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Dual-Rotor Direct-Drive (Dr-DD) Motor for Washing Machine
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Abstract

Nowadays in Japan, the market for drum type washing machines is growing. The method of operating the drum motor by using direct
drive is very popular and the performance of the motor contributes greatly to the performance of the washing machine. Demands for motors
to be smaller, quieter, and more precise while achieving a balanced design for both washing and spin-drying points are becoming very
high. Therefore, the Dual-Rotor structure motor that can satisfy all the needs has been developed. Compared to the Single-Rotor structure
motor, this Dual-Rotor motor has 1.5 times higher output density, 40 % smaller motor size, and greatly decreased cogging torque and torque
ripple. Because of all these factors, a reduction of 3 dB in noise value has been achieved.
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Fig. 1 Evolution and demand performance of motor for washing machine
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Fig. 2 Structure of dual rotor
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Fig. 3 Flux distribution of toroidally winding
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Fig. 4 Torque comparison
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Fig. 5 Comparison of winding arrangement and flux distribution
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Fig. 6 Comparison of radial force
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Fig. 7 Shape in stator core
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Fig. 8 Relation between teeth angle and cogging torque
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Fig. 9 Finite element analysis results of cogging torque
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Fig. 10 Cogging torque measurement results
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Fig. 11 Dual rotor IPMSM and power density comparison
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Fig. 12 Noise measurement results
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