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Analysis of Shaft Voltage in Dual Stator SPMSM Using Parasitic
Capacitance Equivalent Circuit
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Drive motors for electric propulsion require high performance and high reliability. The dual stator surface permanent magnet
synchronous motor provides high performance including high power density. However, analyzing shaft voltage of these motors is
required to reduce the cause of bearing fault and to secure reliability. This paper proposes a mathematical modeling approach to
analyze the shaft voltage characteristics of the dual stator surface permanent magnet synchronous motor. The shaft voltage is
determined by the electrical circuit comprising the neutral point voltage and parasitic capacitances. The neutral point voltage is derived
using the common-mode voltage and zero-sequence voltage from the dual inverter system. Parasitic capacitances are analytically
formulated based on the motor geometry including winding to stator and stator to rotor capacitances. The proposed equivalent circuit
model calculates the shaft voltage peak in a short time. This analytical method provides a theoretical basis for evaluating the shaft
voltage and securing the reliability of dual stator motors.
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Fig. 1. (Color online) 14P12S SPMSM topology (a) Single stator SPMSM (b) Dual stator SPMSM.
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Table 1. Base model specification.
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Classification item unit Value
DC voltage Ve 500
P.OWQT Rated phase current Ans 12
specifications
Current density A/mm? 8.91
Motor Max power kW 15
performance Rated speed rpm 2600
Pole / slot - 14/ 12
Outer stator outer radius mm 204.4
Inner stator outer radius mm 143.8
Geometry :
Rotor outer radius mm 166.6
Rotor inner radius mm 145.8
Stack length mm 48.6
Stator (Outer/Inner) 27PNX1350F
Material PM - N42SH
Bearing - 620627
Number of parallel circuits - 1
o Number of series turns per phase - 160
Winding -
Fill factor (Outer/Inner) % 37.0 / 385
Phase resistance (Outer/Inner) Q 0.35 / 047
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Fig. 9. Configuration of rotor-to-stator parasitic capacitance.
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Fig. 12. (Color online) Dual stator SPMSM parasitic capacitances (a) physical configuration (b) equivalent circuit.
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Fig. 13. Dual stator SPMSM shaft voltage.
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