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ABSTRACT

Units developed for a real satellite should pass space environmental tests and launch
environment tests. Thermal Vacuum Test, one of the space environmental test, simulates
extreme thermal environment encountered in on-orbit operation of satellite. Many payloads
which adapt non-traditional, brand-new technology are developed by developers who is
not familiar to space engineering field. There might be some possibility of mistakes which
result in serious problem due to lack of experience, especially from planning to performing
thermal vacuum test. In this paper, brief overview of thermal environmental test related to
a satellite development is summarized in order to prepare and perform the thermal test.
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Fig.1. Temp. Profile of Thermal Vacuum Test
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Table 1. Summary of Unit TVT (Mil-STD 1540)
Thermal reliability margin (20°C)
Thermal Cycle
: FA thermal reliability margin (5°C) Test Parameter Qualification Protoqualification Acceplance
Thermal design margin f Temperature Minimum expected ~ Minimum expected  Minimum to maximum
S with —10°C margin to  with -5°C marginto  expected, or at least
maximum ::xpecl_ed mpximum expected -24 to +61°C
Worst case Allowable | Flight Protoflight/ with +10°C margin, or with +5°C margin, or
hot/cold flight acceptance |  qualificafion atleast =34 to+71°C  at least ~29 to +66°C
predicted temperature |  lemperature temperature Temperature 105°C 95°C 85°C
lemperature range range range range
rangs Number of cycles 3 minimum 3 minimum 1 minimum
(nonelectrical)
T ’ Number of cycles 24 minimum if only 24 minimum if only 8 minimum if only TV
Thermal design margin 4 (electrical) TV performed; 3if 24 TV performed; 3 if 24 performed; 1 if 8 TC
* FA thermal reliability margin (5°C) TC cycles also TC cycles also cycles also performed
L] performed performed
g i 8 Thermal dwell 1 hr first and last 1 hr first and last 1 hr first and last
Thersial feliabitty imargin (15763 cycles; not required on cycles; not required on cyeles; not required on
intermediate cycles intermediate cycles intermediate cycles
Thermal soak 6 hrs first and last 6 hrs first and last 6 hrs first and last
i i cycles; 1 hr cycles; 1 hr cyeles; | hr
Fi g. 4. Thermal Ma rgin ( N ASA/J P L) intermediate cycles  intermediate cycles intermediate cycles
Pressure 10°* torr or less 107 torr o less 10 torr or less

* NASA/JPL T+A[5] : "o AT AS 22
HA/HA g HaiqrAo] gtk G S
Fotd e dHelEdl E4A  mH(Thermal
Design Margin)< X33l% Add 3&Hq2
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Frbete] AXE AlES s3I wiEYY A
¥, 57} 0°C o3tz W7t Aed R0l
w43 AstEths AL 9y g#x ARdolA
7 g g A Pl AT S atE A
ST EF Aol AME BrbssH &,
NASA/JPL &L vl FANFAR Hlashy
Hawe 2ds A, A8 NE 29 9
Aol Bt s 24" Ao b Sl

o
=
A

T~

=

2]
d

e

2

w
(o]
!

o do

i

op

f

o 1
o M b

Nt Ho
W

TS

o )

o

T+4<l ECSS (European Coorporation for Space
Standardization)-E-10-03AS Hlgo 2 SR Y
of AP AAPH BAsd FHFAD v

Table 2. ECSS 72| FRAE 2<%

el&okd el==otzl Mol 23l
AFI|IAH 10°C 10°C 83
AISAH 5°C 5°C 83

() 2%7] Algol +8% Z= 203 Age 13 &

(2) AlE0dF : Tmax : +3°C to 0°C, Tmin : 0°C to -3°C
(3) 2= #stE : 375°C/min, > 1°C

Si

o

ZFAL Blusd g SAEY
o] Z}o]Z H Tl ECSSIM= 4
o] 3 wo]2L d|YfHo] Non-operating 4
delN REFAY H87153 Au/AAesS
7Veta ol F AtelZel e dafdel rhxlS
gos Aow Hu/Hiexg AL
o AT, AlzE @ HaEQ AS
H2Esh el I Asfo] vie
JAreERZ AFS Sagth ECSS
2AFEHS Aelstd Table 294 2TH10].

