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Abstract: The real-time fault detection for a liquid-propellant rocket engine (LRE) is put on
emphasis in this paper. The real-time fault detection based on the neural network algorithm is realized
and ameliorated by means of analyzing the characteristic and realization steps of neural network (NN)
algorithm, using the composite programming method with Lab Windows/CVI and MATLAB. The
algorithm proposed in the paper has been tested and verified with a large amount of hot-fire test data
of LRE. The results show that the method can detect the faults occurred in the steady-state process of
LRE efficiently and accurately. The method presented can be valuable for the development of
on-board fault detection system of LRE.
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Fig.1 Interface of fault detection based on neural network

b, <3048 B LabWindows/CVI B & #4 i)
FERBREARAE R P REEREY, 3L
MATLAB 5| #RH AR RE RIS &
3, £ T LabWindows/CVI 5 MATLAB ) “i8
SoTE" ), Fh2 4 S B A L 1 3
WE 1 iR,

34 BP AR HHER

HEMENEEREERRERESAREN.
WM I G EEREZ B e, 22—
BEMEE, MEERELEHE KRS
HEARAB NG AL M e h T Ex
. Ak, WERRENNEKEXRBIGEESE
ARG P 4R BV SR 4

AT IRBIERHRESR, EETENIRM
AT LB FEHFE AT, 12H MATLAB
B K B/ N R BB T 4 (R o A 22 Y o e U
REEAETYISRAREERT ™Y, X
BEKBMARERS W EAE-L NS AR
WHERRER 1 HbrdEE, KKBEERT HEN
It EE R,

RN, 57T R/ MATLAB Kzt 58, B
BANZENSHOBREREREL— Ix1 K
HEPERALHE . B4, (RS RDA 1x1
B n MERE(n A R BT ESUES SN
BV [ B AED Am— nxl BIFEREE,
EF| MATLAB 1 22 I SR B E M 2% 45 H i 15
BP0 B 45 SRR (mx1, m R%iih &
hESMESENANM N, et mBRES), R
ERZMEL RIERE TR S R — %I R REK
S AR R R X R TR B, BRI AN KD
FIRER mx] RRERRE. IR EM R RIRATE
B AR U () e R . R R VI R B R SR AT
SERH R E RS BRWE 2 FiR.

5t MATLAB T, RbHEQIK/NIAE R £ 3
BHHER, XEREERIETESINZANRE
BN REMERTRNASY, BF, BHRE
5Pk B g — /N LE R postmnmx BY, poststd %
A JER RS I A1 ) % N1 G s S 1 B T O B4
B35 R A SR T — B A R =
SERRIERA, 12 A B0 7 i DA IR ZE B0 1



55

HE T 28 W0 4% S5 1 W A K B R B LS e A REAS 0 7y S0 9

AR R Z I8 ) 05 B (R (BRI I7E 10 2R A
B, REFHIER T ERERER.

1x1
matrix [
1X1
matrix
nX1 Trained
1x1 | BoombTig > nev ineut [inpii ) Network
matrix matrix Structure
1X1 é
matrix mX1
simulation
result
matrix aX1
Eﬁ:ﬁz‘ error
X1 #1 matrix
original
output
matrix

B2 FHNGEFRREETEN TR ENPRr R
Fig.2 Sketch map of real-time simulative operation

based on trained neural network structure

35 REHFRHERAERTHRE
R AR R AR EEHERAE 0 P R Bt
ATLAHAT SRR TR, BEIRT 12 M 24

MG AR 5.= (S (el/y) W B 55

B{E S, BATHCR, R 2 (2) B2 SL IR 300 S v LA
AR ENRESEREBEY. WES, XA
KREEHERERANNLGTFH BP MERINGE
B Fsbr s B ABME N LI 3~6 SRR HEE KB
£, KENRERELITERY, ERIVERS
TAERAE, KEBMMERERMESS M, B,
A5 R E A4 AR 9 99.73 % B A5 X IR e Y8 in b
PREZE R 3 AR MBME, BRI

