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ON-ORBIT THERMAL ANALYSIS FOR THE GEOSTATIONARY OCEAN COLOR IMAGER
OF A GEOSTATIONARY SATELLITE

Jung-Hoon Kim" and Hyoung Yoll Jun'

A preliminary thermal analysis is performed for the optical payload system of a geostationary satellite. The
optical payload considered in this paper is GOCI(Geostationary Ocean Color Imager) of COMS of Korea. The
radiative and conductive thermal models are employed in order to predict thermal responses of the GOCI on the
geostationary orbit. According to the results of this analysis are as follows: 1) the GOCI instrument thermal control
is satisfactory to provide the temperatures for the GOCI performances, 2) the thermal control is defined and
interfaces are validated, and 3) the entrance baffle temperature is found slightly out its specification, therefore
further detailed analyses should be continued on this element.
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Fig. 1 COMS external geometrical model with GOCI
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Fig. 2 GOCI internal geometrical model
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Fig. 3 Shutter configurations for radiative heat exchanges

Table 1 Thermo-optical properties

Coating gob;jf;pgfl(t% Emissivity Specularity
Coating Black 0.95 / 0.95 0.9 0%
OSR 0.051 / 0.2 0.773 100%
Mirrors 0.06 / 0.06 0.03 100%
SiC 0.84 / 0.84 0.67 0%
MLI Kapton 035/ 0.55 0.65 60%
Alodine 0.4 0.13 0%
Keplacoat 0.95 0.8 60%
Keplacoat with 0.95 06 60%
wiring
* BOL : Begin Of Life
EOL : End Of Life
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Table 2 Nodal breakdown of GOCI TMM Table 3 Material propertjes of GOCI
Nodes [ Number ] Description | Geometrical nodes Specific Conduct- Densit
Telescope Material Element heat ivity ker;sg;
110001-110024 24 Tube 110005-110020 (Jkg/K) (W/m/K) (kg/m
110220-110222 3 M1 110220-110221 Mirrors,
110230-110232 3 M2 110230-110231 telescope
110240-110242 3 M3 110240-110241 SiC structure, 650 180 3140
110250-110252 3 FM 110250-110251 detector
110260-110262 3 PM 110260-110261 support
110100-110102 3 M1 M3 Support 110100-110102 Bipods
110110-110112 3 M2 FM Support 110110-110112 TAGV mechanisms 544 72 4460
110500-110511 12 Main beam 110500-110511 Radiators
110600 ! M1 M3 baffle 110600 Aluminium structure, 900 160 2700
110700 1 M2 FM baffle 110700 thermal plate
110800 ! Pupi 110800 Aluminium skin Z: 129
Pointing mirror assembly Shutter 900 o N/A
111030 1 I/F Scan Mirror 111030 Z?d h"?f’ycog‘,b Xg- 21867
111020 1 PM Rotor - uminium SK1n Support panel 900 Ll N/A
111010-111012 3 PM transition rotor 111010-111011 and honeycomb ppor p XY: 57
111000-111003 4 PM Stator 111000 Carbon skins and Z: 26
Filter wheel Alu. honeycomb PIP 900 XY: 2 N/A
112000 1 FW cover 112000
112100 T W 112100 Invar Inl?&iftl; 510 10.5 8130
112200 1 FW mechanism stator 112200 Permaglass hins N/A 035 N/A
FPA
113000-113003 4 FPA radiator 113000-113003 Kovar Detector pins N/A 16.7 N/A
113500 1 Detector support - Shunts, PCB
113550 1 Detector - Copper tracks 385 380 8960
113300-113301 2 FPA plate 113300 ;
113400 1 FEE 113400 Kapton Flexible leads 1090 0.16 1420
Secondary structure Silicon Detector chip 702 124 2329
710901-110908 110901-110908
110915-110017 110915-110917 AIN Detector 780 180 3300
110920 and 110930 13 Entrance baffle 110920 and 110930 package
110940 1 MLI entrance baffle 110940 BK7G18 Optical 858 1.114 2510
114001-114004 114001-114004 glasses
114051-114054 8 Plateau 114051-114054
114200-114201 2 Shutter mechanism 114200 _ .
714500 and 114550 714500 and 114550 4.1 SHLERA S
114510 3 Shutter 114510
14540 1 Shutter baffle 114540 EAF IS 57 12825 2 H Ak AGA]AZo
114600 1 Cover 114600 o N T ] _ .
115001-115004 4 Secondary structure - QA& omn +75=S ATE | soFekA Al w el
116001-116004 4 Telescope radiator 116001-116004 N - -
117001-117004 4 +Y heater 117001-117004 Yo shule F9]9] oS BZFEE Ho] gorg +7=
119000 1 ML +Z 119000
= o o - -
719100 and 119150 2 MLI +Y 719100 and 119150 of tate] Ewukgt Wekow 51° 7|gojx Utk s|SFEAA
119300 and 119350 2 MLI-Y 119300 and 119350
o z= =]

