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A Fault-Tolerant Control Strategy and Simulation Analysis of Five-Phase

Permanent Magnet Motor with Third-Harmonic Suppression

CHENG Yi, DU Qinjun, ZHANG Ming, SONG Chuanming, ZHANG Mingzhe

(School of Electrical and Electronic Engineering, Shandong University of Technology, Zibo, Shandong 255000, China)

Abstract: A fault-tolerant control strategy for five-phase permanent magnet synchronous motor
(FPMSM) with third-harmonic suppression is proposed based on the three-dimensional subspace
of five-phase motors. A mathematical model of FPMSM is established and the distribution of
space voltage vector is analyzed according to the driving topology. A virtual voltage vector is
constructed to suppress the third harmonic of phase current by utilizing the opposite effect of
large vector and medium vector on magnetic flux in three-dimensional space of five-phase motors.
According to the effects of virtual voltage vector on torque and flux linkage in different sectors, a
voltage vector switch selection table is established to adjust the torque and flux linkage before and
after a fault to reduce the torque ripple caused by open-phase fault of one phase, so that the
driving motor can still run steadily after the fault, and the reliability of the fan drive system is
improved. A simulation model of the five-phase motor system is built in the MATLAB/Simulink

environment to simulate different load conditions. The simulation results show that the output
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torque and speed of the motor are basically unchanged before and after a one-phase open-circuit
fault, and the fan drive system still operates stably. The results prove the effectiveness of the
fault-tolerant control strategy. The method can be applied to fault-tolerant control of multi-phase
permanent magnet synchronous motors.

Keywords: train fan system; five-phase permanent magnet synchronous motor;

fault-tolerant control; third-harmonic suppression; switch selection table

I 4 AL R GEas A7 ROR 5 25 96 16 K 1 59 1
A BLPE AT G M BE L B e R R B ATl .
RN Bh 22 G2 K A= B i e Bt » 25 S BCRL HLas A7 1
XERR A R K B R R SR E M . ZAH AL
FHRCR I I i T AR G A i SOE AL AR
A I R A T A A SR L S B R S T Y
AR B HEIBAT A RGBT AR

SCHRE3-4 14 H f5 D0 L IR0 28 S 458 ) » > o AL R A
FRF o 9 A A T R R AL ) R A A 7 47 i 3 A
B iy o AT UG A AL BEXS ARAB AT . SCHRLS T4t —Fib
L UG A SRS 5 3 A T A = Y I L A A
HH AL BR AT BF A 5% A0 K Bl SCHRL 6 R P AH I ik X
B RREAR AT ) B R DK s kAT 20 A+ 4 Y R 0 PRI
AR S [ AR L ML AR R B e A Dk Bl . SCIRE7
E Tk AR A A e L BIL A RS Y A R B BRI
R A . SCHRL8 X 7S AH AR [ 26 HLBL
P&t — P BRAT B PIAR O A RS AR . LB
i 4 ) g o e o R R O S B O R A S 2 A AL
(IR B R

A SCEE XTI A RHL R GE0T 58 1T BA A RE 110
TR 7RO PR AL T R ) B 0 K L LA B B 4
FME T — A B R R B TR = R ] S R
/NIRRT T B A T BCR A BB R A R I AL R
s 9 400 3] PR I = UKW D O SRR R SRR R R
TR FRFE . P 00 AL 2 i HH A e O B B S A
o A R (0 R AL A AR A i A e
FEARAAE L O B MBI 28 G845 22 A 5 26 XL 8455 4 R it

1 B S i R B A

= 8 A | W S o P € O C S 8 g N
FL s R T R

al Rs ial Wal
|| R el
U, R, i | dt|w,
Urgg R\ i,@:s w,e:%

o Un Uy Ko E 1 HL R AE — 4 23 6] P 19 90 i

http: // zkxb. xjtu. edu. cn

i~ BN E T HE —4EZS B 15y i U, Wy
RONWERETE — = M 3 85U, U Ron E T
JEAE =423 M I 2 i 54, Vi 68 8 T HLTRAE — 4k
25 Al o B s Wy W TR BEBETE — 425 W) rh i1y 43
iR, R s S EFE]
HAL T 5
T, = %np(%im — Wi 2)

