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Research on feature extraction for fault monitoring of

LOX/kerosene rocket engine
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Abstract: The fault monitoring can improve safety and reliability of rocket engine effectively. A
steady fault simulation model of high pressure staged combustion cycle LOX/kerosene rocket engine
with high thrust is developed. The fault simulation analysis is conducted and the characteristic param-
eters of the engine fault monitoring are extracted. The selected fault modes which are possible to en-
danger the safe running of the engine are simulated and analyzed to obtain the order of engine parame-
ters sensitive to the fault. Based on correlation analysis on relative deviations of measurement parame-
ters, the correlation coefficients among the measurement parameters and measurement parameter sets
with high correlation are obtained. The characteristic parameters for fault monitoring of the engine are
extracted on the basis of sensitivity order and correlation of measurement parameters.
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with high — pressure staged combustion
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Tab.1 Order of measurement parameters sensitive to oxygen leak at gas generator inlet

ST T, T, Tih,‘;(‘ F, F, Do Pipo
AR 22 0.0511 0.050 8 0.050 3 -0.049 5 -0.049 5 0.043 9 -0.042 5
SEHFR Pinge Pe Pige Pinte P Pinig Pinog

AEX w2 -0.0353 -0.0349 -0.034 6 -0.034 1 -0.0310 -0.029 0 -0.0220
SEHFR Pipn Pepo PeiL Pepn Pep2 Tepu Tt
AEXT g 2 -0.020 3 -0.019 4 -0.018 8 -0.015 8 -0.0157 -0.013 7 -0.009 2
SHA R n Tippo Tipo TepQ Tepfl L/ Tipfl

AEX g 22 -0.007 6 -0.007 5 —-0.006 0 -0.001 3 -0.000 9 0.000 9 -2.7E-05
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Tab.2 Total order of measurement parameters sensitive to fault

Hep5 1 2 3 4 5 6 7
SRR Pipeo T, Tige Do T; Fy F,
ik s A R 2 0. 624 0.616 0. 615 0.599 0. 593 0. 538 0. 538

H7 5 8 9 10 11 12 13 14
E i Dt Pa Pige Pinte Pept2 Pept Qo
T RS 0. 425 0. 421 0.414 0. 409 0. 380 0.372 0.372
H75 15 16 17 18 19 20 21
SR FR Pibog Pepo Pioft Pesit, Pi DPibte -
WS RS H 0.371 0.367 0. 347 0. 345 0.338 0. 334 0. 189
HiF5 22 23 24 25 26 27 28
SRR n, Mippo T o T Ton oo T
R RSB 0. 189 0.178 0. 161 0. 066 0. 050 0. 047 0. 001
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Tab.3 Measurement parameter sets with high correlation
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Tab. 4 Measurement parameters’ total sensitivity to fault and measurement parameter sets with high correlation

AU S S 0.625 0.617 0.615 0.600 0.593 0.538 0.538 0.426 0.421 0.415 0.409 0.380 0.372 0.372

1 Y
2K Pie @uno
23 MK F,

T, hge T,

Pipo T,

55 4 HAOGHL
555 G

B EUR S 4L 0.371

5 1 AR
552 AR
5 3 A5
55 4 G
555 MG
55 6 HHC4L
55T AHSCH

Pihog

0.367 0.348 0.345 0.339 0

Pepo

PeviL.

Pipti

Pyt

Pi

P

Pintg

Pintg

.335 0.190 0.189 0.179

Pep2 Pepni
Pept /s

0. 047 0.000

Pep2

0.162 0.067 0.050

n T T.

tppo epo ipo

T.

ipo

Tyt

epfl




5543 4 5 6 1)

AR, AR R S S LR R S BRI S 31

ST LA, AR SCHR U HE T 98 4
o AR 0 e s AL e 1 42 o B9 e i 2 Bt
e

1) FReHRE T, J8 T EE /AL
WEIMSEEH (55 1V ASCH) , Xl R U &

2) WENER KL poo JET EZRHR
PEMEINZ R (56 3 AHOGHL) , XSRS
SEN RN VL (RS MR (R E T G

3) FiRREKE n, BT EE AN
SR (4 M), HovkshPlimit 4/
RATIRESEAN E S

AR FH LA B Y 0 S M A R e 2 80 S A B
HLEL PR NG 4% RGTI, IE 75 2% B AL AR TUR B,
AR AN R B2 AR SR S 2 A R A SR
ARG EICAR DT, LB i & S ML R s 42
RYETAERTAEE s oAb, 2 A2 S B Wi 37 P ]
BIETMEIEA, TP T it — A 4 i A2 St
i JOE AR, DL R I A AR G M B

3 #it

ARSCHESE T KA1 A v TEAMER IR PR &
SR AR BRE 7 LAY, B XS I T R AE S &
EhHLL A TAR R SRR AT T 05 B A, 3k4%
T ORHE T3 I S g AN A 2 K Bl HIL 28 A
SO R B AR HE e A T 2 AR S
SR, RECT RSPl R R RS

S 3k
(1] 253 4 600 kN AUl & s HILEAR J7 58 5 00F o ok e

[C1/72014 55 =Jm LR TARRHLE . dbat: [s.n],
2014.

(2] XVLLZE. W/ KT RS L Ras W 5 4 [ ).
HESER AR, 1997, 18(1) : 18-21.
(3] RAEZE SKRF M, R WM IR & ShHLE A 5
WA [T ] AR, 1995, 16(6) : 45-50.
(4] RIS WA IR R S LS AG I 5 12 W T 58 ) T
VERELT]. T2, 2003, 24(1) : 1-11.
[5] OREILLY D. System for anomaly and failure detection
(SAFD) system development; NASA-CR-193907 ( N94-
24217) [R]. USA: NASA, 1994.
[6] CHELKIS F Y, CHWIEDOR T D, CONNOLLY P T, et
al. Incorporation of RD-180 failure response features in
the Atlas V booster emergency detection system: AIAA-
2011-7120 [R]. USA. AIAA, 2011.
(7] XUk, 5K & bR WA JCHT K S AL B2 W b B RRAIE 52
BLT ] HEREROR, 1997, 18(6) - 14.
[8] CHRISTENSON R L, NELSON M A, BUTAS J P. Rock-
et engine health management: Early definition of critical
flight measurements: AIAA-2003-5251 [ R]. USA: AIAA,
2003.
[9] SANTI L. M, SOWERS T S, AGUILAR R B. Optimal
sensor selection for health monitoring systems: AIAA-
20054485 [R]. USA: AIAA, 2005.
[10] SOWERS T S. Systematic sensor selection strategy
($4) user guide;: NASA/CR-2012-215242 [ R].
USA: NASA, 2012.

[11] SRR, R, R EN. 460 MR AN & LR
MRS 15 b [ C 1/ /P ERR S =Ll fE B
M = SJEEARZ RS 41 [s.n], 2015,

[12] 3EEERNI, B, 40 WA R sh MLAR A5 i ks
DFECOMT LT ] Kk, 2012, 38(2) : 27-31.
DANG Fenggang, MA Hongyu, LI Chunhong. Steady-
state fault simulation and effect analysis of LOX/kero-
sene rocket engine [ J]. Journal of rocket propulsion,

2012, 38(2) . 27-31.

(/8E:5 7K)



