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A Study on Optimized Thermal Analysis Modeling for Thermal Design
Verification of a Geostationary Satellite Electronic Equipment
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Abstract

A heat dissipation modeling method of EEE parts, or semi-empirical heat dissipation method, is developed
for thermal design and analysis an electronic equipment of geostationary satellite. 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
(Command and Telemetry Unit) and verified by thermal cycling and vacuum tests.
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Fig. 1 External and internal features of CTU

(a) Signal board
Fig. 2 Basic thermal design of CTU boards

(b) EPC module
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Fig. 3 Thermal plate modeling of CTU without top

plate
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Table 1 Effective thermal conductivity of each func-

tional board
Function boards Number of Effective thermal

unctio copper layer | conductivity[W/mK]
Uplink/1553 10 38.898

Telemetry 44.449

Command 8 44.449
EPC control 8 42.520
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Fig. 4 Contact between PCB retainer and machined
cold wall

o AgHE 72 Asgszr)we
A Aol

_
|}
I | >
| I
~~
("%
N’

kb,eﬂ = qug
222 §EENME
AAZ 27| He gge wUyez 3¢y =
ARNZH A} 2o FZZ FRHE=H, ol
ZIAA] AFe FFEAYS S 7A Hoh
AAZAHEHAY Y 7AAYN AEL 34 EE
£ ol &% NAYAT Fig. 49 Zo] A=

e olYE AFRsto 31oA o REAF) = H o)

rr

HEHATG. BEE ol4Fe "o IEAYgLS 2
@ Zp®
Rin(=ﬁ3—2_276 {mzk} @
()
Ad

7187 o)A 5 22 0.254m §) gEH oY E AlL
g o 0.254m Holol Wie HEH EAYH

Aolg T3 %L 2F2H 0.1016 mK/W ot} ®
JEy AFF007 o)l Al FLE lElo g AL
4T B O AL oF 129 HE 13O

2 grdgd 49 gHoluEs 9 /9 2leoln
2EZ U3 =29 Ao F gE o]y o]
Wakel A718 72 =271 X FEEAHHoR
Ao stAth whalA, 0.254m ool thEk &
g oy x= AEEHDo2 UFE g &
Z 2leoly ==9] dEAgghe] HH A (5)9F



AAAENY AGE 44 A5 A

o] Aitdct

R L =12192 [";f] Ry, =

12192 | K

3 [W] (5)

AaEF (el W= Bz (cold wall)ell 2] El

oluvzt ZaA=HAE o lHolyrt E5d Lk
2 Feoly AA AL 30%E AA

70%2 €2 o wgEEiheE dgddy. o

A gHoly A/ste A ule A (67 2

o AA gldelvy dAg ol A/ete

Ao gL A I 23, A el A

O dAsE 4 @), 4 @O 2ol H=.

3R =TRpotrinr

6

top,rinr

1

R

1 1

+
Rbol,rmr

R 0

rimr top rtnr

R =3.333R,,, (8)

©)

top,rinr
Rbol,rmr = 1'429thnr

223 t‘:!_l»/élgx-! AKXt O:!AA|>E_I:

RE JAEEF ddde 8€ 9 Ars=Ex
(schematic)7} SAGHY F2E] 22 Ho LE
AR, A, AGOZREY 2t ANFL o8
Aoz Aty @drdgL 53
Ho °“¢*Ja*° o] &3t bﬂ’i’!
of 2] B 24U+ A »}e}ur
q5atA "o ol T
Akl AA 22 a° 132‘
B AFAE gaiye) A5
daFe vl HH AdE

—1—‘

Aot Az BE=adel
EAHF] R=FR Hag
o] 2| ¢k Table 2 oA ¢} Zo] o]2H
Ao} e AA ARAIEF B
A dZs5o] AUtk weba o] BHQ a4l

= .-

3 A g3 22y Ay 529
Fe athz A7) Bot o]8F Al
g M52 5w 23 AnAEFL A}L5o

ael daiFes Faen 4 0# Zol

3T Table 20l = AR 7H5 A f7F WERY
At
P
Q.= f-Quys where, £=1 D% L (1)
ZQdurylb
Ad7iM g & @ikE i &xte] EAaskERg e
T Quuys £ i ix}el QRAtol2 S n P ol
a4y, p, £ REE ARAFF AP olth. n
T HEo dE¥mgoly 23 HYxyoz n=0
< A&3t%