K am, S HL B HLRE AR X5

FAH iR [ A0 W AILBK Bl B SR F A A B 1
fiirn. S;(i=a,b,c,d,e) AT AELEAE a.b.c.d e
AR ERIE N, Si=1 FfxR LESHE, T8
Kelbrs S, =0 KR M FE, LEXCH., —45 =4
25 [0 v A 7k R L AL F R 2R 1 oA

V1=, /%UdC (SaﬁLSbejon JrScej%n +Sdej%ﬁ+SCej%’[ ) 1

V= /%Udc (S, +8,eF +8.eF 8,67 +8.¢F) J

(3

HEAEAS [ OGRS A G L5 3] 32 MR
HWAE a1 -1l as s ARR PO, il 2 Jir
o BROF3L S WAE RS, KA 30 AN AR
% AR R (B K /N R R/ 3 A A
Jr1.618%:1.618:1,

(58998

d

39y

P 1 AR K TG () 25 i ALK 2l 4 0 25 4 &

€

o
o
z
o ©

2 YRR A R B E
2.1 HDH SR AR SR R A

i 5 A ) R T e 0 T — 4
2 ] o 0 o 26 it AT L= 4 2 ) ol R G




A« S5« =Y BT ) % AR 1 Fh WL 8 4 S s By L B 97

Bs

(b) =HE 23 [8] ;-5 A HR R
2 ORI R d a A

RZ s BEEE AL TR EOIRAS R I S B,

I3 T 2 45 R R 2K i A — 4 R = A 2 R 43 A B
2 ] R K% i WS Oy = 4 2 i) /b R & (A
Vo) o /N B B O = 4 23 R R R A (AN Vo) s TR R
SRR R R (A Vi) s — 455 () R i 3 4~
JER B (AN Vs, Vi s Vo) B B = 425 1] J5 , KK &
SNR AR R 1 (an Vo, V) H P R 5K
AN TT TR R (U0 V) 43X 36 W) = 4 255 ] P A K
AN 5 R R R A AR AR R

BT L A, 0k B — 2 2 ) v R — 1 B
R 5 R B HEAT A R (8 LA FE B R R —
Lo A9 BV AT filf = 4k 23 (8] vh & i S 2 fig A Ak il
HLUE = U . A U DLH R R it o

V.(V,,V.) = VK, +V,.K, 4

AV oA R KRRV, M AP R EK R
IR A R TN 2 Ll s K R R AR T A R
WM 2E .

WA B R A — 4 2s [BIRE R U 7 — 4
23 R R Us o FE— 6 0 T, of AR S AR AP S
JUECES

http: // zkxb. xjtu. edu. cn

| U, | T, =0.6472U. K, T, +0.4U. K, T,
|U; | T, = 0. 4U K, T, — 0. 6472U . K, T,
K +K,=1 J
&))
I bR =4 A ] o Y R R L A
| U, |=0 (6)
KX EORAKXG) 15
| U, |=o. 5527Udcl
K, = 0.618 - (7
K. = 0. 382 J
= (DR, KRR EAERIEBE Y 0. 618T,, ik
AR U E] 2 0. 382, 24 KAk A T I 1] Sy v 2
AR R 1. 618 A% AT 40l i = U i . %
AR SRR 2 10 SRR R TE a0 AR
bR R Y A A TR 3 TR
By
V,(30,12) @V3(8,2§)

&

Vs(4,14)

Vo

V(15.6)

31
V,(16,25)

V,(2,7) @
"";;8(23,3

K3 EMEIERELE o -p1 BFR R T I A

N V2717

Vy(1,19)

