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EMC TESTING OF
E-MOTOR SYSTEMS

Technical Measures to Fulfill Practical and CISPR 25-Compliant EM

lectromagnetic compatibility (EMC)

testing of e-drives and e-axles at

the component level per CISPR 25
requires both technical measures and carefully
developed implementation strategies to ensure
that measurements accurately reflect real-world
performance. Given the rising demands on
performance classes, particularly for high-power
electric axles, these tests require a setup that
closely resembles the e-axle’s actual in-vehicle
installation conditions. Achieving this realistic
test setup presents unique challenges, as the scale
and complexity of the test object directly impact
the design and setup of the test bench.

-
~
-
.,
W
ol
W

For realistic testing, it is essential to account

for the mechanical and spatial demands of

larger e-axle systems. This often necessitates a
significantly larger test bench than those typically
used for conventional automotive components.
Such an expanded setup results in increased metal
structures within the test environment, specifically

in the anechoic chamber. This added metal Figure 1: Rendering of EDTC-AX, with two outside load machines
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Dr. Daniel Feyerlein is CEO at FRANKONIA,

a provider for EMC & Antenna Solutions based

in Germany. With more than 15 years’ experience
in the field of product and project business, he

is actively developing the EMC and antenna test
market along with world-leading industrial and
By DETRI) Feyerlein and Alexander Babi automotive OEMSs. Feyerlein can be reached at
daniel.feyerlein@frankoniagroup.com.

Alexander Babi is the owner of the independent
EMC consulting and service company EMV BABI,
as well as the EMC laboratory manager at one of the
world’s largest testing service providers in Germany.
He has been involved with EMC tests, test methods
and their measurement effects since 2005, and
offers support in all technical, organizational and
accreditation-related areas in the operation of EMC laboratories.

Babi can be reached at alexander.babi@emv-babi.de.

can influence the electromagnetic field distribution,
potentially introducing reflections and resonances
that affect measurement accuracy. Thus, ensuring that
metallic elements do not interfere with the EMC
results is a primary concern in the test bench design.

Another critical factor is the routing of cable
harnesses. In many test benches, these cables must be
routed near the metallic structures of the test setup.
Ideally, they should be placed at the standardized
length specified by CISPR 25 on the table’s ground
plane. However, this proximity to metal surfaces can
lead to unintended electromagnetic coupling and alter
the interference profile, creating additional challenges
for measurement precision.

NORMATIVE BASICS AND CRUCIAL ASPECTS
FOR EMC TESTING

When performing EMC testing on automotive
components according to CISPR 25, there are several
crucial aspects to consider:

o Test environment: The test environment should be
controlled and free from external electromagnetic
interference. CISPR 25 tests are typically performed
in shielded rooms or anechoic chambers to allow
compliant testing and meet the ALSE verification
in the defined frequency range.

The long wire method has typically been used to
assess the impact of these factors on the interference
emission range of 150 kHz to 1 GHz. This method
allows for testing multiple test setup variations,

providing insights into how different configurations
influence emissions. While the long wire approach
can identify general trends, it may not fully replicate
the actual setup of a complex e-axle system.
Nevertheless, it serves as a useful basis for studying
how elements such as metallic proximity, cable
routing, and structure size impact emissions across
various test configurations.

The findings from our investigation highlight the

complexities and potential variabilities involved in

EMC testing for electric drives and axles, particularly

when different test benches yield slightly different
results. Consequently, this study aims to initiate

a broader discussion on the standardization and
reproducibility of measurement results for electric
drives and axles across diverse test environments.
By sharing these findings, we hope to encourage
further research into optimizing EMC test setups
and, ultimately, to foster more standardized and
comparable testing practices for e-drive systems.

* Grounding and bonding: Proper grounding and
bonding are essential to ensure accurate testing
results. Test setups must replicate the actual
grounding conditions of the vehicle to achieve
realistic results, especially for devices that are
connected to the vehicle chassis or grounded to it.

+ Cable and harness layout: The layout of cables and
wiring harnesses used during testing should be as
close as possible to the actual installation in the
vehicle. This includes considerations like spacing,
routing, and orientation of the cables to replicate
in-vehicle conditions.

