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Support design for secondary mirror of high

resolution space telescope

Xin Hongwei', Yang Jinsong, Gao Minghui', Guan Yingjun®, Zhang Xuejun'

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. School of Mechatronic Engineering, Changchun University of Technology, Changchun 130012, China)

Abstract: In space telescopes with long focal length, the secondary mirror should be designed with high dynamic
stiffness and an adaptability of wide range temperature because its thermal control is difficult to be implemented
in orbit and its dynamic response is very large during launch. Firstly, the design principle of secondary mirror’s
support was specified, and a flexible support was designed from the views of material selection and thermal
design. Secondly, three flexible links were analyzed by sensitivity analysis and their effects on surface figure
accuracy were found, then the final sizes of the flexible support were obtained. Subsequently, an elaborate finite
element analysis was made. Finally, dynamic and thermal test were made. Analysis shows that the secondary
mirror’s RMS is 9.8 nm under 15 uniform temperature rise, the first order natural frequency is 150 Hz. Tests
show that the RMS is 6.9 nm, the first order resonance frequency is 153 Hz. Analysis and tests verify that the
support meets all design indexes.
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Tab.1 Material properties of mirror component ’
. p E A a
Materal — m=  /Gpa  /Wm KT 109K » . o
SiC 3.1 400 140 2.3 0.18 ’ ’
4132 8.1 141 13.9 2.4 0.25 o
TC4 4.44 109 6.8 9.2 0.29
SiC/Al  2.94 213 235 8.0 0.23 (1) 3
1.3 °
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Fig.1 Flexible support for mirror
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Fig.2 FE model and sensitivity analysis results
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Flexible3 ds o
2.2 , 3
s (0~100Hz) o
3
° Tab.3 Modal analysis results of mirror component
dl N dZ 3
Order Frequency Vibration model Vibration
150 Hz, /Hz describing model cloud
’ (2) ] 153 Mirror vibration
’ along Y axis
o ’
d= [dl dz ] 9 162 Mirror V1brat'10n Fig 3
along X axis
minPV(d) (2)
Mirror rotate along X
s t modal(d) = 150 3 173 axis
Flexiblel 4 mm, Flexible2 3 mm
s 150 Hz
2.3
: Bl 3[4 B B T 2 R
(D)3 Fig.3 The first 2nd-order vibration model
; ()15 T
5(3)
’ 4 s 5
o 2
o
15C o
4
2 15 OC . 0 . oy
. . . Tab.4 Dynamic testing input conditions
Tab.2 Analysis results of mirror under gravity
and 15 °C uniform temperature rise Sinusoidal vibration Random vibration
X,Y,Z axis X,Y,Z axis
Secondar
mirror Y RMS/nm R:X/(") R:Y/(") Frequency/Hz Value Frequency/Hz Value
Design index 15.82 4 4 5-15 5.56 mm 20-100 3 dB/oct
_ — 2
X direction 1.5 0.1 0.2 15=60 de 100-600 0.03 g/Hz
7 direction 12.2 0.2 015 60-65 Drop to 6 g 600-2 000 -3 dB/oct
Y direction 7.5 0.3 05 65-100 6g Gime 6.15 grms
15 C uniform o Loading speed 2 oct/min Loading time 120 s
temperature rise '
3
,15C ,
,  RMS Y s 220.2 MPa,,
877 MPa,

(TC4)
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Tab.5 Stress calculation results of flexible support

Flexible support:material for TC4

Random/MPa
Response &m=3 &
frequency/Hz sine/MPa
A
Peak stress verage
stress
100 38
X direction 132
206 152.6
100 36
Y direction 102
158 165.7
100 20
Z direction 134.6
188 181.1
3
’
’
o
3.1
N o
SiC o
3 s
) , 118Hz, Y ,
6%
’
5 °
100 Hz 1.3
3.2
o
’
o ’
’
( ) ;
’
’ 4 o

Fig.4 Strain gauge paste position and component of vibration test
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Fig.5 Comparison of modal test curves along Y axis before

and after vibration
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Fig.6 Stress test curve in random vibration along Y axis
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Fig.7 Stress test curve in sinusoidal vibration along Y axis
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