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Abstract
Focusing on the problem of improving the reliability of motor drive systems, a comparative study on the
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performance of several three-phase induction motor drive systems with fault-tolerant operation capabilities was
carried out. The evaluation on the fault-tolerant control strategy should consider the actual output torque and i EES
rotation speed of the motor drive system, which mainly depends on the system current and voltage constraints. Abstract
Considering the existence of excitation current, the current limit in the induction motor drive system is not as st ey
intuitive as that in the permanent magnet motor drive system. AL the same time, both the inverter and motor have ‘ ’
words
constraints on the system voltage, so the effects of motor parameters, operating points and voltage and current =
constraints on the output speed are analyzed by deducing the voltage equation for the postfault motor drive SIFAX
system. In addition, it is pointed out that the optimized topology can make the postfault motor run at a rotation =R
speed higher than the rated speed to gain extra power. An experimental study was carried out on an induction HS
motor driving test platform, and the comparative experimental results under different fault-tolerant strategies
verified the theoretical analysis.
A
FEENERY / MEEEEE /O OFEE /2=
Key words
induction motor / fault-tolerant control /7 reliability / constraint
2| BAEY =2
e, FREIE, ERA. SEEEERIIFIENSNEEIE TR, S8/FFE 2022, 20(6): 203-213
https://doi.org/10.13234/.is5n.2095-2805. 2022 6.203
SUN Kai, CHEN Weibin, ZHAI Xiaohui. Comparative Study on Fault-tolerant Operation of Induction Motor
Considering Voltage and Current Constraints. Journal of Power Supply. 2022, 20(6): 203-213
https://doi.org/10.13234/j.issn.2095-2805.2022.6.203
< | T > |
[1] HERIE, 418, Iy SSaealiait iR ). #2018, 51(4): 62-68.
Ban Dongpo, Li Hongmei, Liu Liwen.Review on design and optimization of high efficient induction motor[]].
Micromotors, 2018, 51(4): 62-68 (in Chinese).
(21 T, =300, # 16 —HE TR AR A RN TR, SERALTZSIR, 2019, 39(17): 5216- @

5224, 5302.

Wang Peilong, Shi Liming, Du Yumei A novel dual-rotor induction motor based on electromagnetic coupling applied
for energy storage and driving[]]. Proceedings of the CSEE, 2019, 39(17): 5216-5224, 5302 (in Chinese).

3] &8, FiER B & ETEHEEIE N0 EEn=sltEEFESEEEHEEE] B LiET59E,
2018, 33(21): 4949-4961.

Peng Zhong, Zheng Zedong, Liu Zicheng, et al A novel sensorless fault-tolerant control of five-phase induction
machine using virtwal winding and full-order observer[]]. Transactions of China Electrotechnical Society, 2018,
33(21): 4949-4961 (in Chinese).

[4] FAREE, EE. BaEEmESre AT AN EEEs=]]. 25Fs0 2017, 47(11): 67-73.

Yuan Lili, Ci Wenyan.Research on embedded closed-loop fault-tolerant control for induction motor driving system[]].
Electric Drive, 2017, 47(11): 67-73 (in Chinese).

[5] De Araujo Ribeiro R L, Jacobina C B, Da Silva E R C, et al. Fault-tolerant voltage-fed PWM inverter AC motor drive
systems[]]. IEEE Transactions on Industrial Electronics, 2004, 51(2): 439-446.

[6] T ==, &=EE JIEiE. —SEHsiE-Traailn ey Mk FEanEimEfEzEaiE]]. RSV LESHE, 2019,
39(2): 417-426, 639.

Wang Qingfeng, Wu Junyong, Liu Zicheng A single-phase open-circuit fault diagnosis method for five-phase motor
drive system based on the detection of harmonic current plane[]]. Proceedings of the CSEE, 2019, 39(2): 417-426,
639 (in Chinese).

[7] £ =& TE £ ETERSHEERTSEAIE2ER])]. BB hBahibiEE, 2016, 36(8): 170-175.

Wang Zhen, Li Cheng, Wang Lei, et al. Induction generator fault diagnosis based on analytical admittance[]]. Electric
Power Automation Equipment, 2016, 36(8): 170-175 (in Chinese).

(8] Z="F BT, = = ETNHREnH I ERE ST ETES SIS s THEASIE, 2019, 34(15): 3158-3166.
Meng Yunping, Zhou Xinxiu, Li Hong, et al.Fault tolerant strategy of four-leg for permanent magnet synchronous
motor in case of open circuit fault[]]. Transactions of China Electrotechnical Society, 2019, 34{15): 3158-3166 (in
Chinese).

[9] Garg P, Essakiappan 5, Krishnamoorthy H 5, et al A fault-tolerant three-phase adjustable speed drive topology
with active common-mode voltage suppression[]]. |IEEE Transactions on Power Electronics, 2015, 30(5): 2828-2839.
[10] Beltrao de Rossiter Correa M, Brandao Jacobina C, Cabral da Silca E R, et al. An induction motor drive system
with improved fault tolerance[]]. IEEE Transactions on Industry Applications, 2001, 37(3): 873-879.

