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Abstract: Due to the complex composition of the ion thruster system, the probability of failure is greatly in-
creased. It is very important to carry out the fault diagnosis research of ion thruster through the system simulation
to ensure the normal operation of the ion thruster system. In this paper, the mathematical model of each subsys-
tem of the ion electric propulsion system is combined with Matlab/Simulink to realize the simulation model of the
ion thruster system. Based on the data of the LIP-300 ion thruster, the performance of the simulation model is
simulated. The output results of the simulation model are consistent with the existing results in related literature.
Using the system simulation model combined with the fault factors, the ion thruster system in the fault state was
simulated. The fault data obtained and the Matlab neural network toolbox were used to establish the ion thruster

fault diagnosis system. The simulation model was used to generate another set of operating data of the known fault

B 2022-09-09; EITH#: 2022-12-26,

HE&WB . Hatinsei- AR RS (2019-JCJQ-1J-259)

PEE By ERGT, Wik, BTy ki s Wi .

BIESE: (F4%, W, AR, WA, FsRasichzs B mEFE AR, E-mail: rjx_buaa@163.com

Sl (R, fE%5, 2URR, . B TEERGO I SEE2 B )], AR, 2023, 44(6):2209028.  (REN
Si—yuan, REN Jun—xue, LI Zong-liang, et al. Simulation and Fault Diagnosis of lon Propulsion System[]]. Journal of
Propulsion Technology , 2023, 44(6):2209028.)

2209028-1



Faat Holl e it

#HoR

2023 4

state corresponding to the fault mode, and the diagnostic ability of the fault diagnosis system was tested by using

this set of data. Compared with the actual fault mode, the accuracy of the diagnosis result was 93.8%.

Key words: Ion electric propulsion; System simulation; Neural network; Failure mode; Fault diagnosis
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Fig.1 Schematic diagram of the full-bridge power

conversion circuit
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Fig.2 Schematic diagram of the forward power conversion

circuit

Fig. 3 Schematic diagram of the flyback power conversion

circuit

R XFS R GBI AL AN IR 4 7R o ¥ XFS R g8 14650
SO R E A AN ER O, B 3 T 7 R S
FEABZE A %8 A 1 M i s 3 AR AT B A

TELBRE AL T, XFS R 48 i A BE AL oy BELAR
SR, R T TR, SRR Z XA HEAR
AMORE T AT IE , JD

pV = ZRT (1)

o T E T UL, SO/ R SR AR IR I
po Vi T 28 8 5 50 TR 8w 40 e K p,. V. T, FI
Pss Vi Tyo RS THE S 1R UL 52 2H g, T A PTG 1R (1 T
P AR F ) B T O BIE O g s Gne BET
XFS 1 TAERHE , % BN ) SR 2 4% 2Z 1) /Y AR 5 4
b A B O AR Y R S R A AR N TR SR B 5 o A

T8 bR B 1, # 37 i i RO 2 L
Kot 65t 1) = 477 B A B I A R G R A
BCHL A R AU A R) 0 R L AR S
Fe s W 2 T (4 v Hs v, 1% I 48 D 36 AL I 1 ) B el 7
K HL R TR AL O SR A SR T U T S RO UK R 4 2
PR % R AT 18 OE 15 21 52 PR it 28 v G 1R Y AR I

il s

: ~
i ns:
A B it
E b p
i :
i i i

2023 4F
R0
G = C, A | —L ¢(£d),i—l2 (2)
ZRT,
2 k-1
/“,f)“(?d““k o) <]’§
¢(%)= ' ' " (3)
( 2 )H p. =Dt
k1l Py
2 ko
pm.=(kJr 1 )it (4)

AP AR w R T B  LE RS, ThRdIRET
W RS H p, MG I b, €, i R 8, A 1Y
TR kR AR A A IR B, 0 T — IR R R
KT,k = 1.669.

R4 B 15, T DI SR AR 58 e ek A R A5 TR AR Y
R, XA, ES TR LS R

dm, —_— =i( .V, ) = V. dp, _ p.V, dz,
de ™ T A ZRT)) T ZRT dt ~ ZPRT
(5)

RN Y 3% 2 7 AR L AT LA A I S R R
L7 A o 3X R R LI XFS R GERY R AP AR
A B ERB PG AR SRS R, EAETR
o, A TAERBLN & 48 1Y Simulink B8, S5 A
XFS RGEH) TARRHIE
23 HMEBEEHRE

R H Goebel 458 7048 34 i H 8 T A 3 B A
T Jm T & e A nl LUR] 08 i A S B0 5
LRSS TR PERES B TEARE S B LUK
HL L T O B AR A R R R ) (o
F) Crbr P AR T 5T ) U 45 2 BV A T o 5 A )
A R RO R R A O = R RE S B T X
Goebel Z4E i H, 2 153 AR T 20 21

Xof TR R SRR R R g, g — A
HITAERENEESH, E L
1,

0. (6)
b 1, o R g e R RO O, A B R IR

N =

g
e

=)
B
]

BT

Fig.4 Xenon feed system (XFS)
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Fig. 6 Simulation results of the discharge power supply
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Fig. 9 Output of the ion thruster simulation model
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Fig. 10 Schematic diagram of the artificial neuron network
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Fig. 11 Training results of neural network for failure mode
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