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Three-phase six-switch fault-tolerant inverter drives induction motor FCS-
MPTC
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Abstract: Aiming at the problem of single-tube fault of three-phase six-switch inverters in induction motor drive systems,
a three-phase six-switch fault-tolerant control strategy of inverter under fault condition is proposed, which can provide
more voltage vectors than three-phase four-switchs and then the torque ripple can be effectively suppressed. Combined
with the idea of finite-set predictive control, a three-phase six-switch fault-tolerant inverter finite-control-set model
predictive torque control (FCS—-MPTC) strategy is proposed. At the same time, the fuzzy PI speed controller is used
to replace the fixed-parameter PI controller to further improve the stability, rapidity and robustness of the system. The
simulation results show that the induction motor drive system controlled by this scheme can continue to operate stably
and has good dynamic performance, and further validates the effectiveness of the proposed method.
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control; fuzzy PI

Vol.35 No.6
Jun. 2020

DOI: 10.13195/j.kzyjc.2018.1101

0 5

4 WL B A S kR B S R
o 1 — o i A ) 3, L 2 1 4 7
AR, LSRR S L AR T
V2N FEU. R TG, T35 R 4 0 o 47 7 A e
BN TF I AN R i e L, BELRS T ML
FEE 5861 2 F I8 . 304 k., 780 000 425 81 DR T A
BLEEH R BT RO M N « IR 25 I H 1 20 TR 4 A,
Rty BN RE A 270 i R 45, B shAsma it 45
B R AL AR BT TIZ I R A RS ST
(2] FERSE 280 30900 42 ) 7 12 5 £ e 5 L B SR s i, (2

its B EA: 2018-08-12; 12 HEA: 2018-12-22.
EEWR: HEEHARAEEIH (61663022).
RERE: AR

Tl IAA/EH. E-mail: miaozhongcui @mail Ixjtu.cn.

FHhAE 1O PERE. SCHR (314 T ) e 0 F R O
AR T AN RN W, 3RAF 7] 22 1 JF D009 23 Al
I B FF ST AE. A S Tl 42 i o B L 4% ) 7 vk, A
PR G2 A5 784 T30 425 ] (finite-control-set model predictive
control, FCS-MPC) B % 1R 41 .45 106 48 2% 1) IR 7S
gz il H As g5 Aok, & T S, oA 24 iR )
FSIST SR [6] T X HE ¥ FCS-MPC B H T = 4H
F, He 7R 300 A 2% 1 PRV T 42 ) b, B T B 1 AR
SR SCHR (714 FCS-MPC 5 % 4t Pz il £ 47 % EE 23
T, W B 1 A% G5 PLES il 47 75 1) L AS &, R B0 H A
R R . 45 G B SRR Tl 4% A R, A 2



1378 # % 5

R A TR AR AR Y TR B B2 55 H 2 1] (finite-control-
set model predictive torque control, FCS-MPTC), & &
ARIES AN, N ER SRR AN 5 T 5] NFEZ
PR S A SR A T AR T3z B A T F LA i 43
WS AH R A R L R, 2 R R
SRATAEA2 ) ZE T, 520 FL A2 o) PR BRI X 1K — i i,
SR [12] AR d5e /N I S A7) 988 Jo W) 75 32 3508 93 4R 1k 5%
B, BRI/ T it EE AR EFR T RE RN
2R AR R R, A AT RS R KRR B FRAS T
RE. SCHR [13] 42 7 — M dk T3 55 5 WG B 0 2= 4%
SRR T ) A B N H e AR A AR LA DT (R AR
BORBE A X T RS0 5, 12 ) S g [ 48 2 (H
PRBEH IR B 22 4% H R e [ AR AN T Bl

