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Design and Experiment of Coil gun to Apply Electomagnetic
Launcher System
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Abstract This paper reports the design and experiments for a high drive force of projectile in a coil gun system.
Currently, the coil gun has been studied to apply an electromagnetic launcher. A coil gun launches a projectile by
the attractive magnetic force of the electromagnetic coil. The drive force of projectile is proportional to the magnetic
force generated by the electromagnetic coil. The current affects the life of the coil and the current limit exists.
Therefore, the coil gun design, which does not exceed the current limit and the magnetic forces are at the maximum,
is required. For this purpose, this study calculated the magnetic flux density and forces of the coil gun system and
determined the current limit of the coil using the Onderdonk’s equation. Based on the design result, a prototype was
manufactured and an experiment was conducted to measure the muzzle velocity of the projectile. The fired projectile
was analyzed using a CCD camera, and the muzzle velocity was 21m/s. In addition, a comparison of the experimental
value and analysis value using commercial electromagnetic analysis software MAXWELL revealed an error of
approximately 9.5%.
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[Fig. 1] Schematic and principle of coil gun
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[Fig. 2] Magnetic field of solenoid coil
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Number of radial turns of coil (turns)

[Fig. 4] Magnetic density of longitudinal direction turns
and radial direction turns
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[Table 1] Specification of solenoid coil

d Diameter of wire 2 [mm]
N Number of axial turns of coil 11 [turns]
M Number of radial turns of coil 9 [turns]
rl Inner radius of coil 3.6 [mm]
[Table 2] Electronic characteristics

Ve Initial capacitor voltage 200 [V]

L Inductance of coil 0.108 [mH]
R resistance 0.0455 [ohm]
C Capacity of capacitor 0.1 [F]
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[Fig. 6] Experiment process

3458

(a) t=1.039 sec

(b) t=1.043 sec

(c) t=1.048 sec

(d) =1.052 sec

[Fig. 7] Measure of muzzle velocity using the CCD

camera
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[Table 3] Comparison of result
Analysis Experiment
magnetic flux density _
BT 10.7299 11.8599

5. A7) MAHE QU o 7] 9 9 Wik 5
o] A& Hrh TdHo] ol &&H7] A= T
A EEE BY 5 9 WHel Basie meby
U AzE) W} SES Y 5 e v
el digh A5t Hash

References

[1] Sung Joong Joo, Jae Man Han, Ji Ung Jo, Man Sung Lee,
Dong Suk Park, Je Uk Park, Jong Hyuk Byun, Dong Sok
Kim and Gwan Soo Park, “Development of the small
electro —magnetic launcher using solenoid coil”, 2006
KIEE EMECS Conference, pp. 402-404, Pusan National
University, Korea (2006)

[2] H. D. Fair,

and Technology and Its Applications”, IEEE Transactions

on Magnetics, Vol.45, No.1, pp. 225-230 (2009)

DOL http://dx.doi.org/10.1109/TMAG.2008.2008612

De-man Wang, Qun She, Yin-ming Zhu, Jian-jun Chen,

“The Magnetic Levitation of the Projectile in Coil guns”,

IEEE Transactions on Magnetics, Vol.33, No.l, pp.

195-200 (1997)

DOL http://dx.doi.org/10.1109/20.559945

(dancarlo Becherini and Bernardo Tellini, “Helicoidal

Electromagnetic Field for Coilgun Armature Stabilization”,

IEEE Transactions on Magnetics, Vol39, No.l, pp.

108-111 (2003)

DOL http://dx.doi.org/10.1109/TMAG.2002.805878

Giancarlo Becherini, “Gyroscopic Stabilization of Launch

“Advances in Electromagnetic Launch Science

(3]

[4

=

[5

=

Package in Induction Type Coil gun”, IEEE Transactions
on Magnetics, Vol.37, No.1, pp. 116-122 (2001)

DOL http://dx.doi.org/10.1109/20.911803

Lizhong Xu and Yanbo Geng,
electromagnetic  railguns”,  Applied = Mathematical
Modeling, Vol. 36, pp.1465-1476 (2012)

DOI http://dx.doi.org/10.1016/;.apm.2011.09.036

“Forces of rails for

6

=

3459

[7] Eric Dennison, “On-Axis Field of a Finite, Straight, Thin
Shell  Solenoid”, 2005,
“http://www.netdenizen.comy/emagnet/index.htm”

[8] Jae Man Han, Sung Joong Joo, Ji Ung Jo, Man Sung Lee,
Dong Suk Park, Je Uk Park, Jong Hyuk Byun, Dong Sok
Kim and Gwan Soo Park, “Research of the driving
characteristic in the electromagnetic launcher by
switching circuit”, 2006 KIEE EMECS Conference, pp.
59%-596, Pusan National University, Korea (2006)

Magnet Formulas web site,

A
T

ol

4o

Z(Su Jeong Lee)

Z3|

—

]
©20009d 3¢ ~ 20134 2€ @ I
gkl 7 A e HE (71 A1AE)
2013 3¢9 ~ &A : "o 8t
7]7;]]J‘6]—ﬂ]_ M/\]. 7]7;] Z

Jrfelal
315}

3L
= <]

<HA R

AT ZE 2 ool A7)

2! Zl S(Jin Ho Kim) [E3| ]
019999 29 : FFuista TSP}

1A AAE)
*2002d 5¢ :
&8 AAk (71

")) U.C. Berkeley

kA )

o 1l o
2002 99 ~ 2005 9¢¥ : w])
U.C. Berkeley 338t Ph.D. (714
SHF)
020079 9¢ ~ &A@ Fddista

AAZEE P
<gh o>
24 wE L oolole 4




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