* Frequency range and limits: CISPR 25 specifies
emission limits for various frequency bands
(typically from 150 kHz to 2.5 GHz), which are
relevant for automotive systems. It’s crucial to know
the frequency range required by the component and
ensure compliance with specified limits.

o Measurement equipment and probes: Use CISPR

25-compliant measurement equipment, like


mailto:alexander.babi@emv-babi.de
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antennas, line impedance stabilization networks
(LISNs), and RF probes, to ensure consistent and
accurate results. Each piece of equipment must be

calibrated to meet CISPR standards.

» Radiated and conducted emissions: CISPR 25 covers
both radiated and conducted emissions. Radiated
emissions testing focuses on the electromagnetic
field emitted from the device, while conducted
emissions testing measures noise on power or signal
lines. Ensure that the test setup properly isolates and
measures each type of emission as required.

* Power supply considerations: Use a stable and
regulated power supply to replicate the vehicle’s
electrical environment. Automotive components are
often tested at different voltages (e.g., 12V, 24V) to
ensure they meet CISPR 25 standards under typical

operating conditions.

« Component mode of operation: Test the component
in all its possible modes of operation. The device
should be tested in idle, active, and any special
modes to ensure it meets standards across its entire
functional range.

 Compliance with test levels: CISPR 25 defines
various test levels for different types of devices
and applications. Selecting the correct test level is
crucial based on the component’s placement in the
vehicle and its susceptibility to or generation of
electromagnetic interference.

* Data logging and analysis: Comprehensive logging
of results, including peak, average, and quasi-peak
values, is essential. Accurate data analysis will
determine compliance with CISPR 25 standards and
help identify any specific issues needing mitigation.

ADAPTATION OF CISPR 25 AND POSSIBLE SET-
UP VARIANTS

Meeting the previously-referenced normative basics
help to ensure that automotive components meet
EMC requirements per CISPR 25, improving
reliability and safety in the electromagnetic
environment of a vehicle.

However, considering those crucial aspects of

CISPR 25, testing can present a difficult challenge,
especially when accounting for the component mode
of operations that are required for e-motors or e-axles,
as well as its correct and impact-free implementation
into an EMC environment.

Furthermore, according to CISPR 25, a setup

for e-axles is normatively not defined. Unlike
conventional automotive components, e-axles can
combine an electric motor, inverter, and transmission,
which often create complex interactions between these
subsystems in terms of electromagnetic emissions.

The lack of a dedicated normative setup in CISPR

25 means that engineers must pay close attention to
how the test bench is designed, as the setup itself can
significantly influence test results.

Influencing parameters in the design of test benches
for e-axle systems include the arrangement of high-
voltage cables, grounding and bonding practices,
motor positioning, and cooling systems, each of
which can affect EMC performance. For instance,
cable layouts and connections must realistically
mimic in-vehicle conditions to ensure accurate
emissions measurements, as real-world installations
are influenced by the vehicle’s metallic structure and
shielding effects. Proper grounding and bonding of
the e-axle and all associated components are also
essential, as this can mitigate or amplify emissions
depending on the test bench’s design.

Considering these issues, e-axle EMC tests at

the component level aim to replicate installation
conditions as closely as possible. Yet, they often

fall short of simulating the entire electromagnetic
environment of a vehicle. To address this, system-level
tests based on CISPR 12 (applicable to whole vehicles)
may provide more realistic insights into how an e-axle
will perform once installed. CISPR 12 considers
radiated emissions for the entire vehicle and can reveal
potential integration issues that might not be evident
in isolated component testing. This broader testing
approach may also highlight interactions between

the e-axle and other on-board systems, such as power
electronics, battery systems, and auxiliary electronics,
each of which can contribute to the vehicle’s overall
electromagnetic emissions.

While conducting CISPR 12 tests at the vehicle

level offers valuable insight into the real-world EMC
behavior of e-axles, these tests are complex and
resource-intensive. Therefore, engineers must carefully
balance the thoroughness of the EMC testing

process with the time and cost constraints typical of
automotive development cycles.



