of its outputs. The UKF has less requirements about the knowledge of the model with re-
spect to other nonlinear state estimation techniques. For example the extended Kalman filter
needs to linearize the model [3]. The computational performances of the UKF are modest
with respect to other Monte Carlo based techniques (like particle filters [4]), enabling its
use for real-time applications.
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Grey-Box Building Models
for Model Order Reduction and Control
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Grey-Box modelling is considered as a strong framework for the creation of low-order
models for analysis and control of monitored buildings. This paper presents an approach to
obtain useful grey-box models in a largely automated way.

The first step is the creation of a building library with many potential model candidates.
The Modelica package FastBuildings contains low-order models for thermal zones, HVAC,
users, single and multi-zone buildings.

Next, a toolbox is presented that largely automates the parameter estimation of the Fast-
Buildings models. It is implemented as a Python module that wraps the functionality of
JModelica.org and presents the user a high-level interface for all common operations like
data handling, model selection, parameter estimation and validation. A high-level overview
of the toolbox is shown in Figure 1.
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Figure 1: Overview of the grey-box buildings toolbox

The use of a gradient-based method allows an efficient numerical solution of the estima-
tion problems. Specific attention is paid to robustness and ease-of-use. A Latin hypercube
sampling of the parameter search space overcomes issues related to the non-convexity of
the optimization problem.

The toolbox is applied to a model order reduction case study for a single-family dwelling.

The selected model has 11 parameters and is able to predict the indoor temperature in an
open-loop simulation (with a priori knowledge about weather and electricity consumption)
with an RMSE of 0.16 K.
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So far, when modelling processes that demand for multi-phase and multi-component
fluid property data, the user has to implement the required media models in the Modelica
language as these types of fluids are not supported by Modelica.Media. This paper presents
a first approach on how to implement fluid property data in process models of an existing
library from external sources and highlights which problems have to be overcome. Further-
more, it provides recommendations for the design of an efficient and user-friendly interface
to external media packages.

Two approaches on the use of external property packages for the computation of fluid
data interfaced to Modelica process models are compared to each other. With an exemplary
column model from the ThermalSeparation library [1] using an explicit formulation of
the balance equations the use of partial derivatives is avoided. This model is in terms of
computational speed favourable in comparison to a model with an implicit formulation of
the balance equations as illustrated in figure 1. However, especially when utilizing existing
model libraries rewriting balance equations is not convenient or feasible. The paper shows
that in this case the external property package has to provide partial derivatives of the fluid
properties with respect to the system states.
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Figure 1: Comparison of simulation times.
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In this article a real-time model for dynamic simulation of a fuel processor is presented.
The model is intended for HIL testing of the PLC for a truck Auxiliary Power Unit (APU)
system.

The APU comprises a PEM fuel cell and fuel processor to enable direct utilization of on-
board diesel. The system is under development in FCGEN, an EU project under the FP7
program FCH JU Error! Reference source not found.. One critical challenge is to design
the control system (PLC) to ensure failsafe and environmental friendly startup and opera-
tion. The startup phase of the fuel processor is the most critical part, since it is a highly
dynamic process involving several complex reactors. It is advantageous to verify the con-
trol system before the fuel processor is assembled to avoid possible breakage of compo-
nents. Such verification can be done with a real-time model representing the physical sys-
tem. In this study such a model is created using Modelica and Dymola. It is shown that it
is possible to load and execute a real-time Modelica model capable of realistically mimick-
ing the system response on a HIL platform. The model runs in real time using a first order
explicit (Euler) solver with a time step size of 25 ms.
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This paper presents the results of an on-going project to develop ThermoCycle, an open
Modelica library for the simulation of low-capacity thermodynamic cycles and thermal sys-
tems. Special attention is paid to robustness and simulation speed since dynamic simula-
tions are often limited by numerical constraints and failures, either during initialization or
during integration. Furthermore, the use of complex equations of state (EOS) to compute
thermodynamic properties significantly decreases the simulation speed.

(a) Model of an R407c heat pump (b) Semi-empirical compressor model

Figure 1: Components of the ThermoCycle library

The currently available Modelica solutions for computing organic fluid properties are

limited to non-open-source databases. In order to propose a fully open-source tool, Ther-
moCycle has been coupled to CoolProp, an open-source library developed at the University
of Liege.
Furthermore, to enhance the performance and the robustness of the ThermoCycle library,
different numerical methods have been implemented and tested. Some are implemented at
the Modelica level while others require a modification of the thermodynamic properties of
the working fluid and are therefore implemented into CoolProp. It should also be noted that
some of these methods have already been proposed in the literature, while some others are
new. In this paper, the approach adopted in the library to overcome the challenging task of
dynamic modelling of thermodynamic cycles is presented and discussed.
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Abstract

We discuss the challenges of building a simulation framework for hybrid systems, in particular the well-
known Zeno effect and correct composition of models idealised by abstracting irrelevant behavioural details
(e.g. the bounce dynamics of a bouncing ball or the process of fuse melting in an electrical circuit). We

argue that the cornerstone of addressing these challenges is the definition of a semantic framework with an
appropriate underlying model of time.

Using two simple examples, we illustrate the properties of such a model and explain why existing models
are not sufficient. Finally, we propose a new Zeno-free semantic model that allows mixing discrete and

continuous behaviour in a rigorous way and provides for the compositional behavioural abstraction.

A
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Figure 1: Semantics of a differential equation.

Although it is based on non-standard analysis, we explain how our semantic model can be used to

develop hybrid system simulators.

Keywords: Hybrid Modeling Languages; Non-Standard Analysis; Models of Signals; Behavioral Ab-

straction; Operational Semantics
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An example of beneficial use of variable-structure
modeling to
enhance an existing rocket model
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This paper introduces a rocket model and discusses the advantagésiog it using a
variable-structure approach to remodel computationally intensive parts.

The aim of our simulation is to predict the trajectory of a rocket, beginning wih th
ignition on earth’s surface up until it reaches the moon as destination.otketris multi-
staged, and as such consists of three booster modules and a payload wititulemeans
of propulsion. The model takes into account the chemical reactions in thstdyse com-
bustion chambers, which generate the thrust, the gravity of both earth andasovell as
atmospheric influences. First, we introduce a classical implementation of thel mbidh
is a rather stiff system of equations and does take quite a long time to simulate.

We are then introducing a variable-structure approach [1] which allev® wivide
the rocket model into different modes. This is possible since the chemaetiars in the
boosters only need to be regarded while starting a new stage. Aftertatish®ia steady
state is reached and the chemical reactions, which also lead to the stiff fstqoations,
is not necessary anymore and they ca be taken out of the simulation. Tdeéstdea faster
simulation and less saved data volume without reducing the accuracy of tlet. mod

Both versions of the model are implemented in Modelica and were simulated uging D
mola as simulation environment. The DySMo framework [2], which supportsithelation
of variable-structure models in common simulation environments, was usedlitafathe
redesign.

The general benefits of the variable-structure approach are pedsend with the ex-
ample of the rocket model we present that simulation time and the data volume of the
simulation can be reduced while maintaining the accuracy of the simulation results.
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This paper proposes an efficient approach to model stochastic hybrid systems and to im-
plement Monte Carlo simulation for such models, thus allowing the calculation of various
probabilistic indicators: reliability, availability, average production, life cycle cost etc.
Stochastic hybrid systems can be considered, most of the time, as Piecewise Determinis-
tic Markov Processes (PDMP). Although PDMP have been long ago formalized and stud-
ied from a theoretical point of view by Davis (Davis 1993), they are still difficult to use in
real applications. The solution proposed here relies on a novel method to handle the case
when the hazard rate of a transition A depends on continuous variables of the system
model, the use of an extension of Modelica 3.3 and on Monte Carlo simulation. We illus-
trate the approach with a simple example: a heating system subject to failures, for which
we give the details of the modeling and some calculation results. We compare our ideas
to other approaches reported in the literature.

Typical simulation results for the example are shown in the figure below. To perform a
Monte Carlo simulation to estimate, for example, the mean temperature as a function of
time, it is necessary to generate a large number of trajectories using different initial seeds
for every simulation. This task can be performed in Dymola by using appropriate script
functions (that are based on the algorithmic part of the Modelica language). A special
Modelica/Dymola script has been implemented for this case to run the simulations and
store the desired fractiles. In Figure 1, the mean value of the room temperature is shown,
as well as the 1% and 99% fractiles at each time point respectively. 10 000 simulations
were performed with 500 output points per simulation. On a notebook, these simulations
took 25s.

mean value 1 % Fractile 59 % Fractile

204

room temperature [deg C]

T T T T T T T T T
0 20 40 &0 80 100

time [hours]

Figure 1: Statistics about room temperature (based on heating system subject to failures) obtained
from 10000 trajectories
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The Modelica BehaviorTrees Library

Mission Planning in Continuous-Time for Unmanned Aircraft
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Growing complexity of missions, environmental conditions, and UAV capabilities call for
a flexible, scalable and intuitive scheme for UAS control systems and mission plans. Be-
havior trees have recently been proposed for this purpose. They are distinguished by their
standardized structure providing a mission design scheme, which has been argued to com-
bine important advantages of different schemes such as state machines and task planners.

However, conventional behavior tree implementations rely on discrete-time process-
ing unsuitable for continuous-time simulation of long-term missions. In order to com-
bine efficient long-term simulations with the capabilities of behavior tree mission plans,
a continuous-time BehaviorTrees library was thus developed and implemented:

* It allows a simulator to chose large integration step-sizes as desired for long-term mis-
sion simulation. The formulation can be generalized to other languages supporting
event notifications.

* A library of base tasks with clear internal and external interfaces allows the user to
graphically design mission plans and also easily implement new task types.

* The 24 h-simulation with an integrated solar UAV model shown below underlines the
modularity of the approach and its good performance.

Iongittjdinal Configuration CPU time time- / state events

. 3 Discrete 368s 1442 249

maximizF energy mission Continuous 72 0 247

. 1 State graph 765 60 242

haryest save lfattery Direct inputs 665 25 183

R S

surplus  potential potential hold (b) The continuous-time simulation is much
lie‘—l — faster than the discrete-time implementation. It
ceillilng diimb ﬂcl)!)r sink is as fast as a reference state graph implemen-

tation and a direct simulation. Additionally, it
(a) The example BehaviorTrees mission plan.  does not require any time events.

20
I ‘Battery
10 Solar H
I Loads [

current production /A
o

| | |
06:00 12:00 18:00 00:00 06:00
time /h

(c) The simulation is run for 24h of flight with a 72 state continuous-time solar UAV model.
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Multi-Level Library of Electrical Machinesfor
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P. Giangrande S.\V. Bozhko

An electrical machine library, developed within the framework of the European pro-
ject Actuation 2015, is presented in this paper. The library has been devel oped adopting a
multi-level approach, in order to minimize the models complexity and reduce the compu-
tational time. Multi-level approach consists in creating several models of the same elec-
trical machine topology, with different levels of complexity. Indeed, model complexity
increases at higher modelling levels and each model takes into account specific physical
effects. In addition to the fundamenta behavior, the presented models address physica
effects such as losses, thermal behavior, magnetic saturation, torque ripple and fault con-
ditions (i.e. short-circuits, open-circuits and permanent magnet demagnetization).

Considering that several models of the same machine

i-Machines topology are available within the library, the interchangea-
i-aasic bility among the model levelsis crucial, in order to inves-

tigate different physica effects by simply replacing the

---iEasic

+- Examples

=

- Wl PermanentMagnet

----ﬁDemagnEﬁzaﬁnn

+- Examples

Hl| Reluctance

+- Examples
DirectCurrent
é---istandard
é---ﬁ-SabJratinn
=) Examples

model level. For this reason, the interchangeability has
been ensured by using common interfaces among the dif-
ferent model levels. Moreover, al the developed models
are power balanced and can work indifferently represent-
ing motor or generator.

