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Design Verification of Thermal Control Subsystem for
EOS-C Ver.3.0 using STM Thermal Vacuum Test Result

Jin-Soo Chang*, Seung-Uk Yang* and Yun-Hwang Jeong**

ABSTRACT

A high-resolution electro-optical camera (EOS-C Ver.3.0), the mission payload of an
Earth observation satellite, is under development in Satrec Initiative. We designed this
system to give improved thermal performance compared with the EOS-C Ver.2.0
which is the main payload of DubaiSat-1 by optimizing the active and passive thermal
control design. We developed the Structural-Thermal Model (STM) and verified the
design margin by performing the qualification level thermal vacuum test. We also
conducted the verification of its Thermal Mathematical Model (TMM) through the
thermal balance test. As a result, it was confirmed that TMM faithfully represents the

thermal characteristics of the EOS-C Ver.3.0.
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External Flexure

28 1. Thermal Design Principle
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EOS-C Ver.3.0
with MLI Blankets

EOS-C Ver.3.0 with
Earth Observation Satellite

a3 2. Thermal Mathematical Model

VDA/KAPTON on M2A
Teflon-Silver/KAPTON Cover

on Entrance Baffle

MLI around EOS Body

over M2 Ring VDA/KAPTON

on Entrance Baffle

MLI around
Metering Rod

MLI around
External Flexure

MLI around Connector

a3 3. Thermal Coating and Insulation
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18 4. Required Average Heater Power

E 1. Heater Design Results

Designed Peak | On/Off Set-point
IS Power (W) Temperature (C)
M1B_OPH_P T 80w +19C / +21TC
M1B_OPH_R - 8.0W +19C / +21T
M2R_OPH_P T 76W +19C / +21T
M2R_OPH_R T 76W +19C / +21TC
M2H_OPH_P ~ 34W +19C / +21TC
M2H_OPH_R ~ 34W +19C / +21TC
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STM EOS-C Ver.3.09] 7%, 94 54 3
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a3 5. Heater Attachment and Inspection

1% 6. EOS-C Ver.3.0 STM Configuration
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X 2. STM Thermal Vacuum Test Specification

Item Value
No. of Cycle 1Cycle
Soak Duration > 2hrs
Temperature Range
STM: +5TC 7 +35T
Thermal Cycling Test EMS:  -10TC ~ +40TC
Non-Op.:  -20TC ~ +50C
+30C @ Hot
Thermal Balance Test Shroud: ———
+0C @ Cold
Temp. Transition Rate < 2C/min
Stabilization Condition
Thermal Cycling Test < 1C/hr at Each Soak
Thermal Balance Test < 05C/2hrs at Each Test
Pressure Condition < 1.0x10™Torr




038 A& fF 12 %%, 2010. 12

STM 93 A8 AFE 0]83 EOS-C Ver3.0 GA|oA A A= 1235

Tempe el

<5hrs EOS-C Ver.3.0 STM / EMS Temperature Profile

435/ +40C

Close the Door [ (FT#02 Open the Door

L =0 Hot Balance:
| rs % gosesee
Pump-Up | | Shroud Temperature: +30° | pump-Down
| \ Thermal:Balance
Ambient ! ;
FTHO1 FTH04
¢ Cold Balance:
| Shroud Temperature: +0°C
+5C /0T
20T
Ambient
Pressure
1x10*Torr
Y EMS Turn-On 3% EMS Turn-Off FT#01~FT#04 Function Test
Notice: - After required minimum soak duration (2hrs), immediately start the Functi Test

- Temperature Control will be performed based on...
A. During Thermal Cycling Test: Test Article  B. During Thermal Balance Test: T/V Chamber Shroud

a3 7. STM Thermal Vacuum Test Profile

S8 JAPHH AA AP Aes 249 739 2o
33 dxI AMEAF HA

aRF AgY AS, STMH EMSY A
d ex WY g27] fid o2 BANE ¢
[e]
A

I} EMS ZtZto] Al 4 3| E(test heater)E & &
st EXF AW HA 2xot AP E(test
article)®] Al@ &% 1] zolE BAFSHIIE 3§t
ATH7-8]. °15 ¢l 29 83 Zo] d3F HH
3l STM, EMSs}e] 71713 /713 QIH#H =5
o R AT AA F, STM 235 AlE
ek AL Falfd A3E npRo R i APE
SIEE A4, A&ste WHeR dF APA
T STM T/V Test Jige] AAE &= 3-IH9].

