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Objectives 

Background 

Presented at the MT 27, Nov. 15 – 19, 2021, Fukuoka,  Japan. 

In order to improve the electromagnetic performance of the motor, it is necessary to design the structure of a double stator single rotor magnetic field 

modulation motor with high-temperature superconducting (HTS) bulks. So far, the topological structures of various double stator single rotor permanent 

magnet motors have been proposed successively. However, the back EMF harmonics of these double stator single rotor permanent magnet motors are rich, 

the torque fluctuation is large, or the torque density is not high enough to meet the needs of industry growth. Therefore, it is necessary to study the HTS 

bulks double stator single rotor magnetic field modulation motor with small torque ripple and high torque density. 

Motor model with HTS Bulks 

The motor has three layers of air gap, including an outer stator with 

auxiliary slots, a rotor, an inner stator and magnetic modulation ring with 

HTS bulks and magnetic blocks. 

The flux distribution.  

 A double stator single rotor magnetic field modulated motor with HTS Bulks bas been proposed and analyzed, which 

has a good flux modulation effect, and also can suppress magnetic flux leakage. 

 The GA is used to optimize the motor and the outer stator of the motor adopts auxiliary slot structure to reduce 

torque ripple. 

 A Double-Stator Single-Rotor Field Modulated Motor with HTS Bulks 

WED-PO2-507-01 

The HTS bulks is mainly composed of carbon fibers frame, superconducting material, condensate and vacuum chamber. 

The auxiliary slot model of outer stator, O is the center of the circle; OP is the centerline of the motor. Obviously, the 

auxiliary slot position is θ, The three parameters of auxiliary slot depth a and auxiliary slot width b directly affect the 

distribution of air gap magnetic conductivity, and then affect the back EMF waveform and torque ripple. 

Objective function value change of GA optimization. 

Flux density distribution in the air gap. 

 A double stator single rotor magnetic field modulated motor with HTS Bulks is proposed, which has HTS bulks in magnetic modulation ring and 

auxiliary slot structure in the outer stator, respectively. 

 The genetic algorithm (GA) is used to optimize the motor and the outer stator of the motor adopts auxiliary slot structure to reduce torque ripple. 

 

Structure of HTS bulks and auxiliary slot model 

Slot

Outer stator

Permanent 

magnets

HTS

Inner stator

Rotor

Ferromagnetic 

segments

Condensate

HTS

Vacuum 

chamber

Vacuum 

chamber

Carbon 

fiber frame

Star

Generate initial 

population

Crossing

Mutation

Selection

Result 

achieved?

End

No

Yes

O

P

θ θ 

b

a a

b

0 50 100 150 200 250 300 350 400 450 500

0.02

0.03

0.04

0.05

0.06

0.07

0.08

C
o
st

Number of generations

0 40 80 120 160 200 240 280 320 360

430

440

450

460

470

480

490

T
o

rq
u

e 
(N

·m
)

Electrical angle (degree)

 DSSR-PMSM

 DSSR-FMM

Electromagnetic torque. 

 The pole logarithm of spatial harmonic contained in 

the air gap magnetic field  is expressed as, 

The angular velocity of the spatial harmonic component 

in the inner and outer air gaps is expressed as, 
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(a) Waveform.  (a) Waveform.  (a) Waveform.  (a) Waveform.  

(b) Harmonic spectra. 
(b) Harmonic spectra. (b) Harmonic spectra. (b) Harmonic spectra. 

Flux density distribution in the outer air gap. Back EMF of inner stator. Back EMF of outer stator. 
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