The El ectri cal Machines library has been im-
plemented using Modelica as modelling language. As re-
ported in figure 1, the library is organized as three packag-
es (one for each machine topology) plus the package
Basi ¢, which considers a generic alternating current el ec-
trical machine. The considered machine topologies are
permanent magnet synchronous machine (package Per -
manent Magnet ), synchronous reluctance machine
(package Rel uct ance) and direct current machine
(package Di r ect Cur r ent ). Each package contains the
sub-package Exanpl es, which provides several study
cases, helpful for highlighting the features of each model-
ling level.

The presented work is mainly focused on describing the
package for permanent magnet synchronous machine be-
cause they are characterized by an excellent efficiency,

Figure 1: Structure of the together with a high power density. These features make
] Machi nes Permanent magnet synchronous machines very attractive

El ectri cal

; for aerospace applications.

library as part of the Act u-

at or);ibreiy. ctd Physical effects included in the models are discussed

and their implementation is detailed. In order to highlight
the implemented physical effects and confirm the models effectiveness, Dymola simula-
tion results are provided for several operating conditions.
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Modelica for large scale aircraft electrical network
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The model based design approach is a key factor for more efficient aircraft design with
its growing demand to optimize the complex physical systems containing mechanical, elec-
trical, hydraulic, thermal, control, electric power or process-oriented sub components. Espe-
cially the more electric aircraft concept relies on incorporating high quality system models
in the complete aircraft design process. The process itself briefly can be divided into 4 major
phases: concept phase, system specification phase, system development phase and system
verification phase. The model types and level of detail change for every phase. The aircraft
electrical network validation and verification process strongly relies on software for detailed
and numerical complex modeling, simulation and analysis of network components and sys-
tems. Substantial efforts were made to reach platform independence and link simulation
tools each with special strengths and dedicated for specific domains. Especially the FMI
standard was a major step forward and was verified to improve an aircraft systems design
process. Nevertheless, for the sake of performance and transparency, industrial processes
often rely on a single common tool.

The software used in an aircraft project for the systems integration validation and veri-
fication (V&V) process is defined by the airframer for all model suppliers and contributors.
While Modelica has found attraction in the automotive sector, it is not the standard for
detailed simulation in aeronautic industry yet. Inspired by the success in the prior design
phases, a study was performed in the context of the CleanSky project to evaluate the po-
tential and performance of Modelica and the commercial tool Dymola for electrical V&V
. In this paper we give an overview of the necessities of the infrastructure which had to be
developed. We demonstrate the modeling and the simulation results of component stand-
alone tests as well as the tests of an integrated aircraft power network. Necessary tools are
addressed and lessons learned from the study are documented. It is the aim of this paper to
rise awareness of the needs to conduct V&V studies.

115V AC CPL

Figure 1: An integrated electric power network for MEA
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Protecting the environment and providing efficient onboard energy supply is amongst
the top targets in the development of future aircraft. Various research initiatives have
been launched in recent years to get closer to this goal. The ACTUATION2015 project
[1] will complete this approach by focusing on Electro Mechanical Actuator (EMA) tech-
nologies. EMAs are mandatory in order to eliminate hydraulic circuits, pumps and reser-
voirs. The goal of the A2015 library presented in this paper is to develop a Modelica
based, tool-independent standard for electromechanical actuator libraries.

Since the intended use of the library includes all development stages from concept as-
sessment to virtual design validation several models of different scope and level of detail
are implemented for the core EMA components (multi-level approach). Five modeling
levels are predefined, mostly associated with nonlinearities included and events triggered.
The library does allow for modeling redundant actuators (which are needed because
EMAs have lower reliability than conventional hydraulic actuators) and uses a unified
approach for component failure injection.

The A2015 library contains models
from various domains: Electrical (invert-
ers, motors), mechanical (rotation to rota-
tion and rotation to translation transform-
ers), sensors (position, speed, force, etc.),
thermal (heat sinks, housings), and control
(e.g. force fight compensator). Selected
library components and their implementa-
tion are described in the paper. A typical
application example is given and dis-
cussed (A320 aileron).
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A computational framework for the efficient analysis and optimization of dynamic hy-
brid energy systems (HES) is developed. A microgrid energy system with multiple inputs
and multiple outputs (MIMO) is modeled using the Modelica language in the Dymola en-
vironment. The optimization loop is implemented in MATLAB, with the FMI Toolbox
serving as the interface between the computational platforms. Two characteristic optimiza-
tion problems are selected to demonstrate the methodology and gain insight into the system
performance. The first is an unconstrained optimization problem that optimizes intrinsic
properties of the base generation, power cycle, and electrical storage components to mini-
mize variability in the HES. The second problem takes operating and capital costs into con-
sideration by imposing linear and nonlinear constraints on the design variables. Variability
in electrical power applied to high temperature steam electrolysis is shown to be reduced
by 18% in the unconstrained case and 11% in the constrained case. The preliminary opti-
mization results obtained in this study provide an essential step towards the development of
a comprehensive framework for designing HES.

84

Proceedings of the 10*" International ModelicaConference
March 10-12, 2014, Lund, Sweden



Industrial application of optimization with Modeli-
ca and Optimica using intelligent Python scripting
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This paper shows how different kinds of optimization related task such as of-
fline optimization or optimal control are solved using a combination of Modelica,
Optimica, JModelica.org [1] and Python [2]. The application examples presented
in this paper are all real industrial applications in the field of Combined Cycle
Power Plants, namely the water-steam cycle.

Figure 1 shows a part of a water-steam cycle used in an offline optimization of a
plant start-up.

0.'I Gas |
AT t ——
Steam turboset
—{ ‘.‘." G T‘ ( -?*: H
v
‘ T Air { 4
HP-—+ -
Heat-recovery :
steam generator ‘
Exhaust gas

Figure 1: Model for startup optimization

Besides the offline optimization of a power plant startup, the paper also includes
an example of a nonlinear model predictive control with state estimation using the
extended Kalman filter and a parameter estimation of a Modelica model represent-
ing the plant layout shown in Figure 1.

The focus of the paper lies on the interaction of Modelica, Optimica, JModelica
and Python and demonstrates the suitability of Python as scripting environment in
this context.
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Concepts such as smart grids, distributed generation and micro—generation of en-
ergy are becoming increasingly important as emerging trends in the design, management
and control of energy systems. Appropriate modeling and design, efficient management and
control strategies of such systems are currently being studied. In this line of research a very
important enabling component is efficient and reliable simulation.

However those energy models are typically large, stiff and exhibiting heavy discon-
tinuities, and at the same time consist of interconnected multi-domain subsystems encom-
passing electrical, thermal, and thermo-fluid models. Object-Oriented (O—O) languages
such as Modelica are obviously well-suited for the modeling of such systems; however,
traditional state-of-the-art hybrid differential algebraic equation solvers cannot effi-
ciently simulate these systems especially when their size grows to the order of hundreds,
thousands, or even more interconnected units.

The goal of this paper is to show, through a couple of exemplary case studies, that
Quantized State System (QSS) integration methods are ideally suited to solve models
of smart grid systems, as they scale up better than traditional methods with the system
size, and provide time savings of several orders of magnitude, while achieving comparable
numerical precision.

More specifically, in both cases QSS methods outperform DASSL (and Runge-
Kutta) by more than two orders of magnitude in terms of simulation speed, while
at the same time, achieving a comparable simulation error, as seen in Fig. 1. Furthermore,
the QSS methods scale linearly with system size, while DASSL scales quadratically.
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Figure 1: Simulation time for varying size of the Energy Market model. All algorithms
achieve a mean error on the order of 107>,
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4

Offshore oil facilities are complex systems involving elaborate physics combined with
stochastic aspects related, for instance, to failure risk or price variation. Although there exist
many dedicated software tools to simulate flows typically encountered in oil exploitations,
there is still no tool that combines physical (mostly engineering fluid mechanics) and risk
simulation. Such a tool could be useful to engineers or decision makers for specification,
design and study of offshore oil facilities. We present a first step towards the creation of
such a tool. Our current simulator is based on new Modelica components to simulate fluid
flows and on stochastic simulation at a higher level, for modeling risk and costs. Modelica
components implement physical models for single and two-phase flows in some typical
devices of an offshore field. The risk simulation is performed with Scilab and receives data
from the Modelica simulation. It uses Markov chains and statistical indicators to assess
performance and resilience of the system over several months or years of operation. The
presented simulation framework can be used to compare different designs of an offshore oil
facility, in order to choose the most productive and/or robust, depending on the choice of
the performance evaluator.

Single-Phase Pipeline Liquid Tank

53
P Manifold

Well 3 Two-Phase pipeline

Figure 1: An example of simulated system, which includes some typical components of an
offshore facility (lines, risers, separator, etc.)
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A combined cycle power plant are modeled and considered for calibration. The dy-
namic model, aimed for start-up optimization, contains 64 candidate parameters for cali-
bration. The number of parameter sets that can be created are huge and an algorithm called
subset selection algorithm[2] is used to reduce the number of parameter sets. The algorithm
investigates the numerical properties of a calibration from a parameter Jacobean estimated
from a simulation of the model with reasonably chosen parameter values. The calibrations
were performed with a Levenberg-Marquardt algorithm considering the least squares of
eight output signals. The parameter value with the best objective function value resulted in
simulations in good compliance to the process dynamics. The subset selection algorithm
effectively shows which parameters that are important and which parameters that can be
left out. A combined cycle power plant are modeled and considered for calibration. The
dynamic model, aimed for start-up optimization, contains 64 candidate parameters for cali-
bration. The number of parameter sets that can be created are huge and an algorithm called
subset selection algorithm is used to reduce the number of parameter sets. The algorithm
investigates the numerical properties of a calibration from a parameter Jacobean estimated
from a simulation of the model with reasonably chosen parameter values. The calibrations
were performed with a Levenberg-Marquardt algorithm considering the least squares of
eight output signals. The parameter value with the best objective function value resulted
in simulations in good compliance to the process dynamics. The subset selection algorithm
effectively shows which parameters that are important and which parameters that can be left
out.
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Abstract

Modelica’s language support includes so-called events for describing discontinuities. Modern integrat-
ing environments, like Assimulo, provide elaborate event detection and event handling methods. In addition,
the overall performance of a simulation of models with discontinuities (hybrid models) depends strongly on
the methods for restarting the integration after an event detection. The present paper reviews two restarting
methods for multistep methods, both based on Runge—Kutta starters, and presents preliminary first experi-
ments with Assimulo and LSODAR as a proof of concept, which motivates to apply the technique to hybrid
systems described in Modelica and simulated by JModelica.org/PyFMI and Assimulo [1, 3, 2].

Keywords: events, discontinuities, hybrid systems, multistep method, Runge—Kutta method, simulation
restart
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Often integrating ordinary differential equations or differential algebraic equations (DAE)
do not constitute the problem alone. A common complement is finding the root of an alge-
braic function (an event function) that depends on the states of the problem. This formula-
tion of a model enables the possibility of including discontinuities, an important part of the
Functional Mock-up Interface (FMI) standard which allows hybrid models of differential
algebraic equations. The problem of root-finding during integration is however difficult,
both in a theoretical aspect and as a software problem.

The Illinois algorithm was chosen as a basis for the event algorithm. An important
improvement is to apply the domain formulation, meaning that instead of defining an event
as a change in sign (zero-crossing formulation) for the event function, g, it is defined as a
change in domain from g > 0 to g < 0 or vice versa, this is consistent with the FMI standard.
An advantage is that the zero is no longer a special case and also, more importantly, events
caused by event functions becoming exactly zero for a finite time is found correctly.

An implementation of software for the event algorithm is done in Assimulo, a Python/Cython

wrapper for integrators. This enabels event location for numerous integrators and therefore
also support for simulating FMUs by using PyFMI.
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Figure 1: A picture of the car in Dymola, used for the benchmark.

These integrators are benchmarked with industrial relevant models to verify that they
work well together with the event algorithm and that they find events accurately, especially
for the case where the event functions becomes zero for a finite time. It is also important
that the performance does not deteriorate with the modifications to the event algorithm. The
models used in the benchmark are a clutch with inputs, a Furuta pendulum and a racing car.

