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Thermal Control Subsystem
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Thermal Control Subsystem is one of the absolutely essential subsystems for satellite. All the mechanical, electrical
and optical equipment could, if encountering a temperature level which is too high or too low, be damaged or
its performance and life could be severely affected. Thus the main purpose of TCS is to ensure the satellite can
be maintained within their temperature limits for all mission phases. This paper describes the NSPO’s research
achievement on FORMOSAT-5 TCS design, analysis, hardware integration, environmental test and flight validation.
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Satellite Energy Balance
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Trasys input

¥ Geometric data

¥ Thermo-optical properties
¥ Surface-to-Node conversion
¥ Orbital parameter
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Radiation analysis code
(Gebhart’s Method)
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TRASYS output

¥ Radiation interchange factor
¥ External heat flux
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SINDA input
¥ Thermal capacity

¥ Thermal conductance :

¥ Heat dissipation or
¥ Solution algorithm
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Thermal math code
(Finite-Difference Method) I::}
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SINDA output

v Temperature data
¥ Heater power data
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(c) Exit eclipse
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(f) At sub-solar point

2. SRETEERER

%Eﬁﬁ&ﬁ”“%ﬁﬁﬂ?azgﬁ% B EL RS T
EFR BB EE, - BE RE & 2T H FER RS
TR e R EREE IR RO Z R TR FoRPT
{5 FH R BB A AU i — R LI $% (Second Uurface
Mirror, SSM) » HiH B E & 58 — R mHYE B AE
J& (FEP) AR EE —RIENIHEIRIE - #5HH FEP s

FHETHN 217 B7 107.12 41



7. AR AR AIERREL 1 (1) 3 R TRAKE (MLI) » (2) %8413 % (Radiator) » (3) &2k 3 5] 2
BB H @) BREEREER  (5) THA R SR RA S -

B (emissivity, £) AR BREVGE » B G5
PR A SRS IR (solar absorptance, a) 2
[FEIRGZEEMERER SR RS -

3.8« JREEIRMEETE

#EREHIFF L TTHPTER - S BRI R E B
BT KE A - 3R EHTFE LT BRI B EGR R
(141 SIGRAFLEX » CHO-THERM) 8% [ &bt}
(BIANPFELHER] (washer) » 3228 (bracket) 55) @ ZKIG
IEEA 77 i B EE B AR ZAH (contact thermal
resistance) ° 7% [A] iz B Al A 2O R 78 (3 B Y 2R
SPRCE » BIA0E B8 IR RAR R AR R I B 1S
KHBTWE

4. ;@ B RCGRIZR BN 3R A

AIEEAIIE A TR B S T e — R
B BT - REER B T AT IR E B NS R
o (BB - HEER S AR R g
(PT-1000) » JRATERASBHRAELRI(H (threshold) ] -
Rl (2w 2R K - PR B R A E R
FEfH -

B~ BRI R BB

42 FHEFAEN 217 A 107.12

ELEZ2 MG (Thermal Vacuum Test, TVT) J&f
SRR EER - W2 —IHERN HEEE
RATTZ B - S ATRY%E G T/E K IE R &
2 BRI RERIE TG T o 1 S BOH AT B
ik - BVE 22 G R B H A E R B Es i 2 TR RE
il 2 T8 o I8 DUK 37 H 22 Bil v 2R i & 1
G - ik B ETFEEH (component level) £
AR (system level) » 3B X TCiF 2 M R
& HAHETEERLEE (prototype) ~ LFE#8 (Engineering
Model, EM) * {78 (Flight Model, FM) 2 {gE
BUENE 22 I, i A SRS iR PR T R Al
HIES < SR B AURAR AT 75 75 5K T 43 Ry 58 AT IR
(acceptance test * Fi5HI5 22 157 I 4 0 3 B9 5 B U A
PR - R FM) » JREIFRITEHIE (proto-flight
test * 5 acceptance level FF4ME 5 °C » J#H AN
—fRAFM) ELRIEE MG (qualification test * B &g wr
HIFE > $5 acceptance level FE/ME 10 °C - HIFHERY
TLHEE NG HREERT) -

i 4 AR 2 R A B 22 IR 2015 45 4 H 30
HBEAME#T » [FE4E 5 H 21 H5ERK » FERS 22 KA
B A RANE AR A A A - a0 SRR
e 7 705 fod [ R Al A R B B E 22 figfig P F - fS Al
HEHEARE (bus) » SLEEIEL (RSD) ~ BIEH#E
(Advanced Ionospheric Probe, AIP) DKz 3t [ HI 5 il



_ Ny

8. B EIFHBABRRREF KRB RAEA -

Bl (Ground Support Equipment, GSE) % - i
K IGRENRAE TG 3% 7 R B BRARRE - 2 BRIE ST
1] i {0 5 DA S o 7 0 St E ks R SR ) ¥ R O B2
# L o HEHE 0 A MR B D HEREEE 107 mbar
Eih (B 9) <mEZEE - IEPURRE R B E
e BE TR R P AR HIIAE 130 2 -30 °C » NBERTE Rs
ST 2R FR R g - R B B B AR I BB Al
B o e TR VA 2RI B 226 ik T BUEVE
f# (thermocouple) & 60 NG A TNV HE1 TR E
JERHIEE ] - SRR (8 10) #ETHE 22 (pump-
down) * /S ZiER (thermal cycling) ~ 2 2 ThREH

—

ol \

\

e |

e 1

. \
b 0y

¥
L
r

il (Comprehensive Performance Test, CPT) » i3 Z1F
f7 (hot & cold thermal balance) * fNZEAZSHIE (heater
check) » EfRE&S Al (transient cool down) K [EE]H i
HEE (return to ambient) FFEE < [E 11 FIHfER
5 B T o B A R
BEZZHIGURAZ S - B B R IR
Pt 1S A I B RS B B E IR AU B (model
correlation) » # 8z HBYER T i Or 2L AT HY HETE
% - TN EIEE EAHIE AT E AR IREIR = - B

AR R Y BVR AL IR R R A2 AE 5 °C Y
™.

. e - -
o be-g0n ]
1 ]
\
o b om 1 | |
L] ]
) b 2 &
e
—— - [ e - ] " - " - [ - " - " - e " - " - - " -
e [ s [ [ [ e [ . [ [ . [ . - s A

e

9. B EAR I 4R -

FHETHN 217 B7 107.12 43



Thermal cycling/thermal balance and performance cycle
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Min. Temp. (°C) Margin (°C) Max. Temp. (°C) Margin (°C)

Battery
* Heater duty cycle 24.5% 3.3 3.3 9.9 15.1
* Heater power 12.5 W
CDMU 0.6 15.6 6.4 38.6
XTx -7.4 22.6 10.6 44.4
Star tracker 3.5 53.5 11.5 23.5
RW 5.6 15.6 17.4 37.6
RCS tank/PT/BLV —-0.6 19.4 10.3 29.7
RCS thruster -9.5 30.5 6.6 63.4
Solar panel -71.4 48.6 89.3 30.7
PCDU 5.0 20.0 12.2 32.8
RFEA 8.0 23.0 9.7 353
MAG 10.6 30.6 15.5 34.5
IRU 10.6 50.6 12.1 52.9
AIP -16.8 18.2 31.4 8.6
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