EVS37 Symposium
COEX, Seoul, Korea, April 23-26, 2024

Thermal Battery Cell Models — Enabling Efficient and
Hazard-Free Physical Thermal Testing of Battery Systems

Marcel Noller!, Egor Andreev', Marco Gesell!, Yunying Zeng',
Katharina Bause', Albert Albers!

IKarlsruhe Institute of Technology, Institute of Product Engineering, Kaiserstrafe 12, 76131 Karlsruhe,
marcel.noeller@kit.edu

Abstract

The development and validation of battery thermal management systems conventionally deploys virtual
simulations during most of the engineering cycle. Physical tests are performed where necessary, usually as
end of line tests to meet specific norms and standards and are conducted almost exclusively with real battery
cells. While being the most realistic approach, real cells pose humerous challenges and demand stringent
safety measures due to their active cell chemistry, electrical voltage, and stored chemical energy.

Thermal Battery Cell Models (T-BCM) resemble actual battery cells and exhibit equivalent thermal behavior.
However, unlike real battery cells, T-BCMs do not have the aforementioned potential hazards, as they are
built from chemically inert materials without electrical potential.

This paper outlines the core motivation for substituting real battery cells in testing, defines a general system
of objectives and derives an internal layout of a T-BCM. It then compares first simulations between a real
reference cell and its T-BCM and selects appropriate and procurable materials to build the T-BCM. The
investigation concludes by building the first prototype and by highlighting the shortcomings and potentials.
Within all performed simulations, the inner temperature of the T-BCM differs no more than 1 K compared
to the real battery cell. The main reason for this discrepancy is argued to be partly attributed to the simplified
modeling approach, reducing the internal layer from 143 layers in the reference cell to 21 layers in the T-
BCM. However, the predominant factor lies in the selected material aluminio-silicate, which exhibits an
almost 30% lower volumetric heat capacity compared to the ideal design. Nevertheless, the proposed method

promises great potential in testing due to the many benefits it can provide.

1 Motivation

When developing battery systems, battery thermal management is a major component of the development
efforts. Not only does it ensure safe operation of the battery itself, but it also orchestrates the thermal
interfacing with external systems. For automotive tractive batteries, this can entail shifting heat energy to or
away from the battery, for example for (pre)conditioning in preparation for fast charging or heating the driver
compartment respectively. These and many more battery internal as well as system-wide functions need
validation [1] and knowledge generating testing during development.
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1.1 Virtual simulations and physical testing

Conventionally, there are two approaches to work on validation tasks in battery thermal management system
(BTMS) development. Until the very last stages of development, most tasks are mainly solved by extensive
virtual simulations. There are many reasons for this reliance on computer aided methods. While in the early
phases of development the shapes of many components may not yet be determined and are steadily iterated
over, a flexible approach like virtual modelling is much faster than building physical prototypes. Especially
for less detailed models like lumped thermal masses, simulations yield quick results [2]. However, the more
complex and interconnected the simulated system becomes, potentially even multi-domain spanning, the
longer the simulations take and the more intricate system knowledge for correct parametrization is required
[3]. Additionally, tremendous expertise is necessary in modelling all components properly. In particular for
battery cells, a thorough understanding of the inner workings of their chemistry, such as the dependencies
between inner resistances, currents, state of charge and temperatures, but also processes like ageing is
essential [3]. Lastly, the interpretation of the results presents a critical task in and of itself and a lot of
experience is required to draw the correct conclusions. Without all this knowledge, trust in the outcomes of
these simulations can diminish quickly.

