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Thermal Model Correlation and Heater Design Verification for
LEO Satellite Optical Payload’s Thermal Analysis Model Verification
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Seung-Hoon Lee*** and Hae-Jin Choi****

ABSTRACT

All of the satellite components must be operated within the permissible temperature
range during the mission in orbit. Therefore, thermal design is performed to develop
verified thermal model and to secure thermal stability on the ground. In this study,
thermal model correlation was performed to satisfy the criteria of correlation using
ground thermal vacuum/thermal balance test results of LEO satellite optical payload.
We also secured verified thermal model by controlling operating cycle of flight
heaters. In addition, it was confirmed that all components are within the permissible
temperature range through conducting orbit environment thermal analysis. We also
secured thermal stability of the satellite.
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Table 2. Thermal model correlation

Section 1 (UC heater T+2})

Upper cavity heater A, B
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Table 3. Submodel boundary temperature
at thermal balance test phase

Components CO'? B HO:[ 8
(C) (C)
MLI 20 20
FPA 75 29.3
Circular plate 6 29
Adaptor ring 7 17
Gimbal 7 17

Shroud 1/2/3 8/25/25 25/25/53

Table 4. Thermal balance analysis results
after correlation
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Table 5. Submodel boundary temperature ek e s T TC TS B Outide. — T Uppr g
at Normal cold simulation phase ——TC_Focus Lower Ring - -~ HSTS Tube 1 HSTS Tube 2
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Fig. 7. On/Off control of FPA heater and
hemperature change of FPA board

Table 6. Operating time and duty cycle
comparison of flight heaters

71, On/Total (sec) Duty (%)
Heater
A i A A RS
uc A 1230/1720 1320/1750 715 75.4
uc B 835/1720 800/1750 485 457
LC 2030/7165 2100/7400 28.3 28.4
FPA 70/250 70/250 28.0 28.0

HSTS tube$} focus ringS EHOoZ AZAAA
FHES EAbE| FAS Flg 5, 62 74z} UC
heaters®} LC heater?] Z&5F7]15 Yelhly 3
2] Al UC heater+= focus ring9] w71 175 C
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o}.
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Table 7. Installed heater power

Installed Heater Power

UCH A UCH B LCH FPA
60 W 100 W 15 W 61.7 W

Table 8. Heater operating status

Heater Average Power / Duty Cycle [W/%]
Hot Case Cold Case Safe Hold

UCH A 38.4/64.0 50.1/83.5 49.2/82.0
UCH B 35.5/35.5 64.5/64.5 47.0/47.0
LCH 0/0 0/0 10.0/66.7
FPA 75172 31.9/51.7 441715
potal 814 W 1465 W 150.3 W

EABE e ATFERACRE Fo ARHHS F
Pt A=A dald Ay A= x4 o
gt AFEE Y A8 duty cycles Table 89
ERR AT

A= Fafol AlEEHE FRdo= AFAH
Al 23E R FRE W2 4, sunshield 2L
A4 BAE 2T A73, ARG &HE
Aol xR = FE$-Z, adaptor ring,
gimbal2 AQJA|FloH 2% HolEY FE2
A=A Al e BEFEEo] 7] GAAA
AAQ 2=F2AE BY W7bA F713HS AR
So AAE HF AHZ AYste E45H

N Az ZE 3|HY duty cycde 85% ©]
32 ZE R[S HESeE S A &
At 714 LC heater= lower cavityE %
i = MLIS) & Aol skl Wi
M1 bezel#} truss, 183l M3 bezel®] &% W3}
7F glew 3E T AF HA Fdrh =g 9
Aol 4 Bl Y2 A F3= safe hold case= F
kol ALZA A 7zkel  Eo7tA HH
Hot/Cold case®} HIZ A|TE AR LA
HEZ 2o 48 mokr|A ¥d.

whe}A] safe hold case®] 7% 3J|E9 duty
cycleo] €4 AlZAdE Adst=d /Mg & AR
2 & 4 At} oo uwhe}l Table 8¢ safe hold
case?] 3|4 ZAAE BHW ZE 3|7} 85% ©]5t
2 AREHT A 77 A e 8 sty
7] W&o LC heater®} FPA heater?] A}-& 0]
A F7e AL AT & Uk

49 ATl wEt hot case Z7ANA F
8 FF 2xwHsle slE HAFsdHE 44
Fig. 9~11¢] = A3}tk HSTS tube, focus rings
o] £xw3le] 93 UC heater A & B, Ml
bezel(F4l)ol 93 LC heater Z18]3 FPA

——T_HSTS(7000) ——T_HSTS(7096) —— T_HSTS(7192) ——T_HSTS(7288) ——T_HSTS(7384)
——T_HSTS(7456) - - T_Upper Ring — — T_Lower Ring QUC Heater A ——Q_UC Heater B
30 120

25

Temperature [°C]
&
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UC Heater B
|

UC Heater A
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Fig. 9. On/Off control of upper cavity
heaters on the Hot case - Imaging
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18 120

16 100
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(LC Heater On/Off control)

Temperature [°C]
S
3

Heater Power [W]

LC Heater

8 \ 20

0 1000 2000 3000 4000 5000 6000
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Fig. 10. On/Off control of lower cavity
heater on the Hot case - Imaging

—T_FPA Outside(6500) —T_FPA Sensor(6520) ——T_TBM +2(6800)
—T_TBM -2(6801) —T_FPA Radiator(6115) ——Q_FPA Heater(6520)

30 160

25 1 FPA Board. 140
| (FPA Heater On/Off control)

2 00 2
g g
2 o
F} =
g- FPA Heat 2
i ‘ i e 8
| L
0 i —— = i ‘ ‘1 T 40
= e | I
— TN \
s ‘\//‘ ! *J;TL‘J | ! ‘»‘- } = 20
‘ 1 I
10 bl L LWL UL
0 1000 2000 3000 4000 5000 6000
Time [sec]

Fig. 11. On/Off control of FPA heater on
the Hot case - Imaging
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Table 9. Temperature range of components e FIAFoEN I AAHALS A &
on the Cold/Hot case whole orbit 4 YUYt B A3 ARE B3 3o
Min. Min./Max. [C] Max. He= AFHA e o] BEgEAA 2 EA
Component | 1) Cold Hot [ 9 &&= PJESE ENd= %*é?ﬂ% FaAg 7}
HSTS Tube | —10 | 148210 | 162227 | 40 Hol 914 he] Ui ARds dn @ 5 3l
UCH A | -10 | 16.1/335 | 164/331 | 80 & Aotk
UCH B 10 | 167/312 | 17.4/317 | 80
LCH 10 | 11.3/115 | 257/258 | 40 = 7
TBM 0 | 67/169 84/18.7 30
FPA Board 5 | 14.0/250 | 14.0/264 | 30
FPA Outside | 5 | 14.3/17.0 | 16.8/200 | 30 B dqE dxgF-FATEY gE848
Mirror 175 -10 | 12.7/164 | 19.7/19.9 50 435 A|AE = EAg Y] R A AL A
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