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Fault-Tolerant Control of Marine Propulsion Motor Open-
Circuit Fault Based on Model Prediction Theory
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Abstract: A single—phase open—circuit fault tolerant control based on model prediction theory was present-
ed for marine electric propulsion system. According to the fault state space representation of the propulsion motor
after one phase open, a new decoupling matrix is reconstructed to obtain the decoupling current in the new coordi-
nate system, so as to improve the performance of predictive control. The simulation results show that the fault-tol-
erant current control can reduce the stay—state error by 0.15% and the ripple by 0.24% under phase failure for
torque, the stator current has better sinusoidal properties yet. Under propeller load, the speed output of propul-
sion motor has better stability and stronger fault tolerance. Therefore the marine electric propulsion system can re-
alize stable operation after phase failure with this method, enhance the safety and reliability of navigation as well.
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18 = HLAL (PMSM) fR I P R Il 30 A 0 a1, iR BAR R 2
PO B 2k Sy BT AR K R TR 2B HLAR 46 K

e AT AN S D HEE RGN L MLah 1 . ®E AR 3 A0 8, T 4y g 8 U (IPMSMD) AT 3R i =X

e BRI A AR DL A R AR AR L S KRG A2 (SPMSM) WP . IPMSM J& T 4% W] 25 s L, 36 1

* WFREH: 2021-11-10; EITHHE: 2021-12-14,
EEWAE . LhRHEIHIBHE (20040501200)
EEREIT: W54, WihE, BRSOy Min R It R R 5.
BAEE: EfhEE, W, 2R, DTSRRI e ) R G AR G .
SIARE: WA, s, MM . LTRSS MR LA SR A R AT ST [0 ). MR, 2022, 43(11):
210764. (XIE Jia-ling, SHI Wei—feng, SHI Yu—qi. Fault-Tolerant Control of Marine Propulsion Motor Open—Circuit
Fault Based on Model Prediction Theory[J]. Journal of Propulsion Technology, 2022, 43(11):210764.)

210764-1



B43E H 1 ot

#HooR

2022 4F

1 2 3 A 5 1 SPMSM & T a2 s ML, H gk R A
R A RURBR K, B RN B TR AL, B
kR T B L A IS R R D D o PR
I B 32 47 R A5 R AN K SPMSM 5 M e 3% 1 %
AHIE AT DL 2 A% sl a4 L E 8 38 A 1 S A A0 4
kAL,

ALAT 0 1), AR A 1 R 0 T BRI Rl R 2 is 17,
T A HOE b RS A M ML 2 B R
B, Horb, i A e SRR S8 4L i BT 2 A5 I R A A
F, BIL D50 A A 2 e R DL A — R SR (3]
X e HH B R, = A0 PMSM HL R 42 1) g 3l 25 R vk gk
TFAY M, o BT H R A58 T g 25 6 4 il A R H ML IR
S AR IS S % . SOk (4] 3 FRES B
AR SO 3 3 e AR TG R A E O RN e PRI
W T e TR TR e, S R R L i A R B0 22 4
EAT o SCHR[STHE T 55 0 R A8 o W), 45 e e 0
51BN S S N = /AN 5 e o 3 £ < 7
il % 400 1 5% bk g o Sk [ 6] LA T T A H L R S
] e R A A O HBR LK 1S N SRAL o — B4
SV AR AT ST A ) e e A T S Ak ST Y E I A T A
A3 VY 3N H A, S B A B S B SR Il
fil itk B0 AR H AR o i b 3R SCEkeT g B
PMSM 7 A B J5 25 55 45 1 vk, KEonr 4y b 36 F
B R AR R I 1 R 2 AN AR ) 1) 2 R A R g
A 3t R AR R TR, S B AR O T G A
iR

Y T 45 ] (MPC) 56 W 2 3T 4F Sk 4k 0% 37 € [n]
FEH (FOC) F 1 32 4% JE #2 i (DTC) J5 7 H BILFE il 43
S 3% % K R I — b S HE 4 o SR M AR Y 00N R O A
il (MPCC) 55 85 7Y FU i) %% 5 4% 1 (MPTC) J& MPC 5 Hy
JUE R PR T ik o SCHER L7 1B XHE S8 FOC 5 il
A7 TE 0 2 508 0 TRME DL S sl 25 g 2, 32 8 0 T A
B 2 i) 4 H 378 000 7 325 (FCS—-MPC) B 432 kb B AR 551 2%
B O R A AR b O B 2% 10 23 ) O Sk 08 o ol R
RARG AR, SCERL8 JEH X MPCC 2 il M fig
RSS2 B0 ) L A 4 4 o R R TR AR R B8k
HE Ry PID BUAR M R 25, FH T 3 B AR A F U R 22 RIS
HL 2 5 AR AR 22 , S MPC 5l 285 bR i) 17 5 B I 411
il P I A0, A T R TR A R A . SR ] AU/
HUEG H6 Tk 20 S B, 4 R 3k 2 s ) 2% k98 o1 1Y
MPTC 5% @i it F—m 2 e F 5 3%
{8 LA, 76 B — A R RE A 0T o SR A AR H bR BB E BT
i A S R LR R A E R . SCER[10]
it FH TG 2 0 0000 4 1 T 3L 38 3 d L g B R R R 25 RS