INVESTIGATION OF TEST SETUPS AND
RESULTS

In line with the requirements set forth in CISPR 25,
we investigated several practical design variations to
evaluate the setup, using the long wire method as a
measurement basis. These variations included:

* Routing the cable harness close to metallic
structures

* Using ferrites to minimize signal reflections
* Positioning the antenna near metallic structures

* Injecting a 120 dBpV signal within the 150 kHz to
1 GHz frequency range

* Measuring emissions, including consideration of the
antenna factor

* Comparing the results to the CISPR 25 reference
level to determine any deviations

* Ensuring compliance
by achieving 90% of all
measured points within a
+6 dB tolerance band

Case 1: Change in the Metal
Structure Above the Table
Ground Plane

Our testing verified that
measurement results are negatively
impacted when metal structures
are placed directly on the test
table, indicating that the presence
of metal above the ground

plane significantly affects these
results. Metal structures introduce
changes in the electromagnetic
field distribution, which can
create unwanted reflections and
resonances, thereby influencing
the accuracy and consistency of
measurements.

Case 2: Influencing the Built-
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measurement results improve notably, especially
below 130 MHz, with a potential improvement of
up to 6 dB. However, this adjustment leads to a
distinct resonance peak at 160 MHz, which must
be considered in the overall assessment. The use of
ferrites positioned in front of metal structures shows
minimal improvement below 30 MHz but proves
effective in reducing interference between 30 MHz
and 170 MHz. However, beyond 170 MHz, the
emission results increase, indicating that ferrites may
have limitations in high-frequency ranges.

Case 3: Comparing a Regular Test Table to a Real
EMC Load Machine (EMC-BlueBox)

In our third test scenario, we performed initial
measurements on a real component setup utilizing our
company’s EMC-BlueBox, a specialized emission-free
and mobile load machine capable of handling up to

800 Reference: Conform to CISPR 25
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Figure 3: Measurement results on the change in isolation and absorption of metal structures over
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120 kW. 'This setup aimed

to approximate in-vehicle
conditions more closely and
yielded results that show
comparability to those
obtained with the long
wire method. Importantly,
the results suggest that
metallic structures located
below the ground plane are
less impactful; however,
metal above the ground
plane remains a signiﬁcant
influence on measurement
accuracy, especially in
certain frequency ranges.

-

REQUIREMENTS FOR A PROPER SET-UP AND
REALISTIC MEASUREMENT

We conducted our investigations using the long wire
method, which provides valuable insights but which
cannot fully replicate the actual setup of a real component
and its wiring harness. The long wire method is useful for
identifying general trends but lacks the specificity needed

for accurate component-level assessments.

These findings emphasize the need for additional
investigations into the effects of metallic structures on
EMC testing environments, particularly for e-drive
and e-axle systems. It would be valuable to conduct
broader studies across various EMC test benches used
for e-drives and e-axles, considering that such systems

LER E L RS " T3

.. Reference BlueBox: Resonance at 30 MHz due to
-0 ground connection

ita Eeq max, ref [¢8)
>

ey .. Despite the solid construction of the BlueBox, the deviations
== from the reference are 2.5 dB (slightly higher at 127 MHz)

Defta Fig ma, ref [ 48]

i
. 74 \’“-‘”‘"‘-J"‘\ \

100 1000

10
Frequency [MHz]

Figure 4. Measurement results comparing regular test table with EMC-BlueBox

often operate under high-power conditions and
involve complex electromagnetic interactions. Such
studies could lead to optimized test setups that better
reflect real-world performance, improve measurement
reliability, and support more accurate compliance
assessments for automotive EMC standards.

For accurate and compliant EMC testing, certain
critical factors should be considered:

o Adhberence to normative standards: Ensure all
relevant normative requirements are met to achieve
international compliance and recognition.

« Minimization of metallic structures: Avoid large
metallic structures, especially above the ground
plane, as they can affect measurement accuracy.

26 AMN for AC supply

29 Shielded LISN-Box

Figure 5: Proposal for the arrangement of load machines for e-axles, based on CISPR 25



* Optimal cable harness placement: Maximize the
distance between the cable harness and metallic
structures and avoid parallel routing to reduce
electromagnetic interference.

o Multi-directional measurements: Conduct measurements
from multiple directions around the test object to
obtain a comprehensive understanding of emissions.

SETUP OF A DUAL LOAD MACHINE WITHIN AN
EMC CHAMBER FOR TESTING E-AXLES

With reference to the investigation and with the
need to test e-axles, a setup based on CISPR 25 with
external load machines as a dual arrangement with
90° angle gears inside the EMC test environment

is recommended. This configuration offers multiple
advantages:

« Minimal metal structure: Keeping metal structures
within the EMC system as compact as possible to
reduce interference.

