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Market trend of hybrid electric vehicle and development of
permanent magnet synchronous motor
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Abstract - To apply the permanent magnet synchronous motor to Hybrid Electric Vehicle, it must have the characteristics such
as high torque capacity in low speed range, high efficiency capacity, high speed ability and light weight and low noise capability.
Especially, the mechanical design process considering the HEV system should be advanced to be loaded to limited space of the
vehicle and to prevent interference with engine block and gear box. In this paper, we designed and analyzed electrical,

mechanical characteristics considering these factors, and we verified them by testing the motor characteristics with drive system.
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Table 2 Prediction of HEV production scale in
yundai Motor Company
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20074 4575313 137,259 (3%)
200814 5,032,844 251,642 (5%)
20094 5,536,128 276,806 (5%)
2010 6,089,741 608,974 (10%)
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Fig. 1 Development tendency of motor for EV in Japan
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Table 3 Classification of motor for electric vehicle

Structure Motor type Classification

Separately excited,
shunt, Series,
Compound, PM type

Brush type | Direct current motor

Induction motor Squirrel cage motor

Brushless DC motor

PM motor PM synchronous motor

Brushless
type

Switched reluctance
motor, Synchronous
refuctance motor

Reluctance motor
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Table 4 Comparison of characteristics of motor
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ftems DC motor | Induction motor | PM motor Rel, motor
Structure complex simple normal simple
Efficiency normal normal high high
Power density | low normal high high
Size large medium small small
Cost expensive inexpensive | expensive inexpensive
Control easy normal normal difficulty
Durability normal durable norrnal durable
Environment | normal durable normal durable
Maintenance | necessary unnecessary | unnecessary | unnecessary
Sensor unnecessary | necessary necessary necessary
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Table 5 Comparison and application of IM
and PM motor

ltems nduction Motor PM motor

Strong point

mechanical structure 1. efficiency at low speed
. efficiency at high speed | 2. size and power density
Low cost 3. Regeneration

Weak point

efficiency at low speed, load | 1, temperature
controllability at low speed | 2. field weakening
Regeneration 3. magnet pole position sensing

'CA) VN ~_‘

Application |2.

-

. high speed application 1.
wide space 2.
. EV and HEV for large car | 3,

medium speed application
narrow space
EV and HEV for small car
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Table 6 Motor specification of HEV

ltems Unit | JMF-M1 | JMR-M2 | TBF-B | Remarks
Power | kW 12 20 12 60[sec]
Max |Torque| Nm 76.4 76 764 | 60[sec]
Speed | rpm | 6,000 8000 6,000
Magnet Nd-Fe-B | Nd-Fe-B | Nd-Fe-B
Insulation class H Class | H Class | H Class
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