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A SATELLITE ELECTRONIC EQUIPMENT THERMAL ANALYSIS
USING SEMI-EMPERICAL HEAT DISSIPATION METHOD

Jung-Hoon Kim", Hyung 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 considered instead of conventional lumped capacity nodes. These modeling
methods are applied to the thermal design and analysis of CTU EM and EQM and verified by thermal cycling and

vacuum fests.
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Table. 1 Theoretical maximum and real power consumption of CTU EM

. Maximum predicted heat Experimental power Weight factor
Functional beard o .
o dissipation consumption (1-1)Py,
name e T bowrd
(W’ EQ max , i, board) (W’ P board) { ZQ max , {, board }

Command 3.22 0.744 0.231
Telemetry 2.38 1.3 0.544
Uplink-1553B 5.75 3.675 0.64
Electrical power converter 7.96 6.755 0.85
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(b) Surface heat modet

(a) Real outline

Fig. 4 Surface heat model of CTU EM EPC board
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Fig. 5 Thermal responses of CTU EM during thermal cycling test
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Table. 2 Thermal analysis and test results comparison of CTUEM

Hot case Cold case
Component | Position

Analysis | Test | Analysis| Test

Top housing - 68 67 -29 -30
Bottom - 67 67 -29 -30
Side wall(left) - 68 68 -29 -30
Side wall(right) - 68 68 29 -30
Front housing - 67 67 -29 -30
Baseplate - 66 67 -29 -30
EPC board Center 79 78 -19 -19

Bottom 72 74 -26 -26

Center 71 71 227 -29
Bottom 69 70 28 230
Center 72 72 -27 -29

Command board

Telemetry board Botiom - E s =
Uplink-1553B | Center 77 75 26 27
board Bottom 71 7 23 29
Backplane Rear | N/A 69 | NA | -29

Front N/A 69 N/A -29
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Fig. 6 External and internal shape of CTU EQM
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Command Board
(Redundancy)

Fig. 8 Housing temperature contour and thermocouple loca- Fig. 11 Telemetry board temperature contour and thermo-
tions couple locations(bottom side)
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Fig. 14 EPC control board temperature contour and thermocouple
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Table. 3 Theoretical maximum and real power consumption of

CTU EQM
Functional | Maximum | Dissipation EXPF?(?;%‘:.M Weizht
m d’ss(‘%“‘m g,‘éhled“ consw})ﬁon factor
Uplink 5.75 2.05 2.15 1.05
Telemetry 2.38 1.57 1.12 0.71
Command 3.22 1.02 0.72 0.71
EPC control 1.97 N/A 1.20 0.61
]l))(é/ 5V 436 N/A 2.50 0.57
Conv | 28V 4.00 N/A 3.00 0.75
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Fig. 15 Thermal responses during CTU EQM thermal cycling test
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Fig. 16 Thermal responses during CTU EQM thermal vacuum test
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Fig. 17 Thermal analysis and test results comparison in hot case
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