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The Correlation of Satellite Thermal Mathematical Model using

Results of Thermal Vacuum Test on Structure-Thermal Model
Jang-Joon Lee*, Hui-Kyung Kim* and Bum-Seok Hyun*

ABSTRACT

Because thermal design of satellite carrying out mission in space is performed by
thermal analysis result using thermal mathematical model, accuracy of thermal
mathematical model is important and it can be improved by model correlation.
Correlation steps of satellite thermal math model are composed of modeling of
satellite configuration placed in thermal vacuum chamber, verification of
correspondence between thermal math model and real satellite configuration, and
adjustment of modeling parameters from major part to minor part etc. In this study,
correlation success criteria was established and correlation for satellite thermal math
model was performed using result of thermal vacuum test of satellite structure-thermal
model to meet the success criteria. The overall results satisfied the criteria and this
correlated thermal model was applied for detailed thermal design of satellite.
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Fig. 1. Satellite STM model (left) and
dummy box (right)
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et popison| o | ot | st | s | e | o Table 1. Power of environmental heater
g | Tansion| Mode | oo | oferod | Backp | Nomel | Thems | Ambient
Fill Cold tocod J;m Balance mode mode mode Balance Temp.
Wall
HoT Mwwk‘m AlB|lc|Do|E]|F|oc]|H
Payload Panel +Xbelov of Of [ 362 ] 00 | 32| 3H2| B | Of
Ambient Payload Pandl +Xupper lefi| OF | OF | 25 | 25 | 25 | 25 | 58 | of
Payload Pandl +Xuppertig] O | OF | 67 | 67 | 67 | 67 | 01| of
y Payload Pandl -X Of Of | 268 | 00 | 68 | 268 | 609 [ Of
cop | Payload Pandl -XY Of Of | 177 | 177 | 177 | 346 | 280 [ OF
Payload Panel +X-Y of Of [ 200] 20| 200 | 94| 1| Of
(] A B [ D E F F G H Upper Avionics Panel +X Of Of | 93 | 93 | 93 | 93 | 163 [ Of
Upper Aviorics Pand Y| OFf | OF | 216 | 216 | 216 | 132 | 389 | OF
. . Avionics Panel -X+Y | Off Of | 207 | 217 | 217 | 134 | 384 | Of
Fig. 3. Temperature profile for STM TVT e x o o oy s [ar | s Taar [of
Upper Avionics Panel -X-Y | Of Of | 89 | 89 | 89 | 176 | 138 | Of
Upper Avionics Panel XY | OF Of | 92 | 92 | 92 | 176 | 139 [ Of
Ao Fig. 3& QgAY d-rx mue 2 s s 5]t | i [ 506 | 6 | o | 00 | 201
T A7 F LEEAS yEd agolth Loner Avorics Panel x| OF | Off | 349 | 349 | 349 | 214 | %64 | off
. —_ Loner Avionics Panel -X O Of | 23 | 213 | 23 | 254 | 437 Off
Fig. 3014 A4 agzs A3H9N E-7x 24 Loner AvioricsPandl %Y | OF | OF | 283 | 83 | 83 | 544 | 410 | off
o AWAY £E G4E denE, 7wy [eseemeel oo fafu e e o
AlY EA wnE ZAIFC WA AFEAA Star tracker XY af | of [ 00 |00 ] 0o |22|a6]| of
NS o = = after Adepter of | off | de=0| der=0| derm=0| cerr=0| aem=0| ot
A2t dRAFAFE L BREIOA F8E ZA} (Chitw)
E 93t HAWARl & o] o|Fozlth C
TR FRAEREY] dEAAE HAFse TRl 3R REo gz UHEd, ©§A)A (Payload) 125 B
DTe JAF9A Exd 2L dHolH F&2& Al (Lower avionics, Upper avionics) 22 & &
At A2 =1 9y Aoty EFE AAl REETh Table 104 waw 2o gzha Aol
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A8 ARAHA e EEAE AFsE FREe] T3 Table 1914 ‘delT=0 &= ojnu= A
o G7aEE DA A e CEFE B uy(Chamber) ool $1X13 AFAT AFTHA
B8 dlolE] $EE A% nExd d¥Y T gAgzie) duse AdF WARES 189
°IPl, Hyzteln dde A @e] rhyejdn. i AAY A F2e S AolE B T 72
] 3L O 5 [ez] 3L & © - - .
Al desly WY wde) dde NEE A gao en gz AU 0o A 44T
FEo 7R XSt 33 o] Fe F71 T g ma= omolu.
b Algol o] oA AW, Al HlEo] AA &% QT AEI|7F = R ZHE dYoz
He @13 A9 SAY €72 B B o g 94}, A7EAY, gokgo] x| ol uh
13 F719) Agdle 32 vl #5501 7bs qge) qlge 4l AAH(albedo)3t= FAIE T
Stohi 18] 712 ATEE v S of EAsHEH 4AF AP/ T AFAY]
oo dpd HANS 935 oolE A& 5 e 92 worst cased AHYst 2 7
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dEsd Smusl ngd dsd S9F M g 20 0, ¢ T 9 @ 9T 2
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AWE =7 o Ao Wl ]_ F1 Tt Hot ‘?LL(G‘?LL)OH = o B2 R 4
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2 AFA ANE EXIFAFAAE YRZ o o] o= = S
