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Fault-tolerant control strategy for five-phase PMSM under
adjacent two-phase open circuit fault

TAO Caixia, WANG Ranran, GAO Fengyang, WANG Weibin
(School of Automation and Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, P. R. China)

Abstract: A two-phase open circuit fault in a five-phase permanent magnet synchronous motor (PMSM) can
destabilize the entire drive system. In response to this fault scenario, a fault-tolerant control strategy utilizing
space vector pulse width modulation (SVPWM) technology is proposed. Firstly, a mathematical model of the
permanent magnet synchronous motor is constructed. To ensure smooth conversion of electromechanical energy, a
reduced order transformation matrix is reconstructed, yielding the expression for fault-tolerant current in the
residual phase. Subsequently, SVPWM technology is used to calculate the space voltage vector during the fault,
delineate six sectors, synthesize the target vector, determine the action time of corresponding basic synthetic
voltage vectors, and establish the selection order for space voltage vectors within the respective sector. Finally,
MATLAB/Simulink simulations validate the correctness of the strategy by demonstrating consistency between
simulation results and theoretical calculations. This approach significantly enhances the operation performance of

the five-phase permanent magnet synchronous motor under fault conditions, ensuring its stability. A comparison
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with traditional current hysteresis tracking pulse width modulation (PWM) control confirms the superiority of the
proposed strategy.
Keywords: five-phase permanent magnet synchronous motor; adjacent two-phase open circuit fault; space vector

pulse width modulation; reduced order transformation matrix; fault-tolerant control

AR, G ML PR Ay JHE i R e T R M SO A [ N A SRR B S X 4 A H L B K
B R GEAE A i s U C 245 B T3z AR AE AR AR 02 R L B 1R 4 A e AT SRR U A% R A
MLAR G AR C & AN Re I i BLoRY . 2 M 7k i [5] 25 Ha HL (permanent magnet synchronous motor, PMSM)fH F &
SRLA AR B IO I TR S TR B O AR R T A, W] DL SE IR R R T BB AT, OF H B R R AR ik
Bl RS AR 0 A, A R AT SR A A R A0 TR R R R 22 M AR TR 2B AL AT LR AS 3 AT el B
PE B 250 SIS A 25 B I AT, L T I e e 2 i DL g il e 2 T8 22—, ol S R e i BIK B R 4 Y AT s
11, E NS B AR T Ko TAED,

PSLRE A A WO i< b & A [ 3 2 o s o T2 N R N S 528 7 ) 5 AN B G N 1 2 e B S BB AN e
PR, LI A AE P 5 AT B SRR T B I W R AR AT T B AR AR X R S AR RE AT T4
BT, I AR A HT 8 FAH AU e SR AR R o AR NG A Sk A TR e e A b AR e R B R e 3 ) O T
SR — R T 6 S A R A L L SR BT /N A S A K Bl AR 5 sC i T R A AR B O i RS S T 2
T I ke B 1 100 AE T AR L HEAT 3 BT S A9 o BE AR VR T A 2 SR LI S R B O AR Ry JEU S e X
I 2 o0 S5 A iR R A% B HOpR RO B A I B bR T R S A RO, DT R IE 22 A B A R i e T L (AR
SR JH R AL 7 B R B2 DK 9 94 i (pulse width modulation, PW M) il 5 AR 52 LA 5518 47, 1% 05 W AF 16 TT RAAA
TE5E DA B FE UL B A R Al o 8 2 AR S i 45 RS [R) 252 i H AR R SR 25 A H R Ak o, 5L IR E R
AR Y, S HL LR 37 5 ) f R ) L AT A0EE T LA PMSM B AH BR324 T P RE L (B R O i AR A

2% 6] 45 4 bk 7 9 1 (space vector pulse width modulation, SVPWM)$; A J2 44 B8 — 52 LI X 5% [6] 1K 46 &
HEAT HEHF 55 A B0, DT 428 1 306 A8 g A — ol o4 o SR W I B SR e T B K T DG AR , TT LA H AL AR A T A
i PEREY, Chen 28" F ] SVPWM 52 Bl 1 A PMSM — AH JF % il B T 25 485 45 1, 38 2o 43 B 25 65 A0 H 9 LA A
7S B H R O i, DT S8 B B 8 o AR 0 AN 38 T P AH O BB S B & AR O o S P SR TR R A AR
FH B 42 B e T B 1 3 o g e R L5 A P e A D ) 3 D R A L R P A A R R R X B S
BEFR AT, SE LK Bl FR G R R A SRR A B AT 5 LR AR R Bk AR T 2 A H LA R e B A R 1 B
A0 N, L 9] R S PR A, X 5 A R o i M B SR B v, O BRI AIOCR 32 ML S B e, N a0 < e i o BA T
PR 38 R . TR A 28 L B R (R RE A R 22 A F LT B B 2R A 2 — | X IR B R s AT HERE T AR R
W, 75 Z AH L HLIK Bl R e P 2% & A, SR T DL 26T SVPWM Y FLAH PMSM il , ¥ 5 25 JE 9 AH ik 5 & A=
15 0

