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Table 1 Parameters of 22 kW LSPMSM prototype

Wit S5 B R ML S S
BRE R 380V
FE /e TR 48/40
5t 4
KPR 0.65 mm
EFAME 368 mm
5 F M 258.7 mm
AR RSE (58 x ) 55.5 mmx5.3 mm
TR AR KL NdFeB-33EH
100°C i i T 1A S5 i 1 772000 A/m

T E oW e 1 3R TR W 1 9 8 A O R
BT B0, 15 B - R AR AR T4 1) | B T AN [ 7
BIERTE, ANAL T B E R a SO0 BB T AR B
b B0 T RS E N ¢ BT, Ko il AL T K G A
Tt R B B d F e BT, WA 1 s, LAdAL
HHGE SN G, R - 18 S G DA FROTIE
HRBEES S B a—e HITHE B BN H 2L 1L
prhZe, e 2 Fios

B2 ) SUBRE B 37 B A A T BUUBR 0
0 I 1) 7 e B8 IR 5 Sk L 5 e T R A R L
P BR T 2% B IR0, BRGNS R I 1
55, BB T 2600 b TR N AR R K AR
SEVEWREST /N B PO . d It ¢ HoT

2

kIR

K Hl 1A

U

B1 BN EFHBARMCERT

Fig.1 Elements at different positions
in single-pole rotor
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Fig.2 Flux density variation during heavy-load
startup for different positions
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Fig.3 Variation curves of n,,cosé and B,
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Fig.4 Curve of B, vs. rotor speed during
heavy-load startup
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Table 2 n, and B,, at reverse instants
during heavy-load startup

t/s  ny/(rrmin?)  B./T t/s  ng/(r-min?') B./T
0.025 29.5 0.4179]| 0.343 152.8 -0.1751
0.046 44.4 0.2806 || 0.368 164.9 -0.1824
0.067 42.6 0.1941 || 0.394 188.5 -0.1882
0.089 52.6 0.1245 || 0.421 206.4 -0.1919
0.111 64.8 0.0465 || 0.449 230.9 -0.1979
0.133 71.4 -0.0129 || 0.479 257.7 -0.2015
0.155 67.6 -0.0598 || 0.510 282.5 -0.2097
0.178 83.7 -0.1072 || 0.543 313.8 -0.2165
0.200 80.7 -0.1313 || 0.578 354.8 -0.2262
0.223 91.1 -0.1492 || 0.618 399.1 -0.2382
0.246 104.5 -0.1575 || 0.663 453.8 -0.2523
0.270 111.0 -0.1622 || 0.717 523.5 -0.2674
0.293 118.8 -0.1657 || 0.797 634.6 -0.2965
0.318 137.2 -0.1727
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Fig.5 Curves of T.,,Isc,cos0 and B, in steady-state
operation at asynchronous speed
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Table 3 B, in demagnetization field for
different rotor speeds

s ny/ (remin)  B,/T s ny/ (remin?)  B./T
1.00 0 0.1950 || 0.40 450.0 -0.2667
0.95 37.5 0.0610 || 0.35 487.5 -0.2770
0.90 75.0 -0.0950 || 0.30 525.0 -0.2883
0.85 112.5 -0.1500 || 0.25 562.5 -0.2997
0.80 150.0 -0.1700 || 0.20 600.0 -0.3120
0.75 187.5 -0.1850 || 0.15 637.5 -0.3269
0.70 225.0 -0.1960 || 0.10 675.0 -0.3400
0.65 262.5 -0.2100 || 0.07 697.5 -0.3509
0.60 300.0 -0.2200 || 0.05 712.5 -0.3572
0.55 337.5 -0.2300 || 0.02 735.0 -0.3661
0.50 375.0 -0.2445 0 750.0 -0.3700
0.45 412.5 -0.2565
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Calculation of worst working point and anti-demagnetization structure

for line-start permanent magnet synchronous motor

LU Weifu',ZHAO Haisen',PIAO Runhao'?,LIU Mingji'
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Source,
North China Electric Power University,Beijing 102206, China;
2. Kimchaek University of Technology,Pyongyang 999093 ,DPR of Korea)

Abstract: The worst working point of LSPMSM (Line-Start Permanent Magnet Synchronous Motor) occurs
during its startup and the traditional magnetic circuit analysis does not consider the transient magnetic field
distribution inside the motor. A method for calculating the worst working point is proposed,which precisely
considers different nonlinear factors,such as saturation,skin effect,etc. It simulates the actual startup
conditions based on the field-circuit-motion coupled time-stepping finite element model to determine the most
easily demagnetized part of permanent magnet,and takes this part as the objective element to reveal the
relationship between the transient demagnetization field and the rotor speed. It then calculates the steady-state
demagnetization field based on the time-stepping finite element model for a series of given rotor speeds,from
locked speed to synchronized speed. The working point of the objective element in the demagnetization field
at synchronized speed is taken as the worst working point. The proposed method is applied to analyze the
anti-demagnetization ability of a 22 kW prototype and a new structure of composite material rotor is proposed
to effectively enhance the anti-demagnetization ability. The working point during the startup of an
experimental prototype is measured by a designed real-time magnetic field measuring system,which verifies
the effectiveness of the proposed method.
Key words: LSPMSM; synchronous motors; partial demagnetization; time-stepping finite element method;

composite material bar
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