P ) 2R 45 P R DR B B 0 RE 75 T ARUE Hh AR XS
HApE v pe 2 o0 HE, D L ] R SE 9K 5] BT
AR S AR, — AR 88 TR ) I 00 R A W, 4%
il 2 4 1 A e PR RN AT S A A5 AN BRI, DR 0k, B 9
AR IR A SRR T A 2 1) 732, TR B 2 |
RS IaAT R E B EEMP AR L IR, 2
B2 P LA [B] B S B i D7 kAT TR,
Horp =M VU R AR AR 48 2 0 W B R R AN S5 44,
FARHI 7 W, 5 T 44, 130T BN 1048 2% 75 A
FUIF T AH = A DY TF G A HE 10 AR SR AH B T 1R
GBI VAV S UK LN = 8 P ey 1]
AR IR S, B4 PR 4N RE R R — A H IR
I, BEA R ToE TAE. B A, anfef 7EAS A2 = AH DY
TFRIGEAZ R0 AL H AT H2 T, a2 i SRR 1 04
o, 2R R T OCE I Re, s T R 4ie
AT HIRSE PE S AT SEE, BRAS BEAR R A HI VR RE, B
P ) 7 AR ) 1) . — U0,

% R DL BB L, AR SRS FCS-MPTC i 5 & K
ANAEAE R 1) ZE B (1) S5 R AT AN SGdE, B2 H — oy 2t
IB#M3 FCS-MPTC [ 5 Wi £ X = AH VU ¢ 25 45 B
RedR At s R e /b R DK Bl K IR ) R, 76 SCHR [17]
Xof = AH DU T SGFN —AH 7S T OR300 38 4 s O & B oy
Friv 2t b, B K s RGPS TR S T AN
TER A EE 0 AR S BU A, 4 LN H T3 1 R 4t
. 25 B8 B HU AL B G MR R 1 DL S s AT i B F L
ZHLIAN W AR A, {8 4945 45 ] 5 38 25 S 500 PLE i
e DAY A2 HMLAE K Y R R K 7 ) AR A B X R ¢
i S PERE RIS 5 T e ids il R 3
A TERE, K F O PLIZ 6] 2840 8 4% G2 1) P i 2%, ¢
TF 7 TR0 P 42 11 28 1 = AH N TP R R R 1 AR
PN 720 FLHL FCS-MPTC R 4t. Bt Jm il i 17 B 56

xR %35%

UEFITHR H 7 VR I 2t

1 FPHEVAZAANF BT R
iR

1.1 REBEHNHFER

(L5725 UL R B 590 S A T 4311, 2
I 2 50 2, HRLLZE 93 4 L AT R (-8 A4 2R)
B A5 B R0y

pr = Az + Bu. (1)
Hrp
_Rer+RTLsI+. 1 (il_. )
A= oL.L, “oon \T T
—R,I 0
0 —1 10 L.L,
j - 9 I: , 0 = 1 — s
L 0] [0 1] L7,

1
T =[isa isp Vsa Yspl, B= aLs] ,
1
isa~ tsp N a-BHIEE T I, Yo Ysp Na-GHl
e THEBE D B, Usa~ usp N o-BHUE THIE T E, T, =
L,/ R, %1 eI ()W 2, Ly« L 73 51 Mg 1
HURK, Ly, NHBEE I, w N T RAEE, R, R
T e 5 RE T HUBH, o it 25
SE TR T AR RIE N
NV @
HL R e T AR IR
T. = gnp(wsaz‘s/a — spisa), 3)
v, o EHURERE N 5L
12 =HEAFREFHREERAINGR R FRE
AR — R, Ao HH R A ), 5 1 g8 = AH DU T
RSN, T 1 R A SR, = AH N T
A R R TR A SR 2 5 T %48, T R 5K 1
VIS
ill

N

BRI S H 75 IR, IR 2 5 /M 75k
PLEE . i w15 B SRR S N ) = A S P %
B AR SR IR AN D AL R GL g4, i 1 TR,

%J- 1-|<}Js HGL 54@1
033
Td_l_ 24 Ak ‘HQ&T 764@:;

s

R R S

N L ——
g

- 9
N

==

El1 ZMEAFXRFEEERRNFLBIRRLEN



% 64 BAP R & Z A FER

BRI, ) RGUAE 2~T ST RE HIERT T, K%
BT A AR RE, K — N AFRERE K
He % B s )[R RE 20 6 A i IX, HT T~ VIR, W18 2
B

poro i,
1 I
v
y [ 000 ¥ v
011 100
v VI
101
Viooty 7

B2 HEERSTZEAFXEHRERE
AR5 STHR (17 %8 = AR /N T R A 60 2 25 IO AT A,
2 I =AU P R A B % ) S IR 00 = AN OF
FAZHR E T SR AL A A H I 2 3, HE S HY = AR TR
Z %ﬁ??z%ﬂ%?%@%*ﬁ%lfﬁﬁﬁﬂ?:

