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Modal analysis and structural parameter optimization of aviation
elastic parallel casing

WU Anyang, SONG Chaosheng, ZHAO Shuaitao, DENG Zili
(State Key Laboratory of Mechanical Transmissions, Chongqing University, Chongqing 400044, P. R. China)

Abstract: To solve the resonance problem of an aviation parallel casing, the finite element method is used to
analyze the constrained modal frequencies, considering typical working conditions and the elastic support stiffness
of the aircraft frame. This study investigates the influence of casing structural parameters on the constrained
modal frequencies. The results show that optimizing the constraint position is the most effective way to
significantly change the natural frequencies. When the natural frequency is at the edge of the resonance intervals,
it can be adjusted slightly by optimizing the wall thickness and stiffener parameters. When the two constraint
positions are located on the symmetry axis of the casing plane, the natural frequencies reach their minimum and
decrease obviously with a reduction in the constraint distance. With an increase of the thin-wall thickness, the 17,
3", 5" and 6" modal frequencies decrease, while the 2" and 4" modal frequencies increase. The 1% and 3" modal
frequencies are almost unaffected by the stiffener parameters. The 2™ and 4" modal frequencies increase with the
increasing width and height of the stiffener and decreasing stiffener aspect ratio. In addition, the 4"modal
frequency increases with the increasing angle of the stiffener. The 5" and 6"modal frequencies increase with an

increasing stiffener angle and decreasing stiffener width. Based on these findings, the aviation elastic parallel
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casing was optimized to ensure the natural frequencies avoid the resonance intervals, thus improving the vibration
resistance of the casing.
Keywords: clastic thin-walled casing; constrained modal; natural frequencies; structural optimization; vibration

reduction design
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Fig. 1 The applications of aviation parallel casing
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Fig. 2 Aircraft parallel subsystem
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Fig.3 FE model of the aircraft frame and A-frame connector
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Fig. 4 Finite element model of elastic thin-walled casing
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Fig. 5 Modal formation analysis of elastic thin-walled casing
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Fig. 6 Transmission system of parallel subsystem
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Table 2 Transmission system operating frequency
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ERIGIRUAR ) 75 5600 93 [79,107]

i 145 5 97 4330 72 [61,83]
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Fig. 7 Relative position of natural frequency and resonance interval
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Fig. 8 Parametric analysis optimization process of casing structure
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Fig. 9 Structural parameters of elastic thin-walled casing
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Fig. 10 Effects of support mode on constrained modal frequency
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Fig. 11 Effects of support distance on constrained modal frequency
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Fig. 12 Effects of thin wall thickness on constrained modal frequency
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Fig. 13 Effects of stiffener angle on constrained modal frequency
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Table 3 The structural parameters before and after optimization

MLIE S50 KR A SZ KB /mm 1 A A B/ (°) MR TE BE /mm F AR B /mm
Rt A-D 610 60 10 20
it 5 B-E 450 30 9 15
VAL I AR TR P U SR i K 1 i 1 A0 28 R AT X6 L, 1 B B A R 4 K 27.2%,2 .3 4.5, 6 B 43 51 ik /)N
35.7% . 17.7% 41.1% . 14.8% .20.4% , 5¢ 4=kt FF 1 HL I 34 RURS X ] (& 17) 6
180
10 T R K
N 140 - [123,168]
g
120 + --A
1
& 100
i AL LR XU X ]
B g0 | [61,107]
5
= 60 I A
40 | —u— PRALRIPLIE A SR
A- - - LAk HLIE A A%
20 i ! L L L |
1 2 3 4 5 6

B A SR B
B17 BEHEBNEALITEARRSERHRE

Fig. 17 Constrained modal frequency before and after optimization
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