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Design of support for large aperture rectangular mirror
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Abstract: To design a large aperture rectangular mirror with high stiffness, high strength and good
thermal dimensional stability precisely, an analytical mathematical model of the mirror supporting sys-
tem was established and its modal characteristics were investigated. Firstly, the support location of
the mirror was determined according to the conclusion obtained by modal analytical solution that the
dynamic and static stiffness is the highest when the three supports keep the mass distribution relative-
ly homogenous. Then, the support structure was analyzed in detail by Finite Element Method( FEM)
and a new type of flexible support was presented. By adjusting tw o parameters, the thinnest thick ness and
the arc radius of a flexible hinge, the surface figure accuracy of the mirror was modified. Finally, the modal a

nalysis of mirror component was performed. Analytical and experimental results indicate that the surface fig-
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ure accuracy of the mirror can reach RMS 12. 3 nm under the load case of gravity and 4  uniform temperature
rise, respectively, when the thickness of the flexible hinge is 4 mm and its circular radius is 2 mm. Moreover,

its first order natural frequency is 146 Hz, which shows an error under 5% compared to FEA results. Re-

search demonstrates that the mirror structure satisfies all design indexes.

Key words: space remote sensor; offaxis three mirror anastigmat; primary mirror; flexible support;

finite element analysis
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(TC4) P Fig. 1 Support structure of primary mirror
(SiC/ Al) 1
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Tab.1 M aterial properties of mirror component

/g mm ® E/GPa s(Ww w' K')y/ao® K

SiC 3.1 400 140 2.3 0.18
4J32 8.1 141 13.9 2.4 0.25
TC4 4.44 109 6.8 9.2 0.29
SiC/Al 2.94 213 235 8.0 0.23
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Fig. 2 Diagram of rotation around x axis and transla

tion along y axis
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Fig. 3 Diagram of rotation around y axis and

translation along x axis
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2 mm,

2

Tab.2 Optimal results of parameters of flexible hinge

i r RMS/(nm)
4 z y / mm / mm 4 Y /Hz
Fig.4 Diagram of rotation around z axis and transla 2 2 9.5 16 138
tion along y axis 2.5 2 9.5 15 142
3 2 9.8 12 144
Y R 4 3.5 2 10 11.5 150
Y Y 4 2 10.3 9 153
4.5 2 10.5 8.3 156
lK < Ie 5 2 11.6 8 158
ur + Kor + Ksir
= 1
s .3 2 o s
4 ZERME ST Yo v
3.3 , 3~ 5mm 4
) 45 R 6 Y
, 3 Z ,
, X, Y , ,
) 45 )
) t= 3 mm, r=2
, R mm; (= 4mm,r= 2 mm; (= Smm,r= 2 mm
4.1 3,
3 R t= 3mm
, , s 88.4 M Pa, =4 mm (=5
mm ,
: 3 . 52.6MPa 48.3 MPa
i= 4mm,r= 2 mm
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4

Tab. 4 Analysis results of mirror component s models

1 153 Y
2 162 X 6
3 173 X

Fig.5 Finite element model of mirror component

4.2
(D3
;(2)4
(2) 6 3
+(3) (Y ) 4 Fig.6 The first 3order vibration models
i (4)
3 4 5
5
3 4 Tab.5 Stress analysis results of flexible support structures
Tab. 3 Analysis results of mirror under gravity ( )/ MPa
and 4  uniform temperature rise
/Hz
RM S X Y (gms= 32)
100 91.2
/nm /() /() ¥ 588
15.82 4 4 118 185. 8
. . . 100 96.9
(Y) 9.0 0.1 0.32 ¥ 62.9
(X) 11.2 0.2 0.15 119 220.2
100 20.7
(2) 17.5 0.3 0.5 7 346
4 10.3 0 0 173 121. 1
4 +Y 13.8 0.1 0.32
3
.4 ,
, RMS Yy 62.9 MPa,
. X Y (TC4) 877 MPa,
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Fig.7 Dynamic test of mirror component
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