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Abstract: Due to the complexity of the failure situations of the launch vehicle’s propulsion system,
the failure is usually hard to diagnose onboard accurately. A diagnose method for the failure of the
rocket engine is proposed based on neural network and evidence theory in this paper. Firstly, the
BP neural network and the RBF neural network are trained offline. The apparent accelerations and
angular velocities of the dynamics are taken as the network input, and the fault type matrix is
taken as the network output. Then, the BP neural network and the RBF neural network are used
to implement the fault diagnosis online. Then the D-S evidence theory are used to fuse the neural
network results. Finally, the fault characteristic parameters are estimated by the moving horizon
estimation algorithm. The simulation results show that the diagnostic accuracy is over 99%7,
which indicates that the proposed method has higher accuracy and practicability for rocket engine
fault diagnosis.
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Fig. 1 Model structure of BP neural network
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Fig. 2 Learning process of BP neural network
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Fig. 3 Model structure of RBF neural network
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Fig. 4 Uncertainty of proposition
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Tab. 1 Matrix of fault type
L B 2 T 2 5 L B 24 TR 6 B e e 2 241
ENG11 [1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0] 15 R Lk 20 %
ENGI12 [0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, O, 0, 0, 0, 0] 1 5 &hHLHE K 25%
ENG13 [0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0] 15 KBNS Bk 40 %
ENG14 [0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0] 15 RSk 100%
ENG15 [0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0] 15 R BHLAEHL S
ENG21 (o, 0, 0, 0, 0, 1, 0, O, O, O, O, 0, 0, O, O, O, O, O, O, O] 2 SR PE B 20%
ENG22 [0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, 0, 0, 0] 2 5 RSNk 25%
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ENG32 [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0] 35 REHLE TR 25 %
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ENG42 [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, 1, 0, 0, 0] 45 R TIBR 25%
ENG43 [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, O, 1, 0, 0] 45 KRBT BR 10%
ENG44 [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0] 4 5 R FHPUME SR K 100%
ENG45 [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1] 45 RN RS
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Fig. 5 Fusion diagnosis system of rocket fault
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Fig. 6 Training performance of BP neural network
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Fig. 7 Training performance of RBF neural network
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Tab. 3 Output result of neural network of example 1
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Tab. 4 Diagnosis result of neural network of example 1
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Tab. 5 Diagnosis result of fuse evidence theory of example 1 2 ' ffffffff
142 5N ha R — 0
ENG11 —0.030 5 Ei )
ENG12 —0.010 0 %5 4
ENG13 ~0.000 1 E
ENG14 —0.004 6 % 3
ENG15 —0.006 1 10
ENG21 0.001 8 .
ENG22 —0.021 9 2 50 ‘ 100 150
ENG23 0.111 1 P 1E)s
ENG24 0.364 8 B9 SERTYHMMEE
ENG25 0,017 8 Fig. 9 Y-axis acceleration in the body
ENG31 0. 006 6 coordinate system
ENG32 —0.022 3
ENG33 0.005 5
ENG34 0.002 7
ENG35 —0.002 9
ENG41 0. 005 4
ENG42 0.049 7
ENG43 0.055 8
ENG44 0.508 4
ENG45 0.004 5
IZLIEES ENG44
S b e e ENG44 15 . .
0 50 100 150

1A /s
10 SERET Z HhniEE

Fig. 10 Z-axis acceleration in the body coordinate system
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Fig. 8 X-axis acceleration in the body coordinate system
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Fig. 11 X-axis angular velocity in the body

coordinate system
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Fig. 12 Y-axis angular velocity in the body coordinate system
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Fig. 13 Z-axis angular velocity in the body coordinate system
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Fig. 14 Total thrust of rocket
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Tab. 6 Partial measurement data of the launch
vehicle at 80. 01 s

a./ (m/s») 10. 223 8 w./ (rad/s) —1.770 2X10°6
ay/ (m/s?) 3.274 7 w,/ (rad/s) —0.001 4
a./ (m/s?) 1.3531 w./ (rad/s) 0.007 2

#2225 0 A7 BB A i T, bl 8 I 4%
g R 7 iR,
®7 HBH2HBENEHHER

Tab. 7 Output result of neural network of example 2

BP RBF1 RBF2
0.032 5 —0.016 5 0. 000 1
—0.121 6 0.037 3 0.069 8
0.171 7 —0.009 5 0.040 1
0. 008 6 —0.000 1 0.041 7
0.944 5 0.981 8 0.002 2
0.031 6 —0.005 3 —0.016 4
0. 050 4 —0.000 9 0.022 5
0. 048 6 0.017 9 —0.010 3
P —0.026 3 —0.000 1 0. 000 1
P23
ﬁ —0.095 1 —0.000 2 0. 050 6
ig 0.017 3 0.004 9 0.009 8
i —0.002 4 —0.005 8 —0.0318
—0.042 2 —0.000 7 0.004 3
0.002 1 0.000 3 —0.000 1
0.078 9 0.025 3 0.791 8
—0.006 9 —0.0107 —0.012 9
—0.064 1 —0.0159 0.044 4
—0.089 5 0.043 9 —0.060 8
0.032 8 0.000 1 —0.000 1
0.028 9 —0.045 9 0. 056 4
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Tab. 8 Diagnosis result of neural network of example 2

BP RBF1 RBF2
12 W i s ENG15 ENG15 ENG35
S B ENG15 ENG15 ENG15

M 8 AT LIEH], X 4 ML R RBF2 #if
LM AT W R 2, dEW A D-S UF 4
SRS IZ W4 R, e B AR, T
ek EE SR . B ENG15 #2504 25 19 2%
S5 FAT B B AR MR AT B, £ D-S UE 55 B S fil
GizkifE, ZRINE 9 PR,

£9 HE2MIRERRALHER

Tab. 9 Diagnosis result of fuse evidence theory of example 2

e e A2 2 [FlEEEPs
ENGI11 0.000 1
ENG12 —0.092 0
ENG13 —0.019 0
ENG14 0.000 1
ENG15 0.592 8
ENG21 0.000 8
ENG22 —0.000 3
ENG23 —0.002 7
ENG24 0.000 1
ENG25 0.000 3
ENG31 0. 000 2
ENG32 —0.000 1
ENG33 0. 000 1
ENG34 0.000 1
ENG35 0.459 3
ENG41 —0.000 3
ENG42 0.012 9
ENG43 0.069 4
ENG44 0.000 1
ENG45 —0.0217
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