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The use of reflective optical systems is essential to acquiring high-resolution image quality in aerospace applications that
observe distant objects. The geometric shapes of large-aperture reflective optical systems can be deformed depending on
various operating and space environments, which deformation consequently affects optical performance. In this study, we
predict the image quality of a reflective aerospace optical system according to various environmental changes. In particular,
the shape deformation due to vibration and heat generated from the launch vehicle was mainly observed, and the effect on
gravity was also considered. The variations of image quality, such as Modulation Transfer Function (MTF) and wave-front
error (WFE), were also observed by importing the deformed shapes into the optical simulation tool. This study is intended
to provide approaches to reduce the cost and lead time to develop aerospace optical systems.
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Fig. 1 Schematic illustrations of environmental factors affecting
image quality of a reflective aerospace optical system. The
variations of temperature and gravity depending on the
altitude, and vibrations generated from the launch vehicle can
cause deformation of the reflective optical system
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Fig. 2 Diagram for prediction methods of reflective optical system
deformation and image quality
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Table 1 Mechanical and thermal properties of reflective optical systems

Al6061 Al7075 Ti-6-4 SiC Germanium
Young’s modulus [N/mm?] 6.89 10* 7.17 10* 1.14 10° 4210° 1.310°
Poisson’s ratio 0.33 0.33 0.34 0.14 0.3
Density [kg/m®] 2700 2810 4430 3100 5323
Thermal expansion [/k] 236 x 107 236 x 107 8.6x 10 3x10° 6.1x 10
Thermal conductivity [W/(m K)] 16 130 6.7 140 64
Specific heat capacity [J/(kg K)] 890 960 530 670 321.9
vonmiseswpa) (D) URES (mm)
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Fig. 3 Deformation results of the reflective optical system due to

gravity. (a) Stress, (b) displacement results when the force of
gravity is applied in a parallel direction to the mirror, (c)
Stress, and (d) displacement when gravity is applied in the
direction perpendicular to the mirror
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Fig. 4 Thermal deformation results of the reflective optical system.
(a) Displacement, (b) strain at 70°C steady-state temperature,
and (c) Maximum displacement graph of the reflective
optical system according to steady-state temperature
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Fig. 5 Natural frequency analysis of the reflective optical system.
(a) Natural frequency and (b) Effective mass participation
factor results according to different modes
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Fig. 7 Deformation results due to explicit impact. (a) 3D simulation
rendering and (b) plot data of displacement after explicit
impact
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Fig. 8 Wave-front error analysis. Wave-front error analysis results
according to (a) before and (b) after the deformation by
thermal shock
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