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Abstract: In order to get accurate data of external heat fluxes on space camera with two-dimensional
changing attitudes, a method was proposed to calculate the external heat fluxes of space camera with two-
dimensional changing attitudes in J2000 coordinate system. First, in J2000 coordinate system positions of
space camera, position and radiation intensity of sun were calculated. Second, according to the working
characteristics of the space camera whose visual axis always points to the sun and the position of the sun,

its two-dimensional attitude angles were calculated under extreme conditions. Then, based on the obtained
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attitude angles, the attitude transformation matrix was calculated. Finally, in one orbital period external
heat fluxes of unchanging attitude and two-dimensional changing attitudes were calculated with Matlab
programming. The external heat fluxes of this paper were in good agreement with I-deas/TMG software.
Compared with the unchanging attitude camera, external heat fluxes of the two-dimensional changing
atitudes camera will have a great change, especially for the —Y surface where optical entrance is located.
The solar radiation heat fluxes fluctuation range of —Y surface is 0—1 394 W/m?. The obtained attitude
angles provide an important reference for the adjustment of the attitude for the thermal simulation model.
According to the data of the external heat flux with changing attitudes, it can be seen that the external
heat fluxes of the —Z surface is smallest, and the maximum average period external heat fluxes of —Z
surface is less than 4 W/m?2. In addition, the external heat fluxes of the +X surfaces and +Y surface are
smaller, and the maximum average period external heat fluxes of £X surfaces are less than 80 W/m?, and
the maximum average period external heat fluxes of +Y surface are less than 110 W/m? In practical
application, the external heat fluxes of +X surfaces and +Y surface will be smaller due to the obstruction

of the satellite platform. Therefore, the —Z surface, +X surfaces and +Y surface can be used as heat
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dissipation surfaces, which provides a good guide for thermal design work.
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Fig.1 Space camera coordinate system definition
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Fig.3 Comparison of camera position vector calculation results
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Fig.5 Curves of sun ascension and declination in two years

E%%Z=(Xs,yS,ZS)T:
Xs R« cosa* cosd
r_;: Vs |=|Rg* sinag- cosdy (10)
Zs Rg'SiHSS
AR H MR, HRERA N
_ aE(l_eE)
S 1+escosf;
A ap HER A B BUE KA, HAH D 1.49598261%
10°km ; e, by Hb BR 2N 5% 038 o0 2%, HAE R 0.016 7,
AR 56 R A LA K BHAE J2000 A8 AR &R
LA AB bR o K BH7E PR AR P 04 67 B S Sk Bl T [ g A
LRI E 6 s o
1.2
0.9+
0.6+
0.3
0.
-0.31
-0.6f
_0.9_

(11)

Position of sun/AU

1.2 L )
2017-01-01 2017 07-01 2018-01-01 2018-07-01 2018-12-31
Date

B 6 KA fE J2000 A b F 07 B AE 1 Hh 28

Fig.6 Curve of sun position in the J2000 coordinate system

R A i B B RN 5 RS B9 P D O LG, PR i B

b AT DU 8 O B e A o B il 2 7 AR AR
FLRBUE, i 7 B, K BH %R S 5 B A9 4R 7 9 4E hy
1367.2 W/m?, 5 K i 2 1413.8 W/m?(H - 39 (i K
3.41%) , /M N 1322.5 W/m?(EL ¥ {5/ 3.27%) .
53 8 0 B 5 NASA R A 8l OK FH 46 9 5
9 B 1414 Wim?, 5 /ME 1322 W/md) 43
W) &

w1420 1.050

8 —— Solar intensity

E ----- Distance

.g 1395 41.025

<

- o

5 iy

= 13701 4{1.000 2

—_— o

% >

R ) &

> 13451 40.975

‘@

5]

=

= 1320 0.950
2017-01-01 2017~ 07 01 2018- 01 -01 2018- 07 01 2018-12-31

Date

P71 b B2 R K A I e

Fig.7 Distance between the sun and earth and radiation intensity of sun
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Tab.1 Unit vector of each axis camera body coordinate system in J2000 coordinate system
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Fig.9 External heat flux curves of camera’s +X surfaces at [,
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Fig.10 External heat flux curves of camera’s +Y surfaces at B,
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Fig.12 External heat flux curves of camera’s +X surfaces at By
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Fig.13 External heat flux curves of camera’s +Y surfaces at B

—— I-deas stable attitude(—Z)
Matlab stable attitude(-Z)
Matlab change attitude(-Z)

Time/s

Op/W-m™
SRS
< <

0

1200 2400
Time/s

14 B AHHL-Z T 51 430 M 28

Fig.14 External heat flux curves of camera’s —Z surface at B
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Tab.3 Average period external heat fluxes of each surface(Unit: W/m?)

——I-deas stable attitude(-Z)
Matlab stable attitude(-2)
Matlab change attitude(-Z)

Time/s

60
(c)
40r
20r
0
0 1200 2400 3600 4800 6000

Time/s

Name +X surface —X surface +Y surface —Y surface —Z surface
I-deas stable attitude 205.94 204.43 0 933.48 221.31
External heat
fluxes of solar Matlab stable attitude 206.34 205.49 0 933.33 222.22
radiation Matlab change attitude 3.41 3.44 0 1103.08 3.4
External heat I-deas stable attitude 50.63 50.63 50.63 50.63 0
fluxes of earth
Buin R Matlab stable attitude 50.64 50.64 50.64 50.64 0
infrared
radiation Matlab change attitude 55.21 55.16 81.69 81.77 0
I-deas stable attitude 14.64 14..65 9.8 20.31 0
External heat
fluxes of Matlab stable attitude 14..46 14.46 14..46 14.46 0
carthshine Matlab change attitude 15.82 15.81 27.36 23.44 0
I-deas stable attitude 18.76 18.28 0 1392.15 18.53
External heat
fluxes of solar Matlab stable attitude 18.28 18.28 0 1392.80 18.28
radiation Matlab change attitude 0 0 0 1.394.00 0
External heat I-deas stable attitude 50.63 50.63 50.62 50.63 0
fluxes of earth . _
B . Matlab stable attitude 50.64 50.64 50.64 50.64 0
infrared
radiation Matlab change attitude 52.05 52.06 53.08 53.08 0
I-deas stable attitude 4.45 4.45 0.07 13.10 0
External heat
fluxes of Matlab stable attitude 1.17 1.17 0 1.17 0
carthshine Matlab change attitude 1.20 1.20 0 1.24 0
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