Mechanical = STM Test Heater
UF fw STM 4 EMS Test Heater (P)

EMS Test Heater (R)

@1.0m TVAC Chamber (in KARI)

v 4
S

EMS Test Heater-P: 765mm

[foom o[ Jro

EWS Test Heater R
575mm

ST Tt o Se2 | oam

sl A ga 5
QA AP NG Bl ARE R ABAT, A

& dtYX(harness) 5ol AS AoE AAH
TEE AESEL, A =7 a7 2HS
ZA7A B ALde APE I EY MLIZ
e 59 Fod =XE FHst] s F
sttt EOS-C Ver3.09 749, GAolAl HAE
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a8 9. Preliminary Thermal Test Model

Heater Power / Tum-On/Off Temperature (C)

Sequence e B W2R 2R m2H W2H | EOS | PMS | PMS | Hamess
THE | TEWP | TEHR | TEH

~aow | ~aow | - =
Ambient -> Non-Op. Hot w0 | 450 | -

ssar | asae | asac | assp | sssc | ssst feesic | estc | - -

~aw | ~oow [ -

Non-0p. Hot > Hot Soak wic | e | -
2T | wT

~aow | ~60W | 40w
Hot Soak -> Non-Op. Cold
45T | st | a0C

] —aw | - &

Non-Op. Cold > Cold Soak e ac | - =
L W L W, . A%

Cold Soak > Cold Balance. - - - - - - _ _ _ B

Cold Balance 0oy |~ [o%ouy |~ [owpuy | - B B = =

Cold Balance - Hot Balance = = B = = B A = = z

Hot Balance s%ouy | - | swbwy | - | swouy | - - = =

Hot Balance -> Ambient = =~ - B - = - =

NOTE-1) OPH Pouer: Peak Value  TEH: Designed Value
NOTE-2) OPH Duty Control during Thermal Balance Test: 5sec On and 45sec Off for Cold, 95sec Off for Hot

e~ _f2ns +50C

}4—»‘ <5hrs EOS-C Ver.3.0 STM/ EMS Temperature Profile

#35C /+40T
HotBalance:
| Shroud Temperature: +30T ! #
| i \
| Thermal Balance
Ambient t . ok
Thermal Cycling ' FTH04
TV Chamber's Temperaturs Chage sounasnaasq COId BalonCE:
from Ambit o +55° afer... || Zhrsk A | Shroud Temperature: +0C
1) TC#09 and TC#10 reach to +53C +5C /40T
by operating OPH | =
2) After TCH09 and TCH#10 reach fo
+53'C, then turn-off the EMS | | | I
3) TCH1 and TCH14 reach to wagc ||| 1) Tempprafure of TV Chamber changes 20T
by own heat dissipation and TEH I Trom #35U (o Tower thar| -TEU T
Y 2hrs i
L sl 2) TCH#1) and TCH14 are cantrolled as -15C +55C
Yy peraing TE (Low Limis: -180)
3) Aftr TCH09 and TCH10 feach to 20T,
i, +350
4) After EMS OFf, change nmwmmmj """"""" +30C
p— | o TN Chmber o 200 & vl
1) TV Chamber chari +T
from +55°C to lower than 100 1) Temperature of TV Chamber changes 200
2)TCH11 and TC#14 2T t0.50C
by cparstog TE! TCH#11 and TCH14 are controlled as 10 50T
3) Afer TC#09 and By
then change the TV Chamber to +369 PR 180T

by operating the OPH

a3 10. Heater Operation Plan for T/V Test
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Red: EOS I/'F Ring | Blue: PMS Ref. Pt. | Olive: Base Plate
Magenta: M2 Ring | Cyan: M2 Housing | Green: T/V Chamber