« Shielded connections: Using shielded shafts for
connections between the external load machines and
the anechoic chamber.

« Optimized shaft length: Keeping the shaft connection
to the 90° angle gear short, while maintaining the
required distances from absorbers per CISPR 25.

* Flexible test table positioning: Allowing the test
table to be positioned laterally for e-axle testing or
perpendicular to focus on the periphery and cable
harness.

« Integrated load machines: Where possible, embedding
load machines into the floor can further reduce

structural interference.

This set-up makes it possible to
create a CISPR 25-compliant
test environment even for
higher performance classes
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KEY FINDINGS AND SUGGESTIONS FOR
AN ADAPTED EMC TEST BENCH FOR
E-AXLE TESTING

The findings of our investigation highlight the factors
critical to developing a realistic and accurate EMC
test bench for e-axle systems:

o Impact of metallic structures on cable harnesses: Metallic
structures near the cable harness strongly influence
emission results and can introduce errors.

* Limited effectiveness of absorptive materials: Using
ferrite materials provides only partial compensation
for metallic influence and is effective only up to

1 GHz.

o Criticality of structures above the ground plane:
Metallic structures above the ground plane are
particularly influential, creating resonance points
that significantly alter results.

* Reproducibility challenges: Variations in size and
placement of metallic structures above the ground
plane can lead to major, often non-reproducible
changes in results, highlighting the need for further

investigation.

These insights are essential for refining EMC test
setups, particularly for e-axle testing, to achieve
reliable and repeatable measurements that accurately
reflect real-world conditions. However, further
investigations are required.

Although metallic structures are necessary in an
EMC test site for setting up effective e-axle test
benches, a CISPR 25-compliant environment can still
be achieved by closely adhering to the considerations

Another variant using
loading machines
built into the floor is
also possible.

This may provides
greater flexibility for
positioning the
set-up in the defined
anechoic chamber.

Figure 6: Proposal for the arrangement of the peripherals on an additional test table, depending on the focus of the EMC test
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highlighted in this study. By
strategically managing these
metallic elements, the impact on
electromagnetic measurements
can be minimized. Test

setups with high-performance
capabilities have already been
implemented in alignment with
this approach. For instance,
setups using dual 250 kW load
machines, running at 3,000 RPM
and capable of producing 3,000
Nm, reflect the high-performance
requirements of electric axles
designed by leading automotive
manufacturers.

However, there is a need for
further investigation and
standardization. We advocate
for updates to the CISPR 25
standard to address the unique
challenges of testing electric
axles, ensuring that consistent
and reproducible testing
methodologies are available to
all OEMs and service providers
globally. Establishing a unified
approach to test procedures,
equipment, and environmental
conditions would improve test
reliability and comparability,
creating a standard that
supports the rapid evolution of
electric mobility.

Several additional factors should
be considered for adapting
CISPR 25 to better support
e-axle testing. For example, the
specific positioning of antennas
is critical for accurately capturing
emissions, while simulating
dynamic driving conditions
could provide more realistic
insights into how these systems
will behave under real-world
operating conditions. Increased
automation in test setups,

both in terms of measurement
and equipment handling,

could improve efficiency

and reproducibility.

Integrating e-axle test

benches into an EMC testing
environment requires detailed
preparation of the anechoic
chamber and careful selection
of the medium used to simulate
passive or active load on the test
object. Depending on the setup,
this could involve electrical,
hydraulic, or pneumatic loading
methods. Additionally, the
spatial needs of the test setup,
both within and outside of the
EMC testing environment,
should be considered, as e-axle
testing equipment may require
substantial space due to load
machines, auxiliary systems, and
ventilation requirements.

CONCLUSION
Achieving a CISPR 25-compliant

environment for e-axle testing

is feasible with careful design
and planning. But a revision of
the standard to accommodate
these unique needs is essential to
ensure repeatable, accurate, and
internationally comparable EMC
test results for electric axles.