Comparing Sundials using its zero-crossing event algorithm and Sundials using the arti-
cles event algorithm no significant loss in performance was seen. Additionally, the events of
the clutch model with inputs was found significantly better with the articles event algorithm.
The other integrators benchmarked also performed well.
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Noise Generation for Continuous System Simulation

Andreas Klockner Franciscus L. J. van der Linden  Dirk Zimmer
{andreas.kloeckner, franciscus.vanderlinden, dirk.zimmer} @dlr.de

German Aerospace Center (DLR), Institute of System Dynamics and Control,
82234 Welling, Germany

The problem of introducing disturbances to a nominal system eventually becomes an issue,
when simulating real-world systems. Especially, when dealing with controlled systems,
important tasks are to check whether the controller is able to reject realistic disturbances,
and to assess the performance of the system including noise. The problem is not limited to
the field of control design, but is also of interest in e.g. specification of aircraft airworthiness
requirements with respect to turbulence, estimation of the power outcome of wind energy
farms or when interpreting contaminated sensor readings of experiments.

This noise contribution must be specified carefully, because it can have a strong impact
on the system’s performance. However, there are no convenient means of specifying noise
properties in Modelica, such that typical approaches implement ad-hoc modifications of a
simple random signal.

The simulation performance of the model should not be decreased by adding noise
to the system. However, injecting noise into a continuous system typically decreases the
simulation speed drastically, because standard noise generators are sampled systems, which
generate time events by definition. These time events lead in most cases to integrator restarts,
imposing a big penalty on simulation performance.

In this work, we present ways to solve the two issues outlined above in an integrated
library:

1. We describe a general procedure to specify a suitable noise signal by means of
selecting a high-quality random number generator, a probability distribution and a
power spectrum.

2. By providing a continuous noise signal formulation using a sample-free generator and
a smooth interpolation, we provide means for continuous noise generation. Avoiding
events and using a smoothly filtered signal speeds up the simulation as compared to
standard methods.

3. The methods and processes are integrated in a library with convenient user interfaces.
This enables a user to easily specify a desired noise signal and to use it in complex
simulation models.

Figure 1 shows the timing of an actuator simulation without noise, with conventional
LinearSystems noise and with the new Noise library. The noisy simulation is relieved of
unnecessary time events, using the Noise library. Its speed is increased by a factor of 2.5.

Events 60
Model Time  Time State 40 pEr—
No Noise 0.037s 1 12 " E“f‘f“saml"ed
LinearSystems 27.5s 15000 1642 o B:t';:
Noise 10.5s 1 1791 0
—002  —001 0 0.01 0.02

Figure 1: Timing of an actuator simulation and the distribution of a random variable
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A physical solution for solving the zero-flow singu-
larity in static thermal-hydraulics mixing models

Daniel Bouskela  Baligh El Hefni
EDF R&D
6, quai Watier F-78401 Chatou Cedex, France
daniel.bouskela@edf.fr baligh.el-hefni@edf.fr

For the OD-1D modelling of thermal-hydraulics systems, it is common practice to use
static mixing models to compute the mixing specific enthalpy in fluid junctions such as
mergers or splitters. However, this simplification leads to a well known singularity when
the mass flow rate inside the junction goes to zero. The origin of the singularity is ex-
plained, and a rigorous physical solution is proposed to eliminate the singularity. A proto-
type implementation has been developed in the ThermoSysPro library for power plant
modelling that illustrates the interest of the proposed solution, shows the impact on the
structure of the library and enables to evaluate the computing overhead with respect to
several possible variants.

Keywords: thermal-hydraulics; mixing models; convection; diffusion; ThermoSysPro
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Advanced Hybrid Model for Borefield Heat
Exchanger Performance Evaluation, an
Implementation in Modelica

Damien Picard!  Lieve Helsen'
'KU Leuven, Department of Mechanical Engineering,
Division of Applied Mechanics and Energy Conversion
Celestijnenlaan 300A, box 2421, BE-3001 Heverlee, Belgium

Accurate and computationally efficient borefield models are important components in
building energy simulation programs. They have not been implemented in Modelica so far.
This paper describes the implementation of an innovative approach to model borefields with
arbitrary configuration having both short-term (minutes) and long-term accuracy (decades)
into Modelica. The model allows coaxial, single and double U-tube borehole types.

A step response is calculated using a combination of a short-term response model which
takes into account the transient heat transfer in the heat carrier fluid, the grout and the imme-
diately surrounding ground, and a long-term response model which calculates the boreholes
interactions. Moreover, an aggregation method is implemented to speed up the calculations
and to make the simulation time independent of the number of boreholes. Thanks to its
aggregation method, the implemented model is about twelve times faster than the borehole
model of the Buildings library [1] for the case of a single borehole and about 60 times faster
for the case of three boreholes in series (see Fig. 1).

Validation shows good results and very high computational efficiency.
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Figure 1: Left: CPU comparison between the new model (HSRM) and the model form the
Buildings library (Buildings) for a single borehole (/SB) and for three boreholes in serie
(3BH). Right: heat carrier temperature for HSRM-3BH and Buildings-3BH.
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Superheat Control with a Dynamic Inverse Model
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Superheat control has influence on the coefficient of performance (COP), the stability
and the compressor endurance of a vapor compression cycle. It is a challenging task since
the system dynamics of a refrigeration cycle are highly nonlinear and the control targets can
be contrary. In an increasing number of applications electronic expansion valves (EXV)
are used. With EXVs superheat and thus stability and COP can be controlled directly in
contrast to thermostatic expansion valves (TXV) or orifice valves. New control approaches
can benefit from this additional degree of freedom.

It raises the question if simulation models can be used for feedforward control to fulfill
this function. For building a feedforward control structure a simulation model needs to be
inverted. In this paper a dynamic, continuous submodel of a refrigeration cycle, consisting
of models for expansion valve and evaporator, is inverted. The resulting controller is tested
in a model-in-the-loop environment and applied on an automotive refrigeration cycle. The
advantage of a dynamic inverse model in contrast to a static one is pointed out. Also the
results are compared to a standard PI controller.
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Figure 1: Modelled Refrigeration Cycle
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Adsorption energy systems library -
Modeling adsorption based chillers, heat pumps,
thermal storages and desiccant systems
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'RWTH Aachen University, Institute of Technical Thermodynamics
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A library for dynamic modeling adsorption based thermal systems like chillers, heat
pumps, thermal storages or desiccant units is presented. Adsorption devices can serve a
wide range of applications but usually consist of the same basic components. By modeling
these basic components, the presented model library allows to investigate any interesting
topology. Thereby this adsorption library gives the user the opportunity to design and opti-
mize adsorption systems quickly and efficiently. To demonstrate the flexibility of the library
and the accuracy of the simulations, three validated examples are presented: A desiccant
unit; a thermal storage; and an adsorption chiller.

condenser adsorber

water reservoir evaporator

Figure 1: Scheme of adsorption chiller consisting of an adsorbent, evaporator, condenser,
mass resistances, heat resistances, and a water reservoir model
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A new Implementation of the N-D Lookup Tables
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The HDF5Table library is an open-source solution for the efficient handling, exchange
and interpolating access of typical data sets in system simulation. The library consists of
C-functions, python scripts and examples and can be used with different applications like
Modelica or Simulink. Furthermore a comprehensive set of tools that allows the user to
create, migrate, edit, compare and manage the datasets is available. The application range
covers data import from measurements or other simulations, integration of datasets in
preprocessing routines, the usage of the datasets in the simulation and the post processing
of simulation results. To eliminate a major source of errors after data exchange between
simulation tools or different companies and to validate the datasets each dataset can have
a physical unit and quantity attached to it. The table data can be easily accessed with dif-
ferent methods for inter- and extrapolation. To persist and exchange the data sets a subset
of the HDF5 [1] standard is used. With the HDF5 API the data access is fast for large
files with many variables containing millions of values and the datasets can be opened in
many other tools.
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Figure 1 NDTable block parameters Figure 2 HDF5 dataset editor

A number of solutions exist for Modelica [2] and other simulation platforms that suffer
from different limitations and problems the proposed implementation together with a set
of supporting tools is trying to solve. The above figures show the parameters dialog of the
Modelica block and the corresponding HDFS5 data file that contains the three-dimensional
table with scales, units and quantities.

References

[1] HDFS5 Software Documentation, http://www.hdfgroup.org/HDF5/doc/index.html

[2] Call for Quotation of an Open Source Implementation of the MSL Table Interpo-
lation  Blocks,  https://www.modelica.org/news_items/call-texts-to-improve-
modelica-2012/2012-12-20-Call-for-quotation-for-MSL-
tables.pdf/at_download/file

96

Proceedings of the 10*" International ModelicaConference
March 10-12, 2014, Lund, Sweden



Remarks on the Implementation of the Modelica
Standard Tables
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This article reveals some implementation details regarding the C code of the revised
table interpolation blocks released with the Modelica Standard Library (MSL) 3.2.1. This
new table implementation was named Modelica Standard Tables and comprises the follow-
ing four blocks for univariate and bivariate interpolation

e Modelica.Blocks.Sources.CombiTimeTable,
e Modelica.Blocks.Tables.CombiTable1D,
e Modelica.Blocks.Tables.CombiTable1Ds and
e Modelica.Blocks.Tables.CombiTable2D.

The emphasis is placed on the unique features of the CombiTimeTable which are the
discontinuities by time events and the periodic extrapolation (Fig. 1). For instance, peri-
odic and discontinuous signals like saw-tooth or square-wave w.r.t. simulation time can be
modeled in a very convenient and compact way. However, the numerically stable detection
of periodic time events is rather tricky since floating-point arithmetic must not be used to
detect them.
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Figure 1: There are two time events per period in case of linear interpolation and periodic
extrapolation of the 5x2 time table [0, 10; 0.25, 30; 0.5, 40; 0.5, 10; 0.75, 30).

Besides the CombiTimeTable basic information on the univariate and bivariate interpo-
lation by Akima splines [1, 2] and the available table array memory optimization options
are summarized. Last but not least, the remaining newly implemented table interpolation
features are also mentioned.
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The DLR Visualization Library

Recent development and applications
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The visualization of simulation data is an important element of advanced simulations.
With the increasing complexity of modern multi-body simulations, concerning for example
flexible bodies, thermal dissipation, or contacts, the demands for a realistic, real-time capa-
ble visualization of the simulation also rise. Using Modelica as modeling language allows
the user to pack model functionality in reusable sub-models, e.g. as a replaceable block for
a suspension, an engine, etc. This also enables the integration of visualization definitions
into the single sub-models, eliminating the need for an additional visualization definition in
a separate program.

In 2009, the "DLR Visualization Library" for Modelica has been introduced under the
now deprecated name "DLR External Devices Library". The library features a variety of
visualization blocks to be used directly as visualizers within Modelica. Visualization el-
ements like configurable rigid bodies (e.g. sphere, box, gearwheel) or rigid and flexible
bodies generated from CAD files can be displayed by connecting their respective Visualizer
block to the corresponding frame in the multi-body model. Using the C-interface of Model-
ica, the visualization information is transmitted to the external visualization software which
is started automatically with the simulation and allows the user to replay and observe the
simulation run in real-time and export it as video.

New additions include among others: dynamic textures, rendering camera images or
videos on flexible surfaces, Head-Up-Displays for presenting information and registering
user inputs, a collision detection system, returning information about the 3D environment
back to the simulation, a particle system, displaying non-rigid elements such as fire and
integration of the Oculus Rift virtual reality device along side derived systems such as a
wheel ground contact model and a flexible, interactive trajectory planner.

