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Development and Verification of Thermal Analysis Model

for Thermal Vacuum Test of Satellite Components

Sang-Ho Kim*, Hyun-Suk Seo*, Jae-Ho You*, Eun-Soo Han*, Tai-Kyung Kim**,
Hyeong-Dong Kim*** and Hwanil Huh****

ABSTRACT

Thermal analysis for the simulation of satellite component level thermal vacuum test
processes was carried out by considering thermal vacuum test environment condition,
thermal vacuum chamber configuration, and satellite’s inner thermal environment. The
transient analysis results can be obtained for the temperatures of component and
thermal vacuum chamber assemblies. The thermal analysis model was verified with
the component thermal environmental test results by using enhanced thermal vacuum

chamber.
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Table 1. Thermal Environmental Test
Requirements for Low Earth
Orbit Satellite Components

Condition Acceptance Protoflight Qualification
Thermal Vacuum
Pressure, Torr 1.00E-05 1.00E-05 1.00E-05
No. of Cycles 8 12 16
Thermal Cycling
Pressure, Torr Ambient Ambient Ambient
No. of Cycles 8 16 16
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Fig. 2. Temperature Cycle Requirements for
Components Thermal Environmental
Test[3]

Table 2. Allowable Temperature Limits of Low
Earth Orbit Satellite Components

Temperature Limits (degree C)
) Survival
. Protofhght Acceptance Qualification | (N on
Equipment (Operating) | (Operating) :
Range Operating)
Range Range
Range
Min | Max | Min | Max| Min | Max | Min | Max
PCDU -30 55 -25 50 -35 60 -40 65
IBMU -30 60 -25 55 -35 65 -40 70
S-band 25| 60 | 20| 55 N/A 30 | 70
Transponder
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Fig. 3. Thermal Vacuum Chamber for
Satellite Component Level
Environmental Test (Korea
Aerospace Industries, LTD.)
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Fig. 4. Thermal Analysis Model for Satellite
Component Thermal Vacuum Test

Table 3. Thermal Conductivity of Materials

) Thermal Conductivity
Material W/ m- Kl
Aluminum
6061-T651 167.9
SUS 304L 16.3
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Fig. 9. Thermal Vacuum Test Configuration
for Satellite Component (Korea
Aerospace Industries, LTD.)
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Fig. 10. Thermal Analysis Model Verification
using Thermal Vacuum Test Result
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Table 4. Summary of Thermal Analysis Case
Results

Temp.
Time | Rate of
[Hourl| Change
[degC/min]
0.694
3.125
0.118

0.735

Thermal Analysis Case

Temp. Rising Case 1 |Normal 18
(20 T — +55 T) | Case 2 |Accelerated| 0.4
Temp. Falling Case 3 |Normal 10.6
+85 T — -20 T) | Case 4 |Accelerated | 1.7
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