Ugq SUdc< afsbfsc)y
1 1
3Udc(25b 2 - Sc)a (4)
1

1
Udc(QSC — 5 — Sb).

Horp: Udcﬁﬁlﬁl%%E si(i = a,b,c) N M
gtﬂ’]ﬁ?@uiﬁ,sl = 1 RA-ME LB FWLs; =0
TR LR @, F8 2 (000). (100)+ (110)+ (010)-
(011)-(001)« (101)-EFFF IR ZS.

2 AR SBEEA I
2.1 AREERBTUN E BRI

FCS-MPTC [ 2 A< 4 ] JLAR & ) B 300 2% 28 1) 15
HURFPE AT JOIRAS A BR 4, 2 T R AL il F —
B ZPIRAS AR 5 AR Ak, J8 sk 3 [T v 6 A ) v o £
/N R O B R BB L TR R g AN
FRGHH 3E A A H AR B, e AN T
WRENRAL, P ] R G5 H an E 3 Fiw.

T [P =m

w0+ TR . 7
_.®S_. PI W*—bﬁu% 5 > /ﬁ\,—'—ﬂ:jzli " 7 M
- =D 1 DANG
(Uk i I
7
;%Eg‘u DR XX il B
ol o

B3 =ZHEAFXREEETEEFCS-MPTC

SETHURAE a-BARRR R T BN

2 1

g(ua — i(ub + u.)),

Uq =

515 T 3 IR H) S wALFCS-MPTC 1379
2

ug = \g(ub — Ug)- 5)

N TAF R — I Z 2 - RN e R B

1B, FEARAIE PR B, SR F B Rz 2ot 28 (1) #0478
B A5 218 1 FL AN 8 - REBE 1 TR R 4

zn(k +1) = x(k) + Ts(Az(k) + Bu(k)),

2k 4+1) = on(k+ 1) + %A(mn(k +1) — 2(k).

(6)

Hrb: TN RGERFERM, o (k) 2 (k + 1) 258 2450
B ZN AR — B Z PR &, 2, (k1) v (R L
IEZ .

MR B EA A2 (6) 13 2 b+ 1B 2l - B ARAR T 1)
MEBEr(k+1) = [is(k+1) . (k+ 1), FHHR
Q)R K + 1B Z1 Y L T R 0 - G B R,
Bawils)

T.(k+1) = gnp(;z)sa(k + 1igp(k+1)—
%5(7@ + 1)is<x(k + 1)) (7)
Bk +1) =\ JUL(E+ 1) + 02k +1). @)

DR % A EaﬁzzfﬁﬁiﬁmﬁéﬁxﬂaziﬂBﬁ/MJc?'\ﬁ%
il H bR, 1B H bR R En T Bs:

g =17 = Te(k+ D)+ Al —os(k+ 1) (9
FCrp T Sy AR R R R 4 R B A A
BEREL — A = T /vsn, FEEBRR AT
IR P4 1) B8R 5 e — 25 R .

2.2 JERTAME

TE SE BRI H, BT B i R G AFEE — A
1B, A5 45 22 1 IR 20 T 45 38 Fr) 5 £ P R R R TG E L
P T — B 20 A4 i, ae A ) 4 A, 9 1T R 1
RGFEHIVERE. 7 W B A i A IR 5 ok ) R i, 5 22
St AR BEAT A M. BARHTE kI 245
k + 2B RIS O % i, X AR 2 5 — AN A T
BAE ke + 28 27T DB HRG 1 58 I B AT O OR B
HHEE + 20 2. FR4 1 2K (6) 13 201 ke + LI 220 38
AR WME, Xk + 205 21 1738 B A7 70, B2 (6) 73
Bk + 20 ZI AR RIE N

