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Abstract: This paper has proposed ultra-lightweight design and optimization for a primary mirror of a
space camera with @210 mm aperture to improve surface quality and reduce its launching cost. Three-
point support on mirror back is selected as the support method and the locations of the supports are
carefully studied. Through the topology optimization, the mass distribution of the back of the mirror and
the distribution of the removable part are obtained. The initial structure of mirror is light weighted on its
back applying triangular hole light-weighting method. Multiple-object optimization which combines mass
and surface figure error along X-axis (detection direction) as optimization object under constraint of
surface figure error along Z-axis (machine direction) is carried out on the initial structure of mirror.
Finally, a mirror with RMS(Root Mean Square) as lowas 0. 18 m with X-axis straight down and 2. 38
mm with Z-axis straight down is achieved. The mirror weights 0. 568 kg, surface density of it is as low as
16.9 kg/m*. And the primary frequency of X,Y,Z are more than 500 Hz. Through the FEM analysis
and vibration test, verify the good mechanical properties of the mirror structure. The results show that
the optimal design method of this paper is reasonable for the lightweight mirror.
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Fig.5 Initial model of mirror

Fig. 4 Topology optimization results of mirror
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1
Table 1 Design variables and optimization results
Direction X Y 4
Face shape precision PV/nm 116 L9 0. 08
RMS/nm 0.18 0.2 2.38
Primary frequency/Hz 4993 4 985 6 690
GRMS of mirror/g 3.56 3.56 3. 64
, N 2 mm, ,
, 10 s s
2 mm, s ) ,
2 mm s 10 , 0.568 kg, 16.9 kg/m?.
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Fig. 10 Mirror model after optimization
2.5
3 s s 2.
2
Table 2 The FEM analysis results of mirror
Variable Ranges/mm Initial value/mm Optimization results/mm
T, [2.0,4.0] 2.5 2.001
T, [2.0,4.0] 2.5 2.041
T, [2.0,4.0] 2.5 2.031
Ta, [2.0,4.0] 2.5 2.039
Thole [2.0,4.0] 2.5 3.032
Ryote [8.0,20.0] 10.0 14. 88
La, [30.45] 30 36
H i, [0.0,24.0] 10.0 19.8
2 , 2.5 nm » X
0.18 nm, A/50 ; 3.6 g
, ,
3
s
, (
s s
11 , ,  SiC
s s
SiC 6% ; 2%
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Table 3 Comparison of Al and SiC mirror component

SiC

Direction

Comparison the results of modal analysis

Al mirror component
SiC mirror component

Relative error

Al mirror component

Comparison the results of

random vibration analysis

SiC mirror component

Relative error

12

X Y Z
573.3 Hz 575.9 Hz 1669.1 Hz
601.3 Hz 603.2 Hz 1760.6 Hz

1.65% 4.52% 5.2%
22.85 g 23.05 g 6.18 g
22.8 g 22.7 g 7.14 g
0.22% 1.54% 13.4%

3 s

Fixture for
vibration test

Flexible support

11

Fig. 11 The FEM model of mirror component
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12
Fig. 12 Placement of random vibration test

Table 4 Comparison the date of tests and analysis
Direction X Y Z
. X . Analysis 573.3 Hz 575.9 Hz 1669.1 Hz
Comparison the results of frequency scanning
th modal lvsi Test 545.5 Hz 538.5 Hz 1572.2 Hz
test t 518
€8T WITh modal analysis Relative error 4.85% 6.49% 5.8%
. Analysis 22.85 ¢ 23.05 g 6.18 g
Comparison the results of random
- B Test 22.25 g 21.67 g 5.74 g
tion test wit SIS
ViDTAtion fest with anatysts Relative error 0.26% 5.98% 7.1%
4
@210 mm SiC
b
b
X , Z s
0. 568 kg, 16. 9 kg/m?*,

2.5 nm ,
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