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Permanent Magnetsin Automotive Applications
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Abstract

Modern automobiles use many permanent magnets
in various electromagnetic components for comfort,
safety and better fuel economy. In Japan, the annual
use of permanent magnets for automobiles in 1997
accounted for 37% of the total production for ferrite
magnets and 6% for rare-earth magnets. Ferrite
sintered magnets are used in starters, wipers,
fanmotors, window regulators, fuel-pump motors, etc.
A fully-equipped car has more than 30 DC electric
motors. Rare-earth sintered magnets are used in anti-
lock braking system (ABS) sensors, cam-angle
sensors, revolution speed sensors, ignition coils, etc.
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Recently, the use of rare-earth magnets has
increased dramatically, because of standard equipment
of ABS sensors for safety and motors for electric
vehicles (EV's). Most of EV's and hybrid electric
vehicles (HEV's) employ permanent magnet
synchronous motors to improve their efficiency. One
traction motor of an EV'sor aHEV'srequires afew
kilograms of high performance NdFeB sintered
magnets.

This paper describes the current status and future
trends of permanent magnets in automotive
applications.
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Fig. 1  Annual use of ferrite magnet and rare-earth

magnet for automobile applications in Japan.
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Table 1 Recommended temperature extremes.

location max imum
temperature (K)
1:underhood-engine(typical) 423
2:underhood-dash panel 413
3:chassis 358
4:exterior 394
5:interior-instrument panel 386
6:interior-floor 358
7T:interior-rear deck 380
8:trunk 358
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Fig. 2  Characteristics distribution of magnets.

1: NdFeB sintered magnet 2: SmCo sintered
magnet 3: Alnico-magnet 4: Ferrite magnet
5: HDDR-NdFeB bonded magnet 6: SmCo
bonded magnet 7: SmFeN bonded magnet
8: NdFeB bonded magnet 9: Ferrite bonded
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Fig. 3  Structure of old-fashioned speed meter.
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Fig. 4  Characteristics distribution of ferrite magnets
and automobile applications.
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Fig. 5  Structure of linear motor for electric controlled
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Fig. 6

Structure of ignition coil.
(a) cross section  (b) mounting position
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Fig. 7  Structure of electromagnetic pick-up sensor.
(a) operating principle (b) induced voltage

(c) cross section  (d) mounting position
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Fig. 8

Structure of permanent-magnet retarder.
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Fig. 10 Heat resistance of rare-earth bonded magnets.

Table 2 The current status and future trends of permanent magnets in automotive applications.

sintered magnets bonded magnets
automotive parts status Alnico
magnet | Ferrite | NdFeB SmCo | Ferrite {NdFeB SmCo
motors past ©
starter, wiper, fun, current © [e}
electric controlled curtain, etc future © [e}
actuator past <]
suspension controlled actuator, current <] ©
retader, etc future © (o]
sensor past o} ]
ABS sensor,cam angle sensor, current <] ®
crankshaft position sensor, etc future © o] A
meter past (o] ©
speed meter, tacho meter, current o] [} ©
fuel meter, temperature meter,etc future @ <}
symbol: @=mostly O=partially A=probably
Table 3 Comparison of motor for EV.
classification DC motor | permanent magnet induction switched
synchronous motor reractance
motor motor
maximum effciency (%) 85~89 95~897 94~95 <90
effciency (%) , (10% load) 80~87 30~92 79~85 78~86
maximum speed (rpm) 4, 000 4, 000 9, 000]|<15, 000
~6, 000 ~10, 000}|~15, 000
cost/axial output ($/kW) 10 10~15 8~12 6~10
cost of controllor unit 1 2. 5 3.5 4. 5
servility (e} (o] @ (o]
reliability O (o] © (e}
promise and trend [m] © (o] (o]

symbol: OO=common O=better ©=best
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Fig. 11 Toyota hybrid system power train.
(‘arrow : NdFeB sintered magnet )
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