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Abstract: To improve the design of environmental tests for attitude and orbit control engine
(AOCE) structures, it is crucial to explore methods that suit environmental test response analy-
sis. Considering the distinct mid-frequency vibration characteristics of AOCE structures and the
modal densities and structural features of various components, a hybrid finite element-statistical
energy analysis (FE-SEA) model suitable for mid-frequency response analysis of AOCE struc-
tures was established. During the ground tests, the use of a shaker made it impossible to calcu-
late the input power directly. To address this issue, this paper proposes a method for calculating
the shaker excitation input power based on the power spectral density of random vibration at the

interface. This method can predicate the response of AOCE structures to shaker excitation. The
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comparison between the response prediction results based on the hybrid FE-SEA model and the

response measurement results from the shaker experiments demonstrates that the hybrid FE-SEA

method accurately predicts the structural response within the mid-frequency analysis range. For

random subsystems with modal numbers higher than three, the predicted errors of mid-frequency

responses at corresponding center frequencies are all less than =3 dB, indicating a favorable pre-

cision in environmental test response prediction. The accuracy of the hybrid FE-SEA method’s

prediction results is closely related to the modal numbers of random subsystems within the analysis

frequency band. Notably, when modal numbers are relatively small, the predicted results show signifi-

cant errors compared to the experimental results in the lower frequency band. This study provides a

valuable reference for the design of mid-frequency vibration environmental tests for AOCE structures.

Keywords: attitude and orbit control engine; medium-frequency vibration; hybrid finite element-

statistical energy analysis; shaker excitation; response prediction
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Table 1 Modal numbers of the base plate in each analysis

frequency band under different boundary conditions

L AL

WA/ Hz [l R WAR BShR PHE
200 3 3 1 2.33
250 3 2 2 2.33
315 1 1 1 1.00
400 2 2 1 1.67
500 3 4 2 3.00
630 5 4 2 3.67
800 4 6 3 4.33
1000 8 8 7 7.67
1250 10 10 10 10. 00
1600 14 14 7 11.67
2 000 17 17 14 16. 00
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Table 2 Modal numbers of the main structural components

in each analysis frequency band

e EEOF
WA/ Hz o AR R L2 SO IR,

200 2.33 0 0.67 0.67
250 2.33 0 0 0
315 1. 00 0 0.33 0.67
400 1.67  0.33 0.67 0.67
500 3.00  0.33 1.00 1.33
630 3.67  1.00 0.67 2.00
800 4.33  3.67 2.60 1. 00
1000 7.67  3.00 0.67 3.00
1250 10.00  4.33 3.33 3.00
1600 11.67  5.33 1.00 6. 00
2 000 16.00  12.67 4.33 6. 00
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