2.2 EARAKHE N E A

FPMSM {5 51 A 0P 4 5 1 o
w2 (L RO, T, B4
T UL A8 R A 2% 26 4
T T B X i L 26 B T 36 746 5 7
0, K I 0

T L LA B A ST (2) B 7
RGN 210 0624 54

v, = LI, + ¥icos(f, + &) (8)

At W A SRR s L IR L Ao
W R W 50, e 0 o
0. o k HEEAL 'S a TR o i I

LA I 3 o 0 6 2 550 40 B
S AR 1 FE R o B 9 3 17 2
26 P e 6 2 e 1 7

B2 1t B o 2 F W L 9 4 5

Lo e | BRI

¢{—L g | BB )




98 [ S S R N S SO 14 %54 %
* [i l]dc
n + PI +®
z [L - ‘l]/‘ + Lﬂ“—% ,|/|‘H
B HiE
i T 5
E e | s
33 X ]l
U, S
,wjif_
s R = s
[/.\(l \/f " N
Y.y 1y q IRARNS
A i
B 4 T g o 45 4
A1 ZAEAEF TN EMEELREFRLFEL
W, B AE B X
T
¢ 1 2 3 4 5 6 7 8 9 10
1 vV, \Z Vs Vi Vv, Vq V, Vio v, vV,
1 —1 ‘N/v ‘710 ‘71 Vz V’s ‘71 ‘73 ‘N/o ‘77 ‘78
O "7() V?ﬂ 1 i}(l "73 1 i7() V.’S 1 i7() VJS 1 i}(l {/?% 1
1 V1 "73 Vﬁ ‘77 ‘78 "79 ‘71 0 "7\ Vz ‘73
—1 —1 ‘78 ‘79 Vlo ‘71 Vz V:s V1 ‘75 ‘76 ‘77
0 vy, \Z Vi v, Vi v, Vi, v, Vi, v,
T FR A5 5B R 3 I 1) Aoy il A O R IR R T A A LR .
Jl, T, BRI K M T FgA s &,
r=-0, T. BRARAE (10) iy il i i =0 (14)
1—1, T ZER /)N R B 53 /N D 5 A B G 4 DO A R IR A
. FKiLA N
2 NE P N A
3 — MW B R A R s AT b

2 3 T2 BN AR K R [ A FRIL — A DB S i o
TR FE . IEFOIRES N E TR N

|

i, = I, cosf

i, = I,cos(0—08)
i. = I,cos(d—28) (1D
iq = I,cos(8+ 28)

i, = I,cos(0+ &) [
A L, S R L IR A 5 0 Sl AH 408 P A 58 2 il 45
8] . 0=2n/5.
R 45 58 41 g 3h 4

5 .
%1[,,@” =4, F Ay A% A AN

A a—et
T a A2 M i, 0. B BRAEFE LA
P R 5 A

%%J:M1+fﬂ+ﬁﬁ+ﬂﬂ

(12)

(13)

http: // zkxb. xjtu. edu. cn

iy = 1. 46781, cos(0— 0. 22447)
/' = 1.26311,cos(d— 0. 8459701
iy = 1. 26311, cos(g+ 0. 84597:)(
i'c = 1.46781,cos(d+ 0. 22447)
A (1D 52 (15) T 45 ks e ) 4% 1E F A
F, It R A A 8 Ak o fRL AL VA (B S T AH 45
a PR AERCRE J5 , 46 i & 503 2 4% 1E % A =
AR R B R A LR A R R B AT A A
il . S AR S AR 2 RS K R AT

(15

b 3 —1 —1 —17[S,
V. -1 3 -1 — S.
= Ve (16)
vV, 4 1—1 —1 3 —1/|S,
| —1 —1 —1 3 ]]S.

