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!ǳǘƻƳƻǘƛǾŜ {ȅǎǘŜƳǎ άtŀǎǘ ŀƴŘ 
tǊŜǎŜƴǘέ

Å¢ƻŘŀȅΩǎ ǾŜƘƛŎƭŜǎ Ŏƻƴǘŀƛƴ three centuries of 
ǘŜŎƘƴƻƭƻƎȅΧмфth century internal combustion 
ŜƴƎƛƴŜǎΧŎƻƳōƛƴŜŘ ǿƛǘƘ нлth century electrical 
ǎȅǎǘŜƳǎΧŀƴŘ нмstŎŜƴǘǳǊȅ ŜƭŜŎǘǊƻƴƛŎǎΧΦ

Automotive EMC...from Spark to 

Satelliteé



Automotive EMC Goals

ÅHighest priority is to 
exceed expectations 
of the customer.

ÅMeet challenges of 
technology content 
in vehicles.

ÅDevelop organization 
that supports EMC.

Marketplace 
Demands

OrganizationalTechnical
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Automotive EMC Is Changing

ÅGlobal shift towards new propulsion systems 
is changing the content of vehicles.

ÅThese new systems will need appropriate EMC 
methods, standards, and utilization of EMC 
approaches from other specialties.

ÅMany of these systems will utilize high voltage 
components and have safety aspects that may 
make automotive EMC more difficult and 
safety takes priority!
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New Requirements May Apply?

ÅContinuing vehicle evolution may result in 
new requirements / regulations.

ÅάtƭǳƎ Lƴέ ±ŜƘƛŎƭŜ ςclassified as a household 
appliance for EMC? (Vehicle Figure Is Courtesy of Argonne National Laboratory)
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Automotive Systems of the Future

ÅIncorporation of high power electric drive 
systems ŀǎ ǿŜƭƭ ŀǎ ǘƻŘŀȅΩǎ ŎƻƴǾŜƴǘƛƻƴŀƭ ƻƴŜǎΦ

ÅEMC techniques from other industries will 
become important in automotive EMC.
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EMC Aspects of Variable Speed 
Electric Drives
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Why Use Electric Drives?

ÅAdvances in power electronics as well as motor 
design and manufacturing have made electric drives 
very attractive.

ÅThe benefits of electric drives include high efficiency 
with lower mass as a result of implementation of 
adjustable/variable speed or frequency drives 
(ASD/VSD/VFD).

ÅProvide energy efficiency and flexibility over existing 
άŎƻƴǾŜƴǘƛƻƴŀƭέ ŘǊƛǾŜ ǎȅǎǘŜƳǎΦ

8



EMC & New Technologies in Auto Systems

Schematic of Three Phase 
Controller and Motor Circuit

ÅLD.¢Ωǎ ƎŜƴŜǊŀǘŜ ǘƘǊŜŜ-phase motor drive current 
ǿƘƛŎƘ ƛǎ ǎǳǇǇƭƛŜŘ ǘƻ άWyeέ ǎǘŀǘƻǊ ǿƛƴŘƛƴƎǎΦ
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Electric Drive Control Systems

ÅControl systems for electric drives typically consist of 
active switching of the primary current for the motor 
(similar to basic switching power supply).

ÅOutput voltage is determined by switching speed and 
άƻƴέ ŘǳǊŀǘƛƻƴ ƻŦ ǘƘŜ ŘǊƛǾŜ ǘǊŀƴǎƛǎǘƻǊϥǎύΦ

ÅMultiple phases can be obtained by utilizing multiple 
driver transistors with appropriate timing.
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Steps in the Construction of A 
Drive Motor

ÅA stator is produced 
that contains a 
ƴǳƳōŜǊ ƻŦ άǇƻƭŜǎέ 
that are used to hold 
the windings.

ÅApplication of drive 
current for each phase 
generates magnetic 
field.
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Actual Stator Construction

ÅFigure at right shows a 
typical stator from a 
variable speed drive 
motor.

ÅSignificant portion of 
ǘƘŜ ǎǘŀǘƻǊ όŀƴŘ ƛǘΩǎ 
mass) is due to the 
large number of 
windings required.
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Permanent Magnet Rotor 
Construction

ÅRotor contains high-strength permanent magnets 
arranged around the perimeter.

ÅάaƻǾŜƳŜƴǘέ ƻŦ ŦƛŜƭŘ ƛƴ ǎǘŀǘƻǊ ŎŀǳǎŜǎ ƳŀƎƴŜǘǎ ǘƻ 
try to track the field ςresulting in rotation.
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Typical Electric Drive Motor 
Specifications

ÅThe motor shown at 
left  has an output 
capability at 1500 
RPM of:

ï50 kW (approximately 
67 hp)

ï400 NM 
(approximately 300 ft-
pounds).

