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Abstract

Outgassing from such sources as paints, coatings, adhesives and other non-metallic surfaces can contaminate satellites,

especially second surface mirror and optical lens, it cause satellite to fail in own missions. The vacuum bake-out test
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using high temperature(more than 85 C)and high vacuum(less than 5.0 X 10° Pa) certify that the components of satellite

work properly and can survive and operate in space environment like high vacuum. In the bake-out chamber installed

at SITC of KARI, Rotary vacuum pump and Booster pump produce low vacuum of 5.0 Pa, and then two cryopumps
produce high vacuum of below 5.0 10° Pa. Also 48 ceramic heaters were provided to simulate high temperature.

During the vacuum bake-out test, we detected contaminants using RGA(Residual Gas Analyzer) and measure the
outgassing rate of the contaminant using the TQCM(Thermoelectric Quartz Crystal Microbalance). Also, IR/UV
Spectrometer and witness plate be used to certify that the components were suitable for the spacecraft.

This paper includes the preparation and procedures of the bake-out test for SAR(Solar Array Regulator) and
MLI(Multi Layer Insulator), which were the components of the spacecraft. Especially, we discussed the methods and
results of the contamination measurement. In the bake-out for SAR, the contamination was measured continuously
although it was on the decrease from TQCM results. And RGA established that it is a highly polymerized compound.
In the MLI bake-out using RGA and witness plate, we didn’t detect any contamination materials.
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H 1. Specification of TQCM.

Model MARK 10
3.18 ecm( ¢ ) X 7.50 cm(L)
Dimensions Heat sink :
5.21 cm( ¢ )X 0.76 cm(W)
1.96 X 10° ’-Hz
Sensitivity 6 10" g/em

(15 MHz crystal)

Peltier Heat Load

TEMP HE 4
TEMPLOW 2

BEMDIX CONNBCTOR
NLSOT10-355

\/

/—9-1-\!

+HEAT PUMP 3 —\

~HEAT PUMP 4 — \'8 CASE GROUND

DET. SENSEHI & —/

DEL SENSE LOW &
a2 1. Scheme of TQCM.

h- 13 COMMON
42 BEAT FREQIENCY OUT

2.2 RGA(Residual Gas Analyzer)

RGAE ZF7|AEA71E vehdt. 2373
A 1~2009 A+ (amu : Atomic Mass Unit)2] H$
el RE 7R WSS ulolnt, 28 4
Agozw AL2E)E= ZHlo|th ¥ 2¢] RGAO] o
3 AT ARl Lpepdok

H
RuS

I 2. Specification of RGA.
Model

RGA 300

Quadrupole
(Cylindrical rod)

Faraday cup(FC)

Mass filter type

Detector type

625 Watts (Max.) Sensitivity 2 X 10*(A/Torr)
Weight < 120 g Resolution better than 0.5 atmu
Supply Voltage o - 11 VDF: : 10% peak hight
(10 VDC nominal) Operating pressure 10™ Torr to UHV
Temp. Range 100 C ~ -60 C Bake-out temp. 200 C

Beat frequency

Sensor Output 1 to 100 ki

Pressure

OSC/Mixer Chip

High Vacuum
~63 mW at 10 V supply

Journal of the Korean Vacuum Society, Vol.11, No.2, 2002

2.3 TML(Total Mass Loss)
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2.4 CVCM(Collected Volatile Condensable
Material)
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2.6 NVR(Non-Volatile Residue)

47349

(=}

AATE Flate Wyos FfY
dust photometers AM&-3te] fi© B A} A7)0 W&
A Aee SAse W 9ol molecular con-
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3.1 Bake-out b

2% 2 @ F 38 bake-out ol FQRANNS
BojFr}h Bake-out MW+ rotary vacuum pump®}
booster pumpE ©]-&3}a] 5.0 Paol Zﬂﬂg < A3
1, 2t19) cryopumpE: o] &3} 5.0 107 Pa ©]3}¢)

TRAFZES YASHA Hoh 3 128 TAIY
3] ceramic A} ZAE F heaterZ 30° 7tHOE £ 48
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At 2= 242 93te] Omegarte] T-type ther-

