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Optimal Design of Lightweight Off-Axis Mirror and Flexible Support
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Abstract This study proposes a design method combining variable density topology optimization and multi-objective
integration optimization with minimum size constraints for the overall design of multispectral cameras, adhering to
the design concept of integration, miniaturization, and ultra-lightweight. This approach is used for spatial
separation, and the optimized design of an axis microcrystalline mirror and a back support structure (heat
dissipation mandrel, flexible joint. and backplate). The mirror has an aperture of 218 mm X 166 mm, mass of
0.917 kg, and weight reduction rate of 71.3%. In addition, the processed and assembled reflector components are
subjected to engineering environmental tests and surface interference detection. Test results show that the root mean
square value of the mirror surface before and after the environmental test is greater than 1/501, detection wavelength A =
632.8 nm, and fundamental frequency is 397.8 Hz, meeting the design requirements of an optical system and optical
satellite platform. Load requirements validate the feasibility and accuracy of the proposed method.

Key words optical devices; space remote sensor; off-axis mirror; integrated optimization; face detection;
mechanical test
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Table 1 Performance indicators of common space camera materials
Density / Young's modulus / Specific Thermal expansion ,
Material ) Poisson's ratio
(gecm ?) GPa stiffness coefficient /(10 °°C)
Zerodur 2.53 91 36.0 0.05 0.24
SiC 3.05 310 101.6 2.50 0.14
Invar 8.10 141 17.4 0.05—7.00 0.25
TC4 4.44 109 24.5 9.10 0.34
SiC/Al 3.00 180 60.0 8.10 0.18
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Table 2 Optimal parameter combination results

Variable Value range Initial value Optimization
T e /MM [22.0,28.0] 24.0 25.2
T /mm [3.0,5.0] 4.0 4.6
T /mm [3.0,6.0] 5.0 4.1
T s /mm [3.0,6.0] 5.0 5.4
T i /mm [3.0,6.0] 5.0 4.5
T./mm [0.5,2.0] 1.0 1.6
D,/mm [115.0,125.0] 120.0 118.3
D,/mm [205.0,210.0] 205.0 3.0
D;/mm [208.0,215.0] 210.0 3.0
D,/mm [55.0.80.0] 76.0 64.2
D;/mm [45.0,75.0] 66.0 52.8
D one/mm [70.0,100.0] 90.0 75.5
0,/ [30,60] 40.0 46.5
6,/ [0,30] 10.0 8.5
05/ [5.20] 5.0 9.5
0./ [5.20] 10.0 15.9
H,/mm [25.0.35.0] 30.0 28.2
H,/mm [20.0,30.0] 25.0 25.2
Z /nm
@ "1 Ris: 21656 nm 6 ®150 RMS.16689 At -
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Fig. 8 Surface shape analysis results under different conditions. (a) x-gravity condition; (b) 4 °C temperature rise

3

Table 3 Optimize analysis results

Parameter Direction Gravity in x direction 4 °C temperature rise
x 1.5X10°° —3.2X107°
Rigid body displacement /pm y 9.3X10! 8.0x10°*
z —7.0x10* 1.3X10°°¢
i . x 1.4X10* 8.1X10*
Tilt /(M
y 6.0X10* 8.2X10*

Intrinsic frequency /Hz

m /kg

402.3
2.42
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Table 4 Frequency comparison in different situations

Intrinsic frequency from Intrinsic frequency from
Loading direction ) ) Relative error /% Vibration mode
experiment /Hz analysis /Hz
x 419.9 423.5 0.8 Swing around y axis
v 397.8 402.3 1.1 Swing around x axis
z 624.1 635.6 1.8 Vibration along = axis
4.2 , o
S
, (20£0.5) C , N N
R 11 s s
12 o ,
12 . N RMS s
s s o , RMS
RMS 1/501, A=632.8 nm,
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Fig. 12 Test results of mirror before and after test. (a) Before test; (b) after test
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