Tn(k+2)=2(k+1)+ T,(Ax(k+ 1)+
Bu(k + 1)), (10)
r(k+2)=2,(k+1)+ %A(mn(k +2)—
2(k + 1)). (11)
JEIS M S 1) H AR R ECH
g=T¢ = Te(k+2)| + AlYg —vs(k+2)[. (12)



1380

# # 5

xR ¥35%

5 JE AU ) A AR A ) MPTC i A2 4 ] 4
B,

l¢
<

NV, i=1,..,7
!
l//ﬁ/ﬁ»l’ Tc,(+1
fori=1,..,7 g,
b

N VA F bR

4 EERFITHIEIRAMER MPTC RIZ
3 M PIEEEH AT
PR P % S 42 1] 4 25 R A B S Bl o, BURG S fiw 22
e PG 3 A 722 1O AR 4K 3R ec 1E A REOR 425 1) 28 10 B N,

PLZE 8% T IR K Ry AR AR AELAE Dy it 6 P24
BEATTE 2 R B2, LLFRE i 2 G0 4% 1) R 8 R 20y 245 ) 97 Jk
JEERO2U SR 25 ) 2 S phASORA 1 L ASOR SR R A 25 A5
3 83 M R ST R H Mamdani A5O8] HE B 45 44 F1
IR EBRIL.

‘—*E>E;:/ﬁﬁﬁ%

—

P48 b BN R

w* e
+,® Lla7ar -

‘ ec

B 5 RHHPIEIRITHIZS LA
E SN B ey ec MIHI AR F Ky Ky B R
T4 4 {NB,NM, NS, ZO, PS, PM, PB}, %] M [ 35 Ky
[_37 3]7ke‘ kec yﬂ%f’h%,ﬁ%%éﬁé%ﬁ"]%ﬁﬂi,ﬁ
T A7 L S 0 3k — A 1 23 ST P ARR s s ) 1
Fis.

® 1 ARMESIELN

ec

NB NM NS 70 PS PM PB
NB PB/NB PB/NB PM/NM PM/NM PS/NS Z0/Z0 Z0/Z0
NM PB/NB PB/NB PM/NM PS/NS PS/NS Z0/Z0 NS/PS
NS PM/NB PM/NM PM/NS PS/NS Z0/Z0 NS/PM NS/PM
Z0 PM/NM PM/NM PS/NS Z0/Z0 NS/PS NM/PM NM/PM
PS PS/NM PS/NS 70/Z0 NS/PS NM/PS NM/PM NM/PB
PM PS/Z0 7Z0/Z0 NS/PS NM/PS NM/PM NM/PB NB/PB
PB Z0/Z0 7Z0/Z0 NM/PS NM/PM NM/PM NB/PB NB/PB

4 REHE

HT IR RGN R PRI RA A RS BT S R
Y358 R R LS ) = i T B B, B AR AR 2 N
DS 58000 00 . 5 38 e N B 7 S R 8

w6 .
1.0 NB NM NS ZE PS PM PB
i
B 0.5 F
#%
|
0 1 1 1 1 1 1
-3 -2 -1 0 1 2 3

e ec,k,k

6 METEREEIY

DR U6 UE BT H R T ASOR PL R o 1 1T A 1) = A
INTF R 8 0 A8 3 Ik B 7 8 LWL FCS-MPTC [
RUPE, 7E Matlab /7 21 & E47 07 3250, 5256 R A
1 7 LS B R 2 s, BB R Uge A
511V, RGEKFE N 10 us, BUE RN N 85, 1045 PI
R AT RIS Ok, = 20,k = 0.05, k., =
kee = 1.

RIS UE = AH 7N T R AR 2 1 SR 0 RGP fg
) 4 8 P B K i T4 4 PSS o) 388 () = AN T R
BT H RGN RS, I TS PLE I 251 =
HH U - 5 28 65 TR0 42 1) R B8 80 R 48 2, 43 ) W B
BRI R AR LA AN T TR T B T, RS
25 58 % 3H 9 600 r/min, 25 7€ HEEE N 1.2 W, 47 5 Ne-m [
A B, 1 B4 R E 7 ~ B 13 Fiows.



