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No-oad iron loss of permanent magnet synchronous motors
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Abstract: The noHoad iron losses of permanent magnet synchronous motors ( PMSMs) were classified in
detail on the basis of its origin. The finite element method and the Bertotti” s iron loss model were adopted
to calculate the iron losses of PMSM. The distribution characteristics of nodoad iron losses were calculated
in detail and analyzed by taking a 5 kW 3 000 r/min PMSM as an example. The proportional relationship
between the basic iron loss and the nodoad stray loss were obtained and the distribution regularities of the
no-load stray loss under different factors were also gained. Harmonic losses produced in PMSM by current
harmonics generated by the frequency converter were studied. Without changing the basic parameters of
the motor the harmonic losses in PMSMs were analyzed under different pole and slot combinations. Final—-
ly through the nodoad iron loss test of several prototype motors the results verify the feasibility of the cal—
culation method.

Keywords: permanent magnet synchronous motor; finite element method; iron loss; harmonic loss; per—

manent magnet loss
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Fig.1 Typical flux density waveform in PM motor
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Fig.2 Iron core division and sampling point distribution
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Fig.3 Calculation models for losses in permanent

magnets and structural components
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Table 1 Parameters of the prototype
kW 5
/(r* min") 3 000
/ 36/8
35W270
/mm 174
/mm 120
1.4
2.1
7 2.2

2 5kW
Table 2 Iron loss calculation results of a 5 kW

PMSM powered by sinusoidal voltage

/W
— 66.91
1 30.83
2 22.13
3 1.23
4 0.28
5 . 0.49
6 0.005
7 0.014
1
1) 5kW
68.46% 31.54% .
2)
( 1)
56% ; N
N ( 2)
40.3% -
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Table 3 Parameters of tested motors
/
kW /mm /mm /Hz /mm
3.5 174 120 100 8/36 2
4.5 174 160 100 8/36 2
5 174 120 200 8/36 2
11.5 174 205 200 8/36 2
{GB/T 25442 -2010
by 3 4
7
Py, =P0_PC110_waO (6)

:PFeOI ’PO
;PCUO ;wa

Fig.7 Test platform
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Table 4 Iron loss comparison between calculation
results and tested results powered by

sinusoidal voltage

kW Hz /W
/W /W
3.5 100 27.31 22.31 54.02 1.09
4.5 100 34.08 27.59 65.04 1.05
5 200 66.91 54.36 128.02 1.06
11.5 200 106. 49 87.16 203.21 1.05
3.2
Padl
Padt=POPWM_P0_(PcuPWM_PcuO)O (7)
" Popwn ;
PcuPWM o
kad Padl
5 (
22 kW DTC
4 kHz) o 4
1.08 ~1.37
1.2,
5

Table 5 Harmonic loss comparison between

calculation results and tested results

/Hz
/KW /W /W K.
3.5 100 29.93 32.45 1.08
4.5 100 114. 86 156.82 1.37
5 200 148. 62 166. 24 1.12
11.5 200 263.25 328.25 1.25

5 kW.3 000 r/min
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