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Design of rectangular space mirror and its support structure
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Abstract: A flexible support structure was proposed to keep the higher surface figure accuracy of space
mirrors under gravity and uniform temperature change load cases. According to the optical design re-
quirements, the structural form of a mirror was determined, and then a flexible support structure of
the primary mirror was designed. By adopting finite element analysis software, the mirror component
was analyzed and its structure was optimized. Analysis results show that the first order natural fre-
quency of the mirror component is 179 Hz, and the surface figure accuracy RMS of the mirror reaches
5.06, 4.43 and 7. 59 nm when gravity load is applied in the directions of X, Y, and Z axes, respec-
tively. Furthermore, the integrated surface figure accuracy RMS of the mirror reaches 6. 08, 6. 32 and
8. 08 nm respectively under the load cases of gravity in three directions coupled with uniform tempera-
ture rise of 4 °C. Laboratory test results indicate that the mirror can offer a good image quality under
the condition of 4 °C uniform temperature change, and the mechanical test results are consistent with
that of the theoretical analysis. The change of the surface figure accuracy is not obvious after dynamic

and thermal vacuum tests. Analysis and experimental results demonstrate that designs of the mirror
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and its support structure are effective, which can meet the requirements of space applications.

Key words: space mirror; lightweight; flexible support; finite element analysis; dynamic test
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Tab.1 Errors of mirror surface under gravitational distortion
PV/nm RMS/nm /pm
X 26.2 5.1 1.97
Y 21.4 4.4 1. 95
A 28.9 7.6 0. 83
2 4°C

4 0°

Tab. 2 Errors of mirror surface under 4°C uniform

. o . . Fig. 4 Surface figure error of mirror at 0° condition

temperature rise and gravitational distortion
PV/nm RMS/nm /pm
X 30.1 6.1 3. 65 PV:0. 2192;RMS:0. 020A(A=632. 8 nm),
Y 31.9 6.3 3.66 o
180 s
Z 33.3 8.1 2.63
5 o
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Tab. 3 The first 3-order natural frequencies

and mode shapes of mirror component

/Hz
1 179 Y
2 188 X
3 264 A
1 2 s
4 °C 5 180°
(PV)  33.3 nm. Fig. 5 Surface figure error of mirror at 180° condition
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Tab.5 Comparison of test results before

and after vibration tests

RMS/nm
nm
12.6 13.0 +0.4
13.0 13.5 +0.5

6 4°C
Fig. 6 Surface figure error of mirror with 4 ‘C uni-

form temperature rise

()X Y () Z

7 X,Y.Z3

Fig. 8 Obliquity calibration of mirror component

Fig. 7 Dynamic tests of mirror component in direc-

tions of X, Y, and Z axes
6

4 Tab. 6 Obliquity calibration results of mirror component

before and after vibration tests

Tab. 4 Comparison of dynamic tests and analysis results

/(//) /(u)
/Hz /Hz
X 10 6.0
— 0,
1 179 180 0.5% y 10 9 7
2 188 188 0%
3 264 260 +1.5%
6 ,
X 6.0".Y 2. 7",
3 1.5%. ’
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Fig. 9 Thermal vacuum experiment of mirror component
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Tab. 7 Comparison of surface figure errors of mirror

before and after thermal vacuum experiments

RMS/nm

RMS/nm

13.5 13.1 —0.4
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