Figure 1: Examples of advanced visualizations; left to right: a complex pilots HUD with
attitude indicator in the center, an flexible, interactive trajectory planner showing a path
above Mt. Everest and a car driving on a 3D shape using collision detection and a contact
model
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In early stages of the product development process computer-aided design (CAD) and multibody
simulation (MBS) work concurrently to build a virtual mechanical system. While CAD handles the
geometric design and space analysis, MBS leads to a deeper understanding of the dynamic behavior of
the future system. The CAD system has to provide physical and geometrical data, such as mass, inertia
and connecting frames in order to improve simulation results. Automation at this point helps to create
consistent simulation and design models and shortens the amount of time needed to produce realistic
simulation results. Based on Visual Basic for Applications (VBA) a method is implemented to
automatically generate an isolated Modelica model package or a single Modelica model from CATIA
assemblies or parts. The introduction of design controlling parameter variables in addition to the
multibody data enables optimization loops between multibody simulation and the related CAD model
(Figure 1). An example demonstrates the three main steps of the presented method, divided into model
processing, package generation and parameterized package update. Furthermore, the update process is
integrated in a manual parameter variation as well as an automated optimization routine to enable
parametric design studies coupled with multibody simulation.
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Figure 1: Automated package generation and parametric design
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Modelling elastomer buffers with DyMoRail
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In this paper a model for elastomer buffers for longitudinal railway vehicle dynamics
is presented. This model is part of the more extended DyMoRail library which allows to
simulate longitudinal dynamics of entire railway trains. With this library an efficient sim-
ulation of complete train compositions in various combinations is possible. The elastomer
buffer can be used in combination with other buffer models and couplers in different test
scenarios. We present details of our rubber spring model based on the one-dimensional,
non-linear rubber spring model proposed by M. Berg [1][2][3]. To illustrate the behavior
of the friction force modelled in the latter, it is compared to a diode model for Coulomb
friction similar to the one in the Modelica Standard Library. Simulations for 40 J-buffer
known as "Miner4(0” used for freight waggons during shunting at speeds up to 12 km/h are
shown. Also shown are simulations of an entire S-Bahn combination with sixteen cars and
fifteen elastomer buffers.
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Figure 1: Structure of the buffer sublibrary “Puffer”.
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tion of Independently Defined Contact Surfaces
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Considering technical use-cases one often finds multibody mechanics that typically
comprise mainly fixed (e.g. kinematic chains) and few loose couplings, where dynamic
contact phenomena take place. Nevertheless, modeling contacts is “a key factor and a
challenging problem in simulation of multibody systems, where a balance between per-
formance and accuracy has to be found” [1]. However, to the best of our knowledge,
there is currently no Modelica library available to handle contact problems in any level of
detail. The library presented in this paper implements contact modeling by means of non-
central contact blocks. It also provides ready-to-use blocks for simple contact surfaces.
The surface blocks can be connected to any kind of rigid body by a frame connector and
the dimensions of the surface can be parameterized. We introduce a new interface to con-
nect the surface definition with the contact blocks, which makes the surface dimensions
available for the contact calculation. The overall aim is to enable the designer of mecha-
tronic systems to perform simulations of systems including idealized representation of
contacts. Therefore, we use an idealization of the so called “foundation model” [2] that is
based on single force elements. Assuming that the contact area is not only relatively small
but also of an idealized shape, we describe it by means of single contact points. A nonlin-
ear spring-damper element is inserted to calculate the normal force between these points
of the colliding surfaces. The normal force is then used to determine the friction force
between the two bodies by a continuous approximation of the Stribeck curve. This re-
quires the previous identification of potential contact points on the rigid body surfaces
and the continuous determination of the normal direction. For these purposes, we provide
analytic solutions for simple geometries in our library. As a starting point, we focused on
spherical, cylindrical and plane surfaces, either in rectangular or circular shape. Depend-
ing on the shape of the contact area, we use 1 (punctiform), 2 (linear) or 4-5 (planar)
points to describe it. Exemplarily, the results of three experiments are shown and com-
pared to benchmark simulations in RecurDyn. They demonstrate that the idealized con-
tact library provides a powerful and easy to use opportunity to model contact phenomena
of simple contact geometries. After making our library publicly available, we hope to
identify further opportunities for improvement with the help of the Modelica community
in the future.

This work was developed in the project “ENTIME: Entwurfstechnik Intelligente
Mechatronik” (Design Methods for Intelligent Mechatronic Systems). The ENTIME pro-
ject was funded by the state of North Rhine-Westphalia (NRW), Germany, and the EU-
ROPEAN UNION, European Regional Development Fund, “Investing in your future”.
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The OneWind® Modelica Library for Wind Turbine
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The OneWind® Modelica Library' [1] for coupled wind turbine loads calculation de-
veloped at Fraunhofer IWES uses a structural element based on a modal reduction method
to model the motion and deformation of flexible wind turbine rotor blades and tower. The
degrees of freedom (DOF) are rigid body motions and modal DOF. The ModalElement
model allows the simulation of coupling effects like bend-twist coupling in wind turbine ro-
tor blades and the structural behavior is dependent on the selected eigenmodes. This paper
gives an overview about the Modelica implementation of the theory of modal elements, the
advantages over other methods (finite-elements), how the ModalElement model is included
into the OneWind® Modelica Library, and how it is used for load calculation.

The objective is to achieve the same accuracy as the finite element method (see Figure
1) with less computational time. This is a requirement for a wind turbine load calculation
with a large number of load cases which are necessary for fatigue analysis.
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Figure 1: Deflection of ModalElement model based wind turbine tower top: upper plot
shows downwind displacement, lower plot shows side-to-side displacement
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IVersion 1.0 for onshore wind turbine load calculation was released and is now available under dual license
model. For further information contact: info@onewind.de
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Abstract

In this paper an approach for handling collision within the Modelica MultiBodsaliy is
presented. Therefore, a short overview about collision considarfatianultibody simula-

tion is given. Different methods for calculating the contact reactionsiaceissed and their
potentials for implementation in a free Modelica library are deliberated. Funtbrerthe
implementation of this collision library, using a penalty-based collision appraadhthe
Bullet Physics Library for collision detection is described. The application is demonstrated
in examples and limitations are brought up. Although some drawbacks restioility, the
library can be used to increase the level of detail for multibody simulation models

I ntroduction

Many physical systems cannot be simulated in a feasible manner without ttrpties
of collision interaction. Not only the typical applications, like wheel-roadataot, new-
ton’s cradle or a bouncing ball need collision consideration, but edjyeaal-life models
require contact handling. For example, simulation of typical working mee® for con-
struction machines, with lifting rocks can benefit from this. But also machements like
mechanical springs require collision handling for simulations including dynkrads. For
the Modelica Library Modelica. Mechanics.MultiBody (M.MB) several collistzandling
considerations have been made, with two to be shortly mentioned. In [1] @#kristro-
duced an extension to the M.MB library with capabilities of handling collisiondlistmn
detection using different approaches of surface representatiaan skhewn. Engelson [2]
described a way of contact implementation using impulse-based and peasdty-meth-
ods. However, those approaches have never been available in puiblicffer collision
handling to general public, CollisionLib — the library presented here — wiffdely avail-
able. Although the functionality of this very first version has only been deist®©ymola,
support for OpenModelica and other Modelica environments are pldondue future.
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The short term thermal production planning problem is solved in two steps by inte-
grating physical plant models into the standard approach. The first step aims at solving
the discrete variables from the unit commitment sub-problem (UCP) using standard
mixed integer linear models and optimization techniques. The second step focuses on the
economic dispatch sub-problem (EDP) described by high-fidelity, continuous time, phys-
ics-based Modelica models together with nonlinear optimization techniques from the
JModelica.org platform [1]. The output of the second step includes optimized power
flows but also highly relevant variables such as supply temperature, supply flow rate, tur-
bine by-pass valve in the cogeneration plant. The optimization is formulated as a maximi-
zation of the benefit from heat and electricity sell over a finite time-horizon.

The proposed method is validated in several test cases using experimental data from a
plant in Nykoping. The optimizations demonstrate the feasibility and the high economic
potential of the proposed approach when comparing with measurement data and the
standard optimization technigues. The optimized planning schedules result in a balance
between produced and consumed heat, priority to low-cost boilers and maximization
plant revenue. Compared to measurement data, the optimizations result in a significantly
lower supply temperature, a more extensive usage of the external cooler for higher effi-
ciency and higher electricity production, fewer starts of units as well as an appropriate use
of the accumulator tank.

The high-level description of optimization problems using JModelica.org provides
useful means to specify flexible optimization problems including constraints on arbitrary
process variables such as heat load of the production units, supply temperature and flow
rate, pressures.
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Modelling the system dynamics of islanding
asynchronous generators
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Asynchronous generators are often used for small hydro power stations with an
installed power capacity of under 1 MW . The reason for this is their robustness
and low cost. In order do be able to produce active electrical power with an asyn-
chronous generator once needs to provide enough excitation by means of reactive
power provided by either the electrical grid or additional capacitors.

But in asynchronous generators we can also find the phenomenon of self-excitation
which allows the asynchronous generator to operate as a standalone unit. Investi-
gation of the self-excitation process shows that significant over-voltages can occur if
a generator with sufficient capacitors is suddenly disconnected from the utility grid.
The precondition for a successive voltage build-up is that the generator is left with
enough capacitive power and a low load after the disconnection.

The Lgnnestad radial in Seljord, Norway, is a distribution radial with both asyn-
chronous and synchronous generators connected. In order to investigate the system
dynamics in the radial after it is disconnected from the rest of the 22kV distribution
grid, the radial was modelled and simulated using Modelica as modelling language.
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Figure 1: Overview of the Lgnnestad radial
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In this paper, a Hybrid Energy System (HES) configuration is modeled in Modelica.
Hybrid Energy Systems (HES) have as their defining characteristic the use of one or more
energy inputs, combined with the potential for multiple energy outputs. Compared to tra-
ditional energy systems, HES provide additional operational flexibility so that high varia-
bility in both energy production and consumption levels can be absorbed more effective-
ly. Thisis particularly important when including renewable energy sources, whose output
levels areinherently variable, determined by nature.

The specific HES configuration modeled in this paper include two energy inputs. a
nuclear plant, and a series of wind turbines. In addition, the system produces two energy
outputs. electricity and synthetic fuel. The models are verified through simulations of the
individual components, and the system as a whole. The simulations are performed for a
range of component sizes, operating conditions, and control schemes.

Keywords. hybrid energy system; Modelica; multiple-input; multiple-output; renewable
power; optimization
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As part of the advanced small modular nuclear reactor (AdvSMR) R&D program, Oak
Ridge National Laboratory (ORNL) is developing a Dynamic System Modeling Tool
(MoDSim) to facilitate research and devel opment related primarily to instrumentation and
controls (1&C) studies of small modular reactors (SMRs). This paper describes the use of
Modelica models and Functional Mockup Interface (FMI) to model, simulate, and deploy
compiled models via a web-based platform based on FMQ from Xogeny. The web plat-
form alows both model configuration and parameter specification. The application em-
ploys the FMI Add-in for Excel from Modelon to provide automated simulation and post-
processing capability localy in Microsoft Excel. The key features of the models, applica-
tion to the PRISM reactor concept, and simulation platform are discussed and initial re-
sults presented.

SM R model configuration via web-based platform
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This paper presents an efficient and novel implementation of a combined multiple shoot-
ing and collocation (CMSC) algorithm for the solution of nonlinear optimal control prob-
lems (NOCP). The implemented algorithm is a modification of the approach proposed in
[1, 2]. The new implementation is done under the JModelica.org framework along with
CasADi and Ipopt. The framework uses a symbolic pre-calculation of functions and deriva-
tives. The paper gives a description of the algorithm and elaborates the components of the
framework. Comparative numerical experimentations show that the new implementation is
efficient in comparison with the published results of other authors.

JModelica.
org

Figure 1: Software framework

The major difference from the original version of the CMSC approach in [1, 2] consists
in the use of pre-calculated derivatives and their symbolic representation. That is, in ev-
ery iteration of the optimization algorithm, sensitivities are automatically available without
further calculations. This leads to accurate results with outstanding speedup of the overall
computation time. In the framework shown in Fig. 1, the NOCP is modeled under JModel-
ica.org using a Python script. Then the problem is discretized using our CMSC with the help
of CasADi to obtain a nonlinear programming problems (NLP). Subsequently, CasADi is
again invoked to generate symbolic expressions for the derivatives. Finally, JModelica.org
invokes Ipopt to solve the NLP by using the pre-calculations.
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DOML - a Compiler Environment for Dynamic
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The Modelica language may serve well as a base for defining optimal control
problems, given a few relatively minor syntax extensions. One example proving
that point is Optimica (initially proposed in [1]) and another one is DOML (Dy-
namic Optimization Modeling Language) — installed on IDOS (Interactive Dynamic
Optimization Language, on-line at [4]) and described in the paper. The DOML
implementation is, actually, heavily based on the (open source) compiler of Optim-
ica (available at [3]) but it provides a number of important features absent in its
precursor.

