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Optimum design of active supporting system for

a 2m primary mirror

Guo Wancun, Wu Qingwen, Yang Jinsong, Huang Yong, Gao Zhiliang
(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: Based on a space optical system launch mission, the supporting radius of the 2 m primary
mirror of the optical system subject to axial 1 g inertial load was optimized to achieve the minimum
surface deformation. Taking surface error of the primary mirror as objective function and force actuator
inputs as design variables, a mathematical model coupling finite element analysis and optimization
algorithms was build. The optimum force actuator inputs of the primary mirror were investigated with the
optimization model under axial 1 g inertial load condition and axial 1 g inertial load coupled with 1 C
temperature load condition, and the surface RMS of the primary mirror with optimum force actuator
inputs are 19 nm and 43 nm respectively. It shows that the optimization method of primary mirror with
active supporting system discussed in this paper is applicable.
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’ Fig.1 Structure pattern of the primary mirror
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o Tab.2 Structure parameters of the primary mirror
Spherical
' Mirror P 'er1c Mirror Rib . .
2m . radius of . Rib height Mass of the
diameter . thickness thickness .
the mirror /mm mirror/kg
/mm /mm /mm
o /mm
2000 3800 10 5 45 174
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Tab.1 Material property of the primary mirror
Material Elastic modules Poisson Density  Thermal expansion
/MPa ratio  /kg-m™ coefficient/C™'
SiC 400 000 0.25  3.05x10° 2.5x10°
1 o , (@ 2

, () o Fig.2 Flexible supporting structure
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Fig.3 Finite element model of the primary mirror
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Fig.4 Surface RMS of the primary mirror vs. supporting radius
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Fig.5 Supporting location and force actuator layouts of the primary

mirror
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7(a), 7(b) o 3.99-003
: 3.49-003 =
3 298003 1 ’5
2.48-003
Tab.3 Optimum forces of the force actuators 1.98-003 > . . (
148003 .
Forces of the force actuators(N) 9.76-004 ‘
No. 474004 I_ ﬁ }
X (b)
Loadcase 1 Loadcase 2
1 2 TAE+01 —7.49E+00 e EFHMELW IMFEHATHREAES B
Fig.6 Deformation fringes of the primary mirror subject to loadcase 1
2 -4.64E+01 -2.55E+01
8.76-003 4.83-003
3 ~2.89E+01 ~7.47E+00 e [
6.42-003 3.71-003
4 ~-5.25E+01 ~4.11E+01 coan sy
4.09-003 2.59-003
5 ~4.97E+01 ~1.57E+01 b o
1.75-003 1.46-003
6 ~4.49E+01 -2.56E+01 ¥ ' K e
(a) |—X
7 -4.56E+01 -2.26E+01
8 —4.61E+01 1 ATE+02 Pl 7 EMAETH 2EHTE@EEEZ M
Fig.7 Deformation fringes of the primary mirror subject to loadcase 2
9 -3.05E+01 -5.01E+00
10 -5.14E+01 -2.11E+01 4 ,
11 —1.74E+00 -5.52E+02 , 2m ,
12 -5.90E+01 —-1.64E+02 1 2 RMS
19 nm .43 nm 6 s 1
13 -3.96E+01 -3.50E+01
2 m 3.99x
14 -3.38E+01 -1.21E+01
107 mm 3.96x10™' mm; 7 ,
15 —-5.50E+01 —-1.53E+02 2 2m
16 —4.25E+01 —-2.53E+01 8.76x107° mm 4.83%1073 mm,
17 -4.24E+01 -2.26E+01 2m RMS
18 -4.39E+01 -3.50E+01
2m o
19 -5.58E+01 -1.91E+01
20 -3.41E+01 —1.00E+01 3
21 -4.08E+01 -2.51E+01
s 2m
22 -3.05E+01 —-6.11E+00
’
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Tab.4 Optimum surface figures of the primary
. 1 :
mirror
Without force actuators With force actuators : ’
RMS 19 nm .43 nm
RMS Fringe RMS Fringe
Loadcase 1 751 Fig.6(a) 19 Fig.6(b) ’
’
Loadcase 2 966 Fig.7(a) 43 Fig.7(b)
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