Bl el Ol ALEES b Alel b O olato 2 I /AL MY 2= Ao|7l FFE
FE Y dYAFES BEAlete HHoEA AT A A} 5 = 3 = = o=
23 Hredm . = AW A = AA AEEY IE5X(Gain)g TEFAY= &7
Y W<¥W(Radiator)oll heaterS A &3 3} = olate] Wmd HAo] Hoh AU A7 HE
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Table 2. Power of dummy simulation heater Table 3. Test temperature at balance
phase (C)
STM Dummy Box Test Phase
D | E | F G H
Power Cold Thermal Cold Cold HotThemal | Retmto | Hotthermal | cold them . | Hotthermal | cold thermal
Supply [ Unit Balance fuﬂs;;‘ﬁﬁ\ mma'c”su Balance Ambient Nurrber |- Uit belarce | balarce | NPT | Lnit balance | balance
Group # On/ | pctuat | OW | acta | On/ | pcta | O | Acual | OW [\
off | vawe | off | Vvaue | off | vaue | off | vae | off 1 PU1 49 | 486 27 | BUs1| 570 | -130
1 PU1 Off | 00 | Off | 00 [ Off | 00 | On | 213 | Off 2 PU2 50.1 397 28 BUS 605 .75
O BV e T AT N A T e s tepif 46 | %5 [ > lBo6i1f o8 | o7
4 | Pus [ o] 00 [ off [ 0o | of | 00 [ on| 563 [ of 4 PU3 | 304 [ 489 | 30 | BU7 | 398 | 103
5 PUs | off| 00 |Off[ 00 [ Of | 00 [On]| 87 | OF 5 PU3-1| 410 -47.7 31 BU7-1| 363 -205
6 PU6_| off | 00 [off [ 00 [Off [ 00 [on]| 05 | Of 6 PU4 438 -46.2 32 BUS 479 -126
7 PU7 Off | 00 | Off | 00 [Off | 00 | On| 03 | Off 7 PU4—1 510 -409 33 BUS—1 453 -165
ST bs TarT o0 Tor[ o0 Tor oo Tar seTor 8 | Pp | 35 | 474 | o |BUsDl 456 | 184
10 | Puio [ of | oo | of | 00 [ off [ oo [ on] 16 | o 9 PUST ] 440 | -479 5 BUO | 52 | 132
11 | Putl [ Of [ 00 [ Of [ 00 | Off | 00 | on| 656 | Of 10 PUG | 397 | -490 % BUIO | 487 | -163
12 | put2 |off [ 00 [Off | 00 | Off [ 00 | On | 466 | Off 1n PUG-1 | 428 451 37 BU11 565 02
13 PUI3 | Off | 00 | Off [ 00 | Of | 00 | On]| 12 | Off 12 PU7 395 -52.2 38 BU12 482 -11.2
14 PU14 | Off | 00 | Off [ 00 | Of [ 00 | On | 11 | Off 13 PUS 390 507 39 BU13 419 1162
156 | PUl5 |Of [ 00 [Of | 00 [Of | 00 [on| 03 [ Of I P9 | 296 | 352 © B4 | 53 00
16 | PUl6 | Of | 00 | Of | 00 | OF | 00 | on | 227 [ OF | 00 - -
17 | BUl | off | 00 [ of | 00 | on | 239 | on | 239 | Of 1 | PUIO] 411 | 401 | 41 | BUIS | 575 | -59
18 | BU2 | Off | 00 |Of | 00 | on| 120 | on| 120 | of 16 PUTT | 546 | -439 a2 BUIG | 495 | -160
19 [ BUu3 [of[ 0o [off| 00 [on[119 [on[119] of 17 PUI2 | 537 -46.8 43 BU17 | 560 63
20 | BU4 | On | 425 | On | 425 | on | 434 | on [ 434 | O 18 pPU13 | 204 | 478 44 BUig | -187 | 511
21 BU5_| Off | 00 | Off | 00 | on | 408 | on | 425 [ o 19 PUI4 | 379 | 506 s BUIO | 105 | 458
2 BUB Off 0.0 Off 0.0 On | 408 [ On | 40.2 Off K = o
23 | BU7 | on]| 25 [on| 25 |of| 0o | o[ 0o | of 2 PUIS | 887 20 46 BU20 | 310 573
24 | BUS | Of| 00 |On] 13 |on| 48 | on| 48 | of 2 | PUIG | 416 | -389 4r | BU2l | 215 | 813
25 | BU9 [ on| 80 [on]| 80 [on]| 80 |on] 75 | off z BU1 601 | -141 48 BU2 | 347 | 858
26 BUIO [ On| 41 |on| 41 [on]| 41 [On]| 38 | Of 23 BU2 304 -84 49 BU23 534 -38
27 BUI1 | On | 651 | On[ 651 | On| 651 | On| 679 | Off 24 BU3 311 827 50 BU24 495 -30
e T S O 8 BT BT
30 [ BUt4 [on [ oLt [ on [ 912 [ on [ oLt | on [1320] of % BUS | 47 | 136 52 BU26 | 475 90
31 | BUI5 | Of | 00 | Of | 00 | off | 00 | on | 243 | O
(Unit:W)
Table 3°] UE}H unit® Table 20 573}%
[
Table 20 YEUA @+ A, B, CFIHAlA = nite A 7)7F = BRI A FA vk olF
= = 310 s
dummy boxe EF off ZElolth AFAL € YA AFHE=z 2d BHAH QI RES
g AP T o989 25= Table 18] YeEHd Zlojth & AFoA @rde] B A
D, G 73t 9% 9YALEFH Table 22 D, G731 &=H= o4 unit> Table 3o UEld 527)<]
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olE]E UENHSATE Table 3¢ Yeld 2=z
LT AL F e 2EARo]7E B
110Co o2+ FFE= EASA Hed o
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Atk 29 Table 4 oA= AFHE E=d
WA g pEde dep ok
Table 4. Correlation criteria
i g5 eFxd
1 AT " Hoigt 2T olst
2 AT ZEHA 3T olst
3 [ATI<4TC d|&2 80% O At
4 ATI<6TC H|2 95% O &
5 [ATI>9T¢2 Zd< MAESH Mdyo| ZeF
¥ AT = Prediction('C) - Test(C)
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Satellite in Orbit Environment | G ERCRI e A
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Fig. 5. Thermal Math Model for correlation
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Table 5. Performance of TMM before

