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System Reliability Prediction of Electromechanical
Actuator Under Structure Multi-Failure Mode

ZHOU Ling, ZHANG Jia-bao, LI Yan-hui, HAN Jing-zhuang
( Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract; In view of the multiple structure failure modes appeared previously in experiments, we added a
structure reliability prediction under multi-failure mode based on the traditional electronics prediction when
implementing system reliability prediction to a new type actuator system. Firstly, the Expert Grading
Allocation Method was used to allocate system reliability index to the corresponding modules and
components. Then, the reliability index of electronic components was obtained by Component Counting
Method, and the structure reliability index under each failure mode was obtained by FOSM method. Thus the
system reliability index was obtained. The prediction results show that:1) The reliability indexes of design
scheme achieve the requirement of reliability index allocated for the missile;and 2) The reliability index of
ball bearing screw under multi-failure mode is lower than that of the other electronics modules, which is
consistent with the previous failure phenomenon in experiments.
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Fig.1 Structure diagram of electromechanical rudder system
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Fig.2 Reliability diagram of rudder system
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Table 1 Reliability index assignment list
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BEHR 10 2 4 10 0.9990

R TATE 5 3 4 10 0.9993
g E 5 2 4 10 0.9995
Bl 6 1 4 10 0.9997
RER 5 1 4 10 0.9998
BBRZIHE 7 3 5 10 0.9987
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Table 2 Prediction list of electronic module at GF2 phase
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EHR 209CHOMETEE 1 23.5636  0.7703
B 299C H ¥k 1 6.7432  0.2204

HEPEE 200C O 1 0.2100  0.0069

Bl 209CHOfETEEE 1 0.0500  0.0016

HIBE 299CHEOMTEE 1 0.0240  0.0008
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Table 3 Prediction list of electronic module at ML phase
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FERIR  299C # O ETHEGA 1 126.3916 0.7598
R TA7 299C iH¥E 1 37.3070 0.2243
RS E 299C ¥ O ¥ 1 1. 9689 0.0118
Bl 299C i O30k 1 0.4325 0. 0026
EIBF  299C # DT EGA 1 0. 2496 0.0015
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Table 4 Prediction list of electronic module at MF phase
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BER 299CHENEHSE 1 61.4550  0.7993
B 299C T 1 14.0781  0.1831
HEREE 299C HOMHEE 1 0.9843  0.0128
HEL  299CHEOEEHEE 1 0.2200  0.0029
B 299CHENEHSE 1 0.1500  0.0019
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Table 5 Reliability degree of electronic modules

A,/1078
2 GF2 ML MF R
BHEH|R  47.1272 0.0035  10.2425  0.99994
Bt 13.4864  0.0010 2.3463  0.99998
HYUEE  0.4200 5.4692E5 0.1641  0.9999994
L 0.1000 1.2014E5 0.0367  0.9999999
B 0.0480 6.9333E6 0.0250  0.99999993
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Table 6 Mean value and standard deviation
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Table 7 Assigned and predicted value

FEHE R SAE wiHE
EHIR 0.9990 0.99994
Bt 0.9993 0.99998

HBEE 0.9995 0.9999994

B 0.9997 0.9999999
BB 0.9998 0.99999993
BT 0.9987 0.9997
HIILAS 0.9960 0.9996
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