SCHPER X TUAH PMSM SE F- 58 41 1 BUAR <8 9 AR JF B R O, 32t — B 28 L = AR % 1) 20 i ML &R 42 E
B AT E ) SVPWM 25 58 2 1l 5 W o 1) FH S0 R 10 I8 I 28 48 i 4 1 5045 B0 A S 1 2 ) F R O oL 6 6 1 B X
1 8 4> 25 ] HL R % o (AL 46 24 O b ) E A7 0% o G WG, JF 1153 %0 7 L R O S A ISP (), 45 1 45 g DXOR iz FE
AR TF R BE BN T, PRUE T 45 $ A8 47T B B 06 5 1E 8 s AT A M A, 3K 8h R e SE AR g is 47 . it 5 i
iy PR PR PWM F il 5 2% b TE BH T £ 25 R 4 o SR s ) 0 B

1 FHPMSM a5

1.1 FAHEPMSMEEEZITHFER
FHAH PMSM IE & ia 170, 2 oL 5w # i 2 ()R (2)
U.=R.I,+Dy,, (1)
=L +yn, (2)



%L M, 5 248 PMSM A8 4% 7 48 JF % ¥ 1% 4% 45 ) K vk s

cos 6 Y na
cos(6-9) 7
Yine= W cos(0-20)|= Wine |o (3)

cos(0-306) W
cos(0-40) Wine
KD =ddt W E T U, =[u,uyu u,u " NETFFEEFE R, = RE,, & TR, E, . b ¥A4L

w, =y, v wow. " RS E T S WEHEFE B 5w, 05 58 T 5% 41 38 Bl 1 70 108 AR R A I 5w, M 7K O B RS
8 ;0 ¥ oSN B A0 = 20/5,
TAH PMSM B3 FRIER B A

5 S
Feg Ny (e'e” +ee"). (4)

o Ry 2 AR A 5 N, € T B A SR 2 S WK 1, O AR E TSR AR A IR A . Tu A PMSM B B 94 1
g3 — MR IE AN

TP - ST S S < & P & ST £ F S
F= 1 [(i,+ive® +ie’ +ige s +ie s )e+(i,tie ° +ie s +ie’ +i.e® )e’]s (5
2 Fh ik 2T B B BN AR A R kA5 2
U ¥ S . P £ o
ElmeJ =(i,tie’ +ie’ +ize® +ie S ) (6)

FLAH PMSM M 2K AL bR R 55 AL B 5 1R AR bR &R, Gad 30 T 45 2] clark JE B 2X(7), ()P AT 2 17 s a-p
B .

1 cosd «cos20 cos30 cos4do

) 0 sind sin20 sin30 sin4o
Tc]arkzg 1 cos3d cos6d cos9d cosl2d |o (7)

0 sin30 sin66 sin99 sinl120

1 1 1 1 1
SR W 2 BB A R R B L BL . M HLIE B35 43 I, K BEREBE 1S oo A R T 0 2328 2t (8), M4
MO G RIS KR H9).
Wia | | ¥mcos O
|:Wm/j:|_ Tclark'//ms—|:Wm sin gil, (8)
= IWeo = l TLLS T%

L=, TP g LAl ) ©)

.0, FEALEE T YL & s W, REILEE s p e 5B
1.2 FHIHPMSM FF 3% & & £ F 4E B
FLA PMSM & A= #H AR 1 AH (A (B AH ) FF 4%l i, 44 98 550 B 115 I i sl 345 AN A8 %) R ) 75 1)

T £ S L S . ST

El,,.e“’=z,,'+zb’e'5 +i.'es +igle S +iJe S (10)
s — I —
i.'=i,'=0,
e (11)
i.tig'+i.'=0,