PV, VeV Ve 23 SR T 45 1E F A 7 A LU .
FR AR 5B I e 1 1 Clark 284, 58 (17)0% B 8%

ArbR 2R W B A 0 e B E] 0By F e B AR AR

R W RIS R % R fE — kA5 1) A = 4 2 ) e




$e

A« S5« =Y BT ) % AR 1 Fh WL 8 4 S s By L B 99

B A& 5 Fros . X 5 5K 2 al & i, bl
— MG AL S A e ) T T AL T R A iR 32 NI
16 Ao AR HE 00 F s O B b 3 T vk L R AR B 8 Ak
B i M A0 R T O i R s ) 20O 8 A B X i B S
HEPLF R R AE o =31 AL bs 2 H 0 A1 i DL 8T 6

A

Va | _ 2
V.l 5
Vg
cos %—1 cos %c—l cos %T—l cos 8%—1
b
sin Zx sin dn sin br sin 8 \4
5 5 5 5 ¢
sin dm sin 8x sin 12n sin L6z .
5 5 5 5 V.
L 1 1 1 1 ]
17

U T REBEAE TN [ B DX 28 A 3 B R
KA REE . 6 FTR . TR T —
Fi X HL i 38 R 1 B 5 e I R R R U R R B
Vi T /IR B R R SRR VL B Y
TSR AL T A B DX B R A T B9 R TR R R
HERF AT Y . LASRIOTT 55 B %E 1 B R (8L &

(a) —HE =S [H] (b) =4 =3 [A]
Wl 5 a KT It I Bt i ol s 2K ik O3 A

(10,12)¥, /fi

6 KR — s [ UL R T O k0 A B AR 8GR

FRFERY /N . phy e A ST R Y R UL R T R B T R
TEHER SR 2 s,

%2 AAAEM aARNKEREMEEL ST X EFE R

W, JTTE R X

¢ i 1 2 3 4 5 6 7 8

I v v, v, v V. v, v, v,

| —1 v, v, v, v, v, V. v, v

v, V. v, v, v, V. v, v,

| v, v, v, v, v, v, V. v,

-1 - v, v, v, v, V. v, Vv, v
0 v, v, v, v, V. v, Vi v,

4 fiE

SRy 6 I A ST 3R 7 A A 1 R B A R R
MATLAB/Simulink 5 @ Fi AH H ML 5 48 {5 B A,
Xt HLAL AR 0 TAE7E IE & A2 e R . — T B I E %
B R 2 A S 3 FOIRAS TR R HL R L
I HEAT 5 FL AT

FAR KRG BB EL S 5N < A E DRy 750
W, B2 LR 300 VL, E FHLBH N 0.74 Q, HLECH
0.014 H., B HLEE 4 75 [l 4 600~1 350 r/min. # F
WE%5E R 0. 045 Wh AR XTECh 3. R4 LS EL &

http: // zkxb. xjtu. edu. cn

D5 EZHNT LS 2 33 1 000 r/min, & F #
HENRME 0. 16 Wb, k¥ 1 N » m, H i FZf R
300 Vi P # il #8280k e h K, =2, K, =20,
RFESI R 10 kHz,

Shy oA S LS [RDIR S R B JE M B L R
B bk 2l & 5

K = 7T; Toin » 100% (18)
s Ty s T T 73900 Ay LR 2 506 ) S S0 e/
1H K e KA

AR E AL IE B A A I A R A R B i U




100 W%

i

N

A 7 fin. EERET . BRIEEEZERS.
25 FH R X R oA ELE AR S S Ik s R K R
20. 3% ML EF LML Fais 17 .