On the other end of the spectrum, there is physical testing. Using real systems with real battery cells has the
advantage of inherently relying on the underlying physics. Nevertheless, the exact final shape or at least a
very close approximation is required. Also, physically building systems is a time and financial burden and
variations cannot be easily tested, as new components need to be manufactured, making this whole approach
inherently inflexible. Real battery cells add onto these challenges substantially, as they themselves pose
severe risks, especially during thermal testing. Cells can go into thermal runaway, an event, where the inner
structure of the cell breaks down and the cell heats itself uncontrollably, thereby potentially catching fire,
venting toxic gases or exploding [4]. But also during thermally safe operation, there are potentially fatal
electrical risks when handling high voltage systems. To handle these risks, expensive bespoke testing
equipment needs to be available with inbuilt safety features and the ability to move vast amounts of electrical
energy. Additionally, engineers need to be properly educated to work with the electrical and chemical hazards.
Eventually, real battery cells also need to be charged, discharged, balanced and undergo ageing. All of these
may alter their (thermal) properties, which of course is undesired behavior for reproducibility in testing. In
conclusion, physical testing poses a cost-prohibitive and time-consuming challenge with high risks.

Most development teams therefore try to cut down physical testing as much as possible and try to rely on
virtual simulations during the main development loops. Physical testing is deployed only where necessary,
in particular for the final necessary (abuse) evaluations according to norms and standards like ECE R100 [5]
or the transport norm UN T 38.3 [6], where physical tests are mandatory.

1.2 Mixed physical-virtual validation — the IPEK-X-in-the-loop framework

There exists an approach combining the advantages of both virtual and physical modelling. The IPEK-X-in-
the-loop validation framework [7] perceives validation not as a binary choice between virtual and physical
methods, but rather as a balanced integration of both worlds tailored to the specific requirements of a given
validation task. Figure 1 shows an exemplary comparison between a physical and a virtual configuration,
where the actual System in Development is shown on the left, whereas necessary Connected Systems are
placed on the right. The vertical separation then delineates, which systems are implemented virtually or
physically. The depicted validation task, which is kept throughout this publication, is from the view of an
engineer, who aims to develop a new cooling unit for a battery module. The virtual approach (fig. 1a) could
be a thermal simulation of the whole battery system including cells and all thermal interactions with the
vehicle cooling system, all within one software. The physical configuration (fig. 1b) on the other hand might
be a built battery system complete with the new cooling unit mounted on a test bench. Although a fully
physical configuration, e.g. a driving vehicle on a test track with the new cooling unit integrated, is feasible
in principle, it appears more viable to cut the system boundary to the virtual domain at the battery system
enclosure on a test bench. Therefore, there are virtual components left within this configuration, but the
battery system itself remains physical.

Inbetween these systems there often appears a so called Koppelsystem (ger. koppel — eng. coupling) [8]. A
Koppelsystem is the virtual (KSyv), physical (KSp,), or mixed physical-virtual (KSy,) manifestation of a
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Koppelfunktion in the XiL architecture to overcome incompatibilities between models. These
incompatibilities include:

e Incompatibility between inputs and outputs of different models.
e Spatial separation (e.g., greater distance between models or distributed in location).
e Relational reference (e.g. establishing temporal reference time synchronization).
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Figure 1: Virtual (a) vs. physical (b) validation configuration within the IPEK X-in-the-loop framework

Koppelfunktions or Koppelsystems are not intended to add relevant system behavior, but may themselves
consist of one or more models [9]. The Koppelsystem as an implementation of the Koppelfunktion brings
along certain (if possible known) properties (e.g. a frequency dependent transfer function), which can have
undesired and not negligible influence on the system behavior. A compensation of this influence or its
consideration in the result interpretation can be necessary.

1.3  Research Objective

The focus of this research is to leverage the advantages of mixed physical virtual modelling based on the
IPEK XiL approach for the purpose of BTMS development. Specifically, the objective is to create a battery
cell model that minimizes the risks associated with physical testing while maintaining high-level confidence
in the results, as well as keeping the expertise required to use the model at a manageable level.

2 State of Research

As purely virtual simulation approaches do not qualify for the previously outlined research goal and since
virtual simulation-based models for electrical, thermal and mechanical behavior are commonplace in
literature, well documented and researched [10-12], this section does not cover virtual models in detail.
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Instead, the focus is on physical or mixed thermal modelling methods, as they are rare and only scarcely
researched at this point.