Our investigation is based on

the needs of OEMs or service
providers who specialize in
e-motor and e-axle EMC tests.
We, in partnership with other
industry colleagues, advocate for
finding a practical investigation of
a solution for testing electric axles,
which can be implemented with
various suppliers of load machines.
'The focus of the solution is on

the correct implementation of

the knowledge gained within an
EMC test environment and on
the reproducibility of EMC tests.
'The renderings presented in this
article offer different expansion
options. But, most importantly,
they represent a realistic technical
conception and offer practical
implementation strategies. @
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EMC EDUCATION

How Students Benefit from Collaboration Between Academia and Industry

By Bogdan Adamczyk

EaCh year, the January issue of In Compliance Magazine Dr. Bogdan Adamczyk is professor and director of the
addresses EMC education. It is only fitting that this EMC Center at Grand Valley State University
(http://www.gvsu.edu/emccenter) where he performs
EMC educational research and regularly teaches EM/

month “EMC Concepts Explained” [1] is also devoted

to the topic of EMC education. Speciﬁcaﬂy, this column EMC courses and EMC certificate courses for industry.
will describe a unique collaboration between academia HeH'S ?”t;]NARI:'Ce?'tf'eth'\"tg MEStﬁ":Deségr:,Eng'”fEr X N
. . . e is the author of two textbooks, “Foundations of Electromagnetic
and industry at Grand Valley State University (GVSU). Compatibility with Practical Applications” (Wiley, 2017) and “Principles
of Electromagnetic Compatibility: Laboratory Exercises and Lectures”
The EMC Center, located in Grand Rapids, Michigan, (Wiley, 2024). He has been writing “EMC Concepts Explained” monthly

since January 2017. He can be reached at adamczyb@gvsu.edu.

on the GVSU engineering campus, is an intersection _ ;
Scott Mee is a co-founder and owner at E3 Compliance,

between academia and industry that brings decades which specializes in EMC & SIPI design consulting,
of EMC & High-Speed industry expertise, tools, and simulation, pre-compliance testing, and diagnostics.

bilities to the cl d the student . He has published and presented numerous articles and
capabilities to the classroom an € student experience. papers on EMC. He is an iNARTE-certified EMC Engineer

E3 Compliance is an independently funded industrial and Master EMC Design Engineer. Scott participates in
group and a tenant within the GVSU Innovation & the industrial collaboration with GVSU at the EMC Center. He can be

. . . . reached at scott@e3compliance.com.
Design Center (IDC). They provide engineering students

with industry experience in EMC & High-Speed

electronic product development. E3 specializes in EMC and High-Speed design consulting,
analysis and performs pre-compliance and diagnostic

This unique collaboration between GVSU and E3 testing in a ~6000 sq ft lab. A birds-eye view of the lab and

provides opportunities for undergraduate and graduate the 3-meter chamber are shown in Figure 1.

students to work on cutting-edge electronics technology

in multiple industries such as automotive, aerospace, E3 COMPLIANCE AND GVSU COLLABORATION

dical, defc ial and industrial.
medical, defense, consumer, commercialand industria E3 Compliance collaborates with GVSU to provide

This column starts with a description of the EMC educational experiences for students in EMC and

& High-Speed laboratory, along with some of the
capabilities and services offered to the industry. This is
followed by examples of the unique student experiences
that result from the collaboration between GVSU and
E3 Compliance.

High-Speed electronic product development. The
company’s seasoned engineering team has over 100 years
of combined experience in EMC & High-Speed which
allows their team members to mentor and help educate

E3 COMPLIANCE
AND INDUSTRY
SUPPORT

E3 Compliance [2] is
an I'TAR-registered
independent
engineering consulting
company located in
downtown Grand
Rapids, Michigan

as a tenant within
GVSU’s Innovation
Design Center (IDC). Figure 1: Birds-eye view of the EMC lab and a 3-meter chamber



http://www.gvsu.edu/emccenter
mailto:adamczyb@gvsu.edu
mailto:scott@e3compliance.com

students in challenging electrical engineering
topics. E3 employs students, under non-disclosure,
in a cooperative (co-op) undergraduate engineering
program for 10 - 12 months that consists of three
rotations where they alternate between taking
classes and working full time in the company’s lab.

