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Abstract: Due to the limited load of aircraft, weight was always the key index in the structural design of
airborne imaging system. As the main load bearing structure of the optical system in the airborne imaging system,
the main support structure must be lightweight. However, the previous lightweight design methods for the main
support structure of airborne imaging system mainly included specific measures such as selecting metal materials
with high specific stiffness, optimizing the layout of the frame structure, adjusting the wall thickness, and adding

weight loss trough. Due to the high density and linear expansion coefficient of metal materials, the lightness
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extent of this lightweight design method was not high, and sometimes couldn ’t meet the requirements of
athermalization design of high-precision optical systems. Therefore, a new lightweight design method combining
composite materials and metal materials was proposed. Carbon fiber composite materials with lower density and
lower linear expansion coefficient was used as the main support molding material, and titanium alloy was used as
the external interface material. The parameter optimization design was carried out with the lightest target as the
goal and the fundamental frequency as the constraint. Finally, the main support structure with higher lightweight
and better dimensional stability was obtained by using the prepreg manufacturing and laying method. The
effectiveness of the new method was verified by numerical calculation, simulation analysis and vibration test. The
results showed that the fundamental frequency of the new lightweight main support system was 425 Hz. The
weight was 10.5 kg, which was reduced by 33.5%. The variation of axial optical spacing was 0.021 mm at 60 °C
uniform temperature rise, which was reduced by 84.9%. The research results showed that the new lightweight

design method was reasonable and effective, which solved the problem of structural lightweight and optical

athermalized design. It was applied to the main support structure of the airborne infrared imaging system.
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Fig.l Schematic diagram of main support system installation
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Fig.2 Schematic diagram of position relation of main optical system
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Tab.1 The material parameters

Density/ Elastic Poisson's Linear expansion

Material 10° kg'm ™ modulus/GPa  ratio  coefficient/10° K™
SiC 3.05 400 0.18 2.5
Glass-ceramics ~ 2.53 91 0.24 0.05
4J36 8.1 141 0.25 0.05
ZTC4 4.40 112 0.29 8.9
ZL114 2.80 70 0.33 23.6
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Fig.3 Lightweight main support structure of titanium alloy material
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Fig4 Flow diagram of new lightweight design method
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Tab.2 Comparison of physical and mechanical

properties of modified cyanate resin castings

Unmodified cyanate Modified cyanate
Performance
esters esters
Bending
strength/MPa % 127
Bending
modulus/GPa 3.8 32
Tensile strength/MPa 52 73
Tensile modulus/GPa 3.4 32
Elongation at break 1.2% 3.4%
fmpact 73 16.4

strength/kJ-m
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Tab.3 Performance parameters of M40 carbon fiber

composites
Performance Value
Longitudinal modulus/GPa 90
Transverse modulus/GPa 3.8
Shear modulus/GPa 52
Poisson’s ratio 34
Density/10°kg-m™* 1.6

Axial linear expansion coefficient/10 K™ 0.76 e-6
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Interface structure of titanium alloy
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Fig.5 Schematic diagram of the interface connection
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Fig.6 Main support structure of new lightweight design method
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Fig.7 Parametric model of main support structure
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Tab.4 Weight of mass points

Name Weight/kg
Image preprocessor 4.5
Third and fourth mirrors 3.0
Reflective optical system 14.5
Detector assembly 4.5
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Fig.8 Finite element model of main support system
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Fig.9 (a) First order mode shape; (b) Second order mode shape; (c) Third order mode shape
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Tab.6 Conditions of sine vibration analysis

Frequency/Hz Magnitude (Y direction)/g
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=0.0050

-0.0038

=0.0025 Z
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Fig.10 (a) Curve of vibration analysis result; (b) Stress figure of sine

vibration analysis
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Fig.11 Forming process flow chart of new lightweight main support
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Fig.13 Figure of new lightweight main support structure
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Fig.14 Curve of vibration test result
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