Non Operation / Hot Soak

/

Thermal Cycle / Hot So:

/\ FT#02 after Hot Soak

Cold Balance

1

Thermal Cycle / Cold Soak

\ FT#04/after T/B

TEMPERATURE

Hot Balance
FT#03 after Cold Soak

-50 .00

Non Operation 7 Cold Soak

. 0
0 .0E+00 1.0E+25 2 .0E+ 05 3.0E+05 4. 0E+ 05 4 . 8E+ 05
Time

3 11. Preliminary Thermal Test Analysis Result

PTTM #4 ¥, STM3} EMS 2% R4
28 sEe v §F 29 NS N &
sty T3 N soakol| A9l STMI}F EMS2)
AR LR 24 WE R AY G A45E 9

A
A
(o]

o oo
>

& A Aol FeIAe x Aol g 3%
g sEe 2§ woel od dE A4YL
W, 1Y 105 2ol AW FHE 8 YL
=234tk 2ga o) weste] SIM AF
AE AR g A

STM: 10EA (TC#01 ~ TC#10)
FER: 4EA (TC#11 ~ TC#14)

STM T/V Test Jig:
SEA (TC#21, TC#23 ~ TC#26)

Test Harness: 1EA (TC#31)

TOTAL: 20EA

= A& #FA3A. a8 12. Thermocouple Definition/Placement
3.5 €&&E AlE Test Setup

A FH ¢85 ¥, dxdI3eFdTd -7
5ol A= HVT40 273 AWA Alg &
FE 913 test setups WS ATE Test setup
STM T/V Test ]igoﬂ EMSe} STMS ZH3 %,
FXE AW FAAM ALEEHE AlPE 32
&l MLI coverings 3¢k £ STM¥} EMS,
agla EXF AW YR dFdste o2 A
FEJATH10]. oo AlFEY 25 ZH FH 7]
25 938 STM# STM T/V Test Jige 4A%
7 2 (thermal path) o] F2o XA 19 129
2ol <dAdd(thermocouple)s F23 F, 17
133 o] d7F AW <ol STM T/V Test Jig
E AY 2 2A3AT. olojA AFE R 3}
U222 4313 Ao} 7sA g Addn s a4
3l3l 7] A1 ¥ (Function Test, FT)& 433}
test setup®] AAHOZ AFRIHAEAE HE,
o S gl EXF AW B 25o

2N EE test setupS HEIATH 38 13. EOS-C Ver.3.0 STM T/V Test Setup
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Blue: TC#05/ STM / M2 Spider (M2R) | Green: TC#09 / STM / Base Plate

Black: Thermal Vacuum Chamber

Hot Thermal Balance i

15t Cold Soak

4038 48 12 %%, 2010. 12
T/ Chamber: +100°C / STM & FER: +80C|
]
Red: TC#02 / STM / M2 Housing
oo 711 ilE0. G
Orange: TC#11/FER / Ref. Pt.
A
T FT#H02
25 1T {l0. 00 3
5 5ol o0, 0z | IR —
(10,00
IR (NI 1%t Hot Soak
Non Operatjon Hot Soak
SN SEION
SRR E
182 35§80, O - -, .
T/ Chamber: -200°C / STM & FER: -90°C|

Non Operation Cold Soak

a2 14. EOS-C Ver.3.0 STM T/V Test Result: Temperature Profile during T/V Test

36 433 A =¥ A En

EOS-C Ver.3.0 STM ¥R F A gL ¢ 454
B AAgHAeH, AE A= 19 149 2o
X 29 7]&H uie} Zo] STMY} EMSS] EF7]
d eyl 27 gied, 23 109 3H

