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Thermal design of space camera baffle with low power

Jiang Fan'?, Wu Qingwen', Wang Zhongsu'?, Liu Jinguo', Bao He'

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The temperature variety of the outer baffle for space camera directly affects the temperatures of
optical components around the baffle. The thermal deformation of optical components would decrease the
quality of image. Three different thermal control approaches were stated out for the baffle of a high—
resolution space camera and the analysis and comparison among them were accomplished. Firstly, the most
common thermal control means of baffle for space camera were introduced. The orbit heat flux and heat
resistant between the baffle and the main body of camera, which affect the temperature of the baffle, were
calculated and discussed. Then temperatures and powers of active heaters in three cases were obtained via
simulation analysis. After comparison, the third design approach was adopted because of the low power of
active heater and high temperature stability. Finally, the thermal design was validated in the thermal balance
test and temperature test in orbit. The temperature range of the baffle is between 4.8 C to 13.6 C and the

second mirror is between 17.8 ‘C to 17.9 C. The data in orbit are consistent with the analysis results, which
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indicate that the thermal design is valid and reasonable which can meet the mission requirements.
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thermal design; thermal simulation analysis

1
1.1
o
(1)
, 5(3) o
b ’ b
o
1.2
o ’
1/5,
, 360 mm
3 M2
[1-4] Main
’ mirror
[5-6]
’ YC ZC
Third
mirror
1
Fig.1 Structure of the space
2
, 2.1

DR18062--2

3(2)

[4.8]
’

Second
mirror

Focusing
mirror



www.irla.cn 45

2.2

2010
@160 mmx135 mm ,

’ 1.5Wo

(-5.6 C,+25.6 C),

3W
30.70).

3.1

(1)

20

(10.0 C,

(T=T>)/ R+ FyAsex(Evy—Es)+qAs+On—

FyAse(Ey—Es)=0
:Ey E,= a'Tj
5 Tz 5 T:s

;F21

HE)

(H

;T1

(L

’ AZ\

’ TZ

3.2

) 137 W/m?,
350 W/m?,

350r
300F
2501

2

m

L
(=3
=3

150f
100F

Total absorbed
flux/W

wn
(==

2000 3000 4000 5 600

Time/s

0 1000

2
Fig.2 Variety of incident heat flux density of the camera’s entrance

in an orbit period

2010
1187 W/m?,

3.3

100 W-m=-K™,
. 3.44CIW,

DR18062--3



www.irla.cn 45
o -~ FEM1.T44 —— FEMI1.T55
S A A AL A AL DS
:(1) £ of MVIVIVIVIVIVIVIVA
;(2) , g‘lo-l\l}!“\‘;‘l‘.’x“l:".:"z\f’\ii\!%}%
’ -20F Py vt IR i
EMTVVVVVVV VL
;(3) ) ° 0 10000 20000 30000 40000 50000
Time/s
. 4 1
9
. Fig.4 Temperature variety of baffle in case 1
b
b
’
) 9.6 W, 2W,
) 17.2~17.9C,
’ 4.3 2
o
o 0.90,
&y 0.82, o1, 5
b o
, (1
Node>23.04 Node>23.04
O 05 (D),
23.04 21.49
&
.1.29 20.07
QH Oo ) |
=119.54 18.65 17.9
1779 | 1722 (15 Wrss
o Thermal Desktop 16,04 5.8 & 9
o 14.29 14.38
4.2 1 <-14.29 <1438
Temperature/°C, Time=20040s Temperature/°C, Time=44 880 s
b
° 5 2
3 o Fig.5 Temperatures in case 2
Node>18.01 Node>17.95 6
101 e 14.4~24.0 C, 9.6 C,
8.585 —11.28
1.3,
-0.8426 - 14.606 1,94
17.22
-10.27 -2.067 .5 17.76 w FEM1.T44 —— FEM1.T55
-19.7 ~8.741 17.88 % 3; ,
-29.13 -15.41 8 20f Y
g8 [ 7l
<-29.13 <-15.41 E 16t \J L\ \J L
Temperature/°C, Time=28 080s Temperature/°C, Time=36 120s 14 0 10000 20‘000 30600 40600 500‘00
Time/s
3 1
Fig.3 Temperatures in case 1 6 2
Fig.6 Temperature variety of baffle in case 2
b b
-29.1~17.2C., +X ,
( ), 4 ; ,
46.3C, 12.7C.

02180624



9 www.irla.cn 45
9 ’ b 1 o
© 1
’ Tab.1 Analysis results of three cases
14.2 W, 4.3 W,
Power of Temperature Maximum Temperature
12W, 1, 8.1W, . perat e P
active heaters range of variety of of second
37.5W, /W baffle/C baffle/C mirror/C
17.8~18.1 C,
1 11.6 -29.1-17.2 46.3 17.2-17.9
o
4.4 3 2 19.7 14.4-24.0 9.6 17.8-18.1
’ 3 10.3 3.4-14.6 4.0 17.6-18.0
7
° 1 , 2 3
Node>17.97 Node>18.04 0.5C 2
l 17.97 13_04 . 3
15.24 g 14.72 17.91
12.51 I 11.41 5
L 19.784 8.102
7.054 i 413 4.791 . : 5.1
4324 1.48 - o , 2,
<4.324 <1.48 ’
Temperature/°C, Time=20040s Temperature/°C, Time=27 960 s
7 3 ’
Fig.7 Temperatures in case 3 ’
o
8 b
ZM4300 s
3.4~14.6C, 4.0C, 2.5C, 90~100K ; 1.33x10~ Pa.
2, 3 10 C s 9 ol _

~-—FEM1.T44 — FEMI1.T55

% al F\/\/W\//\/\/W\/
pie |

£ A

B8 MY A A A OA A AA -

E 6 AW LA LA /\ / AN A
H YAV AYAVAY, F\ J\
o oot Nt RN K R Nl N

6 10000 20000 30000 40000 50000
Time/s

8 3

Fig.8 Temperature variety of baffle in case 3

’

8.5W, 1.8W,
17.6~18.0 C,

4.5

)
=L

5}

1800245

9

Fig.9 Camera in thermal balance test

2



9 www.irla.cn 45

2 )
Tab.2 Results of thermal balance tests
Power of active Temperature of  Temperature of ; s
heater/W baffle/C second mirror/C
Case 2 18.8 15.5 17.9
Case 3 10.5 10.3 17.9
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