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Abstract

As Korean first lunar probe, Danuri, succeeded in entering lunar orbit, Korean new space exploration
plans such as Mars exploration can be expected. Korean space exploration payload is developed only in

alimited field, so there is a need to create a new space exploration payload. In foreign countries, there


https://crossmark.crossref.org/dialog/?doi=10.52912/jsta.2023.3.1.26&domain=pdf&date_stamp=2023-2-28

J. Space Technol. Appl. 3(1), 26-43 (2023)

is a mass spectrometer as a basic equipment for space exploration, and it is a very useful payload that
encompasses the exploration of life through the analysis of organic matter as well as the observation of
the atmosphere and volatile substances of the exploration target. However, Korea has never developed
a mass spectrometer payload for space exploration, so it is necessary to secure technology in
preparation for future space exploration. Before that, we look at the scientific achievements of foreign

mass spectrometer payloads for space exploration and identify trends.
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Fig. 1. History of mass spectrometer for space exploration [6].
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Table 1. Chronological table of mass spectrometer for space exploration

Launch
Joar Mission name Payload name Type Observation target
1972 Apollo 17 Lunar atmospheric Magnetic Moon
composition experiment sector
(LACE)
1975 Viking Gas chromatograph Magnetic Mars
mass spectrometer sector
(GCMS)
1978 Pioneer Venus Bus neutral mass Magnetic Venus
spectrometer (BNMS) sector
Orbital neutral mass Quadrupole Venus
spectrometer (ONMS)  mass filter
Venera 11/12 Venera neutral mass Venus
spectrometer (VNMS)
1981 Venera 13/14 VNMS Venus
1984 Vega 1/2 Dust impact mass ~ Time—-of-flight Venus, 1P/
analyzer (PUMA) Halley
1985 Giotto Neutral mass Magnetic 1P/Halley
spectrometer (NMS) sector
Particle impact analyser Time—-of-flight
(PIA)
1989 Galileo Galileo probe mass Quadrupole Jupiter
spectrometer (GPMS)  mass filter
1995 Solar and Charge, element and  Time—of-flight Sun
heliospheric  isotope analysis system
observatory (CELIAS)
(SOHO)
1997  Cassini-Huygens lon and neutral mass ~ Quadrupole Satrun
spectrometer (INMS) mass filter
GCMS Quadrupole
mass filter
1998 Nozomi Neutral gas mass Quadrupole Mars
(failure) spectrometer NGMS)  mass filter
1999 Stardust Cometary and interstellar Time—of-flight 81P/Wild
dust analyzer (CIDA)
2002 CONTOUR Neutral gas ion mass  Quadrupole 2P/Encke,
(failure) spectrometer (NGIMS)  mass filter  73P/Schwassmann-
Wachmann,
6P/d’ Arrest
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Table 1. (Continued)
Lil;r;(:h Mission name Payload name Type Observation target
2004 Rosetta Ptolemy lon trap 67P/Churymov-
Rosetta orbiter Magnetic Gerasimenko
spectrometer for ion sector
and neutral analysis
(ROSINA)
Cometary samplingand Time—-of-flight
composition (COSAC)
Cometary secondary ion Time-of—flight
mass analyser (COSIMA)
2008 Phoenix Thermal and evolved gas ~ Magnetic Mars
analyzer (TEGA) sector
2009 International Vehicle cabin lon trap Earth
Space Station atmosphere monitor
(1SS) (VCAM)
2011 Mars Science  Sample analysis at Mars  Quadrupole Mars
Laboratory (MSL) (SAM) mass filter
2013 Lunar NMS Quadrupole Moon
atmosphere and mass filter
dust
environment
explorer (LADEE)
Mars NGIMS Quadrupole Mars
atmosphere and mass filter
volatile evolution
(MAVEN)
2023 Jupiter icy Neutral ion mass Time—of-flight Ganymede,
(0Ix)  moons explorer  spectrometer (NIM) Calisto, Europa
(JUICE)
2024 Europa Clipper  Mass spectrometer for Time—of-flight Europa
(©BS)] planetary exploration
(MASPEX)
2028 ExoMars rover  Mars organic molecule lon trap Mars
(o1 &) analyzer (MOMA)
30 | https://doi.org/10.52912/jsta.3.1.26
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Fig. 2. Lunar atmospheric composition experiment (LACE) is installed together with other

equipment (Image credit: NASA).
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HMC 68 Image Composite

