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FS-PMM Based on Parameter Optimization VMD and Multi-Scale
Fuzzy Entropy

CHEN Zhenfei'* , LING Zhihao', LI Zhixin*, BAO Miao'

(1. School of Electrical and Power Engineering, Hohai University, Nanjing 211100, China;
2. Marketing Service Center of Jiangsu Electric Power Co., Ltd., Nanjing 210019, China)

Abstract: The fractional slot permanent magnet motor
winding adopts a star-delta (Y —A) connection multi-layer
winding structure, which can restrain the low order harmonic
of armature magnetic field and improve the operation
efficiency. However, this structure is more complex than the
conventional Y connection double-layer winding structure,
and the risk of inter-turn short circuit is higher. Firstly, a
circuit model of inter-turn short circuit in Y —A connection
fractional-slot permanent magnet motor ( FS-PMM ) is
established. The fault three-phase current is derived, and
fault current will be affected by the position of the inter-turn
short circuit. Secondly, the whale optimization algorithm is
improved by adaptive weights and Cauchy Gaussian mutation
strategy. The improved whale optimization algorithm is
adopted for optimizing the parameters of variational mode
decomposition, and a parameter optimized variational mode
decomposition algorithm for processing current signal is
proposed. Finally, by calculating the multi-scale fuzzy
entropy of current and torque, a fault diagnosis method for
Y-A connection FS-PMM inter-turn short circuit is proposed.
The accuracy of this fault diagnosis method can reach over
95% , and it can effectively distinguish the inter-turn short
circuit fault between the Y connection part and the A
connection part.
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in phase A with Y-—A connection
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Fig.3 Equivalent circuit model of inter-turn short

circuit in phase X with Y—A connection
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E 8 BiHRAXE IMF % REEME
Fig.8 Multiscale fuzzy entropy of B phase current

critical IMF

CAH PR AL P S B TV SR it I RE TR 528 4
AEFANIE 9 s

HIPEL 9 Al R, 25 O A I f] J g Fip, C A HEL I
IMF1 SO & DR R3S R 76 A AH K A= [ Ja]
JELE IS, C AR Ry IMF2 T IMF3 ASEH) J5 1 1E 5
AT R/NFEAF ST (AR X AR A AR I J) i e
B CAH LAY IMF2 i IMF3 ORI 23 R AR R R

Xt EC LA A el A Bl NORE DR 38K, L i
5 A ATBORE A TR B, P o A (] e e 57 5 R
I DR AN o Sy HHE— A2 W [T 1) L 1 s
A ASCEBNEZ N T 7 8,

4 [ 8] 55 &AL PR 12 9T

N T B2 WE Y L i e A 11k

P A A I ) L, AS SOt — A 4R R MLAR AR
Ry IR A T S W

EJd, +E,, +E.

(24)

em

@

m

AT, HHRBEE 0, NI T,
Iy do FAHL=HIHLHL

B9 CiEBRXEE IMF 1S RERHE
Fig.9 Multiscale fuzzy entropy of C phase current

critical IMF
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Tab.1 Dateset of inter-turn short circuit
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Fig. 10 Flowchart of inter-turn short circuit fault

diagnosis
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Fig. 11 Diagnostic results without signal processing

and with fuzzy entropy
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Fig. 12 Diagnostic results without signal processing

and with multiscale fuzzy entropy
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Fig. 13 Diagnostic results with signal processing and

fuzzy entropy
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14 BTESLHEXRAZ REEMESHER
Fig. 14 Diagnostic results with signal processing and

multiscale fuzzy entropy
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In recent years, fractional-slot permanent
magnet motor ( FS-PMM ) has good application
prospects in the field of electric vehicles, which will
exhibit
components. The FS-PMM winding adopts a star-
delta ( Y-A)

structure, which can restrain the low order harmonic

low-order harmonic

high-amplitude

connection multi-layer winding
of armature magnetic field and improve the operation
efficiency. However, this structure is more complex
than the conventional Y connection double-layer
winding structure, and the risk of inter-turn short
circuit is higher.

In this paper, a circuit model of inter-turn
short in Y-A connection FS-PMM
established. The fault three-phase

derived, and the influence of the position of inter-

circuit 1s

current 1is

turn short circuit on the fault current is analyzed.

The whale optimization algorithm ( WOA )

1s

improved by adaptive weights and Cauchy

Gaussian  mutation Cauchy Gauss

WOA

effectively prevent falling into local optimization.

strategy.

mutation strategy is introduced into to

At the same time, the adaptive weight is added to
the WOA, which up the
convergence speed and improves the optimization

ability of WOA.

effectively speeds

S4

The improved WOA is adopted for optimizing
the parameters of variational mode decomposition
(VMD). A parameter optimized VMD algorithm for
processing current signal is proposed.

To prevent motor operation fluctuations from

the

entropy is used as fault characteristics. Finally, a

affecting fault diagnosis, multi-scale fuzzy
fault diagnosis method for Y-A connection FS-PMM
inter-turn short circuit is proposed.

The accuracy of this fault diagnosis method can
reach over 97.78% is shown in Fig.1. And it can
effectively distinguish the inter-turn short circuit fault
between the Y connection part and the A connection

part.

Fig.1 Diagnostic results with signal processing and

multiscale fuzzy entropy
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