(1] FiEE, 175, 2886, & F/A-E/ et sslEmm itz FEEsnEfT=]. 2iF=HE, 2016,
14({5): 15-23.

Tong Chengde, Xu Bing, Cheng Luming, et al.Simulation of DTP-PMSM drive and fault-tolerant control system based
on six-phase eight-leg VSI[]]. Journal of Power Supply, 2016, 14(5): 15-23 (in Chinese).

2] XEE I &£mhe, & A EFaEiEsy o EEnslsm—aamEd]]. PRV LESR, 2019, 39(2): 327-
336, 630,

Liu Haitao, Wang Dong, Yi Xingiang, et al. A unified fault-tolerant control for 15-phase induction machine under
various phase failure conditions[|]. Proceedings of the CSEE, 2019, 39(2): 327-336, 630 (in Chinese).

[13] Z=FR 5300, MY &S ESAEEaeir T Ra B sz ESw]. B TEASFR, 2017, 32(5): 97-104.

Li Chunjie, Huang Wenxin, Bu Feifei, et al.An open-end winding induction motor driver with boost and fault-tolerant
function[]]. Transactions of China Electrotechnical Society, 2017, 32(5): 97-104 (in Chinese).

[14] Sayed-Ahmed A, Mirafzal B, Demerdash N A O. Fault-tolerant technique for A-connected AC-motor drives[]].
IEEE Transactions on Energy Conversion, 2011, 26(2): 646-653.

[15] Liu TH, Fu | R, Lipo T A A strategy for improving reliability of field oriented controlled induction motor drives[]].
IEEE Transactions on Industry Applications, 1993, 29(5): 910-918.

[16] Gaeta A, Scelba G, Consoli A Modeling and control of three-phase PMSMs under open-phase fault[]]. IEEE
Transactions on Industry Applications, 2013, 49(1): 74-83.

7] &%, ERE. ~ErmEsEY | slEEaEaEwmmEs]. 2087, 2017, 51(1): 78-81.

Huang Zhipo, Zhou Yangzhong A tolerated fault direct torque control for six-phase permanent magnet synchronous @I
maotor with four opened phases[]]. Power Electronics, 2017, 51(1): 78-81 (in Chinese).

[18] &£, EFE, P==F. BEfamatitnEat —HlHxrEsmmgiREsEEE]]. BE0Ean=s, 2017, 37(5): 40-47.
Zhu Chong, Zeng Zhiyong, Zhao Rongxiang.Carrier-based modulation algorithm of fault-tolerant three-phase four-
switch inverter for better current performance[]]. Electric Power Automation Equipment, 2017, 37(5): 40-47 (in

Chinese).
[19] BEE, =E L £EE & Al Ax=EErTreEsIPMSMIESIZESFCS-MPCEERS[)]. B SE=EI3E3R, 2016, 20(10):
15-22.

Teng Qingfang, Li Guofei, Zhu Jianguo, et al_ Finite-control-set model predictive control for PM5SM systems driven by
three-phase four-switch fault-tolerant inverter[]]. Electric Machines and Control, 2016, 20{10): 15-22 (in Chinese).
[20] Errabelli R R, Mutschler P.Fault-tolerant voltage source inverter for permanent magnet drives[]]. IEEE
Transactions on Power Electronics, 2012, 27(2): 500-508.

[21] Welchko B A, Lipo T A, Jahns T M, et al_.Fault tolerant three-phase AC motor drive topologies: A comparison of
features, cost, and limitations[]]. IEEE Transactions on Power Electronics, 2004, 19(4): 1108-1116.

[22] Mirafzal B.Survey of fault-tolerance techniques for three-phase voltage source inverters[]]. IEEE Transactions on
In-dustrial Electronics, 2014 61(10): 5192-5202.

[23] Naidu M, Gopalakrishnan 5, Nehl T.Fault tolerant per-manent magnet motor drive topologies for automotive X-
by-wire systems[]]. IEEE Transactions on Industry Applications, 2010, 46(2): 841-848.

[24] Wang W, Cheng M, Zhang B F, et al A fault-tolerant per-manent-magnet traction module for subway
applications[]]. IEEE Transactions on Power Electronics, 2014, 29(4): 1646-1658.

[25] Mendes A M S, Marques Cardoso A |. Fault-tolerant operating strategies applied to three-phase induction-motor
drives[]]. IEEE Transactions on Industrial Electronics, 2006, 53(6): 1807-1817.

[26] Liu TH, Fu | R, Lipo T A A strategy for improving reliability of field oriented controlled induction motor drives[]].
IEEE Transactions on Industry Applications, 1993, 29(5): 910-918.

[27] Wang K, Yao W X, Chen B, et al. Magnetizing curve identification for induction motors at standstill without
assumption of analytical curve functions[]]. IEEE Transactions on Industrial Electronics, 2015, 62(4): 2144-2155.

2E

ERUFESBEHAFERAESAINERIES (SD-WZ- (2019) 034022)

L) BAM#E12010402000979S5  FRICPE110017565-5
WEREE © (BIFEFiE) @miEsh

fitht: FErhsHXENEATESI B E16E ff%: 300110
EBi%: 022-27686327 {&H: 022-27687886 E-mail: jops@cpss.org.cn
AR lEEEERR R EESR A




