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Development of High Power Density and High Efficiency Traction Motor for FCV, EV
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ABSTRACT

This paper describes the development of a compact,
high-efficiency and high-power traction permanent
magnet motor utilizing reluctance torque for electric
vehicles.

The “Salient SPM” motor has salient between
adjoining permanent magnets exposed on the rotor
surface. This structure enabled magnet weight reduction
by 35% compared with the interior permanent magnet
(IPM) motor which generated equivalent torque.

Insulation between magnet and rotor yoke reduced
the eddy current loss by up to 1 kW compared with a
non-insulated motor.

As a result, maximum torque of 238 Nm and
maximum power of 60 kW were obtained with this
motor. The motor gave power density of 1.8 kW/kg, and
torque density of 7 Nm/kg. At the same time, the overall
motor-inverter efficiency reached 93% average drive
efficiency when running in UDDS mode.
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Fig.1 The relation of motor weight and efficiency to
vehicle energy consumption at UDDS mode
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MCF11(EV PLUS)

Gen Il motor

Fig.3 Section of motor

Table 1 Specification of motors

MCF11(EV PLUS) Gen Il motor
Type PM synchronous motor | PM synchronous motor
Phase 3 3
Mass 45kg (without gearbox) | 34kg (without gearbox)
Pole 18 10
Magnet Nd-Fe-B (iHc>2.4MA/m)|Nd-Fe-B (iHc>2.8MA/m)
Rotor type SPM Salient SPM
Rotor cover GFRP None
Cooling system Water cooled Water cooled
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Fig.4 Motor current for flux weakening
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Fig.6 Calculation result of Kt, Ke by rotor structure
and magnet shape
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Table 2 Characteristics due to rotor structure

SPM

IPM Salient SPM
Type with non-magnetic cover
Application MCF11 (EV PLUS) Gen Il motor
non-magnetic salient salient hook
e~ T
Structure
yoke yoke yoke

Possible to use

Using reluctance torque

Impossible to use

Possible to use

Magnetic air gap Big air gap Small air gap Small air gap
. Making short circuit :
Little
Short magnet flux Little of magnet flu in rotor
Magnet torque/Magnet weight Not so good Not so good Good
Rotor-stator . N L
magnetic linkage Low inductance High inductance High inductance

Rotor eddy current Small

Big

Big
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Table 3 Motor performance

(E':A/(;JDTUlS) Gen Il motor
Max power [kW] 49 60
Max torque [Nm] 275 238
Max speed [rpm] 8750 11000
Max torque x Max speed [k Nm rpm] 2406 2618
UDDS ave. efficiency [%] 90 93
Resonant speed [rpm] 4800 11600
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Fig.16 Motor efficiency and power performance (Inverter efficiency included)
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