14



EMC & New Technologies in Auto Systems

Electric Drive EMC Issue: 
Conducted Emissions 

ÅDifferential Mode Current ςEmissions can be due 
ǘƻ ǘƘŜ ƘƛƎƘ ǾƻƭǘŀƎŜ κ ŎǳǊǊŜƴǘ ƻŦ ǘƘŜ άƛƴǘŜƴŘŜŘέ 
circuit.

ÅCommon Mode Current ςCurrent can flow in an 
άǳƴǘŜƴŘŜŘέ ǇŀǘƘ ŘǳŜ ǘƻ ŎŀǇŀŎƛǘƛǾŜ ŎƻǳǇƭƛƴƎΦ
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Operation of Electro-Mechanical 
Devices and EMC
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Balancing EMC and 
Performance Requirements

ÅImportant to understand the speed of operation of 
electro-mechanical devices compared to fast άǎƭŜǿ 
ǊŀǘŜέ power signals from power drive devices such as 
Insulated Gate Bipolar Transistors (IGBT).

ÅThe switching operation results in low power 
dissipation (in the drive devices) along with:

ïSemiconductor operation at an order of magnitude faster 
than the response time of electromechanical devices.

ïCausing radiated/conducted emission issues.

17



EMC & New Technologies in Auto Systems

Examples of Electric Drive 
Controller

ÅFigures (a) and (b) show the control electronics.

ÅCƛƎǳǊŜ όŎύ ǎƘƻǿǎ ŀƴ 9a/ ǎƘƛŜƭŘ ƻǾŜǊ ǘƘŜ LD.¢Ωǎ ǘƻ 
prevent noise from affecting low-level signals.

ÅCƛƎǳǊŜ όŘύ ǎƘƻǿǎ ǘƘŜ ŘǊƛǾŜǊ LD.¢ΩǎΦ
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!ŘŀǇǘŀǘƛƻƴ ƻŦ ά/ƻƳƳƻƴ 
!ǇǇǊƻŀŎƘŜǎέ CǊƻƳ hǘƘŜǊ 

Industries
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Why Wiring is Important to 
Automotive EMC 

ÅEarly systems (and vehicles) had few 
components to be connected - recent systems 
have increased wiring complexity, similar to 
many non-automotive systems.

ÅMany automotive engineers consider wiring 
άƧǳǎǘ ŀ ǇƛŜŎŜ ƻŦ ǿƛǊŜέ and the chassis is 
άDwh¦b5έ όǘƘƛǎ ƛǎ ƴƻǘ ǘǊǳŜ ςimpedance exists).

ÅWiring will still be used for many systems in the 
future and we need to understand relevant 
physical parameters.
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Bulk Current Injection (BCI)  
Test Method

ÅConsists of injection of RF or 
pulse energy on wiring 
harness.

ÅTypical BCI testing is to 400 
MHz.

ÅGeneral rule: 1.5 mAof RF 
current induced on a cable 
is equivalent to ½ 
wavelength cable in a field 
strength of 1 V/M.
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Shielding Methods For 
Radiated or Conducted Noise

ÅMay be used to decrease radiated noise or to 
increase immunity to external E/M fields.

ÅCan be used as a diagnostic step to determine 
a specific sensitive component or wire.

ÅSometimes incorporated into a design as an 
integral method to meet EMC requirements.
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Electric and Magnetic Shielding 
ςThe Quick Way!

ÅCommon household 
aluminum foil can be a 
very effective shield 
for electric fields in a 
diagnostic process.

ÅUse of clamp-on 
ferrites can reduce 
conducted noise due 
to magnetic fields.
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CE Diagnostic Process

ÅImportant to understand that RF current on wiring 
can cause CE (which may then result in RE) issues.

ÅIf testing shows that CE needs to be reduced, it may 
be possible to add an inductance (sometimes called a 
άŎƘƻƪŜέύ ǘƻ ǘƘŜ ǿƛǊƛƴƎ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ 
this current. 
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Typical CE Chokes

ÅConsists of toroids, cylinders, or rectangles made 
from ferrite material. installed without cutting 
into wiring

ÅThere are many examples of chokes on power 
supply cabling and computer video cables used to 
pass EMC requirements.



CE Testing With LISN 

ÅAt right is a LISN and 
ƛǘΩǎ ŎƻƴƴŜŎǘƛƻƴ ǘƻ ŀƴ 
equipment under 
test (EUT).

ÅThe purposes of a 
LISN are only to have 
a constant 
impedance and 
connection for CE 
measurements.
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