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Abstract: A catadioptric optical system produces images by refraction and reflection. To improve the image quality, the
shape of the secondary mirror supporters should be determined to ensure that the centering error and tilt of secondary
mirror are very small, and the main mirror receives the maximum amount of light. Furthermore, random acceleration
vibration has a severe effect on the optical system for observation reconnaissance. In order to obtain the best design
under these circumstances, the volume of the secondary mirror supporter must be minimized while satisfying the
constraints expressed in standard deviations of the centering error and tilt. It is difficult to analytically calculate the
design sensitivities of the standard deviations, because they are statistically defined. Hence, after their second-order
regression equations were determined using a response surface methodology, an optimal geometric design was obtained.
As a result, it was found that the method proposed in this paper, which included a random vibration analysis, was
effective in obtaining the optimal design for a secondary mirror supporter with robustness.
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Fig. 1 Catadioptric optical system
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Fig. 2 Input PSD for gimbal structure system and output
PSD from catadioptric optical system by
experiment in the y-direction
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Fig. 3 Schematic drawing of catadioptric optical system
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Table 1 Design input PSD for random vibration analysis Zoero ]Dllrrjol e ﬂl;/lﬂ Bon(I‘C ;%J’L_ :%é ;2 ;;}

of catadioptric optical system

AT o FEEL dRnFOR o]
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Frequency PSD Frequency PSD ~ e
(Hz) (G*/Hz) (Hz) (G*/Hz) gk A S =24 S 3E2 Table 29F 2T}
20.0 0.026 330.0 0.0008 wo] pSpaAl ATE AL T HAo WA o
45.0 0.026 350.0 0.0005 AAE Axbalol sk, g WAle] AHoj= B
100.0 0.00053 360.0 0.0009
180.0 0.00053 380.0 0.0009
210.0 0.0008 390.0 0.0002 Table 2 Material properties for catadioptric optical
220.0 0.0008 420.0 0.0002 system .
250.0 0.0004 480.0 0.2 Material Aégglllf;lén ?upef ]Z)efo é\’HLd
275.0 0.0001 500.0 0.2 Vourss Modulis - nvar | Jure | Don
280.0 0.0001 530.0 0.0007 g(GPa) 68.9 148.0 0.0906 | 0.158
290.0 0.00045 600.0 0.0007 Poisson’s ratio 033 | 0234 | 0243 | 03
310.0 0.00045 Density (kg/m’) | 2700 | 8138 | 2530 | 1210
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Fig. 5 Measured PSD by experiment and design PSD for o .
main mirror of catadioptric optical system in the Fig. 6 Finite element model of secondary mirror
y-direction assembly and supporters
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Table 3 Level of design variables for standard deviations
of centering error and tilt

. . Level
Design variable
0 1 2
<
30, (h,1,6)<50.0um Height( /) 9.5mm |19.75 mm | 30.0 mm
[e]
= Thickness(t) 2.0 mm 3.0 mm 4.0 mm
Angle( 8) 10.0° 27.5° 45.0°
30,, (h.t,8)<50.0um
o Table 4 Orthogonal arrays for standard deviations of
2 Wgksqlnh centering error and tilt
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Table 5 Analysis of variance for standard deviation of
centering error

Factor S DOF \Y Fy F(0.05)
h 499.90 2 24995 |9.577¢9 5.14
t 150.18 2 75.09 | 2.877¢9 5.14
o 2.74e-9 2 1.37e-9 | 0.5254 5.14
ht 54.96 4 13.74 | 5.265e8 4.53
ho 3.59¢-8 4 8.97¢-9 3.437 4.53
t0 1.85e-8 4 4.63e-9 1.773 4.53
error | 1.57e-8 6 2.61e-9
T 705.04 26

Table 6 Analysis of variance for standard deviation of
tilt

FEH ® Mo
B S %3}o] Fig 4014 71&9 B4 A
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oF FA o] AA WETE 20 HAS EARE A

Minimize V(h,t)
Subjectto 30, (h, 1) <50.0um
30,.(h,t) <1.65um 2)

9.5mm < h<30.0mm
2.0mm <t <4.0mm

9] Aol A Fig.4 9] ddS W SH4FF=

V(h,t)=548.0+{822.325+39.65(h—9.5)} 1 )
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Table 7 Level of design variables for central composite

design
Design Level
Variable ) -1 0 1 2
h 9.5 |14.625 | 19.75 |24.875 | 30.0
t 2.0 2.5 3.0 3.5 4.0

Table 8 Numerical results for level of design variables

h t Centering error Tilt

Factor S DOF \Y Fo F(0.05) 1| -1 -1 16.510 0.2699
h 0.7280 2 0.3640 |1.9042¢10 | 5.14 2 1 -1 9.557 0.5402

t 0.5231 2 0.2616 |1.3683el10 | 5.14 3 -1 1 10.928 0.4924

Z 48le-11 | 2 2.40e-11 1.2571 5.14 4 1 1 9.393 1.1085
ht 0.1601 4 0.0400 2.0942¢9 4.53 5 -2 18.351 0.3631
hé 2.64e-11 | 4 6.60e-12 | 0.3453 4.53 6 2 9.250 0.6737
to 1.22e-10 4 3.05e-11 1.5931 4.53 7 0 -2 15.930 0.5765
error |1.15e-10 | 6 1.91e-11 8 0 9.297 0.7484
T 7090 26 9 0 9.304 0.5315
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