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Analysis of Influence Factors of Thermal Aberrations Based on
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Abstract Thermal structural optical integrated analysis is an effective way to estimate optical image quality
during optical and mechanical design stage. Thermal structural optical integrated analysis of a small lens system
is conducted. The results indicate that thermal aberrations of the system are higher, affecting optical properties
of the system. Contribution to the thermal aberrations induced by change of refractive index is larger than that
by surface deformation. Thermal conductance between the lens and the support structures, air turbulence in the
upper and lower windows, and environmental convection of the outer surface of the mechanical structure
influence the thermal aberrations finitely, and the primary influence factor is thermal load. Reducing thickness
of the lens and absorption rate of materials will decrease thermal load and thermal aberrations of the system
decreased effectively.
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Table 1 Material property
Thermal Thermal
) ) N Specific heat / L ) Young's Poisson’s
Material  Density /(kg/m") conductivity / expansion
[J/(kg-K)] modulus /MPa ratio
[W/(m-K)] coefficient /(1/C)
Fused
2205 741 1.37 5.8x1077 73000 0.17
silica
430F 7700 460 26.1 1.04x107° 200000 0.27
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Table 2 Absorbed energy of each lens unit: mW
Lens No Lens 1 Lens 2 Lens 3 Total
Absorbed energy 9.22 8.97 10.47 28.67
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Fig.4 Schematic diagram of system heat transfer Fig.5 Temperature distribution
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Fig.6 Distribution of refractive index uniformity of the lens. (a) Lens 1; (b) lens 2; (c) lens 3
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surface of lens 2; (e) upper surface of lens 3; (f) lower surface of lens 3
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Table 3 Influence of heat conduction of lens on thermal aberrations

Thermal condition Contact heat transfer coefficient /[W/(m*- °C)] Thermal aberrations/nm
Direct contact 700 8.37
Epoxy glue 1500 8.07
Room temperature vulcanized silicone 9000 7.7
Ideal of thermal conductivity - 7.70
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Fig.11 Influence of air turbulence. (a) Temperature versus air convection; (b) thermal aberrations versus air convection
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Fig.12 Influence of heat transfer gap. (a) Temperature versus heat transfer gap; (b) thermal aberrations versus heat

transfer gap
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