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Research on liquid rocket engine fault diagnosis

algorithm according to vibration detection
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Abstract: A rocket engine fault diagnosis algorithm based on the vibration signal detection is pro-
posed in this paper. The characteristics of vibration signal as the engine fault occurs are analysed. The
selection of fault diagnosis indexes, vibration signal pretreatment, feature extraction, state identifica-
tion and diagnosis decision are introduced respectively in the scheme. The algorithm that adopts the
envelope curve method of amplitude and the vibration frequency parameters to diagnose the engine
fault was studied. The engine hot test verified the correctness of the algorithm, which adopts the de-
tection method of rocket engine vibration signal to judge the engine fault.
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Fig. 1 Schematic diagram of engine fault diagnosis

2.1 =STHiAE

Bl BB A B R IR IR 5 R
W3 AREERNES, SRESHETEEN
ML, REHEBRANESHIGEER, F
SHANEA LT 3 MBI,
211 oA BEERE

il B B4 3 (5 5= FEPLR 30 5 R AR sh A
BIMPEER, HHERFEREIFS x(rA)H, R
N iZA BRI, RE W i R R
BHY, AATHER, &N 215 2 A A = A
1F, THSEERFREREG R, POMEIERE
THBRIBEEC AR B A R e S, Ab e Xt 45
WERAEER A (1) #7HE

x' (nAt)=x(nAt)—x(nAt) (1)

K n=0,1,25 x(nAr) AECFHRIFFS; x(nAt)
B 8] B B39 5 o (nAe) Ry HR O Ak Ak FRAR )

iEvE A E ST
2.1.2 BRI nAT AL 3 A %

A AL 3R AT LASR A BT . ik R
BRI & (k) B N A 808 B8 B A 4
B, SETRBIEE wk), KRBT x(k) wk)
WETRU R A, IR R — AT

MW@H%%MWW@ )

A N BRI E T N3RS REEEAN B
N=L_,
At

213 FHUALEERE

PGB MASE (FFT) JrdoRemiges, HAkit
B FIRZERK, NRIZaE, Tk
Ab3¥E, TERFERACHERT, M—PMRIFEEREMNL
—ERFERR, MERNEMESR4 M A
KER, EENEAKER FRE N MUE, K



H38EFo

Prigid, 5. FETIRSVINE K SIPLBES W ot

65

R—i, SRIEXTE—WIEERMY FFT 403, dL155)
M WUHTREE . b TR iR, HAFEH
BoR, XTETRRIE M Wi EE T AR R R
feab 38, St V34 F T RIBOE FI R i 4
RESIESHERL, SEEHOmFELID
FESFEE; WHREY RMS) FEATIE
T, ATLMRBGIHERE; $850T3 4R
ET IR €&/ PO PU 3 &/ Il & & k1 &5 K53
W, TSRS E AR I

2.2 $51EREX

FISFILER . RINE TS5 I PR
Bk RAEJRET, RIWKESHMTIERE,; kb
FESEEH T BT ER, RIREE SR
Ao BILRNMES BEG H LR B3 He W & 3h
MR R AR EEEZER, MikshE SRR
g3t B AT H B R S e, Bk, R
G5 RRMERBUE B R TR E R, 7T
KA T RRREE,

221 FEIRHNE *

BAAS B ZSHLEE B PRI, X
LA 5 RS BRI R A VI, i
XT IR R AR AT LUE iz B R sh Pl £
AR . MR E B RIS, X E R
ML E IR R & kA2, BE7EFEE T
REVE B FEAT SRR B T B AL, —
MBI, & SIHLER IR 25 3R R A 45 B TR AT PR
SIEE SR, TR S, W LA SRS
&5 BB RAE R BR S B A AR
222 BIHORHF %

TR AT A R AR T AT [ BB A A T R AR
A 4k T A (R BE i 0, 3@ A X3
[i) B A 8 T A R T T AT T R B
58,

223 BB LM E

BEMTERERBEMERSISHES -
USRS S, BRI G 7 4R 30 = 5 B b IRk
B A5 B BRI T AT b 28, ARG RS
. RIWEEABRTIHRSHT MRS EE
— BB AR B, AT, HTS
BR T IRRIRS T I FIES , BrRAB/DN T TR A

