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Research of five-phase ferrite permanent magnet assisted synchronous
reluctance motor under single-phase open fault

SHANGGUAN Xuanfeng, HU Gangqgiang, WANG Shuangping, MA Yatao, Ll Feixiang
(School of Electrical Engineering and Automation ,Henan Polytechnic University , Jiaozuo 454000, China)

Abstract; When the single-phase open fault of the traditional three-phase permanent magnet synchronous motor hap-
pens, the output torque’s ability of the motor is greatly reduced and the torque ripple is large. The five-phase perma-
nent magnet synchronous motor has the outstanding advantages of small torque ripple and strong fault tolerance. It is
widely used in electric vehicle, military and servo motor occasions. Because the cost of the five-phase motor increases
with the increase of the number of phases and the price advantage of ferrite, the ferrite magnetic aid structure is used
in the rotor of the five-phase motor. In order to study the fault-tolerant performance of the five-phase ferrite permanent
magnet assisted synchronous reluctance motor after single-phase open fault, a fault-tolerant control strategy was adopt-
ed based on the principle of invariant magneto-motive force after single-phase open fault. And the performance of the
motor after single-phase open fault was discussed by adjusting the amplitude and phase of the remaining four-phase

current reasonably. A finite element analysis ( FEA) model of five-phase ferrite permanent magnet assisted synchro-

Wi HE:2019-09-05  {EEBHI:2019-11-12  FEHLE . FB0E
{EER . D EHE(1965—) , B Wb A, 2%, 1+, E-mail : sgxf@ hpu. edu. cn
BIEE  WINIGE (1992—) , 5 i A2 A 07584 . E-mail : 734283339@ (q. com



BT 1 L e 5 R YR 9 AR LA BEL P BL— AT B 5 515

nous reluctance motor ( PMa-SynRM) was established. The torque ripple, efficiency, unbalanced radial magnetic pull
of rotor, the demagnetization of ferrite and the temperature rise of the five-phase motor in the conditions of health, sin-
gle-phase open fault and fault-tolerant control (FTC) strategy were analyzed and compared. The results show that the
torque ripple of the motor and the unbalanced radial magnetic pull of the rotor increase under the condition of single-
phase open fault. After adopting fault-tolerant control, the torque fluctuation of motor, the unbalanced radial magnetic
pull of rotor and the demagnetization risk of ferrite are improved, but the efficiency of motor is reduced and the overall
temperature is increased due to the increase of copper consumption. The temperature distribution of windings under
single-phase open fault and fault-tolerant control conditions is uneven. Based on the research of five-phase motor un-
der single-phase open fault conditions, it provides the basis for future research on five-phase and more phases’ motor.

Key words : five-phase ferrite permanent magnet assisted synchronous reluctance motor; single-phase open fault; per-

formance comparison; fault tolerant control
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Table 1 Main parameters of motor
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Fig. 1  Current vector diagram of the five-phase motor

under normal condition
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Fig.2  Working circuit sketch of the five-phase motor

under normal condition
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Fig. 3 Current vector diagram of motor after FTC
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Fig. 4 Torque angle characteristic curves of motor under

of normal , fault,and FTC conditions
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Fig. 5 Torque fluctuation curve of motor under of
normal , fault ,and FTC conditions
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Fig. 6 Efficiency curves of motor under of normal,

fault,and FTC conditions
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Table 2 Comparison of torque fluctuation and efficiency

under three conditions

R 0~t, by ~1, ty~®
B/ % 7.02 81.22 35.63
L&) 90.20 91.34 86. 65

2.2 kEAEIBRHS T

U7 F FL AR A B R FERE 7 1) AR R B 4
PRA T B REIRAS s #H B2, >4 5 - A 7 FER 41k 72
G5 T MR R A AR A R RECR S T I T R 4y
RAA TR, BV AR IR REALEE,

R AR AR TR 1 3 28 AN v ] R A TR X R AR A
G REA AR B, (RIR I IR Rt e s —
FRIBILDI A, MR % B /INT B-H 25 si g%
JERF, B R mAE B-H b 2% b0 ik SR R R
T RERPLEAUT s kAR R, B 7 R
PR FHER SR AE - 40 C &4 N B-H 4k, kAR
AR R 0 SSRGS 0. 125 T, A4k AR I 7 25 I
TP S AR B R A AN T AR W, T DA AR S AR A Al
FHB BTG IR PR BT R R el TAE SR 38 14
AR 1 FEARIR I = A AN R R i, Ak 785 ik
THAEPATREE H 22 HEIR BRI 15 5755 LB
ARUST 3 2ok AR = i i L T A 4R B ek SRR R i
87, AESCHR[ 19-20 ] e T AL THOE Em #2210
PMa-SynRM 1B 1 37 H i 1) 43 BT B 78
10.7
10.6
0.5
10.4

B/T

10.3
15 ARER | 3

N . 10.1
ANTT R L X 3K
-400 -350 -300 ~250 -200 150 100 -50 0
Hi(kAom™)

Bl 7 BRSUIATE-40 “CHRIE T Y B-H sk
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Fig. 12 The overall temperature distribution of the motor under three conditions
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