Only a small amount of known publications elaborates on modelling for various physical thermal testing
tasks. The inner resolution of these models varies widely and they do not reflect all (typically orthotropic)
thermal properties consistently or at all. They range from cutting out the inherent thermal behavior of the real
battery cell and replacing it with a pure Koppelsystem (i.e. not adding relevant system behavior) in form of
a simple heating element in the shape of a battery cell all the way to more sophisticated models, which try to
capture the thermal behavior of battery cells more precisely.

An example of the former can be seen in the model by Eisele et al. [13, 14] (see Figure 2, connection to
Maneuver, Environment, User Model and Test Case omitted) for validation tasks of a cooling unit for a
battery module. They also use a mixed physical virtual modelling approach, but do deliberately not model
the thermal behavior (volumetric heat capacity and orthotropic heat conductivity), as this was deemed not
important for the validation tasks at hand.
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Figure 2: Mixed physical virtual validation configuration with a Koppelsystem replacing the battery cell [13]

A representation of the latter was described by Seegert et al. [15]. This publication hints at a more elaborate
inner structure with good modelling precision but the inner layout itself is not clearly shown due to the
involvement of industry partners. Li et al. [16] propose a cylindrical T-BCM and explore their thermal
behavior in more depth. The structure of the cell is similar to Eisele’s cell [13, 14], but more emphasis is
placed on correct thermal behavior. Li’s work shows the closest resemblance of what this work calls a T-
BCM, in this case for cylindrical cells, where the transferability of the knowledge for pouch cells is limited
due to a different inner structure.

Other authors are less concerned with the model itself, but rather go into detail about the validation tasks and
take the physical model as a given component [17, 18].

While the general method presented in this paper is partly transferrable to all battery types, this research
focusses on pouch cells only.

3 Method - Deriving the T-BCM

From the research shown in the last chapter, two conclusions can be made. Firstly, there is no concise
definition of what a thermal battery cell model actually encompasses. Secondly, a possible inner layout
remains unknown for pouch cells and needs to be defined.
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3.1 The definition of a T-BCM

Within the scope of this publication, the definition is established as follows: A Thermal Battery Cell Model
(T-BCM) captures the thermal properties of real battery cells. It is modelled with a mixed physical virtual
approach including appropriate Koppelsystems between the two model sides. On the physical side, their
shape and outer dimensions match the reference cell, but all hazardous active materials on the inside are
replaced by chemically inert and electrical potential free materials such that the thermal properties of the T-
BCM remain as unchanged as possible compared to the reference. The non-hazardous materials may be kept,
which is especially meaningful for the outer pouch bag and/or the tabs, as these materials interface directly
with the BTMS. The virtual model side contains the electrochemical properties and behaviors (not further
investigated in this publication). The virtual model side supplies the calculated heat losses as an input for the
physical model to generate the exact amount of heat energy within appropriate heating elements. The
temperatures are then measured and serve as a feedback for the virtual model.

T-BCMs must allow for safe and efficient physical testing since all major drawbacks from real battery cells
are absent. Additionally, T-BCM may open up new validation goals, such as examining the maximum
stationary cooling capability of a specific solution, which, due to many dependencies i.e. on current, SoC,
temperature and outer pressure of the heat losses during real battery operation, were infeasible or even
impossible to obtain prior.

Specifically, they satisfy the following general system of objectives:

Retaining the outer geometry (length, height and width) of the reference cell,

(Optional, but advised) Maintaining the outer interface material (pouch bag and tabs),

(Optional) Maintaining the inner inert materials (aluminium and copper collectors),

Replacing all electrically and chemically active materials (porous electrodes, electrolyte and

separator) by a single or multiple substitute layers and materials,

e  Matching the orthotropic heat conductivities in- and through-plane as closely as possible with inert
materials,

e Matching the volumetric heat capacity of the real battery cell,

e Adding heating elements and temperature sensing as Koppelsystems inside and / or outside the T-

BCM, compensating them in modelling.
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Figure 3: Mixed physical virtual validation configuration with a full T-BCM incl. Koppelsystem replacing the battery

Figure 3 places the described T-BCM within the IPEK-XiL approach and highlights its three major
components, the physical model, the virtual model and the Koppelsystems in between.
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3.2 Inner Layout of a T-BCM with ideal substitute layer properties

To translate the system of objectives into an actual system of objects an ePLB C020 pouch cell by EiG was
selected as the primary example and reference cell due to good thermal data coverage in literature [19].
Table 1 summarizes the relevant thermal properties.