FEHRSIEME SRR . R R, (§
i, FIFEBHAR VRS S h A R (S
BRI
2.2.4 /NEARE ®E

FEAHT £ B MR IR BA NG
AR T B 5 BT AL A AR B R 3R . /N
A0 ELAT BT LIOKES B4R AT 25 B 540 B SR 4 R 1
&, BRERB IS S AP 1B, R
B BRI TR NS ST EN, B
MES SERMEESRE—#, BREMNEMN
(5P THRT AL
2.2.5 RARA %

AN RIR RS E T FFT 505605 S 458
FB, NIREHHIRHEE B SR B AL SR, K
SRR EE S BIRE . RSV E R EEA
AR IR RS, BIRMERIEREI RS
SRR, & MHRNIEERED FFT 25
B S A B AR B 5 B e R S
bR AT S BRI, SRS FLEIR 1 2 AT
R B AR R EIOIRME . RA R RIS
S S AR 25 B 2R BN & AR L i
EERABERSY, FIE S M 22 & ME SRS
HAIRER FIRERER IR

3 EHNIRERERIEE

TEGET B WI S R nT , A B4 ik
B AR R BIPLEIE BB B, TR B RS g
FELRESRA, DO EE ST B R U AT SR
Moy ArE SR T RXE, Sk, END i Bl
TR MES, FFRSEGEAR. R
BRI SRR TT, BRE T REELD
PRI O R HRRAERHE , DA 2 B R X
MR 5 Z MR AL, MR E — 5
HERY . BERIDRICRAEIAR . S A SR R i)
BRrE . L LORBAR KT 2 SIPLIHR o & A
TR OO . OB R A B Y 1 W RO B
Xk, LERERRFER, THESTERRHE
PR, B —E B BERRE, SR
FETA S ENSHTOT S RENIIREEGT. B



66 (&R

20124 12 A

IR HENENRIT RS ERESAI N R A G A
BB AR i R R X S R M AT R 45 2R
ST DI RE SR8 LI R WA K BT & BB A
WS WTRIEA TR,

4 RHPESHEBRREE

4.1 RIBHERRE X

B TR 25 5#R8 0] LB Bk T k%
BAMBEZED), Smidk k& shiLil &
PRI — AR

FO)=F*(t)+e(t)+s (o) (3)

KA : AONNRFSWESE; )ANERES
FIRZE; s MRS SRS,

StFRIMEE AR 3) FRYHE LI
T AFORARIESFRERIE; eO)NE T
el B RGE TR EIRE; @) AP
. FEXMES f)HITIE R IR, AORF
EEMLRNBESEFTERE; OFANER
GHREEE, WFERE; so)aF T, B
REMREEYE, FETLER. dLAawT
DA — 2B A B R B A — ARy

x =x s, (k=1,2, 3, M) )

KA x, FINBHREBES; « ANEKE R
PEAE s s, DU AP AR B8
e b, BERMNESDG, Bls ~N (0,

o)o Heb o WEBERHE, BEERHTNE
RGBS A S L R, B
AR . 8 X R RS TERERM S %
FOTIEHE, TRMIEER, EEEELT, ¥
# D(X)=0?, BUEFPHE EX)=u, NSBHEWIEEX
% : [u-noutnole BT REHLIAE MRS
BORREA AR, T LKA B A R
BRI 2RO . AT DAEE] ERAR
RITER XA, HOHFTE 280 n iy HLAS B O S0 ML
B

TERERG R, % R AR
(. BOEEE AR RTERERN, T

B B T BEDLAS B AR ) AR K, T 22
BREEYLE B EEAM T BRE, [T, KEMIFR
FH, IEFBOT RVEEAESE B 8] BB BN
BRIERM . REMELMEHEST, WAIE
SAMGMENAZ R, EAEMN—EH/REART, Hi
KAEETE pro B p3o 6 E W KRS 5] R
68.3%F1 99.7% (WM 2 BimR). HAF, uflo iy
e L F

5 ®

(6)

)
|

|

|

|

|

| |
] ]
a 30

"

B2 ERS R

Fig. 2 Schematic diagram of normal distribution
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Fig. 3 Schematic diagram to realize workflow of engine fault diagnosis algorithm
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