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Table I Main parameters of experimental prototype
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Fig.1 Experimental waveforms of open circuit voltage

of search coil before and after stator winding

phase-to-phase short circuit fault
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Fig.2 Experimental waveforms of open circuit voltage

of search coil before and after stator winding

turn-to-turn short circuit fault
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Fig.3 Experimental waveforms of open circuit voltage of

search coils under demagnetization 5% fault condition
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Fig.4 Experimental waveforms of open circuit voltage of

search coils under demagnetization 15% fault condition
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Table 2 Calculative results of ideal signal by TLS-ESPRIT+SA algorithm

o TR o TR
BRI/ s~ Wi/ v WA ()| CRRE s e iy R/ ()
10.04 0.300 89.99 10.04 0.300 90.11
20.08 0.501 29.94 20.08 0.500 30.06
30.12 0.201 60.03 30.12 0.200 59.79
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60.24 0.800 35.97 60.24 0.800 35.98
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Table 3 Calculative results of ideal signal by FFT algorithm
— TRGR — TR
BRI /s o, Wiy Wy ()] CRRE s e /v WA/ ()
5 0.020 11.15 6.25 0.250 -178.79
10 0.305 87.46 12.50 0.207 54.18
15 0.026 14.52 18.75 0.496 78.77
20 0.520 32.30 25.00 0.188 -165.04
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90 0.263 74.79 87.50 0.072 161.88
95 0.050 -113.41 93.75 0.281 -44.80
100 0.033 -113.69 100.00 0.152 -51.24
105 0.026 -113.00 106.25 0.117 -54.88
110 0.022 -112.06 112.50 0.098 -57.37
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Fig.5 Comparison between original signal and recon-

structed signals respectively based on
TLS-ESPRIT+SA algorithm and FFT algorithm
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L 1S4 Pl Wiy 5 . 2 SR 2 B Wy %
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Online monitoring method for rotor demagnetization fault of permanent magnet
synchronous machine based on new type of search coil

DU Wei,SUN Yuguang, TIAN Daizong,GUI Lin

(State Key Laboratory of Control and Simulation of Power System and Generation Equipments,Department of Electrical
Engineering, Tsinghua University, Beijing 100084, China)

Abstract: A new type of search coil with special pitch and connection mode is arranged in the air gap
near the stator side of the PMSM(Permanent Magnet Synchronous Machine),which will cause a specific fre-
quency of AC voltage after rotor local demagnetization fault. In theory,it can be used as a criterion for
demagnetization fault of the rotor. Due to the fluctuation of the speed and limit of the sampling rate during
the actual operation of the PMSM, it is difficult to accurately extract the fault characteristic frequency in
the sampling signal of the open circuit voltage of the search coil by the traditional signal processing method,
and the demagnetization fault may be misjudged as the stator internal short circuit fault. Therefore, it is
proposed to use the TLS-ESPRIT(Total Least Squares-Estimation of Signal Parameters via Rotational Invari-
ance Technique) combined with the SA(Simulated Annealing) algorithm,which can accurately calculate the
actual frequencies and RMS(Root-Mean-Square) of various components in the monitoring signal of the open-
circuit voltage of the search coil,even when the speed disturbance causes non-integral periodic synchronous
sampling. On this basis,an online monitoring scheme for local demagnetization fault of PMSM is proposed.
The reliability and sensitivity of the online monitoring scheme are verified by prototype experiments, which
provides more guarantee for the operation safety of PMSM.

Key words: new type of search coil; permanent magnet synchronous machine; rotor demagnetization fault;

modern power spectrum estimation ;fault online monitoring
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TableAl Calculates frequency, effective value and phase angle of main AC component of open-circuit voltage of search coil,
calculated by TLS-ESPRIT+SA algorithm
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R 1 EHMLR 2 BHMLE
Bz Hz
ARV M/ ARIEN MR/
25.06 (1/2 k)  0.003  20.02 0.003 45.12

50.01 (Z%) 0.013  167.75 0.003 110.61
75.05 (3/2 iK) 0.007 48.18 0.007 64.07
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EH
150.16 (3%%)  0.003  105.98 — —
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