A 2o

mOCOllple% A]’%—S}.(};\la 5]‘31}1 LH‘OA o Plrani

Gauge(APG-M)Q]— Inverted Magnetron Gauge(AIM-S)
Sl et AT 2use SAaa

a8l 2. Bake-out chamber at AITC, KARI.
3.2 Aty (4,5)
SAR 9 MLI®] bake-outS F33=H] 9lojA
KOMPSAT Cleaning Procedureol] we} 3.3.1d 3} 2

o] pre bake-outZ 4335} o KOMPSAT-2 SAR
PM % MLI Bake-out Procedureo] whg}x] 33273}
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¥ 3. Specification of Bake-out chamber.
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W_-2: 1.5 m(4)X1.8 m(L)
T LRy e ~ 180 C
i<l
A Ultimate Vacuum < 107 Pa
of Al E ks : 500 kg
Data BE : 20 ch (&% : 16 ch, ¥ : 4 ch)
Pumping system :
b - Rotary Vacuum Pump(E2M275S) + Booster Pump(EH1200) : 1 atm ~ 5 Pa
;] - 2 Cryopumps(EBARAS25-014) : < 5 Pa
A} | TQCM(MARKI0) : Aol A #&d 220 gt g7y £4
¥ | RGARGA300) : W 257k259 $79 Aty vEg 24107 Pacl A A8
Data Acquisition System : Fluke Netdaq Logger(2640A)

[ Bake Out Chamibrar l

Control Rack

Sateltite
Under Test

Z_\.LZ___\

{ Thermal System

Heating System l

Post
Frocessing

Datz
Aralysis

*

Data Acquigition

Fluke Data Logger
Ternperature @16 ch
Vacium: 4ch

Cold Piate Controd Sys. ['
4

" S —n

2l 3. Diagram of Bake-out chamber at AITC, KARI.

Zo] bake-out A1 P& FHSIGAT

3.3.1 Pre Bake-out
a AAAE BA & e oA isopropyl alcohol 2

£33 HJA4e o)z UM E pre-cleaningdHct.

b, A 579 o] fii-E gl

c. A & €3 pump downg AlZ[gTh AHY
B olao] oF 10° Padl =E§S w cold plateo]]
WA AT FF387] ARG (9F 1 Paol] =2
H< W) cold plates -170 Col) =284 Bth)
A elelo] 5.0x 107 Paol3le] Ao 23 of
7 7o

d e 2xE 90 Coldos 7hgdsh § o 24
7 AR e=E YA fAgH o] T
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3.3.2 Bake-out [5,6]

a. (B239) isopropyl alcoholS &3 AL &9
glo|H 2 AW E pre-cleaningdc}.

b. A|GAH(SAR E MLDS] FAE S48t P8
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1%l 4. SAR in bake-out chamber.

22 5. MLl in bake-out chamber.
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2l 6. Witness plate.
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4.1 TQCM (7]

712} 82 SAR vacuum bake-out A]EA] 71-2(85 ),
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TQCM results for pre bake-out
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(a) Pre bake-out

TQCM Results for SAR_PM

10000

9000 } -
8000 | .- - -3 °
2
Lo T P @
: . ©
Vo E oo s 0
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Cg w00 g
Loe FE
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(b) SAR PM bake-out(Initial Stage)
.
TQCM Results for SAR_PM
|
|
10000 — 50 !
9000 R ,A‘l» _,Jr_., w
8000 4 4 J‘r, g
X 700 Lol L [ ]
I | I3
‘ : 6000 J SO 20 °
2 so00 N VA SO W 4
| o 2
| T 4000 I _+ . [
[ i H
[ [ 4 - 2
2000 Tt s
| 1000 e of
| . Aj .
} 0 -20 ;
)
|
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() SAR PM bake-out(Last Stage)

&l 8. Quigassing rate from SAR bake—out(TQCM
result).
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83 FY AALHE e Ougising
He A e vmslr] 9sf TQCMY] &%
0 CZ 3tk @@= W] FFL ¥A ¥& pre
bake-out ZA7o]x, (b)$} (c)= SARE bake-out 38|
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Uelue e 7k gtk ol HJrE} a9 89
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el "k o] pre bake-outol A= LA EA] ¢
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o 351 e Vet EE (& (D)ol ohet
Az B eno wel ANANEFS AFHOE B
A B 17 99 Zo] vehdr ol 7]&r]e
742} 1.46(gfem’sec) 9 1.4(g/em’sec) 2 1% 89] (c)
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=3 M5t ©9) 71$718 Musin 71g7) 3ol
HAHoR ZolEt e ¢ F i, ol 944
HES DAFNA RO AL FAFLEH
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TQCM Resutt for SAR PM Bake-out
5 120605
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: \ ;'
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o i £
= 10 { / 200506
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8| 9. Qutgassing rate from SAR bake-out(TQCM
result)
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4.2 RGA