One main extension of the compiler lies in its built-in mechanism supporting
the use of many different optimization solvers (selected on the fly, depending on the
content of the problem definition) and to seamlessly add new, external, solvers. We
find the need for implementing support for multiple solvers to be justified and intu-
itive. For once, dynamic optimization problems come in many different kinds (e.g.
parametric, minimum time, DAE with higher index, etc) and so one solver would not
be general enough to solve all of them efficiently and accurately; solvers dedicated
to particular problem kinds simply do the job better. The second reason is to open
the possibility for applying "solver chaining" i.e. a strategy of using two (or more)
solvers consecutively on one problem. The first one yields a crude approximation
while the next guarantees a more accurate solution but requires a reasonably good
initial guess (and possibly other warm-starting information) — that may be taken
form the first solver. For more details see e.g. [2].

In result, the range of problems that may be specified with DOML and solved
in the IDOS environment is quite wide and keeps growing. The scope of problem
ranges from some static optimization problems through regular ODE, parametric
optimization, minimum time problems, up to DAE with higher index. DOML lan-
guage extensions also provide preliminary support for multi-objective optimization
and PDE problems.
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Abstract

Efficient calculation of the solutions of nonlinear optimabntrol
problems (NOCPs) is becoming more and more important faysd
control engineers. The systems to be controlled are typidakcribed

using differential-algebraic equations (DAES), which danconve- e
niently formulated in Modelica. In addition, the corresgdiong opti-
mization problem can be expressed using Optimica.

Solution algorithms based on collocation methods are highitable
for discretizing the underlying dynamic model formulatiomhere-
after, the corresponding discretized optimization problean be
solved [1], e.g. by the interior-point optimizer Ipopt. Tiperformance
of the optimizer heavily depends on the availability of dative in-
formation for the underlying optimization problem.

Typically, the gradient of t_he obje(_:tive function, the Jal of _the Figure 1: Structure of the coupling
DAEs as well as the Hessian matrix of the corresponding Lragiaa

formulation need to be determined. If only some or none ddelderivatives are provided, usually numerical
approximations are used by the optimizer internally.

OpenModelica supports the Optimica language and is capdlalatomat-
ically generating the discretized optimization probleningscollocation
methods as well as the whole symbolic machinery availabieaddition,

all necessary derivative information is determined ushrgautomatic dif-
ferentiation capabilities of ADOL-C, which has now beeregrated into
the OpenModelica environment. The performance of the nexeldped
tool chain 1 is demonstrated on a more industry relevanttbaadk, which
Figure 2: CombinedCycle IS @ model of a combined cycle power plant model [2], see figure
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Dynamic optimization problems occur in various fields and applications. These include
parameter estimation and optimal control. Optimization problems involving differential-
algebraic equation (DAE) systems are traditionally solved while retaining the semi-explicit
or implicit form of the DAE. We instead consider symbolically transforming the DAE into
an ordinary differential equation (ODE) prior to solving the optimization problem using a
collocation method. We present a method for achieving this that treats DAE-constrained op-
timization problems. The method is based on techniques commonly used in Modelica tools
for simulation of DAE systems. These techniques involve causalization of DAE systems
and transformation to block-lower triangular form of the equations.

The method has been implemented in the JModelica.org open-source Modelica plat-
form. The implementation is evaluated on two industrially relevant benchmark problems.
The first problem is a minimum-time problem, where we seek the time-optimal maneu-
ver for an automobile in a hairpin turn, see Figure 1. The second problem is to optimize
the warm startup of a combined-cycle power plant, whose model diagram is displayed in
Figure 2.
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Figure 1: An example of a hairpin turn. Photo ¥ = A

courtesy of RallySportLive. . .
Figure 2: Power plant model diagram

The problems are solved using both the traditional DAE formulation and the proposed
ODE formulation. The performance of the two approaches is compared. The ODE formu-
lation is shown to have between two and four times shorter online execution time for the
considered cases. We also discuss benefits and drawbacks of the two approaches.
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Offering services to stabilize the electrical grid is one of the major tasks of fossil power
plants and also of significant economical relevance. However the effects on the power plants
regarding the additional wear of components is uncertain. Usually the effects regarding con-
trol reserves, especially primary control occur with high frequencies and small amplitudes,
which makes investigations based on measurement data impossible since the effects are
masked by the noise of normal operation. In order to investigate this issue, a detailed model
of a lignite power plant has been used, which was developed in Modelica for simulating
and comparing scenarios with and without offering primary control reserves. The model
comprises the entire water-steam cycle including turbines, preheaters and pumps, as well
as a very detailed boiler model including the air supply, coal mills, a combustion chamber,
heating surfaces and piping. Furthermore the power plants control system has been imple-
mented in a very precise way. In addition the study involves an investigation on the input
signals (grid frequency) and a calculation of lifetime consumption for specific components

to evaluate the effects.
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Involving Multi-Component, Two-Phase Fluids

Carsten Trapp *!, Francesco Casella?, Teus van der Stelt' and Piero Colonna!

' Delft University of Technology, Propulsion and Power, Kluyverweg 1, 2629 HS
Delft, The Netherlands
2 politecnico di Milano, Dipartimento di Elettronica, Informazione e
Bioingegneria, Via Ponzio 34/5, 20133 Milano, Italy

Pre-combustion CO, capture applied to integrated gasification combined cycle IGCC)
power plants is a promising technical solution to mitigate CO, emissions and therefore the
effect of climate change. The integration of the CO, removal unit with the very complex
gasification process and combined cycle power plant leads to challenges especially regard-
ing dynamic operation, which nowadays becomes increasingly important as the share of
electricity produced by renewable energy sources, which is inherently unsteady, is continu-
ously growing.

This paper presents the development of a system model for a pre-combustion CO; cap-
ture process in order study process transient performance during load variations. The mod-
els have been validated by comparison with experimental data obtained from a unique, fully
instrumented CO; capture pilot plant, which has been realized at the Buggenum IGCC
power station in the Netherlands by the utility company Vattenfall.

Figure 1: Process flow diagram CO; capture pilot plant.

The main challenge of the model development is related to the computation of fluid
properties, in particular phase equilibria, due to the fact that highly non-ideal, two-phase,
multi-component fluids are involved in the capture process, which are currently not sup-
ported by available Modelica media libraries or interfaces.

Therefore, an interface prototype was developed and tested with the fluid property pack-
age FluidProp for the modelling and simulation of the CO; capture process. Due to limita-
tions regarding index reduction if using external property functions, an approach on how to
develop index-1 models and choose system state variables as well as thermodynamic states
appropriately is discussed. Furthermore, various ideas in order to improve computational
efficiency, when expensive phase equilibria calculations are involved, are presented. Rec-
ommendations about the design of a library for the use of external property estimation code
in Modelica conclude the treatment.
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Abstract

Models for dynamic simulation of a parabolic trough concentrating solar power (CSP) plant were developed
in Modelica for the simulation software tool Dymola. The parabolic trough power plant has a two-tank indi-
rect thermal storage with solar salt for the ability to dispatch electric power during hours when little or no
solar irradiation is present. The complete system consists of models for incoming solar irradiation, a parabol-
ic trough collector field, thermal storage and a simplified Rankine cycle. In this work, a parabolic trough
power plant named Andasol located in Aldeire y La Calahorra, Spain is chosen as a reference system. The
system model is later compared against performance data from this reference system in order to verify model
implementation. Test cases with variation in solar insolation reflecting different seasons is set up and simu-
lated. The tests show that the system model works as expected but lack some of the dynamics present in a
real thermal power plant. This is due to the use of a simplified Rankine cycle. The collector and solar models
are also verified against literature regarding performance and show good agreement.

Keywords: concentrating solar power; parabolic trough; solar salt thermal storage; dynamic modeling;
Dymola; Modelica.
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The control test application shown in this paper demonstrates the usability of Modelica to
run comprehensive tests for plant controllers involving large parts of the physical plant
and the control system. The goal is to allow the easy testing of controllers for power
plants developed in a distributed control systems (DCS) such as SPPA-T3000 at every
control engineer’s desk. Due to the urgent need for control testing in a running project,
this fully Modelica based prototype developed in the MODRIO project [2] has then be
applied to a real life example. Similar to the approach of [1], the behavior of control
blocks has been re-implemented in Modelica. A customized T3000-Modelica parser has
been developed which enables the control engineer to translate a set of functional block
diagrams from SPPA-T3000 into a Modelica package. This package contains all func-
tional block diagrams which are to be tested and a top-level class containing all open con-
troller inputs.

As a first application, the control of a district heating system of a combined cycle plant
(CCPP) was investigated. The district heating system uses steam from steam turbine ex-
tractions in order to heat the water that will be supplied for district heating. The main
function of the controller is to control the supply temperature of the water by means of
several valves in the plant. A district heating system has long piping connections which
are modeled as transmission-line pipe models with spatial distribution for the enthalpy.

Scope of control system test The controller model (System un-
der Test) and the plant model are

connected in one Modelica model,
e called Test Unit. The Figure on

Singl conra the left shows the current ap-

proach for signal handling. Be-
sides connecting controller and
plant model, the Test Unit is used
for adding boundary conditions.
Test Cases are then created by
extending the Test Unit and add-
ing disturbances and changing
parameters.

This paper shows that the simula-
tion based test of control systems in Modelica is possible for industrial use cases. One of
the identified benefits of the self-contained simulation setup was that absolutely no
changes to the authoring tool (SPPA-T3000) were necessary. Nevertheless, we are reach-
ing the limits of what current Modelica tools can handle in terms of number of signals
and simulation performance of hybrid systems.
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Modelica has proven to be a compelling technology for creating sophisticated
multi-domain models. It provides modern language features to promote model reuse
and maximize developer productivity. These capabilities are backed up by proven
simulation performance. More recently, the Functional Mockup Interface standard
(FMI) has created an avenue for these models to be exported outside the model
development environment as Functional Mockup Units (FMUs).

In this paper, we explore one possible way to utilize models that have been ex-
ported as FMUs. Specifically, we discuss how to incorporate these models into a
web-based engineering analysis application that is designed to be accessible to non-
expert users. Our goal is to show the important role that web and cloud based
approaches can have in magnifying the impact of modeling activities across the
enterprise.

We consider a specific engineering model and discuss exactly how we have trans-
formed the model to make it accessible as a web-based application. This includes a
discussion of the input and output data associated with the model as well as how a
web based deployment (backed by cloud based services) can provide unique features
compared to more conventional methods of model deployment.
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There are many different commonly used file formats for storing time series data.
Most of these file formats are designed with the assumption that the file itself will
be locally available to the software that will be reading or writing the data stored in
them. While this assumption is an excellent one for desktop based tools with direct
access to disk drives capable of moving virtually instantaneously around from sector
to sector, there are a growing number of applications for which local access is not
necessarily available. For these applications, we’ve initiated the recon project to
develop more suitable formats.

With the emergence of web and cloud based modeling and simulation technolo-
gies, the time has come to explore file formats specifically optimized for non-desktop
applications. In this paper, we present a new set of file formats that are specifically
designed for web and cloud based approaches. This paper reviews the key require-
ments for web and cloud enabled applications and then presents a specification for
two file formats that address those requirements.

When considering the various use cases that drove our requirements, we recognized
that two different file formats were actually required. The first format, the wall
format, is optimized for writing. The other format, the meld format, is optimized
for reading over a network (i.e., minimizing the number of reads and bytes read).
We will discuss the layout of each of these formats and describe the use cases for
which they are most appropriate.

