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FERROXCUBE FERRITES

in EVS and HEVS

Power conversion in hybrid and electric vehicles has led to new technical
challenges in the automotive field. Currently, high voltage batteries supply the power
to the motor as well as to other electronic devices. Several stages and types of

energy transformation are required.

When it comes to power conversion systems, magnetic design has a great impact
not only on efficiency, but also on weight and cost. Applications of ferrites in hybrid
and electric cars are countless. This application note shows the variety of
Ferroxcube’s shapes, sizes and materials that can be combined to achieve the highest

efficiency in a power conversion system design for hybrid and electric vehicles.

Ferroxcube offers a wide variety of cores for transformers and inductors in these
applications, optimized for different conditions of frequency and temperature.
Recommended shapes, sizes and grades are intended to support the main design

considerations:

¥ Low core losses at working frequency and
temperature are necessary to achieve high
efficiency. Considering these factors you can
choose among our 3Cxx material grades, which
are optimized to perform on each condition.

* Switching at higher frequencies allows size and
cost reduction of the magnetic component. Our
3Fxx material grades have outstanding
performance from several hundreds kHz up to
several MHz.

* Low profile shapes are recommended in order
to build compact and modular designs.
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Ferrites in power conversion

On board power systems in electric vehi-
cles have constraints of weight and size.
High power density is required. Our
cores cover a wide range of design types,
not only for the on board charger, but
also for other ways of charging, and
power system systems that are being
developed together with the hybrid and
electric vehicles . A summary of recom-
mended cores for the different applica-

tions is shown below.

High power DC-DC
converters

New concept in converters appears in
EV and HEV such as those transferring
energy from the high voltage battery
(hundred of Volts) to the auxiliary battery
(12-15V or 42V) or other low voltage
systems such as electric power steering.
Magnetic shapes performing at high
currents with the smallest size possible
are required.The trend is using planar and
distributed magnetic technology because
it provides lower leakage inductance,

eases cooling and has better shock and

vibration features.

Grades®

(1) This is a summary of the recommended shapes and materials, but
many other are available. See details in Ferroxcube data handbook
(2) x means variable height of the core
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On board charger

AC-DC conversion from the mains to Ferrites in on-board charger
the car battery includes EMI filters,
transformers, and inductors. High effi- High electromagnetic

interference appears in the
electronic circuits.

ciency contributes to quick and opti-

mal charging. Ferroxcube materials can
be inserted in different
I parts of the electronic
systems in order to solve
your EMC problems. One of EMI FILTER Grades

MAINS

the main filters is in the
first stage of the on board
charger to prevent EMI
coming from and going to
the mains. Our large high
permeability toroids are
preferred for this

EMI FILTER application

Gapped ferrite cores and
high saturation materials
are needed in the charger’s
PFC and converter’s chokes

TRACTION
BATTERY

Shapes® Grades®™
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Wireless charger

Although the standard for wireless charging, Shapes Grades
SAE J2954, is still under development, many pro- #

totypes are already being designed and tested. PLT109/30/x"  PLT126/28/x"
Part of the charger components are placed out 3C94
of the vehicle. The secondary of the transformer PLT100/25/x™  PLT132/25/x"

(the energy receiver) is placed in the car, and the
power is transferred by resonant magnetic cou-
pling from the primary, which is placed in the
charging station. Larger ferrite cores than in the
on board charger must be used in order to com-
pensate the inefficiency produced by the gap
between the primary and the secondary of the
transformer.  Split ferrite shapes are used to

avoid core breakage due to mechanical vibra-
tions in the vehicle.

The basic shapes for this application are plates
or sectors, but any other custom shape can be
made upon request.

Current sensors

As electronic control systems become
more sophisticated, controlling the current flow
through the various power systems is a must.
Ferroxcube ferrites are recommended not only
for current transformers, but also for current
sensing circuits as magnetic concentrators for
Hall effect sensors. Monitoring the traction bat-
tery or the motor inverter-driving currents
requires high accuracy and bandwidth. As a
result, current sensors have an important
impact in the hybrid and electric vehicle world.

Please contact your Ferroxcube’s represen-

tative for your Hall effect sensor needs.
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Australia: Contact Ferroxcube Taiwan
Tel. +886 3 599 5886, Fax: +886 3 599 5882

Austria: Contact Ferroxcube Germany
Tel: +49 40 52728 302, Fax: +49 40 52728 308

Benelux: Contact Ferroxcube Germany
Tel: +49 40 52728 302, Fax: +49 40 52728 308

Bosnia: Contact Ferroxcube Italy
Tel: +39 02 660454 69, Fax: +39 02 612917 39

Brazil: Richardson Electronics, Sao Paulo
Tel: +55 11 5186 9672, Fax: +55 11 5186 9678

Canada east: Contact Ferroxcube, USA
Tel: +1 (915) 599 2328, Fax: +1 (915) 599 2555

China: Ferroxcube South of China
Tel: +86 769 87382420, Fax: +86 769 87339561
Ferroxcube Suzhou
Tel: +86 512 68095048, Fax: +86 512 68097128