85 C 250
m), SARS} MLIO|A]
RGAE o]&3to £

a9 103 39 112 1e 2 33
x10° Pa o|3hol =L
outgassing® 7}~ D=4
ANPE wWeo] agfzolt.
% 1029 (a)= pre bake-out AEl, (b)= SAR
23 ARele W] AFHEA, @9 ) Hix
B b)oll A€ bake-out AHA] ERER] ghtd
A} amu)o] 41~459] RE 3 56~589 RE :11‘,
Acetic Acid, Acetone, Butane, Ethyl alcohol, Heptane,
Hexane S02 o]20]2l 387 888450 4=
ol EINSL & % AUk olF DA 3 42
& SRS ER W Wxo] EAel) e, 1Y
AgelA] A W E outgassing® 2 FEAo|t}
a8 1194 (a)pre bake-out Zu}9} (b)e] MLIZ
YWa Ags 23 vins] £ uf AjRo] HEH

L=
A
L= =]
RUS U
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Jun 07, 2001 08:06:17 PM

RGA Analog Sean
Torr RGA Anaiog Scan

1.0x10%;
uno-’i
sox07}
wno"f
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wno-’fv SUEECIE .
umo-’i» ““““ -
z.ono"li ----- -

om0t - - - -

i,

P : =
14 7 10 13 15 19 22 25 28 31 34 37 40 43 46 49 52 55 S8 61 64 6 70
Atomic Mass Units

o] EAsHA fv FAoE Hol B 295
Ho| EA8tA] Fas & 5 3
4.3 NVR &3

a9 12= MLI A8 A] witness plated]] H&-gl 21

FEEAE U IR spectrometer®] ZAA} 2 o]t}
A7IME & F %o HAbe ﬂaﬂ H718 1PAS)

H 4= bake-out A|FAH P&
Cable®] ZH#7he] Wsls Yepdt)
Bake-out A]&¥ HZeo] SAR9} Cable?] TMLZHS
Z}2} 47 g3 1.8 golf, FRAIY FAE A3 =8

233 SARS}H

RGA Analog Scan

Jun 07, 2001 02.11.10PM

T3 5 7 9 10 13 15 17 19 21 23 25 27 29 3) 33 35 37 39 &1 43 45 47 49
Atomic Mass Units

(a) Pre bake-out

(b) SAR bake-out

& 10. Outgassing gases from SAR(RGA result).

RGA Analog Scan

Oct 23,2001 04:41:03 PM

Torr
5.0x10%
45x10*
A0y - e e e . WL
35x10%,
3.0x10% . £
250104 - iR e ' bl
2.0x10% i f :

1

14 0
P Y { :

1.0x10%

soxtoTE - - - LI ;\II SLRE e

IS

o 2 i

T TS T YTV s 7 1 21 53 35 27 29 91 5395 37 98 41 M2 45
Atomic Mass Units

AGA Analog Scan

0ct 25,2001 09:39:59 AM

71 76 81 8 91 9

% 5
Atomic Mass Units

(a) Pre bake-out

a2l 1. Qutgassing gases from

94

(b) MLI bake-out
MLI(RGA result)
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N T e
3500 3000 2500 2000 1500 1000

Wavenumbers (cm-1)

Water - o ——n R — 3 //,/’"“ . P ﬁ\
:Matcr::;:é’n\ ’ / T \‘\ / -

Water deuterium-depleted P T TN T BN
- * Match:74.60 o7 N/ .,
= 50- Molecular Formula: H2 O1 e N

» Aldrich Number: 19,529-4 Vs o

Z CAS Number: 7732 185 .7
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J% 12. Result of IR Spectrometer analysis.

. , o o 13 B
E 4 TML & WVR in SARWwith Cable). & gom A pEome 249 10% H
o & wEdle Ao® Hol, RGA AAMET A)Y
Before l:f%: Test, | TML | WVR Al Azo] WEH uEA sleEHo] FEE] A
T ey | D ZelEz MRRdd 48a79 P ol 1
© | g || @@ olw, BE¥ 2 EWAY Ao Fd 4G F
@® A gman
SAR 6103.8 | 6099.1 | 60993 | 47 | 02 - ; ' o Lot o
A M= Al % H3S = vl
CABLE | 31813 | 31295 | 31796 | 18 | 0.1 MLLATGAME A9 isiE = U2 23
L EERIEO
‘ i npxwo 2 SAR ¥ MLIS| Bake-out 2|8 E3}
5o BAMINS t2 AR Lk o RSB odE BATHOCH Wk ohi
WVR g& B8 ASE dUIT TENIEA 028 gunze ogsge sy & At
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s 2o ARE Aou
Astel hegd AU

&
5. HE U g=3A| 7b Beshn, 8% RE 2k REL] AFS

A7
ekl

A AY Ade) 9P BE Az w239

SAR PM¢] vacuum bake-outr| 3L E3}le T}L- 2 o)},
I e 2 A8 7 U

- Outgassing rate= A|Ztell w2} ZHAasiqlrh

- TML(Total mass loss)& A ZAo] Hlsd= = 2 AFe HARFARY Axrubr)s/ LAl
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