In the open tradition of the Modelica Association, the authors have made spec-
ifications and implementations for these formats available as open source libraries
with the hope that they will benefit the community as a whole.
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IDOS - (also) a Web Based Tool for
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This paper presents a newly deployed server, IDOS, an online-accessible environ-
ment providing the service of solving optimal control problems ([2],[3],[5]). Develop-
ment and deployment of the Interactive Dynamic Optimization Server is a result of
projects funded by NCBiR (National Center for Research and Development). One
of the outcomes of the project was a modeling language (Dynamic Optimization
Modeling Language, DOML) providing a uniform format for defining dynamic opti-
mization problems. DOML is an extension of Modelica language ([4]) and hence, not
only a user can specify his problem in the way he does in Modelica but also (more
importantly, for the purpose of this paper) models created in Modelica for simula-
tion purposes can be easily transferred to DOML for solving their related optimization
problems. In particular, Modelica models can be calibrated with the help of our
server. The paper tries to illustrate the point in depth. It presents the workings
of the server and reviews the scope of solvers implemented, focusing especially on
those that can be used for calibrating Modelica models. Special attention is de-
voted to an algorithm using adjoint equations for evaluating sensitivities of model
equations with respect to parameters and to calibrating models described by higher
index DAEs ([1]).
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Client-side Modelica powered by Python or JavaScript

Ridiger Franke, ABB, Germany —

Modelica is primarily supported by simulation envi-
ronments for the treatment of equation based models
and model libraries. As of today Modelica is rarely
used for the exchange of engineering data, visualiza-
tion or interactive computing, even though the Mod-
elica language offers a lot of interesting features for
such applications.

This paper investigates the potential of lightweight
Modelica tools that run directly in scripting or web
clients. Two Modelica parsers have been implement-
ed in the popular client-side languages Python and
JavaScript.

The Modelica parser in Python is extended with a
backend translating algorithmic Modelica definitions
to Python. This gives access to existing Python
packages from scripted Modelica. It also enables the
interactive debugging of algorithmic Modelica code.

The Modelica parser in JavaScript offers a generic
backend interface. The paper demonstrates two ap-
plications. First a simple analysis tool for Modelica
packages running from the command line is demon-

Ruediger.Franke@de.abb.com

HTML5 documents and their processing on the cli-
ent side, e.g. in Web browsers. The paper shows a
Modelica text editor and parameter GUI generator
running in a web browser.

Client-side Modelica enables the use of the Modelica
language itself as interface format in client/server
architectures and for model exchange, instead of e.g.
XML. Besides a significantly more compact syntax,
this offers the advantage of having the semantics
already standardized. The price to pay is a Modelica
parser on the client side. This price turns out to be
affordable in modern scripting or Web environments.

The availability of compatible JavaScript implemen-
tations by multiple vendors and fast just-in-time
compilers being preinstalled on virtually any device
make JavaScript attractive for more applications.
Examples are HTML5 pages containing verbatim
Modelica code that is evaluated on the client side,
e.g. in a Web browser or in a modern mobile device.

MoiJS is extensible with new backends, exploiting
the prototype based inheritance of JavaScript. MoiJS

strated. The true potential of JavaScript is the em- IS available under the MIT license at
bedding of engineering data as Modelica code with Nttp://omuses.github.io/moijs.
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| 1 Modelica in JavaScript— I »
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: "typeSpe e )
"identList™: [
"TempResistor”
} Ei
"componentList™: [ {
ass™: "ComponentDeclaration™,
Real Tact = 2
equation
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Dynamic modelling of a Condenser with the
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The condenser is a two-phase shell-and-tube heat exchanger. The feedwater flows in-
side the tube bundle, while the steam and condensate flows outside of those tubes located
inside the cavity. In the condenser, there are two zones: the desuperheating zone and the
condensation zone.

The condenser is an important device for the operation of power plants in particular
for pressurized water reactors. Undesirable transients may lead to the automatic shutdown
of the power plant.

To simulate the complex dynamic physical behaviour of the condenser, a dynamic
model has been developed using Modelica. The component model is meant to be used for
power plant modelling and simulation with the ThermoSysPro library developed by EDF
and released under open source license.

The transient most unfavorable to keeping the integrity of the condenser vacuum is the
loss of the cold source pumps followed by a turbine trip and a missed islanding (house
load operation).

The objective is to study the evolution of the pressure of the condenser for this kind of
transients. During the transiernt, the condenser pressure should be always less than 5e4
Pa.

The present paper describes in detail the condenser model: hypothesis, governing equ-
ations, correlations and the test-case (structure of the test model, the parameterization da-
ta and the results of simulation).
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Wavelet Library for Modelica
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A wavelet [1] library has been a standard component in many simulation programs. How-
ever, it has not yet been included in Modelica. So far some work has been reported to
solve different problems combing Modelica simulation and wavelet calculation [2][3].
This showed the requirement of the wavelet analysis within Modelica. To fill the blank, a
comprehensive wavelet library has been developed for Modelica. The preliminary version
of this library had already been reported in 2012 and tested with a practical problem [4].

This library includes fifteen commonly used wavelet families. It can carry out continuous
wavelet transform, forward and inverse discrete wavelet transforms, and multi-level de-
composition and reconstruction in one-dimensional space.

In addition, special application tools for multi-resolution analysis and wavelet denoising
are provided in this library, as well. Some examples are programmed to provide the users
a quick start to build up their

own .algorithms. Nevertheless, Examples » Transform

the library is also well docu-

mented with three help files, a i * Continuous Transform
User’s Guide, a Library Refer- Applications + Discrete Forward Transform
ences and a HTML Help Multi-Resolution Analysis - Discrete Inverse Transform
Folder with hyper links. le—| * Multi-Level Decomposition
This Iibrary was compiled and Denoising + Multi-Level Reconstruction
tested according to the Mode- 7 i

lica language specification 3.2 Goneral classes

under the Dymola platform Wavelet General

version 2013. The test results Families Functions Records Types
E:)on\;(ﬂiitlifs.correctlon and func Structure of the Wavelet Library
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Model-Based Energy Recuperation
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This paper describes a new approach to sizing an electric drivetrain, including its
power supply. The advantages of a real battery testing system are combined with the ad-
vantages of a Modelica model of a product. A testing system analyzes battery perfor-
mance under specific constraints such as differing temperatures, vibrations and humidity.
Since these constraints are hard to replicate in a model, an experimental rig is an optimal
solution for battery tests [1]. Virtual engineering of a real system is advantageous in terms
of the speed of modifications, the measurement of all relevant data and the low cost of
development. The coupled virtual model and experimental testing rig for batteries consti-
tute the basis for this new concept and improve the development of the electric power-
train.
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Systems Physics Library
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In this poster the Modelica Systems Physics library is presented. The Systems Physics
library is a free open-source library with models for different areas of physics. The prima-
ry use of the library is for educational purpose in Systems Physics.

The library contains models from five different domains (hydraulics, translational and
rotational mechanics, electrodynamics and thermodynamics). Later on we will add chem-
istry as a sixth domain. Each domain contains connectors for one gquantity and the corre-
sponding potential, basic models (capacitance and resistance), sensors and actuators as
well as some domain specific elements like nonlinear accumulator, nonlinear resistors,
valves, springs or inductances. In addition to the constitutive equations each model con-
tains an energy balance. Therefore dissipative elements calculate the loss of energy and
some of them determine the entropy production with the help of an additional thermody-
namic connector.
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Investigation of omni vehicle dynamical properties is sufficiently popular topic in frame
of the multibody dynamics [1, 2, 3, 4]. Omni wheel is defined as one having rollers along
its rim. Respectively omni vehicle is one equipped by omni wheels. Several steps of devel-
opment of dynamical model for the omni vehicle multibody system are implemented.

The contact tracking using simplified and efficient algorithm turns out being possible
for the roller. On the next stage the omni wheel model is developed and debugged. After
that the whole vehicle model is assembled as a container class having arrays of objects
as instantiated classes / models of omni wheels and joints. Dynamical properties of the
resulting model are illustrated via numerical experiments.

Here we rely upon the “simple”3D multibody dynamics library classes utilized pre-
viously in several examples of the multibody systems dynamics [5]. Simultaneously this
library enables us to create complex dynamical models including unilateral constraints of
different nature.

Unlike to [2, 3] we emphasize here on the details of the unilateral constraint implemen-
tation paying special attention to contact switching when rollers changing.

References

[1] Campion, G.; Bastin, G.; d’Andréa-Novel, B.: Structural Properties and Classification
of Kinematic and Dynamic Models of Wheeled Mobile Robots. IEEE Transactions
on Robotics and Automation, Vol. 12, No. 1, pp. 47-62, 1996.

[2] Kélman V.: Controlled Braking for Omnidirectional Wheels. International Journal of
Control Science and Engineering, Vol. 3, No. 2, pp. 48-57, 2013.

[3] Tobolér, J.; Herrmann, F.; Blnte T.: Object-oriented modelling and control of vehicles
with omni-directional wheels. Computational Mechanics 2009. Hrad Nectiny, Czech
Republic, November 9-11, 2009.

[4] Zobova, A. A.; Tatarinov, Ya. V.: The Dynamics of an Omni-Mobile Vehicle. Journal
of Applied Mathematics and Mechanics, Vol. 73, Iss. 1, pp. 8-15, 2009.

[5] Kosenko I. I., Loginova M. S., Obraztsov Ya. P., Stavrovskaya M. S., Multibody Sys-
tems Dynamics: Modelica Implementation and Bond Graph Representation. In: Pro-
ceedings of the 5th International Modelica Conference, arsenal research, Vienna, Aus-
tria, September 4-5, 2006, pp. 213-223.

124 Proceedings of the 10*" International ModelicaConference
March 10-12, 2014, Lund, Sweden



Control and Characteristic Map Generation of
Permanent Magnet Synchronous Machines and
Induction Machines with Squirrel Cage
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Due to different requirements for simulation during the design process of an electric
drive system, investigations were carried out to supply models of different stages with
consistent sets of parameters. Therefore physical models of the Modelica Standard Li-
brary (MSL) were equipped with state-of-the-art control strategies to operate in realistic
conditions. These include field-oriented algorithms for permanent magnet and induction
machines including field-weakening, current and voltage limitations as well as maximum
torque per ampere blocks.

In the full paper it is presented how the losses computed by the physical model are
transfered to the characteristic maps. Those losses are stored in tables to speed up simulation
in cases where dynamics are of minor interest. These table-based models can then be used
for energetic, thermal and life-time analysis with a consistent set of parameters generated
from their physical counterparts. The physical models from which the map-based models
were created can be applied when dynamics or other detailed effects in the machine or the
controller are of interest.

MSL 18.5kW
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ime  D—Pp >
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Figure 1: Model for loss calculation of a torque controlled induction machine

The transformation from physical models is done by a Modelica function that calls the
model shown in Figure 1 within a loop to compute the loss table. This comes with the
advantage, that a more precise machine model can simply replace the current model from
the MSL with the advancements in modeling being directly represented in the characteristic
map. Moreover the influences of the control algorithm like maximum torque per ampere
are reflected in the characteristic map.

In the presented case the characteristic loss map was created depending on the angular
velocity and the torque supplied by the machine. The results in the full paper show that
errors smaller than 1% can be realized when doing energetic investigations. The speed-up
in simulation times are found to be between a factor of 7 and > 200. This factor is likely to
rise if more complex models are applied.
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This paper presents the BuildSysPro Modelica ljpadaveloped by the department of Energy in Building
and Territories (EnerBaT) of EDF R&D.

Since the building sector is one of the main eneaysumers nowadays, energy policies drive existedt
new buildings towards better performances. Thesdutons raise quantity of questions regardingrthei
ability to ensure the occupants’ health and com¥drile decreasing energy consumption and increasing
energy efficiency. These questions rely strongly mnalti-domain representations including thermal,
electrical, hydraulic or chemical processes. Madelieing an object-oriented, equation based larguag
therefore well suited to represent this kind ofgled problems and complex systems.

