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Temperature adaptation of large aperture mirror assembly
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Abstract: As the temperature adaptation effects the design process of a large aperture mirror assembly
seriously, this paper researches the influence mechanism of temperature on the large aperture mirror
assembly and discusses the necessity of temperature adaptation analysis and test. With the design flow
of the large aperture mirror assembly given, the temperature adaptation analysis method is summa-
rized. The physical calculation model of the large aperture mirror assembly is constructed by Finite
Element Method (FEM). The final design status is confirmed after structural-thermal optimization.
The temperature adaptation of the optimal design is analyzed in the orbit environment and on the
ground environment. The results indicate that the temperature adaptation in the orbit environment is
at the range of =4 °C and the temperature distribution demands are 5 °C ,4 C and 7 C in X,Y, Z di-
rections, respectively., Moreover, the temperature adaptation on the ground environment is at the
range of =3 °C, and the temperature distribution demands are 4 C, 3 ‘C and 4 C in X, Y, Z direc-
tions, respectively. The temperature adaptation test of temperature uniform change for the assemblies

is performed, and compared with the test results of the corresponding analysis results. It shows that
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the PV value error is in 4% and the RMS value error is in 7% within a =5 ‘C temperature range.

Key words: space camera; large aperture mirror; thermal-elastic theory; temperature adaptation
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1
b
( Tab.1 Even temperature change analysis results with no gravity
. ) .
PV RMS R/ T/(pm)
’ ° (nm) (nm) =z y = v z
63.0 15.0 3 3 20 20 80

1°C 15.2 2.9 0.001 0.09 0.3 —0.05 —2.5
2°C 30.4 5.8 0.002 0.18 0.6 —0.1 —5.0
’ ° 3°C 45.6 8.7 0.003 0.27 0.9 —0.15 —7.5
4°C 60.8 11.4 0.004 0.36 1.2 —0.2 —10
5C 79.0 14.5 0.005 0.45 1.5 —0.25 —12.5

2 —Y 1g
Tab. 2 Even temperature change analysis results

o with 1g gravity in —Y direction

( ). PV RMS  R/() T/ ()
(nm) (nm) =« y =z v 2
63.0 15.0 3 3 20 20 80

’ N 1T + 46.7 8.6 —0.12 0.09 0.3 —5.6 —2.5
2°C + 52.6 10.0 —0.18 0.18 0.6 —5.6 —5.0
’ 3C + 61.5 11.9 —0.24 0. 27 0.9 —5.6 —7.5
4°C + 72.2 14.0 —0. 30 0. 37 1.2 —5.6 —10
. N 5C + 86.5 16.6 —0.36 0.45 1.5 —5.6 —12.5
o ,
: 4, 3
Tab. 3 Even different in temperature response
’ ’ analysis results with no gravity
b

1~ 4, , PV RMS R/ T/(pm)
s (nm) (nm) y 2 ¥ z
63.0 15.0 3 3 20 20 80
' 1C 1.2 20 0.4 0.1 —0.1 0.2 0.6
1 —-Y o 2°C 224 4.0 0.8 0.2 —0.2 0.4 L2
X 3T 33.7 5.9 1.2 0.3 —0.3 0.6 1.8
4°C 44,8 8.0 1.6 0.4 —0.4 0.8 2.4
5C 56.0 10,0 2.0 0.5 —0.5 1.0 3.0
6°C 67.2 12.0 2.4 0.6 —0.6 1.2 3.6
1T 14.0 2.2 0.13 0.73 0.23 —0.08 0.4
2°C 28.0 4.4 0.26 1.46 0.46 —0.16 0.8
Y 3°C 42,1 6.6 0.4 2.2 0.7 —0.24 1.2
4°C 56.0 8.8 0.53 2.93 0.93 —0.32 1.6
5C 70.0 11.0 0.66 3.66 1.16 —0.40 2.0
1C 9.0 1.9 0.4—0.03 0.03 2.9 1.7
7 2C 18.0 3.8 0.8—0.06 0. 06 5.8 3.4
3C 27.0 5.7 1.2 —0.1 0.1 8.7 5.1
4°C 36.0 7.6 1.6—0.12 0.12 11.6 6.8
4 57 5.0 9.5 2.0—0.15 0.15 145 8.5
Fig.4 FEM model of the large aperture mirror assembly 6°C 54.0 11.4 2.4—0.18 0.18 17.4 10.2
7°C 63.0 13.3 2.8—0.21 0.21 20.3 11.9
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4 —-Y 1g
Tab. 4 Even different in temperature response analysis

results with 1g gravity in —Y direction

PV RMS R/ (") T/(pm)
(nm) (nm) y oz ¥ z
63.0 15.0 3 3 20 20 80
1C + 45.6 8.3 0.3 0.1 0.2 —5.4 0.6
X2C + 49.6 9.0 0.7 0.2 0.1 —5.2 1.2
3C + 55.610.0 1.1 0.3 0.0 —5.0 1.8 5
e + 62914 15 0.4 0.1 =48 2.4 Fig. 5 Optical testing of the large aperture mirror as-
1C + 46.4 8.4 0.0 0.73 0.5 —5.6 0.4
. sembly
Y 2°C + 52.3 9.2 0.2 1.46 0.8 —5.7 0.8
3C + 61.010.4 0.3 2.2 1.0 —=5.7 1.2
4°C + 71.312.0 0.4 2,93 1.2 —6.8 1.6
1T + 45,1 8.3 0.3 —0.03 0.3 —2.7 1.7
Z2°C + 47.7 8.8 0.7 —0.06 0.4 0.2 3.4
3C + 51.8 9.6 1.1 —0.1 0.4 3.1 5.1
4°C + 57.010.6 1.5 —0.12 0.4 6.0 6.8
a) ’
T,+4 C(T, )
X 50C .Y 4C .z 5
7°C 3 Fig. 6 Interference pattern of even temperature
b s change optical testing
T,£3C(T, ) 5
X 4°C Y 3T Z Tab.5 Even temperature change optical testing results
4C ° /°C PV/nm RMS/nm
) ’ 17.5 57.2 10.8
. b) 20 42,1 7.8
a) . 22 52.7 9.9
b
) C 2
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, 4D Fig. 7 PV value contrasting between even tempera-

ture change analysis and optical testing
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