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Thermal Analysisusing Equivalent Rotor Model of Concentrated

Flux-type Synchronous Motor for DCT

Dong-Kyun Son’

* Jun-Woo Chin - Jung-Pyo Hong

Department of Automotive Engineering, Hanyang University, 222, Wangsimni-ro, Seongdong-gu, Seoul 133-791, Korea

Abstract : This paper presents a thermal model of Concentrated Flux-type Synchronous Motor(CFSM) for Dual Clutch
Transmission(DCT) applying the equivalent rotor model. In order to perform the thermal analysis of CFSM using Lumped
Parameter Thermal Network(LPTN), the shape of motor is reflected as hollow cylinder. Especially for the rotor of CFSM, the
area, outer and inner diameter of the permanent magnet were constantly equalized. Conduction and convection thermal

resistances were calculated by using dimensions of the equivalent rotor model. Then, the losses such as copper loss, iron loss,

and mechanical loss are calculated and applied to the LPTN as heat sources. The heat capacity, which enables the transient

thermal analysis, is calculated by using dimensions and the material properties. Finally, the temperature characteristics of each

part of the CFSM are predicted using LPTN.
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Nomenclature

L : stack length, m

7 : hollow cylinder diameter, m

T : hollow cylinder temperature, °C
k : thermal conductivity, W/m°C

r: permanent magnet diameter, m
1, permanent magnet thickness, m
t,, : permanent magnet width, m

6,, : permanent magnet angle, deg
P opper : cOpper loss, W
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1, : phase current, A
R, : phase resistance, Q
R : thermal resistance, °C/W

Subscripts

1, 2, 3, 4 : radial outer, radial inner, axial front, axial behind
a, r: axial, radial

mo, mi . outer, inner

radial outer direction, radial inner direction,
correction

Ir, 2r, mr :
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Fig. 1 Configuration of proposed CFSM
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Fig. 2 Thermal network of hollow cylinder
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Fig. 3 Equivalent rotor model for thermal analysis
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Fig. 4 TNI curve of proposed CFSM
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Fig. 5 Thermal analysis results

Table 1 Saturation temperature of CFSM
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