Whetel]l wel STMel| F3E 2% Ao]§ 3
1812 &, /N soakoll A9 A
FEA AT e AE "ol F1tY
A4 5 dSdTh
F7] Aol olo] H3E dHY AP A
$, STMd| 32E L% Aoj§ 3J|EZS EMSE
o] §3led 10% duty cycleZ 839 Alg 87
Z7¢ 05C/2hrse] €% HY 271S wEAZ
W72 AlgS AYsATh WA AL dae A
e nEgoZ dAEE 33y
£ 3|H9 Ao 22 dAGste] STMY =&
A &4 ¥, g 250 ZgstHE  duty
cycleZ HEste WAooz ZPstHor, AF
ABE 19 159 2oH11-12].

[
R

A

B rlo o o >
we ko
oA oot
o o

ki o o

>N >
o

2

O:

IV. EOS-C Ver.3.0 TMM &3&

o] &3t a4 Ao}

Hla, +/-3C oo A
EAstE 2" TMMe] ]
ghoh13-14]. 28y 159 A8 &
AR FE7 v ete] A5, TMMS 41=
FUHSE F AEE A AFe} 34 A
9] @ ¥HA}(allowable deviation) ¥ ofug} ¥
T HX(mean deviation)®} ¥ F HAX(standard
deviation)= 374 1 Fart o olE ¢
3 EOS-C Ver3.09] A%, 3 49 o] TMM9|
Az z2AL A AR B8t ETH15-16].

> of 12
o o

O:

}o

L

X 4. TMM Correlation Criteria

Maximum Allowable Deviation
Tyiup =1 Te = Trand = 3C

Maximum Mean Deviation

Hot Thermal Balance: del T < 0.5°Ci2hrs.

/07
= i
r Id Thermal Balance: del '[< D.5'CI2hls'

T, + 30hrs

a3 15. Temperature Profile during T/B Test

1 &
Tyvpp= ]_VZ ( Trg, i — Tramg i)

1 N
=]—VZAT1. <2C

i=1

Maximum Standard Deviation

1 ENJ (TTesl., i TTM]l[i)2

NZ N—1
N AT;

= < 39
N-1 =3¢




1238 AR - FeS - HAAF g R 2 TR B
42 EOS-C Ver.3.0 TMM &3 E 6. TMM Analysis Result — Cold Balance
o] HZ=L o 1 A A
T™MM <] S 98 PTIMS 7HA A4 A o | B Result (“C).
EH =] H“‘!E _'_sg ].od\;} cﬁx4 74] Z7Ae 7(:)1_%’ Test PTTM Difference
a8 A1y 7)]7F =0 HVT402] Ao &%, = TC#01 | M2A Cover 5.04 6.00 0.96
1_‘9:/;(1_‘9: dHY A|Y Zzte] AFH LrZ 7 TC#02 | M2 Housing 477 6.01 1.24
zoz 390, A 2 gAY 2z TCH#03 | M2 Spider-1 5.31 598 0.67
_ o TCH#04 | M2 Spider-2 533 6.02 0.69
Al dSsks TMMe] 22 (clement) £53 TCHO5 | M2 sp?der—s 6.23 6.21 0.02
Mo &4 Ade Hesgon, ne/Ae o : : :
J g An= 27 ¥ 59} % 6o, 183 A TCH#06 Bzglfxe 186 | 091 096
5 244 2 AE AAE 7 79 A A Touo7 | ENrance 087 133 04
¥ 7¢ Y AA4™ TMMO] aT7HE AF Baffle-2 ' ' '
ZFAEL 2F WEATE AL Fesyoen, TC#08 | STM I/F Ring 0.79 0.93 0.14
o]2 E3] EOS-C Ver.3.08] EAoA MEs ¢ TC#09 | Base Plate 5.19 5.92 073
a ZgE TMMel thd AS5S SRSFAT17]. — ?MF A | oo | ogs 097
43 TMM AZSS =3t Al S al J =
=e= = e 22 2d TCHo2 ?/T\/MTest s | 02| e 141
= 3T v ol Ald37 A Ayl 7)o
i T; b= i 59 3 6; Od];; o . ?’Jr el T/V Chamber B.C.-1 035 | 000 0.35
Aol & Hlals)r 1: 2 A e Apel7t A TNV Chamber B.C-2 004 | 000 0.04
bERS o >~ E ]
£ d9YEY 2 As & F U 53] 2= TN Chamber BC.-3 005 | 000 005
Aolg 37l ZAFE FZEAA B 9 =
A Y A4S & 5 ey, o Ad ¢ E 7. EOS-C Ver.3.0 TMM Verification Result
o = [e) 5 g9 A #W3a AF =
’%Zj‘_— E’_—M_\]Zi_‘/]- s:q—-;‘(j@ EZ‘# BE el = Case Allowable Mean Standard
E%LS]'X] %?:}C‘ﬂ 7]?J§l’ Zi—gi L%%‘:}. Deviation Deviation Deviation
& A& A3 T 1L A E AlFHo ] 3)
i =273 B ] u*]’ al =23 3 ]\:r ] g Hot 277 128 147°C
H 717 29 159 #o] 747} 12541213 134] Balance
oz 7o FYsith. 2y AL I9yP A|g | Cod 141 0.75C 0.85C
o A%, ¢4 AYE AL gy Ag g | Benee
Al 2.77C 1.01C 1.20C
Balance