FoH AR R . Z s R BRI R B IR 5 wALFCS-MPTC 1381
w2 REBHSH 800 I T T
6001 ANFE A R
¥ g =
g 400}
HIEUNIV 380 E /
TR, /Q 1.85 = 2007 5
HTHIAR,/Q 2.658 0
Hi& L, /H 0.2838 0 0.1 02 03 04 05
B fr ¥z 50 t/s
TS L H 02041 L1 AR5 I ARG 2 R
PO EHIK L, /H 0.2898 150
. 100
R ny, 2 A
< 50 F,
1.0} T ol
= 09 ~100}
K| ~150 —_—
S sl 0 01 02 03 04 0.5
t/s
-1.0f
15 . . . . . B 12 A% ERIEN
“1.5-1.0-05 0 05 10 1.5 60
v WD 0 b ig %@
. " b AR EL
B7 F% TN P . i
1.5 = 2097y
1.0 < of RS
§ 0.5 h -20F
\§ 0- 740 i " " " "
> o5t 0 01 02 03 04 05
“10k tls
Y B 13 R 2HRMA
“1.5-1.0-05 0 05 1.0 1.5
w./ Wb Vel 7 F0T P 8 43 il TR R 6 T T e 87l 2. AT
B8 A%2EFHEWS PLE t, R 401 fe s 58 -F ROk, R AR A1
80 B, R G2 7518 17 I G BE 9% sh K. € T Wb B
60 8 o (1 B B P ML A R RS E . B 9 AT
ZE 40 2 10 73 73 2 P 51 45 FEL B 2 o e 2 it 28, RSl B AR S
0.30  0.31 N NN
< 20 4 B, RG22 ARk B N £2.5N-m, R4t 1 #H K30 N
~ . N N e N A/ EWE
0 f +1.2N-m, A] WL = AH 7S HF 5% 25 4 il 28 & A R/
290 . . . . TS, 1R RS R G2 1 e
0 0b 02 030403 Rl £k, 245 1 it L THIN 1] 4 0.107 s, R GE 21 |
. I 8] 249 0.159 s, = Al 7S I 50 248 2 ] R 88 50 4 i
Ho R B T B 18] Ay s *ﬁ/;ﬂfﬁéﬁ a%%J? }ixﬂ I
20 N EE R P12 FTE 13 43 BN 3R Gt e 5 HL AL ) o
N ] Ze. H 12 A AL, = AH DU JF OC 25 B 45 1 0 LU O B
T 4 M K, =N T 5% 0 Lt 2 LRI R % 1
Z 2 030 031 ARG 2 W) = 58 F LU 18 3% 2K B (total harmonic
= “W' distortion, THD) {13 3 ffiz~. THD A€ XN
0 =
X2
72 1 ) 1 1 n
00 01 02 03 04 05 THD. — ,;2
tl's r X,

Bl 10 HRE2455EMI R

o Xy 3, X, B, THD, N (¢ = a,b,



1

1382 ¥ % 5 &

F %£35%

o) MR R B 3R 3 AT WL, SR = MNP R A 4
PSS R GUE T LR /N THDAH.

*=3 TEFHARATHDE AT Yo a1
AHHL a HI LI b A HL 3L cHI LI
RG22 8.39 7.63 735
A1 5.38 5.51 5.49

HT EA b BT I3 H T R, 30 AR % e A LA i
J, R IR B = HEN TR SR B 1) AR G RENS f AL
LT R B AT, IF H A5 A% 48 =M DU T R 5 46 1% 11
SRS AR L, 28 G0 2K AS 25 PR I 8] BE L, e ik 5l B8/,
SE F LI S Y SE T

N T Bt B P ) R GE Ik e R A SR BTt
AR P FEE 2 1 5% N 3 = AR /ST R A A )
Girh (N R G03), I 5 R VAT O EXT L. B 148
FGE3 R EE R N i 2, AR A I AR K3 9 £0.5 Nom,
LT RS0 1 FAE K Eh 15 2 — DR

(4]

(5]

80 [6]
SR T
: A
é 0’.-3? 0.31
~ 20f
~ ol !
0 e
0 0.1 0.2 0.3 0.4 0.5
tls [8]
B 14 R4 35EMRE
5 & #»

