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Optimum design of braced structure for optical fiber image
transmission module based on inert strength
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Abstract: Optical fiber image module is one of the key components of large field of view space—based
telescope, whose stiffness characteristics of support structure have a crucial impact on the working life of
objective lens. In order to ensure the lifetime of objective lens and reduce the weight of the support
structure of the optical fiber image transmission module under vibration load, the braced structure of the
optical fiber image transmission module was optimized with the inert strength of optical glass and the
fundamental frequency of the structure as the optimization constraints on the basis of topological
optimization. Firstly, the calculation method of inert strength of optical element was described and the
inert strength boundary value of the coupled—fiber monocentric lens was determined. Secondly, the initial

braced structure of the optical fiber image transmission module was designed. Finally, on the basis of
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topology optimization, an integrated optimization model was established with the inertia strength of the

monocentric lens and the fundamental frequency of the braced structure as the optimization constraints,

and was calculated by using iSIGHT integrated optimization platform. The numerical result of the

simulation demonstrates that under the condition of satisfying the optimization constraint, the quality of the

optimized support structure is reduced by 11.4%, achieving the obvious weight loss effect. The proposed

optimization method provides a reference for the opto—mechanical structure of objective lens coupled with

the optical fiber bundle.

Key words: optical fiber image transmission module;

structure optimization
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Fig.1 Stress distribution at the crack tip of optical element

under the external load
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Tab.1 Fracture toughness of different optical

glass material

Glass material K,/MPa-pum'? Glass material  Ki/MPa-pum'?
F-SILICA 674 LaK10 865
BK7 774 F2 500
SF5 519 SF58 346
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Fig.2 Separation types of the optical element surface crack
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Tab.2 Abrasive parameters during fused quartz

processing
Process stage ~ Rough maching Finish Polish
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Fig.3 Space-based telescope optical system
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Fig.6 Sinusoidal vibration condition
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Fig.7 Stress distribution of the monocentric lens coupled
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Tab.3 Performance table of common optical structure materials
Materials E/GPa p/kg-m™ v CTE/ppm-C K/W-m™"-K™! Cp/J-kg™-K™!
2A12 68 2 700 0.33 23.6 167 960
Be 287 1 850 0.08 11.3 216 1 820
TC4 114 4 430 0.31 808 7.3 522
304 193 8 000 0.27 14.7 16.2 477
Invar 141 8 050 0.36 1.4 10.4 515
SiC 466 3210 0.21 2.4 146 700
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Fig.8 Initial support structure of the fiber block
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Fig.9 Optimization scheme of the support structure for

fiber blocks
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for fiber blocks
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Fig.11 FEM model of the support structure
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Fig.12 Calculation results of the stiffener distribution of

the support structure
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Fig.13 Groups of stiffeners of the support structure
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Tab.4 Initial parameters of grouped stiffeners

of the fiber block support structure

Variable Initial value/mm Feasible interval/mm
L1/W1 2.5/3.5 1-10
L2/W2 2.5/3.5 1-10
L3/W3 2.5/3.5 1-10
LA/ WA 2.5/3.5 1-10
L5/W5 2.5/3.5 1-10
L6/W6 2.5/3.5 1-10
L7/W7 2.5/3.5 1-10
L3/W8 2.5/3.5 1-10
L9/W9 2.5/3.5 1-10

L10/W10 2.5/3.5 1-10

L1-L10: Length of the stiffener section; W1-W10: Width of

the stiffener section.
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Tab.5 Optimal results of the stiffener section

parameter of the fiber block support

structure
Variable  Optimal value/mm  Variable = Optimal value/mm
Ll 3.0 Wi 1.0
L2 1.0 w2 3.4
L3 1.7 w3 2.7
LA 4.0 w4 1.0
L5 3.4 w5 1.4
L6 2.5 W6 1.6
L7 1.0 w7 4.0
L8 1.0 w8 1.8
L9 3.8 w9 4.2
L10 3.2 w10 5.4
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