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Research on intelligent diagnosis of high resistance faults in permanent magnet
synchronous motors based on electromagnetic multidimensional characteristics
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Abstract : Permanent magnet synchronous motor ( PMSM) is subjected to frequent electric-magnetic-force-thermal shocks for a long
period of time, which accelerates the aging of winding insulation and leads to the occurrence of high-resistance connection ( HRC)
faults. HRC faults further induce more serious damages to the PMSM, making their accurate diagnosis highly significant. At present,
based on the evolution law of PMSM operating voltage and load current, it can provide reference for accurate identification of HRC.
However, the above are invasive methods, potentially causing interference with the normal operation of the motor. Since HRC faults
significantly alter the electromagnetic field distribution within the motor, the leakage signals in the motor space can serve as an
alternative,, non-invasive source of state information. By acquiring these leakage signals, a non-invasive approach to diagnosing HRC
faults can be realized. To this end, an intelligent diagnosis method for PMSM high-resistance faults based on electromagnetic
multidimensional spatio-temporal characteristics is proposed. This method establishes the correlation relationship between spatial leakage
signals and the motor’s differentiated state, enabling the intelligent motor state evaluation by a joint intelligent algorithm. First, the
electromagnetic signal evolution law under fault is analyzed based on the equivalent circuit model of the motor winding, identifying the
optimal electromagnetic test point. Secondly, the feature image conversion and dimensioning method based on the array of leakage signals
are proposed to diagnose motor faults with GoogleNet network. Finally, the proposed method is verified by simulation model and

experimental platform. The experimental results show that the feature image upscaling and intelligent assessment method based on the
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leakage signal array can accurately identify and locate HRC while also assessing fault severity, achieving an accuracy rate of up to 97% ,

which verifies the effectiveness of the proposed method. The method has the advantages of non-invasive and high accuracy, and has a

wider application prospect for PMSM.

Keywords : permanent magnet synchronous motor; electromagnetic multidimensional spatio-temporal characteristics; high resistance

faults; fault phase localization; fault level assessment
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Fig. 1 Schematic diagram of high resistance connection
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Fig.2 RGB image
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Maxwell-2D magnetic field simulation

model of the PMSM
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Fig.5 Air gap flux and stray magnetic flux components
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Fig. 6 Tangential and radial components of air gap flux and stray

magnetic flux under HRC fault condition

h T VR A S T PMSM B2 W 1 A5
e (5 FAL T 5 A JULAS T i V) 1 i 3 A2 A e bk, P 7
Bi7s

B 7 sk rER A AL AE I
Fig.7 Maxwell-2Dsimulation model of the PMSM

AN [RS4SR R R 08 T A5 3
B, NE 8~13 Fizn . FHEE TR FERAS Bl petR AN il i
W 1 MR 2 0 00 2 0/ i A/ 422 F LS 1 185
RIS o 5 = e i B E R, P, 3.9,
12 5577 ] B R A 5 001 e R, s A8 AR A BH I
w2 2 fiow, PR s 26 ] i) s 1 £ 5 7T AR AL R 212
Wi e B F PPl AR
2.3 HEMETREESETMNESH

KI5 BLAE TAE IR 3 /R A PMSM 3505 65 4R A3z
B IRHAR IR . SRR R N S0 s R A Y B
BRSO, K 14~ 16 TR, Hid, 22 2401k
BT IR S A3 3 iR, M TR,



of the leakage waveform at 3 o'clock direction
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domains of the magnetic leakage waveform at 9 o’clock
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domains of the magnetic leakage waveform at 3 o'clock

Measured waveforms in the time and frequency
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Fig. 24  Quantitative analysis results of HRC double-phase faults
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