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Transient Temperature Rise Analysis of Servo Motors Based on

Conformal Mapping and Lumped-Parameter Thermal Network

Li Xiaojing' ", Zhao Guoxin', Wang Kaidong®, Guo Yuxin', Zhang Guangchun'

(1. School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China;
2. Shenyang SIASUN Robot & Automation Co. , Ltd. , Shenyang 110169, China)

Abstract: [ Objective] To address the challenge that the
traditional lumped-parameter thermal network ( LPTN )
struggles to characterize the temperature gradient between the
winding insulation layer and impregnating varnish, this paper
proposes a transient temperature rise calculation method. This
method couples conformal mapping with an LPTN to
analytically derive the equivalent thermal conductivity of the
windings. [Methods] Firstly, a 10 kW surface-mounted
permanent magnet synchronous motor was taken as the
research object. The conformal mapping method was utilized
to transform the arc-shaped isothermal boundary of the copper
conductors into a straight-line boundary, thereby mapping the
complex non-uniform thermal field inside the winding into a
flat-plate  thermal field, and the equivalent thermal
conductivity of the winding was solved analytically. Then, an
equivalent thermal network model was constructed based on
the obtained equivalent conduction thermal resistance of the
winding, and the copper loss was iteratively updated by
considering the influence of the winding resistivity changing
with temperature. Finally, the reliability of the analytical
model was verified by comparing with finite element analysis
(FEA) and temperature rise experiments. [Results] The
simulation and experimental results showed that the error
between the LPTN and FEA for the winding temperature rise
was 1.94% , which proved the high calculation accuracy of the
thermal network model in predicting the winding thermal

characteristics. The errors between the LPTN model and
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FEA/experimental results for housing temperature rise were
found to be 3.20% and 6.56% respectively, which further
validated the effectiveness of the proposed model.
[Conclusion] The winding homogenization modeling method
based on the conformal mapping method proposed in this
paper can effectively reflect the thermal characteristics of the
winding while ensuring the calculation efficiency, and can be
extended to the thermal analysis of other motors. In addition,
the analysis of the influence of the stator inner and outer
diameter ratio on the transient temperature rise of the motor
shows that the transient temperature rise of the motor can be
effectively suppressed by reasonably allocating the proportion
of copper consumption and iron consumption.

Key words: lumped-parameter thermal network; conformal

mapping method ; transient temperature rise; surface-mounted

permanent magnet synchronous motor
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Fig.1 Cross-sectional view of the SPMSM
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Tab.1 Basic parameters of the motor

SRR ZHUH SR ZHUE
BE T/ kW 10 FE FHME/mm 165
BUEHE/V 380 FEF P/ mm 108
HE HLIRL/ A 22 Bt K BE/mm 200
B33/ (romin™") 3 000 x5 5

2 HMWRERIEST

2.1 EXIMKEE
AR AR LPTN XF SPMSM #E47 #0140
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Fig.2 Equivalent thermal network model of the SPMSM
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Fig.4 Diamond-shaped periodic unit model
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Fig.5 Diamond-shaped periodic unit subdomain
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Fig. 6 Solution domain in Z plane
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Tab.2 Convective heat transfer coefficients on

the surfaces of different motor components
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Ui R GE 4 35.95
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3 EATERILEEIE

3.1 BHREFHE
Wyt FEM {18453 SPMSM Ay 3 Z3 (451 4
B, a3k 3 i,
#3 ENSHBERE

Tab.3 Loss of each component of the motor

SHAFR B/ W SR iR/ W
RE A 158.70 PSRN 46.84
ETHE 95.10 B 0.96

Ll 86.38 Hh7g 10.85
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Fig.8 Iterative process for stator winding

copper losses
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Fig.9 The temperature curves of various

motor components
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Tab.4 Comparison of temperature rise calculation

results for the main motor components

SRR LPTN #&Ft/K  FEM jEF+/K RZE/%
FE THIE 45.11 46.08 2.11
EFLGRU 52.48 53.52 1.94
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Fig. 11 Prototype of the motor
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Fig. 12 Experimental platform for temperature rise
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Fig. 13 Comparison of experimental and calculated

frame temperatures
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Tab.5 Temperature comparison on the frame between
the calculated and the experimental result
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Fig. 14 Variation curves of losses and copper

loss/iron loss
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Fig. 15 Motor efficiency variation curve with stator

inner to outer diameter ratio
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Fig.16 Temperature rise variation curves with stator

inner to outer diameter ratio
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