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Abstract A thermal/structural/optical integrated analysis method based on the changes of satellite attitude and orbit

maneuver parameters is presented, which can reflect satellite camera transient heat flux and the temperature field of

the low frequency dynamic process. Depending on the data of real-time temperature field, the real-time on-orbit

thermal deformation is analyzed, and the camera optical axis direction of dynamic variation is calculated with thermal
Key words

deformation data. The modulation transfer function (MTF) of the optical system and the dynamic optical axis

5l

direction changes are used to evaluate the image quality and the effect of the thermal control strategy. The analysis
redused.

shows that attitude changes of high resolution remote sensing satellite cause external heat flux changes in its camera,
=]

which causes the temperature field changes of camera optical and mechanical structure. Thus, thermal stability of the
OCIS codes 110.6820; 120.0280; 220.3620; 350.5340

camera suffers ordeal. Thermal stress caused by the temperature fluctuation and the temperature gradient makes the
optical system to produce rigid body displacement and wave front aberration. As a result, the imaging quality is

remote sensing; imaging quality; thermal optical; heat flux; space camera

AR R L PR A S A B Bl RE ) A 2 T A

PORIEIRZ —  HR 45 S R — TL R 3R R 7 ¢
AR RAGBE 7 AR RS B 0 132 7 16 fiE
=z

o PR3 A
B R A0 R L TR B A R e h e v 1 T2

X b UL ) FRE 8] 23 B 2 47 DR T I DX A T
EHEATAESMZGE T . IR0 LB R

KR BHET: 2013-10-15; WBIMEM AR B HA: 2014-02-18
fEE® T 55 R(1982

K — Z B 25 [l SRR ) 8L, Ah L ) A8 Ak (i 45 25 [a)

He2E R G 7 A I BE KT RN RE B R AR AR 15 R
RGINRIE , 5 2 N2 2R 50 0 WA A7 #5 S I T W A2

EL£mB: XK 863 iR (2012AA121504)

Ea
) P AR BN A AL 2 7 i B 5T . E-mail s dusty007@126. com
s111006-1



2 i

AL AR R, e as [R]DE 5 R G0 R s 2 AE
FEXH RS E A IR T 28 AT, K D AR K R G 27 2y
X BAAR E P B SR L A

R HERE R RN PO RGEAEERK D%
R DR O O i 8 il 4 o T B R R BRI R
A — LS HUBIEE J) 1w o PR GE IR TR EEAT
FELEAS MBI A 1) 23 (8] 24 (] A A HAR AL ' L L 34
Z A 5 AR 3 DA 2 18] A PR I3 3 A A 5 Y
S flE O M T I o A B R G S 3R L B
T NP SR A A O B AR R R AL IS AR
FEE U TR 6 LB BE T 5 R T R B
R 1k 2 18] (9 2 J BT PRI T A2 A9 RS A5 B A 32

e,

2 A AL AR v o M s ik
7% TR 528 (b S S BOM B (97 R 0 T
5P 22— [E S 43 7 5 L4 B R O 2 3

AT5r BTl 3 22 &l B[R] TAE B ML AR B O &
IR B R KOV AR SRR e 2 % 23 R AH AL
Sz R RS 35 R B (MTE) B 48 #7511
20 {28 80 AFAR T Ufy 12 25 X6 AHAIL A 2 42 1 43 Bt 2R
WHETHF 5T, 8] 2000 4E DL 5 WFFE N 61 B i 3 &, %F
TS TR ER M N b g Ege ", 7
HEAT 25 [ AH AL RO 27 20 B ) 22 500k 2 T R A T
J3E AT 1 3 AT 3 I T B 8 B T FE B RO A Ay
BT 58 % o 0T A2 0 22 A8 A1 A 1 52 ) 43 A1 DL B k) o 2
RY MTF ghi& 0ok, TkdE P e iEs
B3 38 J& T #O64  #r .

