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An Analysis and Experimental Study for Thermal Design Verification
of Satellite Electronic Equipment

Jung-Hoon Kim, Hyoung Yoll Jun and Koon-Ho Yang

A heat dissipation modeling method of EEE parts is developed for thermal design and analysis of an
satellite electronic equipment. The power consumption measurement value of each functional breadboard
is used for the heat dissipation modeling method. For the purpose of conduction heat transfer modeling
of EEE parts, surface heat model using very thin ignorable thermal plates is developed instead of
conventional lumped capacity nodes. The thermal plates are projected to the printed circuit board and can
be modeled and modified easily by numerically preprocessing programs according to design changes.
These modeling methods are applied to the thermal design and analysis of CTU and verified by thermal
cycling and vacuum tests.

Key Words: Thermal Analysis(¥3]4]), Heat Dissipation(¥4:4}), Thermal Vacuum Test(E A F A H),
Electronic Equipment(Z &%) Geostationary Satellite(BAAEHA)
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Fig. 1 Thermal plate modeling of CTU without
top plate
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Table 1 Effective thermal conductivity of each
functional board
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Function boards cgg;g?elra;; Eﬁgco[%‘i‘;;égg'nal
Uplink/1553 10 38.989
Telemetry 8 44.449
Command 8 44.449

EPC control board 8 42520

9 9 7HEANE deha o

Table 2 Heat dissipation and power consumption
data of CTU functional boards
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. Theoretical Expgéqurgntal
Function boards Dissipation consumption f
W] Wi
Uplink/1553 2.05 2.15 1.05
Telemetry 157 1.12 0.71
Command 1.02 0.72 0.71
EPC control board 1.97 1.20 0.61
5V DC/DC Conv. 4.36 2.50 0.57
28V DC/DC Conv. 4.00 3.00 0.75
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(a) Real layout (b) Surface heat model
Fig. 2 Surface heat model of uplink/1553 board
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(a) Radiative active surface (b) Radiative conductors
Fig. 3 CTU internal thermal radiation model
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Table 3 Thermal analysis cases of CTU with
heat dissipation modeling

Analysis cases |Cond.{Conv.| Rad. | Heat dissipation
Preliminary v Analytic method
thermal analysis w/ duty cycle
Conduction Vv Semi-empirical
analysis method
Thermal cycling v v v Semi-empirical
test simulation method
Thermal vacuum v v Semi-empirical
test simulation method
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(a) Hot plateau case
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Fig. 4 Comparison of CTU thermal cycling simulation and test results
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(b) Cold plateau case

Fig. 5 Comparison of CTU thermal vacuum simulation and test results
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Fig. 6 Comparison of CTU thermal analysis cases and thermal vacuum test results
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Table 4 Part junction temperature analysis of
CTU signal boards

Qi R 7b Ti
W [K/Wl | [T]
0.001206 | 250 | 783
0000178 | 250 | 780

Part number

JANTXV1N4616-1
JANTXVIN4150-1

JANTXIN4472 0.000189 42 780
JANTXI1N4463 0.000077 42 78.0
JANTXVING510 0.019516 75 795
JANTXV2N2222A 0.000005 325 78.0
JANTX2N2907A 0.000001 325 78.0
IRHG7110 0.000006 0 78.0

5962-7802005MFA
5962-7802302MFA

0.182252 142 1039
0.147706 151 1003

5962-8766301BSA 0.001341 55 78.1
5962-8766401SA 0.001341 55 78.1
5962-8773901DA 0.014560 9% 794
5962-8852514ZA 0.001948 34 78.1

5962-8959821MTA 0.036401 18 78.7

Al1280A-1CQ172C 0.140000 25 815
AbB45X16-1CQ208 0.009300 35 78.3
A545X32-1CQ208 0.046270 3H 796
A545X32-1CQ256 0.146347 20 80.9

M21038/27-26 0.000000 - 78.0
CY7C261-45WMB 0.002885 64 782
SG2815] 0.029463 70 80.1
UT69151CDXE-WCC 0.087360 11 79.0

UT80CRHI9%KDS-WCC| 0.120120 22 80.6
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Table 5 Part junction temperature analysis of
CTU EPC Module

. R. T.
Part number i | wom |
JANTXVIN4109UR-1 0.026108 150 89.9
JANTXVINS711UR-1 0.000000 100 36.0
JANTXVINS802US 0.000000 20 86.0
JANTXVINS811US 0.462990 10 90.6
JANTXVING6638US 0.000000 50 86.0
JANTXV2N2907A 0.000906 325 8.3
JANTXV2N5666S 0.056242 145 942
JANTXV2N6782U 0.022875 27 86.6
M38510/11703BXX 0.000183 140 86.0
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