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Strength Design and Optimization of Aviation Filter Assembly Based on CF/PEEK Composite
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[ABSTRACT] Carbon fiber reinforced polyetheretherketone (CF/PEEK) composites with the advantages of high
strength, low density, self-lubrication and workability, have great application value in the lightweight design of aircraft.
In this study, the applicability of CF/PEEK composites in the design of filter assemblies is systematically studied to meet
the needs of weight reduction and optimization. In order to ensure the service reliability of the aviation filter assembly, the
sensitivity of design parameters to structural strength was analyzed for the main failure forms such as insufficient structural
strength, vibration fatigue and screw thread loosening. The design scheme was optimized, then undergone simulation
and strength evaluation. The effectiveness of the design scheme is verified by the vibration test, and the research results
demonstrate that lightweight and high-reliability design of CF/PEEK composite aviation filter assembly can be achieved by
structural optimization.

Keywords: CF/PEEK composite; Aviation filter assembly; Structural optimization; Vibration fatigue; Vibration loosening
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Fig.1 Schematics of outline profile and section of filter assembly
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Fig.2 Pressure setting schematic
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A:S30

Equivalent stress

Type: Equivalent (von-Mises) stress

Unit: MPa

Time: 1

Max: 185.42

Min: 0.031141

185.42

164.82
144.22

= 123.62
103.02

0.031141
(a) 4N

A:S30
Equivalent stress
Type: Equivalent (von-Mises) stress
Unit: MPa
Time: |
Max: 185.42
Min: 0.031141
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144.22
123.62
103.02
82.425
61.827
41.228
20.630
0.031141
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Fig.3 Stress distribution schematic of CF/PEEK composite filter
assembly
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Fig.4 Stress distribution schematics of filter assemblies with different materials
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Fig.5 Deformation distribution schematics of filter assemblies with different materials
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Fig.6 Schematic of the bottom structure of filter assembly
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Fig.7 Stress distribution on bottom of filter assembly at different fastening sizes
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Fig.8 Deformation distribution on bottom of filter assembly at different fastening sizes
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Fig.9 Maximum stress and maximum deformation at different

heights of fastening positions
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Fig.10 Effect of wall thickness on maximum stress and maximum
deformation of bottom surface
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Fig.11 Effect of joint fillet radius on maximum stress and

deformation of bottom surface
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Table 2 Dimension parameters of fastening position mm
s XA RS i3
1 30 10
2 34 10
3 36 11
4 41 13
5 30 15
6 32 17
7 36 18
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Fig.12 Schematic of thickness parameters of bottom fastening

position
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Fig.13 Stress and deformation distribution after structural

optimization
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Fig.15 Random vibration response of fixture
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Fig.16 Sensor locations during random vibration test
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Fig.17 Thread pre-tightening torque set-up of test article
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Fig.18 Environmental test for CF/PEEK composites
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