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Fault diagnosis method for liquid-propellant rocket engines
based on the dynamic cloud-BP neural network

LIU Yimrjie, HUANG Qiang, CHENG Yugqiang, WU Jiamjun
(College of Aerospace and Material Engineering,
National University of Defense Technology, Changsha 410073, China)

Abstract: A fault diagnosis method for liquid-propellant rocket engines was proposed
based on the dynamic cloud-BP (back propagation) neural network in the way of the integra-
tion of cloud model and BP neural network. The Cloud transform method was used to identi-
fy the network configuration and to extract the cloud features. And a unit time-delay was al-
so introduced into the input layer to describe the dynamic characteristics of the engine. Re-
sults with test data show that the method can isolate the existed 3 fault modes precisely. A 0
expectation, 0.2 standard deviation noise was used to simulate the entironmental noise and sto-
chastic noise, and the method can still detect and classify the fault accurately acount to lasting-

rule. The method can run in real-time with the single processing time being 1. 124 X 10" s.
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Fig. 1 Structure of cloud-BP neural network
5 s
b 1 b
0 1 i)
2
’ Wyt ’
’, sigmoid log sig.,
n + 1 1)
) : 2) s
xf“ — Ewngf,“ _ (9?
q=1 ’
£ = logsigx™, t =1,2,,n+1 N 2
2.2 8 1
1 s
4)
s 3 ’
5) N BP
BP . ’
, 1 ,BP
BP , , ’ ’
, Levenberg-Marq- ’
uadt , trainlm 2.3
[10] ; s 1
3

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



12 : BP 2845
bi 4 ,
5 )
2.3.1 , 2~ 6
[11] s test30 1 test30 2 s
b
1
1 . Xy ~ Xy
Table 1 Results of cloud transform
5,3,5,5
e » Xy Dis X2 E.
Drs s Dos 2 x1 [0.0000, 0.2900, 0.5800, 0.7800, 0.9800]
D z [0.0200, 0.5000, 0.9800]
, x;  [0.0200, 0.2400, 0.4600, 0.7180, 0.9760]
, zy  [0.0200, 0.3000, 0.5800, 0.7787, 0.9775]
) S
BP B [0.0371, 0.0596, 0.0371, 0.0380, 0.0202]
) z [0.0143, 0.1441, 0.0175]
x5 [0.0183, 0.0461, 0.0361, 0.0515, 0.0328]
4-36-36-6-4. 2, [0.0242, 0.0674, 0.0276, 0.0369, 0.0311]
. (MSE) 0. 01, S,
Levenberg-Marquadt @, [0.0038, 0.0085. 0.0015, 0.0065, 0.0013]
’ . z [0.0014, 0.0198, 0.0012]
2.3.2 x5 [0.0005, 0.0067, 0.0028, 0.0085, 0.0021]
, 0.6, x5 [0.0020, 0.0110, 0.0018, 0.0060, 0.0021]
[13] s 3
1.0 1.0
0.8 1 0.8
206 1 206t
e IEA
* 04l 1 ® 04l
0.2} 1 0.2t
0 1 2 3 4 5 0 1 2 3 4 5
/s tls
(a) IEH (b) AR 1
1.0} " ’ ' 1 1.0} ' ‘ .
0.8} . 0.8} |
e 0.6+ w 061 J
e e
# 04 # 04 1
0.2 . 0.2 1
0 1 2 3 4 5 0 1 2 3 4 5
tls tls
(c) ML 2 (d) SRR 3
2 test30 1

Fig. 2 Fault diagnosis result of data test30 1
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(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



2848 27
, s test30 2 0, 0.2
test06 O, testl8 § test2l O 1. 51 s, s
0. 12s 0.28s 1. 2 ’ 7
3 ’ . 8 . 3
b b 1 b
s 2 [14-15] . ,
) 2)
Table 2 Comparison of fault diagnosis result
s Matlab
/s
s 1.124 X
test30 2 test06 O  testl8 8  test2l
2. 40 0.6 0.9
BP
1.42 0.4 0.4
&
=
RBF 3
1.42 0.6 1.3
20. 00 5.3 1.3 /] — AR 1
Bl st —_— i
1.52 0.12 0.28 L L 1 }ﬁfﬂﬁﬁ
0 1 2 3 4 S
tls
2.3.3
7
D Fig. 7 Comparison of parameters with/without noise
b
1.0 JFMH 1.0}
0.8 0.8
0.6 0.6
= =
* 04} =04}
02f 02} JI
0 1 2 3 4 5 0 1 2 3 4 5
t/s s
(a) 1% (b) kAt 1
1.0 1.0
0.8F 08}
wm 0.6 my 0.6
B =
= 04 2 04f
0.2 0.2 M
0 1 2 3 4 5 0 1 2 3 4 5
tfs tls
(c) WP 2 (d) R 3
8 test30 2( )

Fig. 8 Fault diagnosis result of data test30 2 (with noise)
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