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ABSTRACT

Hall thrusters are one of the electric propulsion, where ions are accelerated to generate thrust
and are widely utilized in space missions due to their high specific impulses. Recently, as the
utilization of small and micro satellites with the mass of similar or less than 100 kg is highly
increasing, the importance of research and development of the low-power electric propulsion is
also raised. In this study, we developed two sub-200 W or less class, laboratory model Hall
thrusters and measured the thrust and analyzed the discharge characteristics. Consequently, we
obtained 2.5-9.0 mN of thrust, 600-1,150 s of specific impulse, and 15-28% of anode efficiency at
50-175 W of anode power.
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Fig. 2 An example of the thrust measurement by
using the thruster stand.

31100 Wg &597] rd A7

27174 2 Ad AAE vE SR 100 We &
F97] FrIES NSt HYgH FEES
A &L 9F 50 mmo|w, AL oF 320 golth. A
AR Ad 2 A7 F4 @i dREEs ok
Fig. 3% 2t} 53] £ 37| NIy
2to] H2EsHA Uzt FHE, A3 o
F&o] o] Qs 24 AUNEE A A
ol A R 2=7F ¥ A Ad

, oA EE W e A

rr



26 HM25 2022, 4.

43

Z%(Fig. 3 W g)S FEstAth Ad FAF
= Ay A28 A7) EEE Fig. 49

=]
A (H7E A, B E FFoR FE
AZ717y A =E AASAY. 2 FE7]19 W
Y37 93L& Fig. 59 2

MNdd 5397 YHAANE A, Fig. 63 o]
AE FIFHF 58 SCCM =13 T 80-
280 VollAl kA ZQl "ol #FHUT A=

A
AE= AR 712718

O

Fo] FIUISIHA =

A A Frretd ey, 7 SCCM ¥ 8 SCCM
A 21280 V)ollXe FFHE F71 FHol
Az vl&] FF5eE AL FASAL o=
AALE 5o g Ad HoFHE o
AA[AARE B FFo29 AAARF Kol F
7vstzl wiiEoldt a4, 7Y F43

oY
Al
=)
)
I
R
N
oS
S
oL
RS
2
R

oS
0
ol
2
©
o
)

Fig. 3 The channel structure and magnetic field
configuration of the developed 100 W-class
laboratory model Hall thruster.
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Fig. 4 The radial magnetic field (B) profile along the
mid-channel line of the developed 100
W-class laboratory model Hall thruster (Bymex:
the maximum intensity of the magnetic field,
L: channel length, z: axial distance).
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Fig. 5 (@) Plume plasmas and (b) outer structure of
the developed 100 W-class laboratory model
Hall thruster.
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Fig. 6 Anode power versus anode voltage at the
volume flow rate of 5-8 SCCM.
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Fig. 7 (a) Measured thrust, (b) specific impulse, and
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ratio of the developed 100 W-class Hall
thruster.
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Fig. 8 The channel structure and magnetic field
configuration of the developed 50 W-class
laboratory model Hall thruster.
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Fig. 9 The radial magnetic field (B) profile along the
mid—channel line of the developed 50 W-class
Hall thruster (B.ma¢ the maximum intensity of
the magnetic field, L: channel length, z= axial
distance).

Fig. 10 (@ Plume plasmas and (b) outer structure of
the developed 50 W-class laboratory model
Hall thruster.

88T =
s WY A79Fe ggor AASRAY
(Fig. 8)

B ogFYsle wAwy A7 A REE
Fig. 99 2om, Mol 7% o 10%oly A

Aol Aol A71ZA717F fAs =S AA U,
A EF97]9 FAFE} 2P Fig. 1034

z

£ 50 Wi E58715 $3FH7% 3343 SCCM
FAo A FFHY 160-240 V FHoll A ¢+ H
[

50-70 W& k= 4 W 2.5-4.0 mN«] =
, 600-1,000 so] ®IFHE, 15-28%9 Y5 AEE&0]

ol

~

£4>;oam s

™
N

e

o <&

3R

o2 —E

a2

Y

I

S

=

o

=

2

>

o

O

8

Z

AN
Lo

r

gAl
il
8
2
P
=
—_
%
92}
Lo
o
BL —_
[e: —lN'
LY

A
. °]ZM, 100 kg W&o 43 g
A &&S f8 MtE AdY EFE7] 9
U%«l M F8 Aes 5% 4 2A4sigion

ARANE TRA1 AT Y
2 X

7

o

dTe FFATAE] 2Feo]x vtoley
01/\}%‘(2021M1A3139096777) A8 =& wop
FYEHAFUT



46 oS3 - UsY - =26 - LYS - YNS - ONE - s  HIFIZHK

References “Development and initial testing of a

magnetically ~ shielded  miniature  hall

1. Mazouffre, S., “Electric propulsion for thruster,” IEEE Transactions on Plasma
satellites and spacecraft: established Science, Vol. 43, No. 1, pp. 103-115, 2015.

technologies and novel approaches,” Plasma
Sources Science and Technology, Vol. 25, No.
3, pp- 1-27, 2016.

Goebel, G.
Electric Propulsion: lon and Hall Thrusters,
John Wiley & Sons Inc., New York, N.Y,,
U.S.A., Ch. 9, 2008.

Levchenko, 1., Bazaka, K., Ding, Y., Raitses,
Y., Mazouffre, S.,, Henning, T. Klar, PJ,
Shinohara, S., Schein, 7J.,
Kim, M., Lev, D., Taccogna, F., Boswell, R.,
W., Charles, H., Shen, Y,
Scharlemann, C., Keidar, M. and Xu, S,
“Space
Cubesats

and Katz, 1., Fundamentals of

Garrigues, L.,
C. Koizumi,
micropropulsion

systems  for

and small satellites: From
proximate targets to furthermost frontiers,”
Applied Physics Reviews, Vol. 5, No. 1, pp.
011104, 2018.
SpaceWorks “2020
Nano/Microsatellite market forecast”, 0™
edition, 2020.
Conversano,

RR.,

Enterprises, Inc.,

R.W., Goebel, D.M., Hofer,
Matlock, T.S. and Wirz, RE,

. Seo, M., Lee, J., Shin, G., Park, H., Seo, J.,

Jang, T., Cha, W.,, Lee, S., Cho, H., Chun,
Seon, J. and Choe, W.,
of Hall Thruster System
Flight Model for STSAT-3,” 2012 KSPE Fall
Conference, Yeosu, Korea, pp. 586-589, 2012.
Lee, E., Kim, Y., Lee, H.,, Kim, H., Doh, G,,
Lee, D. and Choe, W., “Scaling Approach
for Sub-Kilowatt Hall-Effect
Journal of Propulsion and Power, Vol. 35, No.
6, pp. 1073-1079, 2019.

Randolph, T. Kim, V. Kaufman, H.,
Kozubsky, K. Zhurin, V. and Day, M.,
“Facility ~ Effects on Stationaty Plasma

E., Jeong, Y.,

“Development

Thrusters,”

Thruster Testing,” 23 International Electric
Propulsion Conference, Washington, U.S.A.,
IEPC-93-093, September 1993.

Doh, G. Kim, Y., Lee, D. Park, ]J. and
Choe, W., “Development of a 700 W Class
Laboratory Model Hall thruster,” Journal of
Korean Society of Propulsion Engineering, Vol.
25, No. 5, pp. 65-72, 2021.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