Table 1: Thermal Properties of an ePLB C020 pouch cell by EiG (values adopted from [19])

Number of Thickness Volumetric heat Heat
Material (-) layers N (-) di (um) capacity pcp conductivity
e ' (kI/m?K) K (W/mK)
Positive Al 17 21 2439.91 238
current collector
Negative
current collector Cu 18 12 3439.21 398
Separator (wet) PP 36 25 2011.63 0.34
Positive electrode 119 34 70 3676.65 158
(wet)
Negative electrode - ite 36 79 223454 1.04
(wet)
Polymer . .
Pouch (case) laminated Al 2 162 2185 |: 55.1, 1: 0.16
effective total value 143 7021 2740.03 |I: 25.35, L:0.79

Before starting to develop the actual T-BCM, a baseline virtual thermal simulation model was established.
A one-dimensional model with a lumped thermal mass per layer was set up in MATLAB and used to recreate
the thermal behavior of the reference cell as closely as possible. Since the real battery cell was not procurable,
the comparison was made between the new model and the values and graphs provided by literature [14]. As
can be seen in Figure 4, the two simulations match very closely, so that the simulation performed by the
authors could be used as a baseline.
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Figure 4: (a) Stationary two-dimensional temperature distribution, temperature drop over pouch bag not shown [19],

(b) recreated one-dimensional simulation slice including the pouch bag at &; = 0..1 and &, = 0.5, both simulations use

convective side cooling with 25 °C air at a convection heat transfer coefficient o = 40 W/ m?K and an average power
loss within the cell of P=37 W

From here, further virtual simulations were used to determine the optimal parameters of the T-BCM. As
described in Section 3.1, one can keep the original inert materials, namely the pouch bag and both current
collectors. However, the original thicknesses of the individual layers make for a difficult handling and
assembly process. Therefore, by deploying stationary as well as transient simulations, the necessary number
of layers was investigated. Naturally, the more layers were kept during simulation, the closer the
approximation turned out. Figure 5 presents the simulation results conducted on the T-BCM model with
varying layer counts, which are obtained under the same simulation conditions as illustrated in Figure 4.
Even with a comparatively small layer count, the general temperature gradient could be closely approximated,
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only showing up to 0.3 K absolute difference. As four substitute layers performed relatively worse than six
or eight substitute layers whereas there was not much of a difference between six and eight layers, a substitute
layer count of six was chosen as the best compromise between manufacturability and model precision. The
pouch bag was kept with its original thickness, all other layers were increased in their thickness and the total
layer count was reduced by almost factor 7. Table 2 shows the resulting ideal T-BCM composition, where
the only difference to the reference cell stems from integer layer counts.
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Figure 5: Simulation of inner temperature over cell z-direction for different layer counts of the T-BCM vs.
reference cell

Table 2: Geometric and thermal properties of the ideal T-BCM

Volumetric heat

Il;l;erpsbﬁlr. ?f) Tg.iikness capacity pc, Heat conductivity
i i (Um) (kJ/m*K) k (W/mK)
Ideal SL”bS“tU“O” 6 787 2943.96 I 1157, L: 1.125

ayer
Aluminium 3 119 2439.91 238.00
Copper 4 54 3439.21 398.00
Pouch (case) 2 162 2185.00 l: 55.1, 1: 0.16
Heating Foil 7 200 2150.30 ||I: 7.23, L: 0.52
effective total value 21 7019 2740.23 ||I: 25.22, 1:0.79

The layers of the T-BCM follow the general layout of the reference cell with alternating current collectors
and substitute layers in between. The number and position of heating foils was also investigated and a
distribution was chosen with the best overall match to the reference cell. A mirrored distribution proved not
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optimal due to the concentrated heat generation or lack thereof at the center of the cell. Therefore, a
configuration with the central heating foil only on one side of the central aluminium collector emerged as the
best compromise. Figure 6 shows the final layout of the T-BCM.