Comet Halley 14th March 1986

Fig. 3. A view of the 1P/Halley photographed by Giotto (Image credit: ESA).
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19954 vl=t3t 57o] 5 7doto] ®HARE solar and heliospheric observatory(SOHO)
2 HFE S0l FARH o2 AFRAY] PR Al= charge, element, and isotope analysis
system(CELIA9Z ElE 74 8-S #&0H= Zlo] Hatolth(Fig. 4). CELIASE thfet &
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ok 3 522 golgt 13719 1 2 9 EAO] A EtAntete] Ao Ag 2A
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Fig. 4. The charge, element and isotope analysis system (CELIAS) instrument for solar and

heliospheric observatory (SOHO) (Image credit: ESA).
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Fig. 5. Comet 67P/Churyumov-Gerasimenko by Rosetta (Image credit: ESA).

7HH FA=] Tt Rosetta AEAlo] HAE AegE47] 052 Rosetta orbiter spectrometer
for ion and neutral analysis(ROSINA), cometary secondary ion mass analyzer(COSIMA),
Z=40 Philaeo] AT AFEA7|= Prolemy, cometary sampling and composition
(COSAC)eIt. ROSINAE 13 th7]19F Mool A, 4, 4 4 2 7149
259t ¥ &% 5F WSSk FHE 7ML A0H26]. 183 S Zete] I EEE
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ToF @RbtollA 2 Apol7t gl st Oﬂ"é Y 75} AJgle] B2 F oA
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8 Ao dht 77to] sEfske A dAstReH, HidA A BE 2719 2dsE &
SH A 32].
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et 22 f71E% SHstirh41l

20139 vl=toll A AR lunar atmosphere and dust environment explorer(LADEE)=
g AAoE & #H 50 km A3-2 BIFSHAA], AFEA7] NMS7H Hi¢- s]HleE 2o of
71= Art Heol & /39401 A gRIstaon, B BEAUAIE W Hkof et +
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LADEE®} 22 3191 20134 u|=rof|A] ¥EARE Mars atmosphere and volatile evolution
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£ Zo| Hito|thFig. 7)l44l. M3 81} A7Ro] okl tf7] E4E0] 5= EEoH
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SATHA5). E3E CO, N, Arg HSoto] 3 G0l 9] 42 SFHgravity wave)E H4
stgion, 3 13719 7HET $Zh o et TS dolHH4ol.

7 SAMinlets

(instrument
inside rover)

Fig. 6. Sample analysis at Mars (SAM) in Mars science laboratory (MSL) (Image credit: NASA).
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& NGIMS
| ¥ b IUVS -

Fig. 7. Neutral gas and ion mass spectrometer (NGIMS) on Mars atmosphere and volatile
evolution mission (MAVEN) [44].
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o 202849 AR 22} HhAtoll= A7 Mars organic molecule analyzer(MOMA)7}
gAE 223s ZBZURosalind Franklin) 2871 ZgHEch MOMAE A3} 2 m %ol

A AT AEE BAslo] 95 A ek WA B $712ES 2AR AZoItHA)
3. &

Al ARSEH AHEAT] GRAES F2 YA AAEY 7] Rl A oA
oA U2 A EEES TSohe Aol 2L w11 Sk 183 95 ¥4 270l
93t 3Hg, I8 ST E2 & tidell FEsto] HH A9 7] B4 52 BEJL
20008} S0f 7|&o] Wstol wat wfe- 22 HAIR] Fidoll 2HEote] AFE 4S5t
£ HAE oIFAUt. T 20004H o] FE AFEA7]= th7] = Bt ozt A EH0
Al F71E8E TS5tk 59 A9A BAtel it Fehd QRE ekl Qlow WAL AYE
S Q. oleh Z2 FAIE BEokS uf, GO 29| SFEA= A HARE 2ETE <
7O AF 7Fs4 5, AF7F XA E8T 5 e 8AES 1T YR Ho] IE
7 & Zog AZtE, sHdat E449] 4ol 1 o R A w0l AgEo] A
t}. ol diuleiA] Ut SFEARE AFEAY] |AA| 7|ES FEITHH S5HAY]
AIAA Aol FAAA] gkl Zo] yokzd &= Qlrkal 7] dhgict,
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o] A= I EFAI] Yo sH=ATAHES] XYL vlo} P95
YTHNRF-2022R1A2C1092602). ESt o] At A7 &g 541 Yo = s}
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