I 5. TMM Analysis Result — Hot Balance

o Result ()
TC ID Description =
Test PTTM Difference
TC#01 | M2A Cover 32.70 34.50 1.80
TC#02 | M2 Housing 32.47 34.51 2.04
TC#03 | M2 Spider—1 32.95 34.48 1.53
TC#04 | M2 Spider-2 33.40 34.51 1.1
TC#05 | M2 Spider-3 33.83 34.68 0.85
TCH#06 Egg@fe 3067 | 3064 003
Entrance
TC#07 Baffle—? 30.16 30.99 0.83
TC#08 | STM I/F Ring 30.09 30.58 0.49
TC#09 | Base Plate 31.75 34.52 277
TCH21 Emr! FRING | 956 | 3061 1.05
ST™M
TC#22 TV Test Jig 29.59 31.13 1.54
T/V Chamber B.C.-1 29.72 30.00 0.28
TNV Chamber B.C.-2 29.71 30.00 0.29
TN Chamber B.C.-3 29.44 30.00 0.56

FT#03 713t Bdel= €3 Hy 250 A &
A3 5CE FAHAY] "o, dAdez AL
=R A] e AL 204175 AP FHAGT B
T Atk F, 1 I99Y Aol Hlg FuFe
2 FRT F A]?& BAGFoEN A 9438

19 Ansh mo o 98 By e Al

2RI, olol Wt a4 Avshe] AAE 1
o gugel mal A v Rolth webd w
o @del AY AnE A7 AaNE 98Y A
9 Ao £E wWaE ¥ ohie, i A4
ARE @7 welslord Bade slstdt
v.d =
ABAA ATRELYG S 2 A2 A

2 334 = AABsH El, EOS-C Ver.3.09)
dAA A L AL, AE FH 2 AE, 28
I AY AFE o] &% 4 Y 24 9 AF
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Ao e A E YT EOS-C Ver.3.09]
oJAlE EOS-C Ver2.09] /A APS Bt
H d4 HA5S ZEE 55 2 %5 dA9
21& AP A E83te HAAFHNGY. a1
A mdo 3 AF Ao AFA FFS 98|

oo
L oL o 2L

&

=z
H o
FHsen, A5 23 A A mdo] 4
[e=]
=

A B 98 54 2 BARL e
shairt

=8 4 =9 43 BN 48Y Y
2708 Ak NG A= I welsol 4L
Fostgon, FFrze 99 AF 9 A, o
g Y7 1estel £9F A Foltt
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