) 25 R 1 T 4% 1 2 R, T B R R 2 L 4R T K G
() 25 F AL R B 45 o AR PR E o SCHRL 11148 — M 2%
T I R 22 b £ 1 6 TR AR Y T A O A ) 5k
R FL Y TN 5% 22 A O A2 DR S 5 B R T
DA 45 TR Y 00 47 7 e 9 S B0 e R . SCiHk (12 ]
fi H 3 o A0 Kl # 5 k  S K G R AP LB
TR 3 AT Dy v G0 000 A 7Y ST it A 2 A TR 0
il e — b B AT S RE 7 3k U F /s SR A it U
P THRCYE 3R Bl b G Y R DA G p A 1
TR AL O ) AR SR RE . B IR MPC U7 1L HR RS Rl A
JEE b A5 P VAL PN 4 A P BB 42 e PMISM 42 i 5 4t 5l
APERE, (AER T $ T BLIE #1847 I ) R 4t
PERE , I AR 5 I HLAE ) &R G 78 SRR S T 59 MPC
AR o

S B v AR R 7 A A R AR SRR R 1 AR
TR e A A A A A A BT PLRR R P A A L DL T
PR R G S A PERE o 75 B B MPC 3 il 49 it ) A6
55 2Bk 42 DU E AR BE , TEAUAT 00 AL £k A Ah FLER
Bt T B /I i AR AR BE A O, T LA i
5% 35 2 4 1) 3y e A5 BE 5 T el FL BILFR O R ML A 5
Fy s, 5 AR I BB R R T, MPC AR 25 1R 22 23
K, FBOR GV RE T B, WLwa 2506 MPC 42 i 57 12
PEAT R L I HE o DRI, AR SO A R 00 42 o R Ak b
Bt Xk =R A v AL SR e A i | S ) 0 A R 2
TiC ] A, i b ol P 8 500 v, 3 25 4 4% il (MPFTC.C)
J7 ko MR HL LB BT 2 SO A8 RO O =
HH PMSM 5 A DB i 5 A5 R0 e 5 ) 5 B2 5 42 il 19
At B PRI 30 S AR R G A X G TE A R R AT
TE, fol H: B A5 T IO DT A 3 ) 4 A L O ORI S
i Ak B R BRI A T B R 4215 AT .

2 A PMSM HEHE RE AL BY FoT i 42

2.1 AR N¥EHE RS

H, 3 AFE 2 AR 0O T R 2 R gl ML ARG SR
WRHL, IR S LT 2 & r AL & R, 20 720 1 4 4 5 e 22
SR FOLRE % B AR E AL, DA T EK B B E 2 S PR
ARz 2 i — Rt i Oy 2ol P K R R 20 PR T
i =X H g R 2R RTAE Y A ARG P R A ] Y [R] B
P& BRAE VR RE A AL B Mk L B SR O B A 0 B i B0
JIHLIG . R R AN R A AL R R A Y R R oK B
A& A A0 3 R R 25 G e R LA
wE 1 s, G AR K HL(Generator) .

MEARZE G NS R B R 2 ERIPRMRA
A6 W AL A BRI A F BT AT % A IR FR AR AR

210764-2



a3k 11l

e TSR I )9 AP A 1 AL SR e e e R F

2022 4F

______________________________________________

I
| |
| .
| Generator | Interactive | Power Interactive Electric :
| control management propulsion !
| system system control system !
I

i

Star-

I

I

I

i

| 11| board
| 1 17| switch
! !'11 board

-

I

I

I

I

:

I I

I I

| i

I

I | Gas turbine

i 11| Port-
i il side
|| Gas turbine Ly switch
i 1 1| board
I
I
I
I
I
I
I
I
I
I
I

I
. I
Power generation :

unit |

a N
=)
=
=X
o
[0
(o]
<3
.
(<]
=N

Fig.1 Structure of integrated electric propulsion system
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Fig.2 Calculation diagram of propeller torque
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Table 2 Parameters of PMSM model

Parameter Value
Pole pairs p, 4
Stator resistance R /() 1.5
Inductance L/mH 8.5
Flux ¢ /Wh 0.03
Inertia/(kg-m?) 0.8

Table 3 Parameters of propeller model

Parameter Value
Diameter D/m 3.6
Density p/(kg-m™) 1025
Drainage m/t 15527
Wake coefficient w 0.1355
Added factor A 1.08
Resistance factor 0.018
Thrust deduction factor ¢ 0.1548
Reduction factor 2.85%107°
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Fig. 6 Flow chart of model predictive control
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and PI control
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MPFTCC, MPCC and PI control
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Table 4 Comparisons of MPFTCC, MPCC and PI control methods’ performance

Pl MPCC MPFTCC
Setting time in normal/s 0.318 0.221 0.221
Instantaneous speed at fault/(r-min™") 60 66 66
Resetting time/s 0.267 0.250 0.360
THD for current after fault/% 22.89 18.70 11.76
Pulsation of torque after fault/% 0.20 0.37 0.13
Steady state error of torque after fault/% 0.47 0.26 0.11
Steady state error of speed after fault/% 16.10 2.05 0.40
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