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ENGINEERING E-MOTORS

Creating an optimal custom engine for hybrid and electric vehicles requires that multiple electronicand mechanical
components are designed and tested together as a system. Identifying and choosing trade-offs is difficult, but
EM-motive GmbH tackled this challenge by developing a multidomain workflow incorporating ANSYS simulation

and ANSYS optiSLang optimization software.

When car manufacturer Daimler formed a joint company in
2011 with Bosch, the world’s leading automotive supplier, the
synergy between the two companies was obvious. The joint
company, EM-motive GmbH, combines Daimler’s expertise in
fuel cells and batteries with Bosch’s knowledge of the develop-
ment and production of electric motors to design and manu-
facture electric traction motors for electric and hybrid vehicles.
Because the motors are designed to be modular, they can be
adapted to fit a variety of vehicle classes and meet specifica-
tions for many different vehicles. Since 2012, the company has
manufactured more than 300,000 e-motors for client compa-
nies throughout Europe. Even with this combined expertise,
manufacturing a modular engine is complex and challenging.
In addition to the main engineering constraints (cost, mount-
ing space for the motor, cooling and inverter-specific proper-
ties), the customer-based requirements for each type of en-
gine cover a wide breadth of individual physical domains:

« Thermodynamics: coolant flow rate and temperature, en-
vironmental temperatures, as well as winding and mag-
netic temperatures

« Structural mechanics: mounting space, torque, power,
speed, tolerances to other parts and forces on bearings

- Electrical engineering: voltage, current, inverter-specific
properties

- Efficiency and acoustics: airborne and structure-borne
noise

To make the challenge even greater, all of the parameters to
be optimized have to be considered simultaneously. Other
factors must also be taken into account: noise, vibration
and harshness (NVH); safety; and the cost of the engine.
The engineers at EM-motive realized that, in such an inter-
active environment, a “classic” component development
system, where rigid specifications for each component are
designed separately and then assembled, was no longer
possible. Instead, the company developed a design work-
flow that incorporated simulation throughout to account
for the dynamic interactions between the components, as
well as all the necessary parameters to determine optimal
solutions and ensure design robustness.

The parametric workflow to support sensitivity analy-
sis, design optimization and design robustness evaluation
includes ANSYS simulation software and other software
tools, and was built and hosted in ANSYS optiSLang. These
workflows help EM-motive to develop electric motors
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within challenging time and cost require-
ments, as well as resolve customized design
challenges, such as a late-stage customer
requirement change for an engine design.
As an example, a customer requested that
the maximum speed for a particular engine
needed to be increased by 1,000 revolutions
per minute (rpm). The centrifugal forces of
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the accelerated speed, however, would cause
the rotor design to fail. The engineers could

increase the bridge thickness of the pockets eigenmodes | &

for the magnets that are punched into the
rotor lamination to withstand stress caused
by the higher centrifugal forces.

However, this would increase the flux
leakage in the rotor itself, causing reduced
torque and power. An option to address
this reduction is to increase the current in
the windings (but only if higher current is
available from the battery and electron-
ics system). This solution would intensify
losses and reduce efficiency, and was not
acceptable to the customer. It was therefore
necessary to redesign the entire engine to comply with all
requirements. Fortunately, the EM-motive simulation work-
flow can be flexibly adapted to analyze the requirements
for a specific engine, simulate all the dynamic interactions
between the components, and present the customer with a
solid understanding of the trade-offs for each design deci-
sion. The workflow provides the foundation to determine
the best compromise for often contradictory goals.

A Workflow for Digital Exploration
During the procurement phase, using ANSYS optiSLang
workflow connected to CAD and employing specialized
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Aradar chart illustrates three design concepts and how well they meet customer requirements.

electromagnetic—thermal software, the design engineers
have the freedom to explore possible variations and their
tolerances to fulfill customer requirements. They can then
provide a fast answer so the customer will know if the re-
quirements can be met with available motors or if new mo-
tor development is needed.