ARSI S T AR A A BRSS9 S A B AL
AR TN 7 ) SR At 0 A% 8 =R DU O S0 2 i 4
FAEREFEINK BN K S e P fit i i R /D B ik o, 3R L
T ZAHZS T S A s ) A N FH 3 0 45 ) R G
N T T R E R ) 2R G R A AE R A S SR A R ) 5
WD, Xof RO 928 i) 2R Ge b AT — 40 B IR M, R Dy 1k
— L35 RGN B A PERE, FBORT PLEZ i) 38 B 4K
T GE I PIPZE I A5 7 BL45 R AR WY, I # Hh 4 o) SR
A L T JE S PR A R bk Bl B N G AR, S Y R A
EESHEVE S
B Rk (References)

TR, AT TN AL B A R A ) AR I R
Tk stk Tk 3], BT B st 2015, 35(10):
140-144.

(Zhang X H, Shi W. Torque ripple minimization of direct

(9]

(10]

(1]

(11]

torque control system for induction motor[J]. Electric
Power Automation Equipment, 2015, 35(10): 140-144.)

Karlovsky P, Lettl J. Improvement of induction motor

(2]

drive performance using predictive control method
instead of DTC method[C]. International Conference on
Applied Electronics. Pilsen: IEEE, 2016: 121-124.

Won I K, Kim D Y, Jang Y H, et al. Improved
FOC of IPMSM using model predictive current control
decreasing switching loss for EV[C]. International
Conference on Electrical Machines and Systems. Chiba:
IEEE, 2017: 1-6.

Zhang Y, Xia B, Yang H, et al. Overview of model
predictive control for induction motor drives[J]. Chinese
Journal of Electrical Engineering, 2017, 2(1): 62-76.
TKER, KK G, ik e, BT XUR BB N E D)
P KOS LI R R L D], H TR 2441, 2016,
31(5): 69-76.

(Zhang H, Zhang Y C, Yang D W. Two-vectors-based
model predictive direct power control of doubly fed
induction generator for grid connection and power
regulation[J]. Transactions of China Electrotechnical
Society, 2016, 31(5): 69-76.)

Rodriguez J, Cortes P. Predictive control of a three-phase
inverter[J]. Electronics Letters, 2004, 40(9): 561-563.
Mohamed I S, Zaid S A, Abu-Elyazeed M F, et al. Model
predictive control— A simple and powerful method
to control UPS inverter applications with output LC
filter[C]. Electronics, Communications and Photonics
Conference. Fira: IEEE, 2013: 1-6.

TKER, TRk B, B, S BT ) B ) R S
L0 188 A SR A A 2R 00 B ) (], P R A7
%, 2017, 32(3): 97-104.

(Zhang H, Zhang Y C, Xia B, et al. Speed sensorless
model predictive flux control of induction motor drives
based on space vector modulation[J]. Transactions of
China Electrotechnical Society, 2017, 32(3): 97-104.)
B, F00Hs, TREE. BT ORI E H ZK RE
[ 25 FE L PWMLHEL AL T 28 ] (0], F2 ) 5 BR 3R, 2018,
33(2): 351-355.

(Wei H F, Wei H P, Zhang Y. PWM predictive current
control of permanent magnet synchronous motor based on
extended state observer[J]. Control and Decision, 2018,
33(2): 351-355.)

KA B, Wit . S0 RUNL TG 18 A IRt MR TN 42
il [7]. o AL LR 2440, 2014, 34(15): 2422-2429.
(Zhang Y C, Yang H T. Model predictive control for
speed sensorless induction motor drive[J]. Proceedings
of the CSEE, 2014, 34(15): 2422-2429.)

WIETK, AR BT, AR A IR AR TR0 s ) 7 L 0 P
T RGP W BURAUA a3 (1], B T HOR I,
2017, 32(22): 58-69.

(Liu Z F, Du G P, Du F. Research status and

development trend of finite control set model predictive



%6

BAP R & = dN TR B E T B IRs)F F B HFCS-MPTC

1383

[12]

[13]

[14]

[15]

[16]

[17]

control in power electronics[J]. Transactions of China
Electrotechnical Society, 2017, 32(22): 58-69.)

