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OEMs that succeed in quickly  
bringing electrified vehicles (xEVs) 
to market are in a strong position  
to dominate the industry. An inte-
grated simulation approach is key  
to accelerating their development 
via frontloading.

The AVL eSUITE™ offers flexible,  
fully integrated simulation solutions  
for electrified powertrains and 
vehicles. These include concept 
and layout investigations, as well as 
optimization and integration tasks 
from a system level to detailed  
3D component analysis.

Our solutions for electric and  
hybrid electric vehicles support the  
development engineer in dealing  
with the increased complexity  
of electrified powertrain systems.  
They promote the frontloading 
of activities to meet the stringent 
emission and CO2 targets under the 
aspect of expected driving pleasure. 

Electrification brings many challeng-
es. New simulation tasks need to 
be fulfilled but also established jobs 
need to be done more efficiently 
due to time and cost pressure. The 
main focus of the AVL eSUITE™ is 
cost reduction via higher efficiency 
due to improved workflows and 
pre-defined application-tailored 
result assessment.
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To optimize the performance, 
efficiency, hazard prevention and life-
time of a battery in all relevant real 
world scenarios, engineers have to 
investigate on multiple levels: inves-
tigating cell characteristics, under-
standing cell behavior in the module 
and stack assembly and ultimately 
integrating the component into the 
entire system. The communication 
between those levels is the key for 
fast turnaround times and reliable 
simulation results. This is achieved  
by a unique workflow which blends 
1D and 3D simulation. 

The benefits of PEM fuel cells make 
them the ideal power source for elec-
trified propulsion systems. Some of 
the biggest challenges faced during 
development are best being tackled 
with a simulation-based approach. 
AVL’s PEMFC simulation solutions 
offer dedicated multi-physics ca-
pabilities that consider the relevant 
physical and electrochemical pro-
cesses of PEMFC operation on both, 
component and system levels. 

AVL’s virtual fuel cell development 
solutions support the analyses of 

With the help of virtual prototypes, 
the overall vehicle powertrain can  
be optimized very early in the 
development process, long before 
physical prototypes become avail-
able. Virtual benchmarking enables 
the requirement oriented definition 
of the hardware up front, meaning 
that the entire architecture and its 
sub-system attributes can be speci-
fied at the beginning of the develop-
ment process. Rough specifications 
are given initially, which are refined 
until the whole vehicle has been  

Ever-stringent legislative emission 
requirements and the extra number 
of model variants increase complexity  
and put huge additional pressure  
on vehicle development. A further 
challenge for system integration is 
that all domains – such as mechan-
ical, electrical, and thermal – need 
to be combined. Therefore, it is vital 
that all involved parts easily integrate 
and connect to one another within 
one environment or link to other 
simulation tools and test systems. 
Throughout the whole simulation 

optimized on the computer. The 
major task here is to simulate many 
variants and to assess them in detail.

environment, it is important to  
have data interaction to prevent 
information loss or errors. Without 
virtual integration and the front-
loading of development tasks, any 
wrong decisions will send the whole 
process right back to the start.  
In an industry where time-to-market 
is so crucial, a setback like that could 
cost the development progress 
several months. 

AVL’s multi-disciplinary system 
simulation approach supports the 
seamless development process of 
any vehicle configuration from pure 
BEV to FCEV and HRV concepts.

AVL’s flexible multi-body dynamic 
simulation solution for electrified 
powertrain systems offers durability 
and NVH analyses.

For battery, fuel cell and e-motor, 
AVL’s 3D multi-domain simulation 
tool calculates electric and mag-
netic fields, single and multi-phase 

POWER ELECTRONICS

Power electronics with high-power  
density have to be optimized with 
respect to thermal, acoustic and 
electrical circuit stability. This starts 
with single components like  
inverters, converters and 
chargers focusing on 
transient current 
flow and 
voltage  

E-MOTOR

Engineers can now progress seam-
lessly through an embedded work-
flow, covering all major develop-
ment challenges: performance and 
efficiency, thermal behavior, durabil-
ity and NVH. Focusing on electrical, 
mechanical and thermal aspects, 
AVL’s unmatched approach allows a 

comprehensive and 
streamlined 

analysis of 
the electric 
motor.

PEMFC-related multiphase flow,  
thermal and electrochemical  
processes, including degradation 
on both cell and stack level, as well 
as the optimization of entire fuel  
cell systems including the balance-
of-plant and coolant circuit. 

fluid flows, chemical reactions, heat 
transfer and temperatures within 
fluids and structures. 

fluctuation. Our  offerings reach 
all the way to complete electric 
circuits, including power, auxiliary 
and on-board networks, for which 

energy flow and voltage 
stability are 
investigated. 

Function development and calibra-
tion can be frontloaded, starting 
completely in the virtual environ-
ment. Concept and layout models 
can then be re-used in a real-time 
MiL (Model- in-the-Loop), SiL (Soft-
ware-in-the-Loop) or HiL (Hardware-
in- the-Loop) environment. This 
model- based approach accelerates 
the development process while 
increasing the possible range of  
test and calibration fields.

When analyzing an e-axle, the 
combined consideration of e-motor 
and transmission is essential. AVL 
offers an unrivaled acoustic simu-
lation solution considering electric 
and mechanical excitations. For this 
investigation it is key to consider – in 
a highly accurate way – the flexibility 
of all interacting bodies, e.g. gear 
wheels of planetary gear stages. This 
approach allows a result assessment 
based on structure-borne noise and 
the prediction of sound radiation 
and its transfer into the passenger 
compartment.
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