4  Afirst prototype of a T-BCM

The ideal substitution layer detailed in table 2 shows very similar in-plane and through-plane heat
conductivities. They are in the region of e.g. heat conductive plastics, but with a volumetric heat capacity
between copper and aluminum. Matching all of these characteristics as closely as possible at the same time
within a single procurable material was the key to success in actually building a T-BCM prototype.

Facilitating the materials database from Ansys Granta, a product originally developed by Mike Ashby und
David Cebon, an analysis of available materials with matching properties was performed. This revealed, that
three material groups come close. One of which was concrete, which was deemed unfeasible due to poor
manufacturability and brittleness for thin layers. The other two material groups, ceramics & glasses as well
as (reinforced) polymers (see Figure 7), while not ideal, were of greater interest, as manufacturing and
procuring these materials was feasible. For an actual first prototype, an aluminio-silicate glass with an
isotropic heat conductivity of k = 0,96 W/(mK) and a volumetric heat capacity pc, = 2032,8 kJ/(m*K) was
chosen. Both values were provided by the manufacturer of the glass sheets. While the total heat conductivity
of the T-BCM was only slightly changed to k = 0,77 W/(mK) (-2.73%), this material lowered the total
volumetric heat capacity of the T-BCM significantly to pcp = 1952.23 kJ/(m?K) (-28.76%) compared to the
ideal T-BCM. With both the volumetric heat capacity as well as the heat conductivity below their optimal
values, further simulations with the same boundary conditions were performed to assess the effect of these
changes. They showed a maximum absolute deviation of temperature within 1 K compared to the reference
cell, which is worse than the 0.3K obtained with ideal material parameters. All worst-case scenarios appeared
within transient simulations during the heat up or cool down phase, where the effect of a changed volumetric
heat capacity is most noticeable. As the simulation reached a stationary state, the influence of the volumetric
heat capacity vanishes and the difference disappears.

A prototype using this material as its substitute layer was assembled as a proof of concept, see Figure 8. At
the time of writing this article, no thorough tests have been performed with this prototype, as the testing
infrastructure was under construction.

EVS37 International Electric Vehicle Symposium and Exhibition 8



i Eisphendl mol o naral filler) -,

Polyester SMC (50% glass fiber, V-0)

Thermal conductivity (Wim.*C)

28 27 365 1268 1488 168 3868

2fe8 2Be
Density * Specific heat capacity
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Figure 8: First built prototype of a T-BCM

5 Summary and Future Outlook

This work outlines the very early progress in creating an efficient and hazard-free physical thermal testing
environment for battery systems. This paper defines a first system of objectives for a T-BCM (Thermal
Battery Cell Model), a field that has received very limited research attention to date. The Paper then proceeds
to outline the actual design process and eventually presents the built prototype of a T-BCM. It addresses real
world considerations, as ideal materials with perfect properties rarely exist. The resulting model consists only

EVS37 International Electric Vehicle Symposium and Exhibition 9



out of chemically inert materials without any inherent hazards. It is designed from materials, that can be
manufactured and/or procured.

The selected substitution material aluminio-silicate is not ideal and especially the high deviation in
volumetric heat capacity might lead to considerable drift in T-BCM temperatures during longer test cycles,
if not compensated accordingly. It is to be emphasized, that this shortcoming of the built T-BCM however
does not come from a flaw in the design method itself, but rather from the final material selection. On the
other hand, it needs to be added, that a T-BCM with ideal materials, which cannot be built due to the
unavailability of these material, is of no real benefit to anyone, as it remains a purely theoretical construct.
Therefore, a course of action is to refine the material selection, by investigating the group of polymers and
composites in more depth, as they appear to come closer in thermal properties, but involve significantly more
effort in procuring or manufacturing. Additionally, a test bench configuration is currently under construction
and thorough examination of the T-BCM prototype and subsequent versions is imminent. To verify the
modelling method, an inclusion of internal temperature measurement is also investigated in parallel.
Additional work is required to verify the modelling approach, but the first steps seem promising and a clear
path forward is laid out.