The EnerBaT department of EDF R&D developed its diodelica library, BuildSysPro, in order to
perform multi-scale and multi-domain modelling. Ttieoice of a new library was dictated by research
needs, very specific for an energy producer andgleet since they cover many domains. This library
designed to be used in several contexts includiniglibg physics research, global performance evaoa
technology development and impact assessment.alsisa basis for urban and building stock simoiati
BuildSysPro is intended for a relatively large andie ranging from R&D scientists to building seegic
engineers.

metecfie

u
»
| |

BuildSysPro contains classes to describe the winalding and its energy systems. These include ban
conditions models, envelope components, HVAC systamd other energy conversion devices (DHW,
thermal and photovoltaic panels...) and their corgyaitems. BuildSysPro provides a comprehensivefset
elementary 0D/1D components which can be useddtir tatic and dynamic applications. It is prindipa
based on two branches of physics: pure thermaltiagano-fluid dynamics modelling. These classes are
compliant with theThermal .HeatTransfer andMedia packages of the Modelica standard library to emsur
good level of interoperability with other Modelidibraries. BuildSysPro in its current version camsa

around 380 models and 130 functions. The BuildSydRrary has already been successfully used in
published studies including:

» Technology performances and impact assessment,
» Sensitivity analysis regarding experimental valmat
* Urban simulation.

This paper presents the structure and some keyeatsnmof the library such as building envelope
components, boundary conditions and HVAC systentaciis is then made on validation through numerical
comparisons with the IEA BESTEST procedure. Fintily use of BuildSysPro is described on a basic use
case aiming at analysing the matching betweenderatnd and supply in a residential building. Foreno
complex applications and validations, other papeegeferred to and can be consulted.

Keywords: Modelica library; Building; Dynamic simulation; Numerical validations, Energy systems
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Efficient Numerical Integration of Dynamical Systems
based on Structural-Algebraic Regularization
avoiding State Selection
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Differential-algebraic equations (DAEs) naturally arise in the modeling of dynamical
processes, in particular using MODELICA as modeling language. In general, the model
equations can be of higher index, i.e., they can contain hidden constraints, which lead to
instabilities and order reductions in the numerical integration. Therefore, a regularization or
remodeling of the model equations is required. One way to obtain the required information
on the hidden constraints is a structural analysis based on the sparsity pattern of the system.
For the determination of a regular index-reduced system formulation then, usually, a crucial
step is the state selection that is required in order to introduce new algebraic variables for
the selected differential components of the DAE system. However, the choice of states that
are selected can change during the numerical integration.

In this paper, we present a new regularization approach for the remodeling of quasi-
linear DAEs that uses the information obtained from the structural analysis, in particular
from the Signature Method [2], to construct a regularized overdetermined system formula-
tion. The structural analysis provides the required information that allows to extract all hid-
den constraints. Adding these hidden constraints to the system leads to an overdetermined
system formulation that has the great advantage that all constraints are stated in explicit
form and no further analytical manipulations for the determination of a square and uniquely
solvable system have to be applied. This overdetermined system can then be solved us-
ing a specially adapted numerical integrator that ensures that all constraints are satisfied
during the numerical integration. Thus, the state selection is performed within the numeri-
cal integrator during runtime of the simulation. A further advantage of an overdetermined
regularization is the possibility to add solution invariants, e.g., conservation laws, to the
constraints, which often stabilizes the numerical integration.

Currently, no MODELICA simulation framework is able to handle overdetermined sys-
tem formulations. Therefore, a prototype MODELICA framework MPSSim is presented that
uses the translator MO2FOR [1] to translate an overdetermined system model provided in
MODELICA into FORTRAN source code which can then be integrated using the software
package QUALIDAES that is suited for the direct numerical integration of regularized overde-
termined model equations. A comparison of MPSSim with simulation tools like MapleSim,
Dymola and OpenModelica shows its promising performance.
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The quantity of initial equations required in an object-oriented model can only be determined at system level.
Since Modelica models are generally designed by components, it is difficult to calculate the amount of initial
equations needed at system level, especially when changes are applied to the model, e.g. by adding or removing
components. Therefore it is more convenient to define initial equations at component level. Consequently,
the number of these equations is equal to the number of dynamic variables, i.e., the potential states. Due to
component connections, algebraic dependencies between states may be introduced, which eventually lead to
the removal of states when symbolic index reduction algorithms are applied. In this process, the corresponding
initial equations are not automatically removed, which results in an over-determined initial system.

It is agreed that index reduction is necessary in object-oriented modeling to achieve full modularity without
compromises, and suitable means to handle it have been developed over time, so it is obviously necessary to
extend the handling to initialization as well. In the majority of cases the over-constrained initialization problem
turns out to be consistent, and should therefore be handled automatically, without any intervention by the end
user; inconsistent initialization problems should be reported in a user-friendly way.

This paper describes a symbolic algorithm that detects such redundant equations and determines if they
are consistent or not. Consistent redundant initial equations can thus be removed automatically, and inconsis-
tent ones can be reported to the modeler. The algorithm is implemented in OpenModelica, tested on several
representative cases, and compared to previously presented concepts.

It works well for the recently developed package Overdeterminedlnitialization from ModelicaTest contain-
ing various MSL-based test models, which end up in an recursively evaluable initial system. Furthermore, the
developed algorithm takes care of singularities, if they occur during the consistency check. More complex
problems end up with systems including algebraic loops. If they are not solvable symbolically, a numerical
fall-back solution as well as advanced symbolic techniques are proposed.
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Figure 1: Over-determined fluid-example due to algebraic dependent states
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This article presents thidewTher mal library that ex-
tends the capacities ®her mal library from the Mode-
lica Standard Library (MSL) including a proposar fo
standardizing the use oMt eri al models. The new
library is intended to decouple the models thalecokthe
equations of heat transfer phenomena from the therm
physical properties of the matters (fluids anddsli

TheNewTher mal library, in the same way that the cur-
rent Ther mal library from MSL, is composed of ther-
mal system components to model heat transfer amd si
ple thermo-fluid pipe flow. Nevertheless, the madel
from the package proposed inherit the thermal pitigse
from Medi a andMat eri al models of the fluids and
solids involved (either temperature dependent ar- co
stant). In this way, the user has three aspectiefioe;
the heat transfer phenomena to be modelled, thaegfeo
rical characteristics of the bodies, and the msitier
volved.

Components insidéleat Tr ansf er package are im-
plemented such they can be used for any materidemo
in Mat eri al s package, in the same way that compo-
nents fromModel i ca. Fl ui d were carried out for
their use with media models froktbbdel i ca. Medi a.

TheNewTher nal library, in addition, provides some general baselats for the mod-
elling of 2D and 3D heat conduction in basic sg@bmetries.

Two examples of use for different domains are prieskto illustrate the features of the

new libraries.
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A Modelica Power System Component Library for Model
Validation and Parameter Identification

Luigi Vanfretti'>  Tetiana Bogodorova! =~ Maxime Baudette!
1:Smart Transmission Systems Lab. (SmarTS Lab), Electric Power Systems Department
KTH Royal Institute of Technology, Stockholm, Sweden.
2: R&D Division, Statnett SF, Oslo, Norway

Abstract

This paper summarizes the work performed in one of the work-package of the FP7 iTesla project. This
work consisted in the development of a power system component library for phasor time domain simulation
in Modelica.

The models were used to build power system network models, used in experiments for parameter identifi-
cation. The experiments were carried out with the RAPID toolbox, which has been developed at SmarTS Lab
within the same project. The toolbox was written in MATLAB, making use of FMI Technologies for inter-
acting with Modelica models.

Keywords: Power Systems, Phasor Simulation, Modelica, FMI, Parameter Identification, Model Valida-
tion.
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Modelica Model for the youBot Manipulator

Rhama Dwiputra* Alexey Zakharov' Roustiam Chakirov* Erwin Prassler*
Bonn-Rhein-Sieg University of Applied Sciences, Department of Computer Science
Grantham-Allee 20, 53757 Sankt Augustin

Models and simulation tools are crucial in robotic research. Although there have been
major improvements in the electronic and mechanical field, robots are still expensive equip-
ments. The use of models and simulation tools overcome this problem. This paper presents
the development of the Modelica model for the youBot manipulator. The youBot is a mobile
manipulator designed to serve as the reference platform for industry, research and education
[1]. Therefore, the Modelica model of the youBot manipulator is of high importance. The
model was developed with a Modelica library for the manipulator’s components which pro-
vides modularity, reusability and abstraction (Figure 1). This approach enables component
exchange and component-based experiment of the developed model.

| Manipulator |
_n -
( Actuators | [ Rigidbody |

@ o o o« o

|Sensors”Controllers||Motors| |Links||Gripper|

(a) Abstraction Layer (b) Visualization

Figure 1: The youBot’s Manipulator Model

A model is a representation of the actual system and the benefit of having a model only
holds true when the model accuracy is known. Simulation can result in wrong conclusion
when the researcher forget the limitations and condition under which the simulation is valid
[2]. Therefore, a comparison test with the actual system is performed to evaluate the model
accuracy and identify the major components which require further improvement. The test
result shows that the model reflects the actual system within a reasonable deviation. For
future work, the manipulator model is planned to be to be tested with other Modelica tools
(OpenModelica, jModelica) and used for hardware-in-the-loop experiments. The develop-
ment or design of other manipulator models is also possible through the reusability of the
components library. The library is publicly available! to be used for education and research.
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Abstract of Equation based parallelization of
Modelica models
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Modelica has become a widely used standard to describe physical simulation models.
Compiling such a model into binary code can be performed by applications like Dymola,
SimulationX or OpenModelica. However, all these tools only create a single thread sim-
ulation code out of standardized Modelica models, which does not allow for a speed-up
with modern multi-core CPUs. This is due to the dependencies among the model equations
which have to be considered in order to distribute the tasks amongst several threads. To
gain a speed-up from this architecture, software programs have to be partitioned into sev-
eral independent parts. A common representation of these parts is called a task graph or data
dependency graph[1]. The authors of this article have developed a module for the Open-
Modelica Compiler (OMC), which creates, simplifies and schedules such task graphs. The
tasks are created based on the BLT (block lower triangular)-structure[2], which is derived
from the right hand side of the model equations. A noticeable speed-up for fluid models on
modern six-core CPUs can be achieved, as shown in figure 1.

BranchingDynamicPipes

1 2 4 6
Number of threads

m List Scheduling m MCP Scheduling m Parallel Time m Serial

Figure 1: Benchmark of the dynamic pipes example
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Simulation of 2-dimensional flows in Modelica with
the Casacaded Digital Lattice Boltzmann Method

Thomas Bauml Helmut Kihnelt
AIT Austrian Institute of Technology GmbH
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Calculating the dynamics of fluid flows is an important topic in the field of simulation.
Common practice is to simulate complex scenarios by utilizing Computational Fluid Dy-
namics (CFD). Despite its capability of representing fluid flows in a very detailed way it
has the drawback of compatibility. Coupling with other physical domain simulations is
only possible by co-simulation. In this contribution a general methodology for modeling
2D fluid flows in Modelica is shown. Whereas there are contributions were the Navier-
Stokes equations are solved by a finite volume method, this work deals with modeling
them with a Lattice Boltzmann Method.

The Lattice Boltzmann method (LBM) is a relatively new simulation technique for
fluid systems that has attracted interest as alternative to the discretization of the Navier-
Stokes equations. LBM is a mesoscopic approach for modeling macroscopic fluid dynam-
ics based on the Boltzmann kinetic equation which describes the statistical behavior of a
non-equilibrium thermodynamic system. The fluid motion is based on the collective dy-
namics of fictitious particles on the nodes of a regular lattice. The dynamics of these par-
ticles is designed to obey the basic conservation laws ensuring hydrodynamic behavior in
the continuum limit.

