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Multi-Objective Optimization of High Efficiency Dual Stator SPMSM
Considering Shaft Voltage
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Electric propulsion applications require high power density, high efficiency, and high reliability. The dual stator surface permanent
magnet synchronous motor provides outstanding performance for these systems. Despite these electromagnetic advantages the
mechanical lifespan of the motor is threatened by bearing faults caused by inverter induced shaft voltage. The shaft voltage is
generated by common mode voltage from pulse width modulation inverters and parasitic capacitances within the motor. While
previous studies focused on reducing shaft voltage through control algorithms or analyzing parasitic capacitances, research on
simultaneously improving motor performance and reducing shaft voltage is insufficient. This paper presents a multi objective optimal
design for the dual stator surface permanent magnet synchronous motor to simultaneously achieve shaft voltage reduction and driving
efficiency improvement. The proposed method calculates efficiency at the operating point and analyzes the shaft voltage
characteristics. By applying a multi objective optimization algorithm, an optimal motor model is derived that improves efficiency and
minimizes the shaft voltage compared to the initial model. This approach provides a comprehensive design basis for securing both the
electromagnetic performance and mechanical reliability of dual stator motors.

Keywords : dual stator surface permanent magnet synchronous motor, efficiency, multi-objective optimization, shaft voltage
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Fig. 1. (Color online) 14P12S dual stator SPMSM topology.
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Table 1. Base model specification.

Classification item unit Value
DC voltage Vpe 500
Power
. . Rated phase current Ans 12
specifications
Current density A/mm? 891
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
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
Td_out tf) PI current Vd out . o
\—d controller | dainverse | Vape oy
¥ y. *| transform = >
q out t 7\ N PI current q out (dg—ABC)
\“ 4 controller
. * e
i X *
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Fig. 2. (Color online) Dual stator SPMSM inverter-motor simulation.
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Fig. 12. (Color online) OLHD-based experimental distribution.
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Fig. 13. (Color online) Surrogate modeling with DNN.
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Table II. Training parameters of DNN surrogate model.

Parameter Value
Number of input variables 17
Number of hidden layers 4
Number of neurons per hidden layer 64
Activation function for hidden layers ReLU
Activation function for output layer Linear
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Fig. 14. (Color online) Verification of surrogate model learning process using validation set (a) efficiency, (b) shaft voltage peak.
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Fig. 15. (Color online) Parity plot of each performance (a) efficiency, (b) shaft voltage peak.
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Table III. Operating parameters of NSGA-II algorithm for multi-
objective optimization.

Parameter Value
Population size 1,000
Maximum number of generations 50
Number of iterations 10
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Fig. 16. (Color online) Pareto front of optimal sets.
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Fig. 17. (Color online) Optimization result (a) motor shape, (b) comparison of shaft voltage.
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Table IV. Comparison of efficiency and shaft voltage peak between
base model and optimized model.

Results
Items Unit —
Base model Optimized model
Efficiency %, %p 94.69 96.51 (+1.82%p)
Shaft voltage peak Vok 14.05 6.26 (55.44% 1)
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