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Design of SPMSM for Wearable Robot by Using Space Harmonic Analysis
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Abstract - This paper discusses the analytical design method of a 1256W surface-mounted permanent magnet synchronous
motor (SPMSM) as an actuator for an exoskeleton wearable robot. Considering the properties of the wareable robot application,
pole and slot combination is determined to minimize vibration as well as cogging torque. In addition, the shape of the
magnetic core and permanent magnets are determined by using the analytical approaches including space harmonic analysis
(SHA) to maximize torque density as well as minimize cogging torque and torque ripple, simultaneously. As a result, the
SPMSM which has high torque density with small axial length, low cogging torque/torque ripple and a large hollow rotor is

designed.
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Fig. 3 FEM and SHA results of magnetic flux density in
radial direction
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Fig. 4 FEM and SHA results of magnetic flux density in
tangential direction
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Fig. 7 Shape of the designed motor
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Table 2 Required specification

Quantity Unit Value
Supply voltage Vbe 24

Current limit Amns 10.61
Power 4 125
Torque Nm 0.4

Max. speed rpm 3,000
Outer diameter mm 75
Inner diameter of rotor mm 33
Stack length mm 7

Control method - 1d=0 control

Cogging, Ripple Nm Minimization

Fig. 8014l HOJRl= 71dE9] HIAE |stidis Autot
I AFRT oA ZAE HlwsiEHE, E5 1000 rpmol A9 FE
3t 9A71A-O] A7|7F OF 1.35 Vi 11 A0 2 237} gle
S B0IE & QAT mRgo R AUl MRS A FHEZ
HH 45 AFoR2 Sd A2 7IE 51.9 mOhmOE ALty
RACE.

0 Phase BEMF: 135V _ @1000rpm

0O FEM
2 ——SHA

BEMF (V) @ 1000 rpm
o

3 ) ) . L L
0 60 120 180 240 300 360

Electrical angle (deg)

J8 8 AAE BHO 97)1dY 1y
Fig. 8 BEMF waveform of the designed motor
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Fig. 9 Characteristics curve of the designed motor
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Fig. 10 BEMF waveform of the designed motor
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