The motivation and vision were to aid the future engineer with development and validation tasks. The support
generated by deploying the T-BCM instead of the conventional real battery cells shows different advantages.
From the possibility to quickly test new iterations of cooling units for their temperature delta within the
module without the need for elaborate safety equipment all the way to using the T-BCM for scoping out
effects of new cell chemistries without required real cells there are numerous situations, where this new
method provides tangible benefits.

Acknowledgments
The authors would like to thank the Ministry of Science, Research and Arts of the Federal State of Baden-
Wiirttemberg for the financial support of the projects within the former “Profilregion Mobilitdtssysteme

Karlsruhe” as well as the “InnovationCampus Future Mobility”.

References

[1] A. Albers at al., Verifikation und Validierung im Produktentstehungsprozess, In Udo Lindemann (Ed.):
Handbuch Produktentwicklung, Miinchen: Hanser, ISBN 978-3-446-44518-5, 2016, 541-569

[2] A. Sarmadian et al., Experimentally-verified thermal-electrochemical simulations of a cylindrical battery
using physics-based, simplified and generalised lumped models, Journal of Energy Storage, 70, 2023, 107910,
DOI 10.1016/j.est.2023.107910

[3] C. Capasso et al., Design approach for electric vehicle battery packs based on experimentally tested multi-
domain models, Journal of Energy Storage, 77, 2024, 109971, DOI 10.1016/j.est.2023.109971

[4] X. Feng et al., Mitigating Thermal Runaway of Lithium-Ion Batteries, Joule, 4(4), 2020, 743-770, DOI
10.1016/j.joule.2020.02.010

[5] Regulation No 100 of the Economic Commission for Europe of the United Nations (UNECE) — Uniform
provisions concerning the approval of vehicles with regard to specific requirements for the electric power
train, 2015

[6] Manual of Tests and Criteria of the United Nations (UN) — Section 38.3, Eight Revision, 2023

[7] A. Albers et al., X-in-the-loop als integrierte Entwicklungsumgebung von komplexen Antriebsystemen, 8.
Tagung Hardware-in-the-loop-Simulation, Kassel, September 16 — 17, 2008

[8] A. Albers et al., Koppelsystems: Obligatory Elements within Validation Setups, Proceedings of DESIGN 2016,
2016

[9] T. Pinner, Ein Beitrag zur Entwicklung von Koppelsystemen fiir die Validierung im Kontext des X-in-the-Loop-
Frameworks am Beispiel eines Schaltroboters, Dissertation, Institut of Product Engineering, Karlsruhe
Instiute of Technology, ISSN: 1615-8113, 2017

EVS37 International Electric Vehicle Symposium and Exhibition 10


https://doi.org/10.1016/j.est.2023.107910
https://doi.org/10.1016/j.est.2023.109971
https://doi.org/10.1016/j.joule.2020.02.010

[10] J. Meng et al., Overview of Lithium-lon Battery Modeling Methods for State-of-Charge Estimation in
Electrical Vehicles, Appl. Sci. 2018, 8(5), 659, DOI 10.3390/app8050659

[11]  Z. Yang et al., Electrothermal Modeling of Lithium-lon Batteries for Electric Vehicles, IEEE Transactions on
Vehicular Technology, 68(1), 2019, 170-179, DOI 10.1109/TVT.2018.2880138

[12] G. Kermani et al., Review.: Characterization and Modeling of the Mechanical Properties of Lithium-Ion
Batteries, Energies, 10(11), 2017, 1730, DOI 10.3390/en10111730

[13] M. Eisele et al., Validation of a Cooling System for Temperature Conditioning of Cylindrical Battery Cells,
EVS30, Stuttgart, Germany, October 9 — 11, 2017, 933 — 945, ISBN: 978-1-5108-6370-5

[14] M. Eisele et al., Evaluation of a validation process for a battery cooling system, EVS31 and EVTeC 2018,
Kobe, Japan, September 30 — October 3, 2018