i B0 [R) B AT LUK 3 IR 0% 22 th 4% S I b i)
do BLEFTIR &5l i 5 A MATLAB 5%
Rk,

® 1 BP HEEUEINEEMRI S R

Tab.l Contrast of detection results betweenBP and redline

BRET | LR/ BP A MR /s
TEST10-1 4321 42.80
TEST10-2 4321 42.80
TEST15-5 275.80 275.50
TEST20-0 30.23 30.20

3ot 4 YR SHALER B Xt BP Al vk

AFTRIE, SLAKMMLRLERE | iz

& 3 4 BP &%t TEST10-1 A% B4R 1A Ul
g, HPlEa R RERBEARNER

Su=y| S/} WS MARMIEL, SR

BoR: HIEAE 4280 BIRE. B 4 % BP BEX
TEST15-5 REHFHRALE R, HRELERET:
BLAE 275.50 B . | 5 BP % TEST20-0
REHE/OBNGER, AREERER:. HEE
3020 HIE. B 6 4 BP BEMNERRE
TEST15-0 FJSE A HY I £k .

BT FE s

BETHA
j 0z
014

oo

BERENRL

&

) 43 |

o ]

SEEfA: G

42,8000

B3 BP #iknt TESTIO0-1 MMM
Ryl R 8
Fig.3 BP detection curve of TEST10-1

steady-state process

TR

[ERERma) |

BHEEURL

sewe |
5500 |

B4 BP HVAX TEST1S-5 RZFAaAd R
AR5 SR b £
Fig.4 BP detection curve of TEST15-5

steady-state process



10 kowOW O

2005 % 31 %

TR

imeEwn

| manTmE

&

R
it 30,2000

Bl5 BP HiEn TEST20-0 AERATRE
VR 25 R £
Fig.5 BP detection curve of TEST20-0

steady-state process

R AT ¢ ]

6 BP VAN TESTIS-0 RERALE
RIS 25 S B %
Fig.6 BP detection curve of TEST15-0

steady-state process

4 S

ASCHE R L YORTE B x Bt i BP
ZEMBRIESREY . HT 2RI L
AR U 77 e A YRR bR U 1 X7 P L L
AERRGEH RGN [ F A DR, BF HIAR
RESRREHNNZR, AT EATHERIE
Bk, EKBRRERE T, ZHERFHRIEE T
SERFPERZESK RSN SE IR B0 s 2 (B B4 %
RRERTE 10 BRAR), REAREHE M
) —FUE SRR % FE, T RBF

(Radial Basis Function 2[R3R 50 #p&: M 4%

AT K R BHLSE R T i ke A5 3 T
SIS . HMEMSELTEIELEREK
SBATIRE A R A T RAHHRR TR R MR
SRIE N 1 44T ET &0, BP 1 RBF 83 [RIAE 1] LAIE RY
T REIPE RPN BT i, A
AR I BAE SRR T H e 7.

B2, BETHERMSRBEXER3HLER
ORI 77 Ry i — 25 SEIRI 7 B R A B S 4R
MRREE T BEMER, F0RERRBAE K
FRINFEEERAREFEESENE.

BEVE:

(] REOE. Bk XSRS B2 42 Wi
[D]. HBIRHL R L4830, 1998.

21 MEEEH. BUSREES Lab Windows/CVI
HEM]. Jbm: BT Ik, 2001.

B] BN, 8, F. EMSKAITRHEHE Lab
Windows/CVI 6.0 4if23EEa[M]. Jb3: AU Tk AR
#, 2002.

4] HEH, AZ, %. MATLAB #&M&Hi 5N
M. Jext: BgdiiRt, 2003.

5] WH, R BT MATLAB6.X MIRZ ST 5 R —
P RILE (Version /M), TR FIRHETFRIERFH
fRAt, 2002.

[6] #M, HWETAR, %. MATLAB 5%/ VC++6.0 %1
R RILH AR RN, MARE, 2001, (1D.

[71 Martin T Hagan, Howard B Demuth, Mark H
Beale. Neural network design(M]. PWS Publishing
Company, 1996.

{8] The Math Works Inc. Neural Network Toolbox User’s
Guide(Version 4)[M]. 2001.

9] REE. WiEKFRAVSERR S5 28H5D). B
PR B R L2 A8 S, 1995,

(4E: PR