119200, 119201 119200, 119201 © ole} 22 v /A R JFEESE 2 EHI 1
and 119250 3 MLI +X and 119250 - L olule] M o _ N =
719400 and 119450 2 MLI X 715400 and 119450 U 2 =RdAe duFRETRS ugst 490 uiste]

PIP 1 -
ALLo. 2= f1iRs] MeN Z=glod
119805 1 MLI PIP 119805 ANS s AYus 7] E83TH)
118001-118066 PIP structure 118001 - 118066,
118501-118566 84 -
220 total [S1RE) Ne) =i s il
[ ]
Nodes interface =T
o0 TFES - - gl u ol F owle] v 29 % @ wle wA
119998 1 SIC - )
9999 1 Space - - 3 ol FoL 30 20

S nAe
- YA E Table 494 2o, sh=tazto g Yel) ek
o 17 glE duiTRE
o FFHAAT}F ARRIFEES T3 FHlE Ho] o
g e A &= TE(no mission)
o 9 9l th7]) E(stand-by mode)

Table 4 Observation timeline

Day imaging

Night imaging

Obsl

Obs2 Obs3 Obs4 Obs5

Obs6 Obs7 Obs8 Obsl Obs2

10h00m

11h00m

12h00m 13h00m 14h00m

15h00m 16h00m 17h00m 00h30m 1h30m
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Table 5 Temperature specification of GOCI

