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Accurate Simulation Calculation and Actual Measurement of Distributed Capacitance

Parameters of Motor
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Abstract: The common-mode equivalent circuit model of the motor is the basis for analyzing the electric
erosion of bearings, especially for analyzing the technical problems and experimental phenomena of shaft voltage
and shaft current, among which the centralized equivalent model is an important calculation basis for the key index
of bearing electric erosion that is bearing voltage ratio (BVR) , which can be evaluated in the early stage of motor
design. The accurate simulation calculation of the distributed capacitance parameters of the centralized equivalent
model were studied in depth. Firstly, the simulation calculation and comparison of the two-dimensional single-slot
and full-model motors were carried out. Secondly, the influence of the stator winding end and the rotor end ring on
the stray capacitance was considered, and the three-dimensional motor model was simulated and calculated, and the
more accurate distributed capacitance parameters were obtained through comparative study. Finally, the parameters
of YQ190-14 type traction motor were taken as an example, and the simulation calculation results and test results
were compared and analyzed, and the accuracy of the simulation calculation results was verified.
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Fig.1 Centralized equivalent distributed capacitance of motor
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Fig.2 Centralized parameter equivalent model of motor
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Tab.1  Dielectric constant of motor insulation

material after dipping paint
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Fig.3  Single-slot and full-model finite element models of motor
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Tab.2  Capacitor calculation results and errors of

single-slot model of motor
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Fig.4 Calculation model of capacitance of rotor at different positions
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Tab.3  Calculation results and errors of stray capacitance of

motor at different positions of rotor

wa Cm Crf
*ﬁ 34 N i > ) N
B HE/ TR B b /ST
pF R2EI%  pF  iREI% pF R2E/%
1 14715.06 — 8687 —  659.1006 —

2 14715.06 -3.6x1077 86.87 6.2x107 659.059 2 -6.3x107°
3 14715.05 -6.1x107 86.88 1.03x10* 658.983 6 1.78x10™*

4 14715.07 2.4%x107 86.87 -4.1x107° 658.9422 -2.4x10™*
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Fig.5 The simulation model of two-dimensional full model motor
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Tab4  The coupling capacitance simulation results of

two-dimensional full model motor
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Fig.6  Three-dimensional simulation model and simulation

calculation results of the motor
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Fig.7 Three-dimensional simulation model and simulation
calculation results of the motor considering the
bearing oil seals at both ends
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Tab.5 Calculation results and errors of two-dimensional

and three-dimensional finite element coupling

capacitance of motor
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Fig.8 Traction motor port capacitance measurement circuit diagram
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Tab.6  Test data of motor port capacitance and resistance
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Tab.7  Port impedance angle of the motor when

the three-phase winding is not shorted
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Ploe 55T
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Tab.8 Port impedance angle of the motor when

the three-phase winding is shorted
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Tab.9 Calculation results of distributed capacitance of motor nF

1 kHz 10 kHz
Co C. G Cy C,. Cy
16.58 0.259 2.52 17.05 0.262 2.45
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Tab.10  Test results of centralized distributed

capacitance of the motor
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