Through a set of iterative phases in which additional
requirements are added, a new motor is designed and opti-
mized using ANSYS simulation software in all the relevant
physical domains. A shared interface with the ANSYS Sim-
plorer systems simulator helps them analyze the influence
of power electronics on the motor. Because there is a bidi-
rectional interface between ANSYS DesignModeler and the
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The design workflow for an electric motor must comprise all of these internal and external components.
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The three phases of the workflow are iterative as the designs are optimized

CAD system, engineers can create parameterized models
of auxiliary geometries, such as the housing, and integrate
them into the system design. The ANSYS tools allow the
designers to use the results of one type of simulation as a
boundary condition for another. They can then use forces
from an electromagnetic simulation with ANSYS Maxwell
as initial data for a structural mechanical simulation with
ANSYS Mechanical. Using the various ANSYS tools integrat-
ed through ANSYS Workbench makes it possible to create a
completely coupled simulation of the electromagnetic, me-
chanical, thermodynamic and acoustic domains.

With these parametric workflows in place, all impor-
tant physical domain sensitivity studies within the relevant
design space, as well as tolerance determination, can be
conducted. The engineers can add further optimization
loops, but because of the conflicting character of many dis-
cipline goals and constraints, and because of the need to
quickly check the motor behavior on a systems-simulation
level, reduced-order models (ROMs) must be extracted. Us-
ing the integrated equivalent circuit extraction (ECE) tool-
kit within ANSYS Maxwell or ANSYS optiSLang’s data-based
ROM generation, the team can extract reduced models for
an overall system simulation.

Systems Modeling

These reduced-order models can be coupled in ANSYS Sim-
plorer to create a complete system simulation. Again a
parametric workflow is built within optiSLang and, option-
ally, other third-party models can be integrated, such as a

transmission model or a complete vehicle model. At this
point, the engineers might perform a system optimization
loop to analyze the interactions between the components
by varying parameters such as those for the controller.

Finally, to make the model interchangeable with addi-
tional engine components designed by outside parties, the
designers use the industry-standard functional mock-up
interface (FMI) to create models of the individual compo-
nents, called functional mock-up units (FMUs). These FMUs
are created with third-party software and can easily be ex-
changed while maintaining IP confidentiality: Since they
contain only standardized inputs and outputs, the product-
specific know-how is only accessible to the manufacturer.
Another advantage of FMUs is that they can be imported
into all current software packages for system simulation
and can describe, for example, the behavior of the e-ma-
chine as a single component in the simulation landscape of
a customer or development partner.

Understanding the Options

The final challenge is to present the optimized designs so
that the customer can clearly understand the different de-
sign choices and their trade-offs. EM-motive developed a
single radar diagram that transforms all performance indi-
cators into dimensionless variables using the requirements
as standardization values. It includes all domains and their
requirements, further highlighted with a colored pie chart
in the background, to clearly represent the domains. All
points that are located outside of the 100 percent reference
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circle meet the design requirements. Interactions between
physical domains are also easily depicted in the diagram. If,
for example, a design should be revised to improve acous-
tics, the mostly negative effects on efficiency are plainly
shown. The chart provides a comprehensive understanding
of the strengths and weakness of each redesign and how it
fulfills (or doesn’t fulfill) their unique requirements.

Engine design, like many complex processes today, re-
quires a collaborative, systemic approach to be successful.
EM-motive’s systemic approach to engine design integrates
the ANSYS parametric simulation environment and an in-
novative presentation method to ensure that their automo-
tive manufacturing customers can develop the next gen-
eration of hybrid and electric vehicles within challenging
time and cost constraints.

Author 7/ Marc Briick
(Senior Expert Simulation Technology, EM-motive GmbH,
Hildesheim, Germany)

This article was adapted from an interview by the editorial
team of the CADFEM Journal.

Images by courtesy of EM-motive.

Getting Started

Sensitivity analysis, multiobjective and

Robust Design Optimization

optistang | 505

Info-Events

Webinar Series | In short introductory webinars, we
will explain the added value of our software products
in practical application examples from various areas of
engineering.

Info Day | During an information day, you will get a
comprehensive overview and you will have the oppor-
tunity to get in direct contact with our consultants in
order to discuss specific tasks.

multidisciplinary optimization, robustness evaluation,
reliability analysis, model calibration and

Introductory Training
During one-day introductory courses or various E-lear-
ning units we will acquaint you with the application of

our software products by means of illustrative examples.

More ways for getting started are our offers for

Pilot Projects or Advanced Training

Please visit www.dynardo.de for detailed Information.
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