[15] P. Seegert et al., Thermische Ersatzzellen zur Validierung von Lithum-lonen-Batteriesystemen,
ATZelektronik 15, 2020, 54 — 58, DOI 10.1007/s35658-020-0240-0

[16] W. Li et al., Design of Cylindrical Thermal Dummy Cell for Development of Lithium-Ion Battery Thermal
Management System, Energies 2021, 14, 1357, DOI 10.3390/en14051357

[17] H. Wang et al., Actively controlled thermal management of prismatic Li-ion cells under elevated temperatures,
International Journal of Heat and Mass Transfer, 102, 2016, 315 — 322

[18] H. Wang et al., Thermal management of a large prismatic battery pack based on reciprocating flow and active
control, International Journal of Heat and Mass Transfer, 115, 2017, 296 — 303

[19]  P. Taheri et al., Transient three-dimensional thermal model for batteries with thin electrodes, Journal of Power
Sources, ISSN: 03787753, 243(2013), 280-289, DOI 10.1016/j.jpowsour.2013.05.175

Authors

Marcel Noller is a researcher at IPEK - Institute of Product Engineering at Karlsruhe
Institute of Technology (KIT). He is holding two Master’s Degree in Mechanical
Engineering, one from KIT, Germany as well as one from KAIST, South Korea and is
currently pursuing a PhD. His academic work focusses on battery thermal management
and physical modelling of battery cells. Before starting his academic research, he was
involved in a start-up for electric vehicles in Lund, Sweden.

Egor Andreev is a former student with a bachelor's and master's degree in mechanical
engineering from Karlsruhe Institute of Technology (KIT). During his studies, he spent
three years working on fuel cell development, focusing on CFD fluid simulations, at
Schaeffler Technologies GmbH & Co. KG. After completing his studies, he now works
as a consultant at Porsche Consulting in the automotive sector with a focus on
development & technology.

Marco Gesell is a recent graduate of the IPEK - Institute of Product Engineering at
Karlsruhe Institute of Technology (KIT). He holds a Master's Degree in Mechanical
Engineering from KIT, with a focus on battery thermal management and physical
modelling of battery cells, which served as the subject of his thesis.

Yunying Zeng is a doctoral research Associate at IPEK - Institute of Product
Engineering at Karlsruhe Institute of Technology (KIT). She earned her Master's
Degree in Mechatronics and Information Technology from KIT, with specialization in
Automotive engineering. Her academic pursuits are centered around methods and
processes in the development of electrified drive systems, particularly focusing on
future-robust design process of automotive battery systems considering the evolution
of next-gen battery technology.

EVS37 International Electric Vehicle Symposium and Exhibition 11


https://doi.org/10.3390/app8050659
https://doi.org/10.1109/TVT.2018.2880138
https://doi.org/10.3390/en10111730
https://doi.org/10.1007/s35658-020-0240-0
https://doi.org/10.3390/en14051357
https://doi.org/10.1016/j.jpowsour.2013.05.175

Katharina Bause is head of the research department drive systems, clutches and
tribology systems since 2018. She obtained her diploma in mechanical engineering
(Dipl.-Ing.) with focus on product engineering and development at Karlsruhe Institute
of Technology in 2011. Between 2011 and 2015 she focussed on the development and
validation of electrified drive systems for mobility applications at IPEK — Institute of
Product Engineering, where she then took the position of team leader of the research
group drive systems in 2016 and 2017.

Univ.-Prof. Dr.-Ing. Dr. h. c. Albert Albers was born in 1957 and has been Professor
and Head of IPEK — Institute of Product Engineering at the Karlsruhe Institute of
Technology since 1996. Before Prof. Albers started his position in Karlsruhe he served
as Head of the Development Department and as deputy member of the Executive
Board at LuK GmbH & Co. OHG. He is a founding member and chairman of the
Scientific Association for Product Engineering (WiGeP) and a member of the National
Academy of Science and Engineering (acatech).

EVS37 International Electric Vehicle Symposium and Exhibition

12



