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Abstract In this paper, the loss of a new low speed vernier machine is calculated based on the
2D time-stepping finite element method. The eddy current losses in the permanent magnet(PM) and
the outer aluminum case are taken special consideration. For the eddy current loss in PM, the 3D
time-stepping method is compared with the 2D one and the key points for the calculation of eddy loss
in PM is highlighted. For the eddy current loss in the outer aluminum case, different influence
parameters are analyzed and the method to reduce it is proposed. The calculated no-load loss is
verified by experiment on a prototype machine. The loss calculations under different load conditions
are also carried out. At the last, the influence of temperature variation on the loss characteristics is also
analyzed.
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Fig.1 Cross section of the vernier machine
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Tab.1 Specification of prototype

Z # fH Z H oM
HE D IW 5500 Z K /mm 286
HUE WL IV 220 L2 220
U #5378 /(r/min) 214 N7 179
& T WA /mm 60 FRHEAA R /mm 3.5
SRR /mm 0.5 KA TG BT 1.21(20°C)
R AL sopw3eo | % s 3.448x10°¢
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AT BRE REL AR RE R AL
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KGR T2 /(S/m)  6.25%105 || AKREAAIEE REL o 0.12%
FGRARERE o 0.003 93 HE $3%E /Hz 50
A58 HME /mm 250 A HL B € /(Qem) 1.75%X10-8
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Fig.2 Positions for calculation of flux density
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Fig.3 Variation of the tangential components of flux density
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Fig.4 Calculation region
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Fig.5 Eddy current density inside PM
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Fig.6 Eddy current loss inside PMs
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Fig.7 Eddy current loss in aluminum case
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Fig.8 Eddy current loss versus resistivity in aluminum case
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Fig.9 Eddy-current loss versus case thickness
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Fig.10 Magnetic losses in different parts versus speed
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Fig.11 Comparison between calculated and measured losses
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Tab.2 Influence of load current on loss
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Fig.12 Influence of magnet temperature on loss
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