0 25 50 75 100 125
I [ /ms
(a) HL i
181
16
14+
2 12} (17.85,1.102)
1 [ AR AR
w 08 (13.35,0.898 8)
# 06}
04F
02F
OO 1 1 1 il 1
0 25 50 75 100 125
I [ /ms
(b) 3
_~ 1200
£
£
;. 1000
% L
= 300 I L I 1 J
0 25 50 75 100 125
IR [ /ms
(o) s %

B 7 TR HLIE s 47 I 05 L 1R

a AF W7 S 30 R i 5 I 7 s i Bt 0 A5 f O L e
LA HPIE K 8 fros. MIE 8 WAl & i 4 [
SRR IR A% R P U R A A L O
W2 BRI 3 R K 2970 647 00 AR Ik S n s
Bl ST B U B Y- 1 B AT P ARG L R L R B
MRS FR B . R G s AN AT

I [11]/ms
(a) HL i

http: // zkxb. xjtu. edu. cn

EE I %54 %
1FgT=
1.6
14F
= 22.225,1.107
B12r - )
z 1.0
= 0.8
# gl NN
04r (16.225,0.5659)
02f
00 1 1 1 1 ]
0 25 50 75 100 125
[ ] /ms
(b) 545
1200
"=
£
1000
=
#
800 . : : 0
0 25 50 75 100 125
i [ /ms
(OF: 37
8 a KRR 5 JC 28 5 15 45 B iR |

a AH I % i B i+ R 3 T i a2 A 4 o Gk
Jr A w5 PR S R I 9 Bros . i
P 9a 205 12 ) i 2 1 W BE I nT A Y L SR U B 4R
) A T B A B e S A R AR AR E . a A
TS S HG L A (R D O A O A R YA R R
R+ UK i B A e % T A 10 e S R . LU O 9K
JEE B A FEL G U OO AT B4 s 5 bk sl R B KA
23. 2040 AT R T R Dk Bh 5 2 B S e R E

02y
01}
=
2 00f
B?‘."
0.1 f
02 -1 00 01 02
W /Wb
() % T R B 500

100

0 25 50 75 125
INF [11]/ms
(b) ¥R




—~

5 2 R 2 YD 8B ALK RS L o SR % 0 L 7 101
18 Fed fRFF 1000 r/min e B Ik ) e o s A7 T 8 5 4%
1af B IS o 5 T 86 [l T 2 W R A g A e

15 (17.85,1.117)

=]

<

2 08F " (13350.38845)
# 0.6
0.4
02}
0.0 : ' J ; I
04 25 50 75 100 125
I [11]/ms
() L5H
1200
g
© 1000
=
#
800 : ' ' ; I
25 50 75 100 125
I8} 18] /ms
() Bk

P9 a AR R T 2 4 o I 0 ]

FEZREAH 1 000 r/min, % B 7 2 45 2142 1 » i AL T
FRAs AT » AT 62 E 1 42 4] 5w F) A7 b

Sy LAz AT A AN [R] 2 3R M B 2 DL T [
FETEHIVERE AR AL A FE 1 1 000 r/min fFOL T .
FOH 5 E UG AE 4. 3 N o m, AL MUK A 5 5% 40
B 10 s TS WEESH R T I sibs
AT o . F AL IE H A2 5E 48 47 I B8 g ik 3h 29
21. 200 sa AT B 5 o i IR R R N AT B0 R
PSR e i 2 B 2 W 3 O B AT B A RO L e
R Tk 20 e AR o F AL e R 3 T IR O 3 I i K-

8r

~
T

| (169.837,4.785)

3L (159.187.3.866)

1 L 1 1 I

175 200 225 250 275
I [11]/ms

B 10 A M 4.3 N o m B f B 95 A 5 2 46 U %

/(N « m)
—_O = N W AR W O

w
(=}

FBIL K e TS e S TR A R 1L B R ot R
R EAE 0 O e EOULI A . e T R ALAR 2 i AT

1200 o

.8 ——

g

= [

* 1000

< L]

ﬁ 800 1 1 1 1 ]

150 175 200 225 250 275
[ 1] /ms

11 Sy 4.3 N o m B HBLIRR 5 5% 2 0O%

http: // zkxb. xjtu. edu. cn

1520 R LR S A a2 47 - TSI 1 4% 4
SR T A (7] 0 281 045 A 4 A

5 &

AR SR 51 42 KL TR K B () 20 o LK 5l
8 VBT AH 5 B2 ) — Rl 2 I = Y 4 1l A A 4 Tl
Mg, EELEIRWT .

