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Abstract: In order to solve the thermal control problem of multiple optical remote sensing payloads
and platform units on asatellite using limited thermal control resources, a design scheme based on ac-
tive and passivethermal control strategies was presented. First, according to the satellite characteris-
tics, thermal control requirements, and orbital heat flux, the thermal designing overall project was
confirmed. Next, detailed thermal design instructions foroptical payloads and important platform in-

struments were listed, and the temperaturesof satellite subassemblies are calculated by finite element
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analysis software. Then, a thermal balance experiment on the whole satellite system was carried out
to obtain test temperatures and verify the correctness of the thermal design. Finally, the real effect of
the thermal design scheme was proved by comparing the temperature data obtained from on-orbit te-
lemetry, thermal analysis, and thermal testing of the satellite. On-orbit telemetry data indicate that
the temperature of the main payload camera is controlled from 19. 7 °C to 20. 3 ‘C. The temperature of
minor optical payloads ranged from —31.2 ‘C to 6.6 °C ,and the temperature of units inside the satel-
lite cabinranged from 9. 7 °C to 29. 5 ‘C. All the temperature results meet the requirements of the ther-
mal control index. The temperature difference between on-orbit telemetry, thermal analysis, and thermal tes-
ting is less than &3 °C. The results show that the thermal design of the optical remote sensing satellite is cor-
rect and feasible, while the thermal analysis and test process are reasonable and credible.
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1 . .
. , “ + 7 )
R (Ter .
ra Bella) ( (Skybox Ima-
ging) ) ” , 2013 11 ,
SkySat-1, 1 m , A
1m [3] .
(Planet) ( (Planet Labs) )
) (Flock) 3~5m s ,
) 2015 6 20 )
L , ; PGS
” 13 ) N
2030 138 5 .
10 min o N 8 ,
2019 1, ,
, 2  PMS W
SWIR( ) 1 MWIRC ) .
2 LWIR( ) . PMS
N ) 19 2
, 5 m, 110
km, . 4 2.1

2 0.4~13.5 um 2



906 28

. +Y
+Y ’ Y Y Y AY
_X ,2 ~N o
—X ’ 2.2
—y . ( ) - ’
1.
100° . 12 .

Main payload camera (

Long-wave infrared

rays camera ),
( . . )
Short-wave infrared
rays camera s 1 o
X
Distinguishable
cloud camera ’
Medium-wave infrared
rays camera ’ s o
1 b
Fig. 1 Layout of optical loads +Y Y o
1
Tab.1 Available average heat flow density of satellite surfaces (Wem?)
( ) ( )
+X 882. 3 5.8 78.3 966. 4 827.3 5.2 79.3 911.8
+Y 0 14.7 61.3 76.0 0 16. 3 60. 4 76.7
+Z 0 35.6 80. 3 115.9 0 34.4 80. 4 114.8
—X 0 68.2 70.5 138.7 0 67.9 71.5 139.4
—-Y 0 46. 8 58.1 104.9 0 41.9 57.6 99.5
—Z 0 35.6 80. 3 115.9 0 34.4 80. 3 114.7
2.3 H
b b b
Cook )
’ ;3 °
b 5 b
b o
o b N
b N b b
o , 5
b AY



4 st 907

3.1 4 o

[7]’ 2 OCQ

Heating zone 3

2 o Heating zone 1
Heating zone 2

4
Fig.4 Sketch of bearing cylinder’s active thermal
control
3.2
Mirror back plate 4 1
, 3
2
Fig.2 Sketch of radiant active temperature control ’
for mirrors ’
o 3 ,
, 3 5
’ 0 o 5
’ b
’ ’
o N ,
b 3 b
b o o
3.3
+Y
Screw s +Y s 0. 35
Top heat insulated pad 2 o -
Bottom heat insulated pad mes Y Y
’ 0.1 mz H + X
s 90 W 97 W,
+X
300 mm X200 mm s
Bearing cylinder
, 20
3
’ o
Fig. 3 Sketch of layer heat insulation 5

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



908 28
. A PGS , A,
PGS sRo, PGS
2(Object 2) K, 2 PGS
JA, 2 PGS
, PGS ,
Skin of +7,
S718nllz)vhite paint, Skin of +.¥. Skin of +7, ’ 1 T, 2
0.35 m? F46 secon tiary S781 \;vhite paint, T, ., T,>T,, 1 2
surface mirror, 0.1
300 mm»200 mm .
5 _ AT o
" R0+ Ry Ry
Fig.5 Scheme of satellite radiating surfaces o1 P 0z
. 1 L— (L, +L,) 1 -1
—x , (T, T2)<K1L16+ db Kszb>
, —X , D
, . T, T,
PGS (Pyrolytic Graphite Sheet), PGS ,
. R d , PGS s
Lol o s PGS
PGS 6 , ,
(O~ 3 PGS .
1 1 PGS .
Ro = KA, = Kllev (D ’
o L—(L 4L PGS
Re=7a, = Adb ’ 2
1 1 ! ' 2
Ry — — = o
02 K, A, K, L,b (3) ( ), 2
:Roy 1 PGS VK, ( ) .
1(Object 1) PGS o
A, 1 PGS :Rp
PGS .0 PGS
Object 1 | 7, | = PGS T, |Object 2 R'% R"’[:,jB"a‘d i E’E
3 % &% R
| ol e[
L RZ% w4 R
I, | i .
- B —
<[ L] L n ] ! Rs% !
T Object 2 : : —— Heat cou.ductiou
' L —— - —— — A= — — 4 — — Heat radiation
17>T, R R
Object 1
7 —X
6 PGS Fig. 7 Sketch of radiant active temperature control

Fig. 6 Sketch of PGS heat conduction model

for units



4 . 909
7 , , , a,/e=0.64/0.69;
° Rm' (c) ’
’ ;Rn- a_,./e:O. 3/0. 86;
, N (d) ,
iR, a,/e = 0. 915/
’ O. 82;
;szj ’ (e) N ’
[10] .
o ’
3.4 D ( ).
b
8 o (a) 1322 W/m?*;
, , (b)
s s a,/e=0.36/0.69;
. 286 ’ (e ’
7875 o a,/e=0.17/0. 863
(d )
a,/e=0.775/0.82;
(e) . ) ;
D ( )
2 o .
9 o
2
Tab. 2 Thermal analytic results of satellite (°C)
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Fig. 8 Thermal analytic model of satellite
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