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Precise thermal design for a satellite-based sensor

WANG Yong-xian, WANG Zhihong, GAO Ming hui

(Changchun Institute of Optics, Fine M echanics and Physics, Changchun 130033, China)

Abstract: According to the features of large geometry structure, large aperture, big change of heat
flow at external orbit, big axial and radial temperature gradient in a certain type of satellite-based
sensor, we make a precise thermal design for the sensor with some thermal compensation, heat
isolation and heat grooming. Here the finite element model is established for the sensor structure, and
the simulation of heat flow, stable high-low temperature condition and transient conditions are carried
with FDEAS software. The thermal balance tests verify the effectiveness and accuracy of thermal
design and results show that the design meets the requirements.
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, CCD

[ 5]

: 201012
863 (863-25-+ 13B)
(1975- ),
CAD/ CAE

, Email:y on gxianw ang@ sina. com.



116 ( ) 32

2

, s (0.9856/4d)
(LOS)
(WFE), , )
D) -3.5
cosi = — 0. 098 904 45[%]
’ ) Re+
: Re ;
h_
[6]
’ , ( )
1 sin? ¢ sin2 f0
u(t) = cos | cosisin arctan 365 |+ sinicos arctan 365 sm[l—2 - (t)]
cot cot
T ; + X +Y + 7 - X
— ; -Y -7
to — N ,
— (cos j; cos j;cos j),
, Fj = cos; cos coslp —
, cos j; sin coslp +
+ X cos j  sin
+7Z +Y j= 1,23 ,n
I:p 9
_ 12
F = 2— . (cos j cos coslp — cos j sin cosip + cos ; sin )d
dA A )
dg= + S F A (5 S= 1320 W/m’, 0
(F—— ; :

S — : S= 1399 W/m?,

(1)

(2)

(3)

(4)



117

2
30 ,
FDEAS/ TMG
Y
MLI,
(cc)i‘%: Rin(Ti— Ti)+ :
Rew (TH= Ti)+ Qi (6) 2)
G— , kg; ( 0. 9) ’
. (kg s Y
T - N K, >
2 S?
Ri, R: 4) 3 :
. T C4 s
0 W 8 mm (=0.16 W/ (m K))
. 5 CCD .
| CCD .
500 o , :
I -
® +X
\_ S xx ‘:\;\,/I +—x§ ’
4\200 ¥ X * Bl — cs— {
5 /\
2 150 /
/N , ,
100
--—Q—.—OﬁL/-._H\ir‘—"—.—l- CCDh
50
»/ \ (MLI), CCD
OO * 1 000 2 000 3000 4 000 mS 00'(|)
) / s CCD ,
1
3
Y
2) +Y + 7 ,
s , +X -X
EDEAS/TMG
2 (78]
3.1

3.1. 1



118 ( ) 32
(LOS) (WFE)
_ . dr ’
¢ ==k (7) (20 5)
g —— , W/m?; 3 2
k— , W/ m ; 3.4
10: 10;
- 19.66,S1= 1320 W/m®;
, - 25.43,S:= 1412 W/m®
- 10 ,
q = h( Ts - TB) (8) 84 W,
th—— ( 0. 20,
); 20
TS N )
Ty — 68 W,
3.1.3 0. 38,
, 12
1
) ’ T T, Ty Tx
17.6~ 18.0 - 0.3 0.4
3.2 16.4~ 16.7 - 0.2 0.3
, 18.0~ 18.3 - 0.2 0.3
7 16,1~ 17.0 - 0.5 0.8
CCD 19.3~ 20.0 - 0.0 0.0
’ 2
, EDES/
TMG partition , d T " T
19.0~ 19.2 - 0.1 0.2
5 736 160~ 16.2 - 0.2 0.0
’ ’ 19.7~ 19.9 - 0.2 0.2
4 865 164~ 18.2 - 1.8 1.4
3.3 cCD 24.2~ 242 - 0.0 0.0
, , 18.9~ 24.2 :
2 2 4
) 19.4~ 20.5 )
(LOS) (WFE) 0. 4
s ; , CCD (20 5) s



119

10" ° Pa,

28.00
26.00
24.00

22.00

]/ °C

20.00

18.00

16.00

14.00

19.5 , )
20.0 T
&)
19.0 . . ) 7
0.0E+0.0 2.0E+0.4 4.0E+0.4 6.0E+0.4 9.5E+0.4
I /s
2
s 4 h s
, 0.5 4 h ,
0.1
< 1.3 10 )
100 K s 3

\ [\

A

My o,
\

AP

AN

NN
VAl

VY

2009-7-31 21:36 2008-8-1 2:24 2000-8-1 Ti12
) / s

2009-8-1 12:00 2009-8-1 16:48 20009-8-1 21:36

2009-8-



120 ( ) 32
[M]. Second Edition. Houston: The Aerospace
5 Press, 2002
[3] , s .
[J]. , 2010, 18(5): 1159-1165
’ [4] Vaughan R E, Gilbert J A. Analysis of graphite re-
inforced cementitious com posites| C]// Proceedings
i i of the 2001 SEM Annual Conference and Expos+
> tion. Portland: OR, June, 2001(4/ 6) :532-535
, [5] , ..
[J]. , 2010, 18( 6):
13671373
[6] ) .
> 5 [J]. ,2009, 38
(4): 702704
7 [7] , , . CCD
[J]. : , 2008,
29(2): 212216
[1] [M]. : ,
1991 ¥l ’ '
[J]. ,2009,26(10):2833

[2] Glmored G.

Spacecraft thermal control handbook