A SR — A B o A iat FE a1 1 R .
A R RAT S BT kA BILAE B A B
T 0T A% A HL IR 25 05 B 3 45 & HL 25 A0 e 1k
A5 0 A AL 45 AL S 5 1T AR TE 45 L L a2k MR 457 A% i
RURLA WA J7 18T 1) 43 BT » d5e 28 0] DA A5 310 A B Y il 45
[ 1 MTF 28 (b5 0 .

e N T T T T T T e et e
[ i : } 1 Vo0 ‘I ’ ‘I
I I I [ I
| . [ o rigid body I . . !
! | ol cyate [} i | [T displacement| [T ) ORiicaiads ||
| fli Pl analysisof | 1, herimal | 1] 1 [ I
| ight |, | |outerheat \| transient | ! | a1 [ |
) | attitude [Tt flux 1Ydeformationl | ~___________ / N o e /
t+—/ v|temperaturef—+—y .
: parameter : 1’| analyse field | : analysis : ___________
1| model |, I L N O vl N
| P! I I [
| ;! [ ! T !
! ]| Lo I Lt pfsurface fittin ; |
I | TS 8 l MTF analysis| !
: | | thermal desktop software | |  Patran o | # !
\ )\ | software , | :
i
J

I
Zernike fitting of | |
«__apolyhomial _, |\

Zmax software

e ey

L 2 [ A ALALE L HL A — TR A6 5 B2 B F 5 U

Fig. 1 Thermal/structural/optical integrated process of space camera
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Table 1 Satellite orbit parameters

Parameter Values
Eccentricity 0.0011

Orbit inclination angle 98.2°
Orbit altitude 500 km
Desceading time 10:30:00
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Fig. 3 Thermal model of space camera on orbit
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Table 2 Heat flux changes of agile satellite operating in push-broom mode

Masimum Minimum Period Maximm of Minimum of Heat flow rate
v?/x/ li W/ 112 average value imaging area imaging area of imaging
m m W /m’ W /m® W /m’ area W /(m*/s)
i‘f;l:eﬁ)lrfrogi‘fft 531. 5 1.2 201. 4 531. 5 373. 8 0.158
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Fig. 4 Heat flux of agile satellite operating in
push-broom mode
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Fig. 5 Temperature changes of primary mirror
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Table 3 Temperature analysis results of secondary mirror and its support assembly

Support rod Support rod

Support rod

Mounting plate  Seandary mirror Secondary mirror

Ta Te. Tes B frame Tk, Ty
Requirement 19+1.5 19+£1.5 19+1.5 19+1.5 19+1 19+1
Result /C 17.5~18.5 15.0~17.2 14.5~19.9 14.8~20.2 17.6~20.0 18.8~19.4
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Table 4 Rigid body displacement of primary mirror caused by thermal deformation

Time of entering imaging area

Rigid body displacement

0 min 3 min 6 min 9 min 12 min
Primary mirror off axis /mm 5.35X107° 4.62X107° 3.75X107° 2.67X107° 1.41X107°
Distance of primary and secondary
] 3.32X107" 2.86X107" 2.33X10°" 1.67X10"" 8.84X10*
mirrors /mm
, S, Ry 0.016 0.015 0.012 0.010 0.008
Primary mirror inclination /(")
Ry —0.111 —0.095 —0.080 —0.063 —0.052
7 R GE s 22 BT R B RS IR BE AN 2) PR AL
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£ 5 IR AL G 1K R B
Table 5 Rigid body displacement of secondary mirror caused by thermal deformation
o ) Time of entering imaging area
Rigid body displacement - - - - -
0 min 3 min 6 min 9 min 12 min
Secondary mirror off axis /mm 1.41X10°° 9.61x10* 8.25X10* 2.13X10°* 3.71X10°¢
Distance of Primary and secondary ) A .
) —2.82X107° —2.04X107° —1.49X107° —7.33X10°*" —1.55X107°
mirrors /mm
. Ry —2.92 —1.90 —1.11 —0.71 —0.78
Secondary mirror inclination /(")
Ry 2.54 1.96 1.59 1.25 1.00
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Table 6 Analysis of light of sight (LOS) of satellite camera caused by thermal deformation

Design requirement 0 min 3 min 6 min 9 min 12 min
Pointing deviation of optical axis /(") 1. 00 3. 87 2.73 1. 94 1.44 1.27
Influence of positioning accuracy /m 2.42 9.38 6.62 4.70 3.49 3.08
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Fig. 9 Wave surface fitting results of different time
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Table 7 Changes of MTF in space camera imaging period

0 min 3 min 6 min 9 min 12 min

Wave surface RMS /nm 72.02 63.66 53.08 42. 86 36.21

Wave surface PV /nm 217.93 192. 15 159. 69 129. 23 109. 69

MTF value 0.0833 0.1191 0.1792 0. 2470 0.3019
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Fig. 10 Change curve of MTF value
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