In this paper the theory behind LBM and the modeling approach is described. The im-

plementation in Modelica is shown and some examples are given. Finally a convenient
approach for setting up the computational domain is shown.
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FORM-L: AMODELICA Extension for Properties
Modelling Illustrated on a Practical Example

Thuy NGUYEN
EDF R&D
6, quai Watier, 78400 Chatou, FRANCE

Systems engineering methodologies for complex systems increasingly rely on, or could
benefit from, modelling and simulation. For MODELICA to support activities such as
functional validation of system requirements, design verification against requirements,
testing, dysfunctional analyses and verification of operational procedures, the ITEA2
MODRIO project is developing extensions to the language. One of them concerns formal
requirements and properties modelling, and is called FORM-L (FOrmal Requirements
Modelling Language). This paper presents the main concepts underlying FORM-L, and
illustrates them with examples taken from a MODRIO case study, the Backup Poser Sup-
ply (BPS) system.

Section 2 presents the main objectives assigned to FORM-L. Section 3 introduces briefly
the BPS case study in oder to provide a background context for the examples given in the
floowing sections. Section 4 presents how FORM-L considers functions, constants and
fixed variables. Section 5 introduces the notions of condition and event. Section 6 presents
the notions of properties, requirements, assumptions and guards. Section 7 presents the
notion of time locator, continuous or discrete. Section 8 presents how FORM-L views
sets and arrays. Lastly, Section 9 presents how actions are modelled in FORM-L.

Keywords: physical modelling; requirements modelling; systems engineering
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Statecharts as a Means to Control Plant Models in
LMS Imagine.Lab AMESim
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This article introduces a new feature of LMS Imagine.Lab AMESim that allows users
to define plant model controllers. We start by reviewing some challenging aspects of hybrid
state machine handling in asynchronous Modelica-based physical simulation environments.
We then describe the implementation available in AMESim, focusing on user interaction
and especially static error checking and reporting.
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Integration of OpenModelica in Ptolemy II
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Distributed, concurrent systems are becoming increasingly common. However, they
are complex to develop. Therefore a large number of computational models and tools for
modeling and developing such systems has emerged. The Ptolemy project aims to support
such heterogeneous modeling in Ptolemy II[1], an open-source software framework for
modeling, simulation and design of large concurrent real-time systems. This framework is a
system- level design environment that provides the possibility of combining several variants
of models of computation (MoCs) in one hierarchical heterogeneous model. Ptolemy II also
supports an actor-oriented view of a system where the basic building blocks of a system
are concurrent components called actors which communicate through messages sent via
interconnected ports.

In this paper we present the integration process of OpenModelica into the Ptolemy II
framework:

o In order to integrate OpenModelica into Ptolemy II, a dedicated computation domain
with the corresponding director must be defined. Since Modelica is a language de-
signed for continuous and discrete event modeling modeling of physical systems and
variables described using DAEs, the continuous-time domain in Ptolemy II which
models physical processes and supports mixtures of discrete and continuous behav-
iors is considered the most suitable for the Modelica language. Therefore the Open-
Modelica domain extends the continuos time domain already present in Ptolemy.

e To simulate Modelica models in Ptolemy II, it is necessary to invoke the OpenMod-
elica Compiler (OMC). OMC provides a CORBA interface for remotely invoking the
compiler from client applications. This interface is used to communicate with OMC
from Ptolemy II.

e Moreover, OpenModelica offers a user-interactive and time synchronous simulation
known as OpenModelica Interactive (OMI). OMI is part of the simulation runtime
core and is used for interactive simulation of Modelica models in Ptolemy II.

Integrating OpenModelica into OMI enables the Ptolemy II users to simulate Model-
ica models with the OpenModelica Compiler from within the Ptolemy environment and
interface them with components from other computation models.
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On Extending JGrafchart with
Support for FMI for Co-Simulation

Alfred Theorin  Charlotta Johnsson
Department of Automatic Control, Lund University, Lund, Sweden

Sequential Function Charts (SFC) is one of the IEC 61131-3 PLC standard languages
for sequential, parallel, and general state-transition oriented automation applications. SFC
is supported by most large industrial automation systems, for example 800xA by ABB,
SIMANTIC S7 by Siemens, RSLogix 5000 by Rockwell Automation, DeltaV by Emerson,
and CENTUM CS by Yokogawa. SFC is widely used and accepted for industrial automa-
tion, but is a low level programming language and thus implementing larger applications in
SFC is inconvenient.

Grafchart has been developed for automation applications with focus on scalability. It
extends SFC with high level features such as hierarchical structuring, reusable procedures,
and exception handling. This makes it convenient to implement large applications that are
overviewable and maintainable. Grafchart and SFC have the same graphical syntax with
steps, possible application states, and transitions which change the application state.

JGrafchart [ 1] is a free integrated development environment for the Grafchart language.
It is a research and education tool which is used for instance in the EU/GROWTH project
CHEM for control in process industry, the EU FP7 project ROSETTA for robotic assembly,
a master’s thesis for modeling of avionics systems, and laboratory exercises on sequential
and batch control.

JGrafchart can be connected to external environments through a multitude of customiz-
able input/output (I/O) integration capabilities and can thus be used to control external real
and simulated processes. As there is no built-in support for any particular simulation en-
vironment there is much potential for improvement in terms of effort for specifying the
simulated model, quality of the models, support for inspecting simulation results, and time
required to simulate, especially for more complicated physical systems.

Functional Mock-up Interface (FMI) is a standard which aims at combining dynamic
models developed in various tools. A tool can export a model as a Functional Mock-up
Unit (FMU) which can then be combined with other FMUs to compose the whole system.
The FMI standard consists of two parts, namely FMI for Model Exchange and FMI for
Co-Simulation. The difference is that for FMI for Co-Simulation a FMU also includes an
individual solver to simulate its behavior. FMI for Co-Simulation enables simulation of
coupled technical systems with focus on time-dependent problems.

Extending JGrafchart with built-in support for FMI for Co-Simulation gives more and
better opportunities to connect JGrafchart to other simulation capable tools. It also makes a
state machine related language with roots in industrial automation and with high level lan-
guage features such as object orientation, hierarchical structuring, code reuse, and exception
handling available for FMI co-simulation.

In this paper adding FMI for Co-Simulation support to JGrafchart is conceptually eval-
uated. It is discussed how JGrafchart fits into the FMI for Co-Simulation framework and
potential ways to implement this are discussed.
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Development of Custom Workflows for Simulation and Analysis of
Functional Mock-up Units
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Abstract

Development of customized workflows and interfaces to deploy Modelica Functional Mockup Units (FMUS)
with the various FMU tools has been gaining traction in the industry — both with tool vendors as well as end
users.

The FMI Add-in for Excel (FMIE) is a commercial product from Modelon AB that enables the deployment
of FMUs in Microsoft Excel. FMIE enables the user to programmatically control the add-in through Visual
Basic code in Excel. This allows the implementation of custom workflows and interfaces for the user to in-
teract and automate the tasks involved in loading, simulation and analysis of FMUs.

In this paper we present a workflow in FMIE for an automobile thermal management model FMU. The
workflow utilizes Visual Basic scripts for automation and user-forms for user interaction.

Keywords: FMU;Automated workflow;FMI Add-In for Excel; Visualization; Design of Experiments, Batch
Simulations, Monte-Carlo Analysis
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A Medium Model for the Refrigerant Propane for
Fast and Accurate Dynamic Simulations
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To address the main challenges arising from the ever-increasing energy demand
worldwide and its associated environmental impacts, it is not only essential to optimize
the existing energy landscape but it is also necessary to develop new approaches. One of
these approaches is to effectively utilize low-exergy demand heating and cooling systems
like conventional geothermal heat pump systems by expanding the usage of refrigerants
from a simple refrigerant cycle to more complete systems such as direct exchange heat
pump systems.

Investigating the use of different fluids and their advantages in new energy systems
has increased a need for faster and more robust simulation models. There are different
methods of simulating different refrigerants [1, 2] such as R600a, CO, and R134a. Alt-
hough these methods can calculate the properties of these refrigerants accurately, they
require a long simulation time. This problem motivated the authors of this paper to devel-
op a fast, accurate and stable refrigerant model for the dynamic simulation of complete
systems over a long period of time.

In this paper, developing and improving a medium model for propane is discussed.
Besides being fast and accurate, the propane model should also be stable in different dy-
namic simulation scenarios.

First, one of the existing libraries, namely HelmholzMedia library is tested and in
some cases modified to increase the stability. Since the simulation speeds were not in an
acceptable range in the existing models, a new propane model based on the Helmholz
Equation of States is introduced. Unlike the propane model of the HelmholzMedia li-
brary, this model is only valid in a certain range of pressures and temperatures. The range
is chosen so that it includes a wide variety of engineering applications, corresponding to
temperatures between -10°C and 70°C and pressure between 0.5 up to 30 bars. The new
model is then tested as a refrigerant in a direct exchange heat pump system. A compari-
son between an existing propane model and the new model shows that much faster simu-
lations, up to 30 times, are achievable with the new propane model without sacrificing the
accuracy.
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Abstract

Systems engineers face the ever increasing chase for reduced time to market, while the systems to
develop ever increase in complexity. Software systems design and integration processes have therefor
evolved along the well-known V-cycle.

This paper will focus on the software integration for mechatronic systems as they develop fast due to
high demands and challenging requirements in the automotive industry.

The development order of model in the loop (MIL), software in the loop (SIL), processor in the loop
(PIL) and hardware in the loop (HIL) can be seen as state of the art practised by many systems
engineers. Driver in the loop (DIL) may be in its infancy, but rapidly growing.

The novelty presented in this paper is the consistency of the plant models used in the integration chain
supporting consistent model data propagation: Functional Mock-up Units (FMU) defined by the open
standard of the Functional Mock-up Interface* (FMI).

Keywords: FMI, FMU, MIL, SIL, PIL, HIL, plant models, Modelica
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A MATLAB to Modelica Translator
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Matlab is a proprietary, interactive, dynamically-typed language for technical computing.
It is widely used for prototyping algorithms and applications of scientific computations.
Since it is a dynamically typed language, the execution of programs has to be analyzed
and interpreted which results in lower computational performance. In order to increase
the performance and integrate with Modelica applications it is useful to be able to trans-
late Matlab programs to statically typed Modelica programs.

This paper presents the design and implementation of Matlab to Modelica translator. The
Lexical and Syntax analysis is done with the help of the OMCCp (OpenModelica Com-
piler Compiler parser generator) tool which generates the Matlab AST, which is later
used by the translator for generating readable and reusable Modelica code.

Keywords: Modelica, MetaModelica, Matlab, OMCCp, translation.
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A framework is proposed that allows using Modelica models in a model predictive
control framework with state estimation. The aim of the framework is to optimally con-
trol the heating of a building. The contribution lays in the implementation of the moving
horizon estimation (MHE) using JModelica [FIXME ref] and Modelica models.

This framework is applied to heating control of a residential, single zone building. The
controller model is a low order resistance-capacitance (RC) building model. The emulator
is a ‘detailed” Modelica model of the building and heating system. MHE is a state estima-
tor which determines the (controller) model error for each state over a past time window.
This is done by optimizing the trajectories of every state’s model error over that past time
window, to fit the measurements of one (or more) state(s). To this end, instead of the typ-
ical deterministic Modelica equations, the controller model needs to be formulated using
stochastic equations for the states and w is formulated as an input to the Modelica model:

d(T) d(AT)
dt = Qriow + Cxw (1) dt

Cox

w 2)

The optimization problem is formulated as a least squares problem (3) with a different
weighting for the terms:

T—1

mip ) v liZs+ 4T3 ©)

*odwidk=T-N S5

The weighting factors R'and Q' denote the inverse of the covariance matrices of the
measurement noise v, and the model error (process noise) A47;. If the covariance matrices
are unknown, R'and Q"' can be tuned in order to produce good results.

The input variable w is the result of the state estimation. Multiplied by the capacity C,
the term represents an extra heatflux. It is linked to the model temperature through the
state equation (1) and the end temperature difference 47 of the MHE decides the new
start temperature of the OCP. In Figure 1 the improvement of applying state estimation is
shown, as the real zone temperature is kept closer to the optimal one.
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Figure 1: Comparing zone temperatures without (left) and with (right) state estimation
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