A0 (x = ab,e.d,e) LA PMSM JT Bl e 5 5 T AL o R4 X 10V R (I AF 3] A (B IF B ECBE R clark
AR A T

sin2d sin30 sin4o
1 1 1

A B PIHI T B85 B, o A bR 2R F00 A AR K R 1 i 2 a8 X0H

’ —
Tclark Tz

5

cos20 cos30 cos4o
o (12)



16 TR K F F IR %46 %

V/fﬁs vllnc l//ma - 0~4( l//ma + COSél//mh )
l//I‘:/fB = Tcl’ark Yind (= Ymp — 0.4 sin CS"l,l/mb ° (13)
Ws W me 0.647 2y, cos (0-m—0.55)

PRI H BIL & A T Bl R S AT BE RS € A8 AT, HLHE RE B RE A8 UEAT SRR B 4 G A R T S - SF TR K
Tl 5 AR AR R o DB | 283 SCRR (21153 B, AT 6 2 (12) i 75 09 66 B gk A7 J 44, BRI R 28 05 G B s 8 S 25 1 7 1
FAB IR R A S IR K R R B L AR O IRE B R ST Y K R G BE N
Wina {( 0.6+ 0.4cosd ) cos b
=y

Wp (0.6+0.4cosd ) sin€ |, (14)
Wans —-0.6472cos(0-0.56)
I, 75 3 A 1Y clark A 4
c0s2d—cosd cos3d—-cosd cos4d—cosd
TS?&Z% sin25—tan§cos5 sin35—tan§cosé sin45—tan§coséo (15)
1 1 1
A B AR % A TT BESOBE IS, B B park 25 48 5 B Sy
cosf sinf O
Tin=|-sin@ cos@ 0| (16)
0 0 1

TLAH PMSM E TS84 R R B i I A& 51 7 30, F e i 00 DRI, 25 R I ) 28 G 42 il 9 A7
S R T A 0 AR Y 7 5 B L A B AR B S i A AR AR R R AR L T R IR R
iq

i’

ig'|o (17)
0 i.'
KM i, = 0 B J7 vk , 38 ik I I R G 30 2% 4045 3] 4 i vl T R Gk U

2
i.'=-2.236i, sin (9—§n),

lq

— T AB AB
— X park & clark

1
id'=3.618iqsin(9—§n), (18)
i.'=-2.236i,sin 6,
P12k A VB WIRH T %l e i 72 i Pl O 5 1) < s I

E1 FEERERZEXEREE
Fig. 1 Fault-tolerant current space vector diagram
H O, 2 HL O AR Y LR B A R Ik
!72 .
T.'=2 P¥nie (19)
2 FHHHPMSM 18 B M 1E FF & 4 & SVPWM 2 S5 4=

21 TEBEXESH
E 2 H A A PMSM IR S #HFN B, 8 Foe BIE 84 , Lh ksl . W,V W BB 5 ;N A S 4



%L M, 5 248 PMSM A8 4% 7 48 JF % ¥ 1% 4% 45 ) K vk 17

PERL NN B R R R P A5 S, (x = ab,e,dye ) FoR 1008 & 45 0B T SOIRAS S, 0 1 3R0R I (e S BRI 7
i, S, 0% N S, OF ELIRVAH LR B AN BE [R] i S .

2 FHIEPMSM KR IME
Fig.2 Five-phase PMSM drive topology

AR K G TR A FL A VB WA T B, I OGOkt Hy 1B IR A 32 B 2° S8 0 8 Bl 2° A I 4 C DB AL IR

u.' y 2 -1 =185
ug'|= 3dc -1 2 =1 Salo (20)
l/le' _1 _1 Se

2
42 8 M Y clark Z8 00 5, a-B-0 Aa bR 22 R 25 (] B TR 20 i kU0
U, u.'
Up |= T ua'|o (21)
U() ue’
ZWEE T i, QAN

Uangdc[_0.3727(Sc+Sd_2Se)],
> (22)
UﬁZ%Vdc( 0.904 85.-0.270 75,-0.634 1S, ),
ST, U, U, i TR R AE a-B S T 07 56 B4 0 5 2 T 0 390705 TR0 A BB T SR 25 20 4 A7 8 I
FOR A SR (22), T4 50 8 125 A Hh 6 4 Bk, 32 191 1 1 H ek 17 0 26 B W £
F1 AAFEXRETERERE
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