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Parameter correction of thermal analysis for
space camera based on center composite design

CHEN Li-heng, WU Qing-wen, DONG Ji-hong, XU Shu-yan

(1. Changchun Institute o f Optics, Fine Mechanics and Physics ,
Chinese Academy of Sciences, Changchun 130033 ,China)

Abstract: A method to correct thermal calculation parameters based on the Center Composite Design
(CCD) was presented for enhancing the thermal analysis accuracy of a space camera. Firstly, the CCD
was introduced,and the thermal tests of second mirror and baffle for the space camera were summa-
rized. The finite element mode of the thermal tests was established and the thermal analysis was dealt
with by a software code TMG at different load cases. The parameters of thermal analysis were de-
signed by means of the CCD, then they were taken as the different load cases for the thermal analysis.
The regression equations about the highest temperature of second mirror, free convection coefficient
and the contact coefficient of heat transfer were fitted according to the results of thermal analysis. The
final thermal calculation parameters were obtained by solving the regression equations based on the
test results. Finally, the thermal analysis was dealt with again by the parameters that had been
solved. The results show that the calculation results of parameters corrected are in agreement with the
results of thermal test well,and the relative error is 2%. Moreover,the method can be applied to the

thermal analysis of other space cameras and shows a good universality.
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Fig. 2 Schematic diagram of test apparatus

Fig. 3 Finite element mode of thermal test
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Tab.1 CCD matrix and simulation test results
2 2, x T X)Xy at a3 y
1 1 1 21.487 860. 926 18 498.72 461.691 2 741 193.6 20.2
2 1 —1 21.487 189. 074 4 062.633 461.691 2 35 748.98 20.1
3 —1 1 4,531 860. 926 3 900. 856 20.529 96 741 193. 6 21.1
4 —1 —1 4,531 189. 074 856.694 3 20.529 96 35 748. 98 20.6
5 1.414 0 25 525 13 125 625 275 625 20.1
6 —1.414 0 1 525 525 1 275 625 22.2
7 0 1.414 13 1 000 13 000 169 1000 000 20. 4
8 0 —1.414 13 50 650 169 2 500 20.1
9 0 0 13 525 6 825 169 275 625 20. 4
10 0 0 13 525 6 825 169 275 625 20. 4
11 0 0 13 525 6825 169 275 625 20. 4
12 0 0 13 525 6 825 169 275 625 20. 4
13 0 0 13 525 6 825 169 275 625 20.4
14 0 0 13 525 6 825 169 275 625 20. 4
15 0 0 13 525 6 825 169 275 625 20. 4
16 0 0 13 525 6 825 169 275 625 20. 4
4.2 X T2
1 , y s
2 o
> s
2 CCDh
Tab. 2 CCD regression analysis results

Coefficients standard error t Stat P-value Lower 95% Upper 95%

Intercept 21.25754091 0.341621 62.22552 2.79Xx107 M 20. 49636206 22.01871975
X —0.163601569 0.032151 —5.08852 0.000472 —0.235238748 —0.09196439

X 0.001998521 0.000817 2.446451 0.034466 0.00017834 0.003818702

X127 —3.51044 X107 3.46X107° —1.01358 0.334681 —0.000112274 4.20654X10"°

af 0.004522038 0. 000969 4.666096 0. 000886 0.002362689 0.006681387

x5 —1.10556X10°° 6.18X10°7 —1.78832 0.104011 —2.48302>X10° 2. 71902E-07

Multiple R=0. 94906313

Significance

F=9.94003X10"°

y=21.2575—0. 1636a; 0. 00192, — 3. 5104 X

'Y

X9 X2

10, 2, 0. 004 5% —1.105 610 % ,

Multiple R=0. 949,

Significance F<{0. 01,

» t Stat

value<Z0. 01,
(%

X,

* ) Hvep)

R e S s e e S o8 x

2
X1

P-value

0.

01



2013

’\'/O. 059 Xy * OC) )
(%), X122 x5 “P-value” >0. 05,

X1 X2 x5 s , 21.7°C,

s 6 7
y=21.257 5—0. 163 6x; +0. 001 92, +0.004 5 x%.
3 s
. 2%
22+ s

",

»,
&y
o

e,

L
o
n,'.i

i)

LA
AL

7
)

L

Fig. 4 Three-dimensional response surface plot of re-

gression equation

1000 e
22
-/ 27

600

- N

(=2
(=
<

400

200

Contact coefficient/W-m 2c ™l

5 10 15 20 25
Convection coefficient/(w-m2-c ™l

5

c

Fig. 5

Contour plot of regression equation
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Fig. 6 Fitting curve of test temperature
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Fig. 7 Fitting curve of calculation temperature
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