(DR H IR AL —ZE M =4E 2 [ b KRS
Hh O N T B A D 0RO R T
I B L = U

(2 5 T e PR 7 I 0 30 38 A 72 D U A 3 e i
Jv B AR O e 5 3R M) P 0 A e g o R T R
X 5 e R AT VRIYY L A0 S R bk Bl DR A — A
S A RS R PR R TR LB OE R s AT I A Y
S BLR Bh 7 G A

(3 Py FLA5 SRR W] - 25 1 = UG B il B4 1o AH 7K
T L AL S A ) SR WG+ 7 — A BB B IR ) 155 0 TR A
FEL YL T O A B 0 A B R BK Bl R B K el R I
64. 7TO0REAR Dy 23. 200 AT ZBCHN  T e R Ik B L e
TREAEL EME 1 000 r/min, BHLPARRIEFT. SLH T
A AL e L e R AR OR L R T XL K
ARG B ATRE N WL T8 4 KHLAK S R K .

5% 30k

(1] XIARE, 2K, FBIEAR. 2 A0 L Hl 5K 3 5 AR o
Fegrik [J]. B THEARYMR, 2017, 32(24): 17-29.
LIU Zicheng, LI Yongdong, ZHENG Zedong. Control
and drive techniques for multiphase machines: a review
[J]. Transactions of China Electrotechnical Society,
2017, 32(24): 17-29.

(2] wfh. Boeas. FAHZKRE R 25 s WL 2 AT 1) g A
Sy [ B THEAR¥M, 2016, 31(20): 93-101.
GAO Hongwei, YANG Guijie. Modeling and control
of five-phase permanent magnet synchronous motor
with one phase open-circuit fault [J]. Transactions of
China Electrotechnical Society, 2016, 31(20): 93-101.

[3] PARSA L, TOLIYAT H A. Fault-tolerant five-phase
permanent magnet motor drives [ C] // Conference Re-
cord of the 2004 IEEE Industry Applications Confer-
ence; 39th IAS Annual Meeting. Piscataway, NJ,
USA: IEEE, 2004: 1048-1054.

[4] PARSA L, TOLIYAT H A. Direct torque control of
five-phase interior permanent-magnet motor drives

[J]. IEEE Transactions on Industry Applications,




102 (LTS T NI S S ¢ 55 54 4%
2007, 43(4): 952-959. 1695-1704.

[5] M, HBtA, 5. T KR E 2 d LA I C12] XUEE, K, BT FE, 55, 25 08 = WU I3 il 9 ek

BB B 2R A AR s [T, b E AL TR 2R, 2011, T A K g LML B e A R D], b I L TR
31(24): 68-76. 4, 2017, 37(14) . 4212-4221.
ZHAO Pinzhi, YANG Guijie, LI Yong. Fault-tolerant LIU Guohai, CHENG Ran, ZHAO Wanxiang, et al.
control strategy for five-phase permanent magnetic Improved direct torque control for five-phase perma-
synchronous motor under single phase open-circuit nent magnetic synchronous motor based on third-
fault condition [J]. Proceedings of the CSEE, 2011, harmonic suppression [J]. Proceedings of the CSEE,
31(24) . 68-76. 2017, 37(14) . 4212-4221.

(6] MR, BT X, BCH, & KA BV mLB [13] ®REM, Ko, . TEBERREELE N T
mESEER R ] PEBIL TR, 2011, 31 AR AR K R R 20 il e s Bk [, b
(6): 46-51. FE B AL TR 24, 2009, 39(3) . 857-867.