Preindl M, Bolognani S. Model predictive direct torque
control with finite control set for PMSM drive systems,
part 1:
IEEE Transactions on Industrial Informatics, 2013, 4(9):
1912-1921.

BEL, AROSCHE, NI, &5, ML T AR KL A28
FELLAG R A 1Y 00 2 o 4 o) 2k 0] o AR L A
4R, 2017, 37(23): 7014-7023.

(Xue C, Song W S, Wu X S, et al. Finite-control-set

model

Maximum torque per ampere oper-ation[J].

predictive torque control algorithm with
deadbeat optimization for five-phase permanent-magnet
synchronous machines drives[J]. Proceedings of the
CSEE, 2017, 37 (23): 7014-7023.)

BEK, BE T, mEN, & AR AT R AR
@ PMSM (RIS I A4 40 P2 4] (0. 5 B 5 #2201,
44(6): 697-702.

(Li GF, Teng QF, Gao F Y, et al. Model predictive torque
control of fault-tolerant three-phase four-switch inverter
permanent magnet synchronous motor[J]. Information
and Control, 2015, 44(6): 697-702.)

Zhou D, Zhao J, Liu Y. Online tuning of weighting
factors based on sugeno fuzzy method in predictive
torque control of four-switch three-phase inverter-fed
IMI[C]. International Symposium on Power Electronics,
Electrical Drives, Automation and Motion. Anacapri:
IEEE, 2016: 734-739.

E. T =AY SR AR 25 A KR [ 2 R L LR
P A IZATHE T (D). HUMN: WK TR
2B, 2010.

(Wang B. Fault-tolerant operation of direct torque control
for permanent magnet synchronous motor powered by
three-phase four-switch inverter[D]. Hangzhou: School
of Electrical Engineering, Zhejiang University, 2010.)
B0, BT, BHE, . T DTC 12 L =40
TR A SR [T]. AL S92 6244], 2015, 19(10):
7-14.

(Han L, Wang C R, Li H, et al. Three-phase six-switch

tolerant control strategy of induction machine based on

DTC]JJ]. Electric Machines and Control, 2015, 19(10):
7-14.)

[18] Jahan E, Hazari M R, Mannan M A, et al. Fuzzy
logic based speed control of an induction motor with
considering core loss, stray load loss, and variations
of motor parameters[C]. International Conference on
Electrical Machines and Systems. Chiba: IEEE, 2016:
1-4.

[19] AR, 577, R, 55 T HOH PLC B 4% il i) 57 45
RPLIRE R 48 (7). %30, 2017, 47(8): 15-18.

(Lin Y, LuZ G, Lu Q, et al. Induction motor speed control
system based on fuzzy PI vector control[J]. Electric Drive,
2017, 47(8): 15-18.)

[20] B/NE, B3, DR, S RN R LR S5 K PID 5

Pt e v s BEARR (). RGE0T 444K, 2017, 29(12):
3132-3138.
(LvXY,Wang Y, JiZ C,etal. Variable structure pid speed
control and rotor resistance identification of induction
motor[J]. Journal of System Simulation, 2017, 29(12):
3132-3138.)

[21] #3%, B2 PH. 5T Matlab [¥) 25 5 5 & BB PID 4%
il 25 10 R AR R T 2 (3. T LN LS ), 2015,
23(2): 1212-1214.

(Yang L, Lei J Y. Two design methods of parameters
self-tuning fuzzy-PID controller in Matlab[J]. Computer
Measurement & Control, 2015, 23(2): 1212-1214.)

fEEEN

BPER (1971-), Lo, BIZER, A NG5 ] S5
%%, E-mail: miaozhongcui @mail.lxjtu.cn;

RIK(1992-), 5, WA, WNF IS5 71153)
HIF 5T, E-mail: 15095421603 @163.com;

FKICEE (1993 ), F, Ml M BT B R B
4, E-mail: 745946118 @qq.com;

PR (1994—), B, Witk bl HoAR ro it
5%, E-mail: 1276706728 @qq.com;

BT (1995—), 55, WAk, M2 A R LA RE 42 1

5, E-mail: 1458882051 @qq.com.

(FriE%mit: #BEE)