During their first rotation, students are taught
how to read and interpret regulatory and industry
standards. They also perform high-speed signal
and power integrity measurements as well as
EMC pre-compliance tests such as radiated

& conducted emissions, radiated & conducted
immunity, electrostatic discharge and electrical
disturbances. This experience gives students a
great foundation of what EMC, Signal Integrity
and Power Integrity are and how to perform
measurements. It also exposes them to the latest
product technologies and how they can exhibit
EMC and High-Speed issues before they become
ready for production.

JANUARY 2025 IN COMPLIANCE | 45

Figure 2: GUSV Co-op students at work

During their second rotation, co-op students

are exposed to product designs and are taught how to
investigate EMC & High-Speed issues found through
testing. This allows students to begin learning how to
identify root-causes by understanding the physics using
specialized tools while also mitigating problems by
retrofitting devices in the lab. Students enjoy working
hands-on in a lab environment to see the results on the
bench or in the EMC chambers.

On their third rotation, students gain more independence
and take on more responsibilities to work with industrial
clients and help with industry course hardware
demonstrations. They become capable of running a wide
variety of different tests and measurements according to
many different standards and engineering methods. The
students are also capable of performing diagnostics to
investigate and resolve EMC failures identified in testing.

The experience goes even further by allowing students to
apply their knowledge to help industry clients prevent
issues by participating in schematic, PCB layout and
system design reviews before hardware is released. Students
are able to see the full life-cycle of product development
from concept to production releases. Eventually, they will
have the rewarding experience of seeing products appear in
the marketplace that they helped develop while obtaining
their electrical engineering degrees. By the time the
undergraduate students finish their degree they have one
year of unique industrial experience. Figure 2 shows some
of the GVSU co-op students at work.

GRADUATE-LEVEL EDUCATION

In addition to employing co-op students, E3 Compliance
also employs graduate students pursuing their master’s
degrees in part time roles. The company sponsors these
students in what is called an industry sponsored graduate
fellowship (IGF) program. This program allows them to

be exposed to more advanced levels of engineering and
physics within the same mentorship and lab environment as

GVSU’s co-op students.

Beyond the student employment experiences, E3 also
sponsors multi-disciplinary senior design capstone projects
that involve 5-6 students nearing the completion of their
undergraduate degrees in engineering. Typically, the
company sponsors one project each year that requires the
students to design, build and test a system to enhance

our EMC or High-Speed capabilities. One example

is an automated EMC antenna mast which required
mechanical, electrical, software and systems development
and integration. This project supported the automation of
radiated emissions testing in the company’s EMC chambers.

Within the EMC industry, a large number of companies
now seek the talent pool that graduates with this kind of
experience coming out of college. The students gain hands-on
experience that is hard to learn another way than by doing
the work and being mentored by experts. The increased
demand from industry supports the view that collaboration
between academia and industry really does work.

















HTTPS://INCOMPLIANCEMAG.COM
https://incompliancemag.com/EERC
https://incompliancemag.com/print-digital-diged
https://incompliancemag.com/enewsletters-diged
https://incompliancemag.com/renew-your-subscription-diged



https://designcon.com

UNLOCK EXPERTISE WITH ETS-LINDGREN'S
INDUSTRY-LEADING ETS-U™ COURSES.

At ETS-Lindgren, we are committed to building a smarter, more connected future—starting with you. That's why we offer ETS-U, a series of
expert-led training courses designed to equip you with the knowledge and skills you need to test with confidence.

Taught by renowned industry specialists, our multi-day courses cover a wide range of topics, including EMC Fundamentals, MIL-STD-461,
OTA/Wireless Testing, Automotive EMC, TILE!™  and more. Through a blend of engaging classroom instruction and hands-on lab sessions,
you'll gain practical, actionable expertise that directly applies to your testing challenges.

Whether you're new to the field and need to quickly get up to speed on key testing standards or a seasoned professional looking to refresh
and expand your skill set, ETS-U has a course tailored for you. Take the next step in your professional development. Choose ETS-Lindgren’s
ETS-U courses and gain the confidence to excel in today’s fast-paced testing environments.

For more information on ETS-U courses, visit our website at www.ets-lindgren.com.

Connect with us at:

COMMITTED TO A SMARTER,
E o a MORE CONNECTED FUTURE
METS-LINDGREN

An ESCO Technologies Company

Offices Worldwide | ets-lindgren.com
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