HAO Zhenyang, HU Yuwen, HUANG Wenxin, et WU Xuesong, SONG Wensheng, XUE Cheng. Direct
al. Optimal current direct control strategy for fault tol- torque control schemes for five-phase permanent-
erant permanent magnet motor [ J]. Proceedings of the magnet synchronous machines based on duty ratio opti-
CSEE, 2011. 31(6). 46-51. mization of virtual voltage vector sets [ J]. Proceedings

[7] ZHOU Huawei, ZHAO Wenxiang, LIU Guohai, et of the CSEE, 2009, 29(3): 1-9.
al. Remedial field-oriented control of five-phase fault- [14] ZHENG L B, FLETCHER ] E, WILLIAMS B W, et
tolerant permanent-magnet motor by using reduced-or- al. A novel direct torque control scheme for a sensor-
der transformation matrices [J]. IEEE Transactions less five-phase induction motor drive [J]. IEEE
on Industrial Electronics, 2017, 64(1): 169-178. Transactions on Industrial Electronics, 2011, 58(2) .

(8] ARBERI. F4m 8. BEUL T He 808 bt A 7 M K e T 503513,

0 o HLGAT R AN 6 B8 R S B ) (0], e D100 BIESC R KCREIR A ol S BB A R
PLT AR 4R, 2016, 36(1): 231-239. [MI. db5t. HUBG Tl A, 2015 209-282.

LIN Xisogang. ZHOU Yangzhong, CHENG Ming, A [16] HOSSEYNI A. TRABELSI R. MIMOUNI M F.
novel direct torque control for six-phase permanent Fault tolerant control strategy of a five-phase perma-
magnet synchronous motor with two opened phases nent magnet synchronous motor drive [C]//2015 16th
based on defining fictitious variables [J]. Proceedings International Conference on Sciences and Techniques of
of the CSEE. 2016, 36(1): 231-239 Automatic Control and Computer Engineering (STA).
PwIEg (7], W T3 AR 223, 2014, 29(3); 180-188. [17] BERMUDEZ M, GONZALEZ-PRIETO I, BARRERO
HAO Zhenyang. HU Yuwen. SHEN Tianmin. Direc- F. et al. Open-phase fault operation of 5-phase induc-
tor torque control strategy of fault tolerant permanent tion motor drives using DTC techniques [C] /7 41st
magnet motors [J]. Transactions of China Electro- Annual Conference of the IEEE Industrial Electronics
technical Society, 2014, 29(3); 180-181 Society. Piscataway. NJ. USA: IEEE. 2015 595-

[10] YU Fei, ZHANG Xiaofeng, QIAO Minzhong, et al. 600.

- . . [18] HUANG Wentao, HUA Wei, CHEN Fuyang, et al.

The direct torque control multiphase permanent mag-
. Model predictive current control of open-circuit fault-

net synchronous motor based on low harmonic space i
vector PWM [C] // International Conference on Indus- tolerant five-phase flux-switching permanent magnet
trial Technology. Piscataway, NJ, USA; IEEE motor drives [J]. IEEE Journal of Emerging and Se-
9008 1-5 ) lected Topics in Power Electronics, 2018, 6(4): 1840-
: 1-o.
T N . 1849.

[11] BEd. RSCM:, Wik, ToHIKEER 2 Bl £ B iRt

[19] BERMUDEZ M, GONZALEZ-PRIETO I, BARRERO

e E g EE S U] B EAIL TR, 2016,
36(6): 1695-1704.

XUE Cheng, SONG Wensheng, FENG Xiaoyun. A
direct torque control algorithm of five-phase perma-
nent-magnet machines with multi-objective optimiza-

tion [J]. Proceedings of the CSEE, 2016, 36 (6):

http: // zkxb. xjtu. edu. cn

F. Open-phase fault-tolerant direct torque control
technique for five-phase induction motor drives []J].
IEEE Transactions on Industrial Electronics, 2017, 64
(2):902-911.

CFHE%5 136 10