224 '“O*Axr EHgod

durA o7 AAFZE Azt QA3 27| &
#5A S o _/;\_;(} FA3} A3 Esiw g9 2
H 20 2 B2¥E AWHA Fig.5 ¢ 2 Age
RAT® 71& AFN e FFante 24P S 9
s #Hg AAE st FF<d-2%(lumped

capacity)2. 2 AT U4 2r|He] o) I
%9 Y(nodal heat)& 7}8te] sjAstdch @9 11
U AA AAZE A7) o] Azte] AuA|
o 2 @4 w6 wet 2 2zke] 44 g
AL AEFA A7H 7HEAE wassd J
S S AL A ax EREYE o)
thAl FEsloop ) ek olhvEl LA wx
A7l upe} ddo] A3 27w AR A
o] Hastth & AFdAE olzfg FAA ¥

% 7—% 228 ERdgo] ol nE Az
27| Aot AstA AEso AA
o MZ F xE Atole] EHLE B

EHE 2 d(surface heat mode)) S &

I

o

ols 2y
a8 95t A%}
74 ol &be] FEITUE(foot-
2 EZ ¥ olE(thermal plate)E

Lo

DEPY

Table 2 Heat dissipation and power consumption data of CTU functional boards

. Maximum heat Heat dissipation with | Experimental power D
Functional boards dissipation[ W] duty c;)cle[W] cznsumptionp[W] J; Weighting factor
Uplink/1553 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 1.97 1.20 0.61
DC/DC 5V 4.36 4.36 2.50 0.57
conv. 28V 4.00 4.00 3.00 0.75
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Fig. 5 Temperature distribution schematic when IC
is mounted on the PCB
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(b) Surface heat model
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Table 3 Convective heat transfer coefficients in free
convection in enclosed spaces of CTU

Convective heat transfer Heat transfer
compartment coefficient (W/mK]
External convection between
housing and chamber 14.617
(a) Radiative active surfaces (b) Radiative conductors -
{nternal convection 5093
Fig. 7 CTU internal thermal radiation model between PCBs :
Internal convection of 3193

EPC housing

Black radiative sink node

Fig. 9 CTU conduction, radiation and convection
model (top-view)

Fig. 8 CTU conduction and radiation model
(3D-view)
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Derating I
Part type temperat ;r . Criterion

Capacitor 110C Case temperature

Resistor 103°C Case temperature

Transformer 105C Case temperature
Optocoupler 95C Junction temperature
Oscillator 110C Junction temperature

Inductor/Coil 105TC Case temperature
Transistor 125C Junction temperature
Diode 125C Junction temperature
ICs 110C Junction temperature
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pation modeling

Analysis cases Cond. | Conv. | Rad. | Heat dissp.
- Anaytical
Preliminary _ N meth)(l)d w/
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Table 7 Part junction temperature analysis of CTU

signal boards EPC module
O Ry, 7; O Ry, T;
Part number W] [K/W] (€] Part number (W] [K/W) (€]
JANTXV1N4616-1 0.001206 250 78.3 JANTXVIN4109UR-1 | 0.026108 150 89.9
JANTXVIN4150-1 0.000178 250 78.0 JANTXVINS7ITUR-1 | 0.000000 100 86.0
JANTXIN4472 0.000189 42 78.0 JANTXVIN5802US | 0.000000 20 86.0
JANTX IN4463 0.000077 42 78.0 JANTXVIN5811US 0.462990 10 90.6
JANTXVING510 0.019516 75 79.5 JANTXVING638US | 0.000000 50 86.0
JANTXV2N2222A 0.000005 325 78.0 JANTXV2N2907A 0.000906 325 86.3
JANTX2N2907A 0.000001 325 78.0 JANTXV2N5666S 0.056242 145 94.2
IRHG7110 0.000006 90 78.0 JANTXV2N6782U 0.022875 27 86.6
5962-7802005SMFA 0.182252 142 103.9 M38510/11703BXX 0.000183 140 86.0
5962-7802302MFA 0.147706 151 100.3
5962-8766301BSA 0.001341 55 78.1 Fig. 15(b)c AHA2ZZoAM sy mdd iy
5962-8766401SA 0.001341 55 78.1 Ay AATAE Ao v Aoy JLex
5962-8773901DA 0.014560 95 79.4 o] Ao EolE HEO emEh 2= ol
5962-8852514ZA 0.001948 34 78.1 Ao Aok digiold dES £5F 5 A
5962-895982 IMTA 0.036401 18 78.7
A1280A-1CQ172C 0.140000 25 815 6. NMEE AKX HE2 T &l 4
A545X16-1CQ208 0.009300 35 783
A545X32-1CQ208 0.046270 35 796 .
A545X32-1CQ256 | 0.146347 20 80.9 Table 6 < 2| (10)& AH&-8le] AJ2ER =] A}
M21038/27-26 0.000000 - 78.0 279 dolos EdxAE 2 FAHHNE Azt
e ooty |90 T gor— Sue=el Hehew Angae yudgin.
- - = Al &= o] 3L
UT69151CDXE-WCC | 0.087360 n 79.0 AR ATEREY e A4 534 24FA
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