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Automotive EMC...from Spark to
Satelliteée




Automotive EMC Goals

A Highest priority is to
exceed expectations P ——
of the customer. DEETEE

A Meet challenges of
technology content
in VehiCIGS. Technical Organizational

A Develop organization
that supports EMC



Automotive EMC Is Changing

A Global shift towards newgropulsionsystems
IS changing the content afehicles.

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

A Many of these systems will utilize highltage
components and have safety aspects that may
make automotive EMC more difficidhd
safety takes priority!



New Requirements May Apply?

A Continuing vehicle evolution may result in
new requirements / regulations.
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Automotive Systems of the Future

Low Voltage Low Power High Voltage High Power
Systems PWM Signals Drive Systems | PWM Signals

Conventional X

Hybrid X X

Electric X X

Fuel Cell X X X X

A Incorporation of high power electric drive

systemd & ¢Sttt la G2RIé&Q
A EMC techniques from other industries will
become important in automotive EMC.
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EMC Aspects of Variable Speed
Electric Drives



Why Use Electric Drives?

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

A The benefitof electric drives include high efficiency
with lower mass as a result of implementation of
adjustable/variable speed or frequency drives
(ASD/VSD/VED).

A Provide energy efficiency and flexibility over existing
GO2YOBSYUAZ2Y Il €& RNARODS &aeé:



Schematic of Three Phase
Controller and Motor Circuit
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Electric Drive Control Systems

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

A Output voltage Is determined by switching speed anc
G2y ¢ RdzN> 0A2Y 2F UKS RNJ

A Multiple phases can be obtained by utilizing multiple
driver transistors with appropriate timing.



Steps in the Construction of A
Drive Motor

A A stator is produced
that contains a
VdzZYO SNI 2F al
that are used to hold
the windings.

A Application of drive
current for each phase
generates magnetic
field.




Actual Stator Construction

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

A Significant portion of
0KS adld2NJ ol
mass) Is due to the
large number of
windings required.
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Permanent Magnet Rotor
Construction

A Rotor contains higistrength permanent magnets
arranged around the perimeter.

Adaz20SYSYyié 2F FASIR AY
try to track the fieldg resulting in rotation.
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Typical Electric Drive Motor
Specifications

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

I 50 kW (approximately
67 hp)
I 400 NM

(approximately 300 ft
pounds).
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Electric Drive EMC Issue:

Conductedemissl
Noise Curren t Noise Current
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B oise Source in Loa T Batacitic
Capacitance
Differential Mode Common Mode

A Differential Mode Current Emissions can be due
02 0KS KAIK @2t Gl 3S k C
circuit.

A Common Mode Current Current can flow in an
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Operation of ElectréMechanical
Devices and EMC



Balancing EMC and
Performance Requirements

A Important to understand thespeed of operation of
electromechanical devices compared to fasti f S &
NJ (p&nér signals from powatrive devices such as
Insulated Gate Bipolar Transistors (IGBT).

A The switching operation results in low power
dissipation(in the drive devices) alongith:

I Semiconductor operatioat an order of magnitude faster
than the response time of electromechanical devices.

I Causing radiated/conducted emission Issues.



Examples of Electric Drive
Controller

1El sk

A Figures (a) and (b) show the control electronics.
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prevent noise from affecting lovevel signals.
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Why Wiring Is Important to
Automotive EMC

A Early systems (and vehicles) had few
components to be connectedrecentsystems
have increased wiringomplexity, similar to
many norautomotive systems.

A Many automotive engineers consideiring X
acdzal | LindbtkeShagsitis g A Nb €
aDwhb® KA a qimgedaycd exists).N:

A Wiring will still be used for many systems in the

future and we needo understand relevant
physical parameters.



Bulk Current Injection (BCI)
Test Method

&= A Consists of injectionf RF or
T pulse energy on wiring

o '%fs:,t,zn harness.

o A Typical BCI testing is to 400
MHz.

T [ A General rule: 1.5Aof RF

8 s i e current induced on a cable

nnnnnnnnn : %@;T = is equivalent to %%

o S wavelength cable in a field

strength of 1 V/M.



Shielding Methods For
Radiated or Conducted Noise

A May be used tadecrease radiated noise or to
Increaseammunity to external E/Mfields.

A Can be used as a diagnostic step to determine
a specific sensitive component or wire

A Sometimes incorporated into a design as an
Integral method to meet EMC requirements.



Electric and Magnetic Shielding
¢ The Quick Way!

A Common household
SRR WY aluminum folil can be a
" very effective shield
for electric fields in a
diagnostic process.

A Use of clamgn
ferrites can reduce
conducted noise due
to magnetic fields.
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CE Diagnostic Process

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

A If testing shows that CE needs to be reduced, it may
be possible to add an inductance (sometimes called
OOK21S€U0L U2 UKS gANRAY3I I
this current.



Typical CE Chokes
@ =

Multi Turn Single Turn Single Turn
Common Mode Common Mode Common Mode

Choke Choke Choke Over
Ribbon Cable

A Consists oforoids, cylinders, or rectangles made
from ferrite material installed without cutting
Into wiring

A There are many examples of chokes on power

supply cabling and computer video cables used to
pass EMC requirements.



CE Testing With LISN

A Atrightis a LISN and ,
AlUQa O2yySOuA2yYy 02 Iy
equipment under
test (EUT).

A Thepurposes of a
LISN are only to have
a constant
Impedance and
connection for CE
measurements.