Table 6 Heat dissipation of GOCI

Operational specification Nom BOL Nom EOL
(Design temperature) Detector 0,07 0,07
Minimum Maximum Transistors on PCB flex 0,04 0,04
; +50 0, FEE 4,6 4,6
Ml’ M2 M3 FM_ mirrors 50C +450C Motor 1 Scan mirror (Coder) :imaging mode 25 25
POM 1nterface 0°C +45°C Motor 1 Scan mirror (Stator) :imaging mode 4,36 (I ous) | 4,36 (I us)
Shutter wheel interface 0°C +50°C 1,01 (Mean over 1,01 (Mean over
: +59 1450 30min) 30min)
Filters , ) OC 45 OC Motor 1 Scan mirror (Coder) :holding mode 25 25
FEE(Front Enfi Electronics) -40°C 165°C Motor 1 Scan mirror (Stator) :holding mode 0,28 028
FPA (excluding detector) -20°C +60°C Motor 1 Scan mirror (Coder) :calibration mode 25 25
_40° +65° Motor 1 Scan mirror (Stator) :calibration mode 0,28 0,28
Secondary Structures 400C 650C Motor 2 Scan mirror (Coder) :imaging mode 25 25
Entrance baffle -50°C 195°C Motor 2 Scan mirror (Stator) :imaging mode 4,36 (Instantaneous) | 4,36 (Instantaneous)
Inside mechanisms: 1,01 (Mealm over 1,01 {Mea‘n over
Gradient of rotor - stator -6°C +1°C : : 30min) 30min)
Coders, Motors 220°C +70°C Motor 2 Scan mirror (Coder) :holding mode 25 25
Ball rin +59 +55° Motor 2 Scan mirror (Stator) :holding mode 0,28 0,28
all bea 88 SOC SSOC Motor 2 Scan mirror (Coder) :calibration mode 25 25
PIP -20°C +60°C Motor 2 Scan mirror (Stator) :calibration mode 028 0,28
Pointing mirror -40°C +65°C Motor Shutter (Switch): imaging mode 02 02
Motor Shutter (Stator): imaging mode 4,36 (during 20s at 4,36 (during 20s at
the beginning and at | the beginning and at
o the end of the image) | the end of the image)
_,_-|_-|'-Z| Motor Shutter (Switch): holding mode 02 02
= FNorErA) % ol o] © Qo 3} Motor Shutter (Stator): holding mode 0,28 0,28
Table 5= H © % H ﬂ Uﬂ =T /\4 _":% = ﬂ—r] Oﬂ EH = Motor Shutter (Switch): calibration mode 02 02
751 = L]—E]-\{H_ Zjo]E]- Motor Shutter (Stator): calibration mode 4,36 (during 20s at | 4,36 (during 20s at
the beginning and at | the beginning and at
the end of the the end of the
calibration) calibration)
4 3 gﬁl 0:' Motor Filter Wheel (Switch): imaging mode 02 02
- - = Motor Filter Wheel (Stator): imaging mode 4,36 (Instantaneous) | 4,36 (Instantaneous)
713%"’( A)° A= 7](dete0t0r)‘— A A2 AN 4 1,26 (Mean over 1,26 (Mean over
3] LLE 2 O Zok 3 AZ=H yr 30min) 30min)
ofel 71 2%E STAIST7F S5 frxsfof ek A o Motor Filter Wheel (Switch): holding mode 02 02
O:qu_g I7= _—17_12‘274 o) AZx=7]10] LTIl 5CE 525 Motor Filter Wheel (Stator): holding mode 0,28 0,28
= ] ]L LJ_LE‘ILH H ] ] == ]—5 = T ] ]— Motor Filter Wheel (Switch): calibration mode 02 02
L:_% 7274]5] EiE]— EE?} 7{;%—‘?— S E‘]—g—ﬂo]:% Xﬂ—%}_d%l ELH 7151 Motor Filter Wheel (Stator): calibration mode 4,36 (Instantaneous) | 4,36 (Instantaneous)
= o e o 5~ o - . 1,26 (Mean over 1,26 (Mean over
Z7] X7 15CE A8 § =S AAE 5, 5T 30min) 30min)
A7 o8-S 1HsATk
seln welzio] A BAL ojud uAE ens §x  AwT $eoR BRI o#d F e ged vt
_ . - - jsiswke:] Z X g) 2 AL [e=p5Ke) =Eo)
&= Ao] ofyg} ok %"%(cawty)lﬁg] LE HIlE HA AadAel AE ASY GHE AMSste] 9oz s}
- - - - ol } L O o] & 17} \id o &)
sahen oick webd gage TEve) SR 2y T ST A8 Aol ssed A wddet o
£o] AL tate] 1009 424 B (umerical /T X Ik E S[EE PIPe] SIS AN
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uncertainty) S =S AAFATE T 1009 ofgre 7171 fsted A AFANIRES)S] I o] el = A5
) 2d ARz o = ] o) 518
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Fig. 4 Heat dissipation profile of FEE
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Table 7 Heater control temperatures
Threshold
Label Definition reshoes
(On/Off)
CMIGIIA Operational +Y heater Prime 20°C/22°C
CMIGI11B Operational PIP Prime 4Cl6C
CMIGI2A Operational +Y heater Redundant 19C21T
CMIGI2 B Operational PIP Redundant 3CI5T
CMIGI13 Operational Plateau Prime 20C/22°C
CMIG14 Operational Plateau Redundant 19C21T
CMIGI5 Non Operational Plateau Prime 4CI6C
CMIG16 Non Operational Plateau Redundant 3C/I5C
CMIGI7A Non Operational FPA radiator Prime 1TC/6C
CMIG17B Non Operational PIP Prime 3CRT
CMIGI8A Non Operational FPA radiator Redundant 1°C/6°C
CMI1GI18B Non Operational PIP Redundant 3CRT
PI law Detector support 10C
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Fig. 5 Temperature response profiles in the hot case

Fig. 6 Temperature response profiles in the cold case
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