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Power Density Improvement Design of Motor for

PHEYV by Optimization

Dong-Kyun Son” + Young-Hoon Jung + Myung-Hwan Yoon - Jung-Pyo Hong

Department. of Automotive Engineering, Hanyang University, 222, Wangsimni-ro, Seongdong-gu, Seoul 04763, Korea

Abstract : This paper presents a design method for improving the power density using the reluctance torque of Interior a
permanent magnet synchronous motor(IPMSM) for Plug-in Hybrid Electric Vehicle(PHEV). First, the different of the d-axis
inductance and the g-axis inductance is increased in order to increase the power density of the motor. And Through the EL map,
the characteristics of the motor according to the range of the inductance and the back electromotive force (Back-EMF) are
calculated. And the stability is verified by the rotor structure analysis at the maximum speed. We select the bridge thickness, the
permanent magnet angle, and the distance between the 1-layer and the 2-layer as the optimal design parameters, and proceed
through the optimal design through the reaction surface method. Finally, the electrical characteristics and mechanical stability
of existing models are discussed.

Key words Interior Permanent Magnet Synchronous Motors("l 3 3§ 7214 & 7135 7]), Power density(Z 2 d %),
Plug in Hybrid Electric Vehicle(Z#] 11 3}o] B @] = 2}54}), Reluctance Torque(2 2§12~ & 7),Back EMF(S 7] 2 &)

Nomenclature Subscripts
v : voltage, V d: d-axis
i:current, A q: q-axis
Ra: armature resistance, Q
Wa,: linkage flux by armature, wb
L: inductance, H
T: torque, Nm
o: rotor synchronous angular speed, rad/s
P: the number of Poles
tm: bridge thickness, mm
Im:1-layer and 2-layer separation distance, mm
@:permanent magnet angle, °

* =571, thsehdrbs92@hanyang.ac kr.
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Fig. 1 Initial IPMSM model
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Fig. 2.1 IPMSM d-axis equivalent model
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Fig. 2.2 IPMSM g-axis equivalent circuit
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Fig. 3.1 Applied voltage due to the change in Back EMF and

d-axis inductance at the base speed
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Fig. 3.2 Applied voltage due to the change in Back EMF and

g-axis inductance at the maximum speed

Fig. 4.1 Primary improvement model
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Fig. 4.2 Noload line to line voltage of primary improvement model
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Table 1 IPMSM material data

Material 3 A= AA o A
Density 7600 7600
Young’s Modulus
175 120
[GPa]
Poisson’s Ratio 0.3 0.3
Yield Strength [MPa] 440 -

688.1 MPa

Fig.5 Structure analysis of primary improvement model
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Fig. 6. IPMSM optimal design parameters
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Fig. 7.1 Response surface contour plot
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Fig. 7.2 Optimum point through reaction surface method
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Fig. 8. Secondary improvement model

Fig. 9 Structure analysis of secondary improvement model
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