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Table 3 Basic parameters of the 10-pole/12-slot
PMSM with three-phase double-layer winding
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Fig.3 Torque-speed and line RMS voltage-speed
characteristic curves of the prototype
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Fig.4 Field-circuit co-simulation of the
inverter-machine combined system
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Table 4 Comparison of the calculated results between
the proposed method and 2D finite-element model
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Fig.9 Magnet eddy-current loss distribution of
the prototype under the four conditions
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Table 5 Frequency distribution of air-gap harmonic
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Fig.10 Stator core loss distribution of the
prototype under the four conditions
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Table 7 Frequency distribution of air-gap harmonic flux
density of the prototype in the stator reference frame
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Fig.11  Structure and experimental
platform of the prototype
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Table 8 Amplitude validation of time-harmonic
components of line voltage and phase current

bl SPIERTIIE VS T A
Bk b sk i sk
1 233.25 214.15 5.82 5.75
56 30.79 24.51 0.05 0.05
58 43.25 36.61 0.09 0.09
62 43.56 39.68 0.09 0.09
64 28.59 26.82 0.04 0.05
115 23.88 17.11 0.03 0.03
119 72.79 90.31 0.14 0.15
121 74.49 85.78 0.15 0.15
125 23.83 21.77 0.03 0.02
176 23.78 28.40 0.01 0.02
178 29.95 36.16 0.02 0.02
1382 25.26 35.06 0.01 0.02
134 22.32 26.47 0.01 0.02
235 11.16 22.29 0.01 0.02
239 46.06 39.01 0.05 0.02
241 39.32 39.86 0.04 0.03
245 16.77 18.16 0.01 0.01
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Table 9 Distribution of air friction loss
and bearing friction loss
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600 3.9 0.26
800 7.9 0.39
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1 000 14 0.56
1100 18 0.64
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Fig.13 Experimental validation of total
losses of the prototype
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Loss characteristics investigation of FSCW-PMSM under SVPWM inverter supply
CHEN Zhenfei' , XING Ning®, LI Zhixin®, WANG Feng', LING Zhihao'
(1. College of Energy and Electrical Engineering, Hohai University , Nanjing 211100, China;
2. School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China;
3. State Grid Jiangsu Electric Power Co.,Ltd. Marketing Service Center,Nanjing 210019, China)
Abstract: To investigate the effects of time-harmonic current introduced by inverter on loss characteristics of fractional-slot
concentrated-winding permanent magnet synchronous machine (FSCW-PMSM) ,a method is proposed to analyze the harmonic
characteristics of losses of the machine in inverter and FSCW-PMSM combined system. Firstly, the time- and space-harmonic
characteristics of losses considering time-harmonic current are theoretically analyzed. Then,a 10-pole and 12-slot PMSM with
three-phase double-layer winding is taken as an example. The field-circuit co-simulation model of the prototype and space vector
pulse width modulation (SVPWM) inverter is established ,the harmonic characteristics of losses are calculated under constant
torque and constant power speed control, and the causes of each harmonic loss are revealed. The results show that rotor
harmonic losses are caused by fundamental current with sub-harmonic,iZ+p slot harmonics,and (f,+4f)/f, (f.£2f)/f time-
harmonic current with p,Z+p space harmonics. Stator core harmonic losses are caused by fundamental magnetic field, magnet
harmonic excitation magnetic field and (f, £4f)/f, (f.+2f)/f time-harmonic current. The conclusions can be applied to the
FSCW-PMSMs with other pole-slot combinations. Finally,the proposed method is validated by experiment results.
Keywords:: fractional-slot concentrated-winding permanent magnet synchronous machine ( FSCW-PMSM ) ; space vector pulse
width modulation ( SVPWM ) ; time- and space-harmonic characteristics ; time-harmonic current; field-circuit co-simulation;

space harmonics
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