correlation
= = Hot case Cold case
1 AT E7 (Avg) -358 T =342 C
2 AT ZEHEA (0) 485 C 6.20 C
3 AT|<4C H| & 59.62 % 4423 %
4 ATI<6TC H|& 59.62 % 61.54 %
5 [ATI=9C 7H= 12 7H 16 74

Table 6. Correlation status — step0

step Description Status
o Mo Hmdl MM
o mAHAI 9A ofm Hot case ()
A AL Ave  |-3.58
Se o 4.85
o NI M P9l AT <4 [59.6%
=5t AT| =6 [59.6%
0 o|;‘ e A AT| >9 12 7Y
. Tl 'S (=] I_—l——j‘c— [ = o
Cold case (TC)
® ¥ =2H heat source 2F - —
= Vg -0
ud o 6.20
e Umdlo| A 22 TN AT | <4 [44.2%
_ AT| <6 161.5%
B ORpxb _o| M
e o5 Zhxb obH|Li-2| M7t AT =916
conductance =&
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Table 9. Correlation status - Final

step Description Status
Hot case (TC)
Avg 0.69
o 3.30
o 2IZM 2F ML AT <4 [712%
HIALS Z=A AT [ <6 [96.2%
i e = ﬂhisH 12+ thermal ALL=2107
® =A- A Z+ therma o
= Cold case (TC)
conductive conductance
= Avg  [-0.66
St o 533
AT| <4 [36.5%
AT | <6 [67.3%
AT[>9[2 7}

Table 8. Correlation status - step2

step Description Status
o =Xz ZeuE wpmym | Hotcase (O)
MLl gHAle Z7} Avg 10
® = -EHX & Zt thermal AT| <4 [84.6%
; AT[ <6 [98.1%
, c;)n?uc’nve conductance ATI=910 7
=7
o o
o =r yz v wag |00 @ (O
=7} Avg 0.73
S o 2.92
® FTIA ZE ML AT| <4 (78.9%
AT| <6 [100%
F o = | =
GAE St AT[=910 7]

step Description Status
® Bus7, bus7-1, bus8,
bus8-1 1t buszt Hot C)
conductance &7t ot case
® Busl11 conductance error A;g '20'2120
=3 AT| <4 [92.3%
Hbod of & AT|<6198.1%
® Bus panel ZEHA error AT =910 1
3| =% Cold case (C)
old case
® Busi8, bus21z} busZt — =TS
conductance %24 T2
® Thermal sensor ¢l %l AT | <4192.3%
P AT| <6 [100%
< AT|>910 7Y
® JIEt unit €2 MF
ES
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Table 10. Correlation result of TMM () v. &2 &
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