3.7 X3 AlE 7|FE gtsH(Wavering)

FEo thafM olAe] AFAANIL aFxA
ANEEFol g 7ol
HzAS A Z
Al 2=l 2l el A
Aok et
H] g-0] Eoj7tE
AAY AxFA
o|E AEAFoZ T

3L
=2 o

|
B o2
N 2 o o

Qoo

=
F

4

© AFTE Aok 53] ¥ IS AY wH
%+ fYl(Vacuum-insensitive Unit)9] 4% 3
Y 255 457 AEH ExF AZAA A
o] FYs s JHAEE A|2H Aol AA
o3 7] Aoz dXF AFES AT
T Aok ExF ARl digk v|Egst e



920 o R B . - I = B2 T B
2 =7+ (Temperature Sensitive)® X¥ ¥7  AEdS A3 & =85 53 $FEF 7]
’d(Vacuum Sensitive)e 7|22 gt} dF A2 & #Foste gHEof d7AtEe] £ ¢ 4
azbs Aoz Werbd Age] gaste] A5 A A TAE oldista AT 0 A 7
S0l w0 AAarHlol 22gskes 49t 0 o A %= 9N d4E EE AEe T
T TAYH ol Bre 2ENAAC] w2 Y F dE ALE o
fFulelgta 2 4 o 34, ndHs 2R
= TR A AXF AEdA W (Corona = 7|
Arc)o] AT Fx Qu. ol A= AFH
@gol Stha B = AT RE RS BF & 2 A7 = KAIST <& A7 415 (SaTReC)
=oh Aol WPSEE dXF Aol WMEA o0 o0 qeos ~agaaU
T E ol dra dHA Ao dWFT AFe] - o ‘
HFEA] @ E oo & A= tad 2H5]
AFE WAD FU, AF HN4LE W9 References
7 F& 4, 45 (Hermetically Sealed)® 3%,
Wrdo] WAE 4 Qe g4, nAHES AREE 1) http:/ /www.nrf.re.kr
eu dwygoz M)A dEhna sl BRI A 2) W. J. Tak, J. U. Jo, M. S. Lee, and B. K.
o HAAE S B AF] Q= Sl Kifn,”Reléase Mechanisrfl for Small 'Satellite
A QAT AP D=y APoz uAE using M'ICI‘O DC motor, . J. Korean Society for
2 Q= Ao gox pr aeronautical & space science, Vol. 38, No. 8§,
i ) 2010, pp.767-773.
= °%7‘<—]%;]d? %%@Oﬂ]ﬂz} %{—j"%(% 3) K. J. Lee, "Antennas Design for LEO
"‘UJ?U 8, AgrigAel Mg SE), AF A2 gaite and Space Environmental
7t 2dE AESAE Ay, dRdel v 45 Experiments,” Ms. D. Thesis, Korea Aerospace
9 21 vt fFREl dIF Al University, pp. 77-91, 2010.
S €57 Ader diAs = 45 2 84 4) W. J. Larson, J. R. Werts, Space Mission
Risk)2 &9 Al=doz eo3e ANt Apalysis and Design, Third Ed., Microcosm
st, o] Al=¥l Aol A AR gt Press, California, 1999, pp. 431-434.
38 DAZ AlY Z=d| 2 Al 5) D.G. Gilmore, Spacecraft Thermal Control
Handbook Third Ed., The Aerospace Corp,
3.2~3.748 A AFg WE&S o=z 43l California, 2002.
AR Al =EHE oS wEes 9y 6) Y. G. Jang, D. H. Lee, Satellite System
A E FA9. Oé;ﬂ:g; }\];_j AR E Design, Kyungmoon Press, Seoul, 1997, pp. 427.
iﬂig ;1%7]{5; j—%ﬁi i_f:] é.?jm@;iﬁ] 7) H. H. Kim, Y. E. Whang, D. H. Park, K.
. ;O] /E:}%l °E }\‘]jf A H‘j; llﬂ_;-_,& o ) ;““7] J. Im, Introduction to Basic Vacuum Engineering
S, 1 © © = RAM Rl o= T

& F UEE AHE FAolH, A
4 BAA] MHEE R

uheldo] A BH IE AAd7 HH s
F(Male/Female) ¥ AWS ul@S 7+
W/ dF stz Azt /77 Y=
Fol gttt

dpu s ofN roh > i ox 2 o > ofl

v. 2 =
B =Rl ST BgelN BrHoR 4
AR 457 AL 447 AP N2A

for Semiconductor and Display Processing, Naeha
Press, Seoul, 2007, pp.69-85.

8) E. S. Shim, C. Kim, S. R. Kun, T. Y. Kim,
B. S. Hyun, S. W. Choi, Short Course on
Satellite - Structure and Thermal Subsystem,
KSASS, 2007.

9) Test Requirements for Launch Upper -Stage
and Space Vehicles, Military Standard MIL-STD-
1540C 15 September 1994.

10) European Cooperation  for
Standardization, ECSS-E-10-03A,
2002.

Space
15 February



