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Voltage Distribution Simulation and Insulation Optimization of Hairpin Winding Motor

HUANG Wendong, WANG Peng, ZHU Yingwei, MA Shijin
(College of Electrical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: Driven by SiC inverter, Hairpin winding motor is subjected to complex pulse electrical stress with high fre-
quency and rapid variation. The possibility of insulation failure in motor is greatly increased. In order to find out the
voltage distribution in motor windings and to evaluate the insulation reliability, the voltage distribution for a Hairpin
winding motor with a rated voltage of 800 V is calculated by the field-circuit coupled finite element method. The voltage
distribution rule in the motor winding is obtained by simulation. Through simulation and measurement analysis, it is
found that the motor’s maximum phase-ground voltage is 540 V, which is located in the inlet end of the three-phase
winding. The maximum voltage of turn-turn and phase-phase appears at the positions that are the farthest apart in series
sequence in winding circuit but adjacent in space, and the voltages are 575 V and 923 V, respectively. The measurement
proves the accuracy of the calculation results. At the maximum voltage point, the error between simulation and measure-
ment is 8%. Based on the simulation model, it is found that 30% of the capacitance variation between turn-turn or
turn-ground has no more than 5% influence on the voltage at the key position of insulation. Combined with Dakin formu-

la, the optimization suggestions for the insulation design of motor are put forward. The above results provide reference for

insulation reliability evaluation and insulation design for Hairpin winding motor.

Key words: inverter-fed motor; FEM; Hairpin winding; voltage distribution; insulation optimization
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Table 2 Insulating materials and relative dielectric constants

TiH JE J& /mm AT A H A
[T ) 246 % 0.12 32
BBHR 4
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Table 3 Calculation results of distributed capacitance

Iy A Hft/pF
Cio,Cao 33.12
C30,C10,Cs0 30.13
Ceo 51.52
Cia 8.40
C23,C34,Ca5.Cs6 35.42
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