Colombia: Richardson Electronics
Tel: +57 1 636 1028, Fax: +57 1 636 1005

Croatia: Contact Ferroxcube ltaly
Tel: +39 02 660454 69, Fax: +39 02 612917 39

Czech Republic: Contact Ferroxcube Poland
Tel: +48 46 834 00 07, Fax: +48 46 834 00 35

Denmark: Contact Ferroxcube Germany
Tel: +49 40 52728 302, Fax: +49 40 52728 308

Finland: Contact Ferroxcube Germany
Tel: +49 40 52728 302, Fax: +49 40 52728 308

Tel.: +34 (949) 247 153, Fax: + 34 (949) 247

Germany: Ferroxcube Germany, HAMBURG
Tel: +49 40 52728 302, Fax: +49 40 52728

Greece: Contact Ferroxcube lItaly -
Tel: +39 02 660454 69, Fax: +39 02 612917 39

Hungary: Contact Ferroxcube Poland
Tel: +48 46 834 00 07, Fax: +48 46 834 00 35

Indonesia: Contact Ferroxcube Singapore
Tel: +65 6244 7815, Fax: +65 6449 0446

Ireland: Contact Ferroxcube Germany
Tel: +49 40 52728 302, Fax: +49 40 52728 308

Israel: Arrow\Rapac Ltd., PETACH TIKVA
Tel: +972 3 9203480, Fax: +972 3 9203443

Italy: Ferroxcube Italy, CINISELLO BALSAMO (MI)
Tel: +39 02 660454 69, Fax: +39 02 612917 39

Korea: Contact Ferroxcube Taiwan
Tel: +886 3 599 5886, Fax: +886 3 599 5882

Malaysia: Contact Ferroxcube Singapore
Tel: +65 6244 7815, Fax: +65 6449 0446

Mexico: R.V. Componentes, Guadalajara, MX.
Tel: +52 (33) 3165-5570 Fax: +52 (33) 3165-4663

Montenegro: Contact Ferroxcube Italy
Tel: +39 02 660454 69, Fax: +39 02 612917 39

New Zealand: Contact Ferroxcube Taiwan
Tel: +886 3 599 5886, Fax: +886 3 599 5882

Norway: Contact Ferroxcube Germany
Tel: +49 40 52728 302, Fax: +49 40 52728 308

France: Contact Ferroxcube Hispano Ferritas SJA’.',}SPAIN

-——

Philippines: Contact Ferroxcube Singapore
Tel: +65 6244 7815, Fax: +65 6449 0446

Poland: Ferroxcube Polska, SKIERNIEWICE
Tel: +48 46 834 00 07, Fax: +48 46 834 00 35

Portugal: Contact Ferroxcube Hispano Ferritas S.A., SPAIN
Tel: +34 949 247 153, Fax: +34 949 247 166

Romania: Contact Ferroxcube Poland
Tel: +48 46 834 00 07, Fax: +48 46 834 00 35

Russia: Contact Ferroxcube Poland
Tel: +48 46 834 00 07, Fax: +48 46 834 00 35

Serbi ontact Ferroxcube ltaly
Tel: +39 02 660454 69, Fax: +39 02 612917 39

Sing : Ferroxcube Singapore, SINGAPORE
Tel: +6§62M8 Fax: +65 6449 0446
g;yaqaepuﬁl%ontaﬁerroxcube Poland
4’&%1 w 46 834 00 07, Fax: +48 46 834 00 35

Slo(vagj' ct Ferroxcube ‘ﬁaly

o Tel: +§ms 54 69, Fax: +39 02 61257 £
> ¥

South-Aglca Contact Fe\bxcube Germany %

Tel: +49 40 52728 302, Fax: +49 40 52728 308
-~

Ferroxcube Hispano Ferritas, GUADALAJARA

(949) 2 , Fax: + 34 (949) 247 166

\% Sweden: Contact Ferroxcube Germany

Tel: +49 40 8 302, Fax: +49 40 52728 308

tact oxcube Germany

Switzerland:
0 x: +49 40 52728 308 .

Tel: +4 02,

Taiwan: Ferroxc
Tel: +886 3 599 5

Taiwan, HSINCHU
Fax: +886 3 599 5882

@
TurkeyJ)ontact Ferroxcu%l B
Tel: +39 02 660454 69, Fax: +39 02 612917 39

n: Contact Ferroxcube Germany
8 302, Fax: +49 40 52728 308

‘ cube USA, EL PASO (TX)

2533, Fax: +1 915 599 2555

-
ries apply to closest regional sales office:

URG, Germany
1 +49 40 52728 302, Fax: +49 40 52728 308
e-mail: saleseurope@ferroxcube.com

» EL PASO (TX), USA
- Tel: +1 915 599 2328/2533, Fax: +1 915 599 2555
e-mail: salesusa@ferroxcube.com

* HSINCHU, Taiwan
Tel: +886 3 599 5886, Fax: +886 3 599 5882
e-mail: salesasia@ferroxcube.com
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