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Plasmas for Welding 

PLASMAS HOLD OUR WORLD TOGETHER. That may be a bit of an overstatement, but not by much.  Cars,
bridges, ships, pipelines, hot-water systems, the metal framework of buildings, in fact most manufactured goods
depend on thousands of metal-to-metal joints. Many of those joints

are welded using plasmas — gases made so hot that many of their atoms
are broken apart and electrically charged.

We have been surrounded by electrical plasmas since time began.  The
light from the sun, the stars, lightning and the Aurora Borealis (the
Northern Lights) are all produced by plasmas.  Benjamin Franklin studied
lightning and discovered that it was composed of charged particles, even
before other scientists knew of the existence of electrons.  However, only
recently have we learned to harness the power of plasmas to work for us.

A plasma is a gas containing a large number of positively and negatively
charged particles.  Since the interaction of these particles produces forces
many thousands of times greater than gravity, plasmas have the ability to
concentrate and focus energy in many useful ways.

The first man-made plasmas consisted of spark discharges from static
electricity.  Aristotle was fascinated by the static electricity generated by
rubbing amber against fur or wool.  The first artificially produced high-
power plasma was generated by Sir Humphrey Davy in the early 19th
century.  It was Davy who coined the term electric “arc,” because the bright
light emitted in his laboratory formed an “arch” as the air heated by the electric current rose between the two horizontal
electrodes.  Yet it was not until the late 19th century that industrial uses of electrical arcs or plasmas became prevalent,
due to the ready availability of electricity created by Thomas Edison and George Westinghouse.

Because the electrons in plasmas move very easily, a plasma can carry very large electric currents and can concentrate the
electric energy in a very small volume. This makes plasmas very
efficient sources of heat for melting metals.  Approximately
one-third of all the steel produced in the United States is
melted in electric arc furnaces.  The steel furnace electric arc
concentrates the energy necessary to operate 1000 homes into
a volume equal to that of a basketball and can melt 100 tons of
steel in half an hour.  On a smaller scale, this same type of
electric arc is used to weld metals together.

In arc welding, an electrode is connected to one end of an
electrical power supply and the metal to be welded is connected
to the other end.  The welder touches the tip of the electrode
to this metal, then draws it away to produce a short gap, a
fraction of an inch in length, between the electrode and the
metal.  The voltage in the power supply causes an electrical
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A welding helmet and flame retardant
clothing protect a welder from sparks, heat
and ultraviolet rays. 

An electrical current bridges the gap between the
electrode and the metal to be welded.
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current to bridge this gap.  The current heats the air to create a plasma, which emits a very intense light.  This is the
welding arc.

In a high-power welding arc plasma, all the particles – the negatively-charged electrons, the positively-charged heavier
particles (“ions”) and the remaining neutral atoms – are at nearly the same temperature.  And that plasma temperature
exceeds 11,000˚F, which is far above the melting temperature of all known materials.  Everything held in contact with this
intense plasma melts or vaporizes.  The edges of the metal pieces to be joined melt and form a liquid pool.  The tip of the
electrode also melts, and the resulting liquid metal transfers across the arc to the weld pool as drops of liquid to combine
with and enlarge that pool.  As the arc is removed, the weld pool cools and solidifies to form a weld.  The electrode
material melted into the weld is called “filler” metal, as it fills the gap between the metals being welded.  Over 100,000
tons of filler metal are used each year to construct nearly all forms of bridges, buildings and transportation systems.

Electromagnetic forces in the arc produce a plasma jet — or plasma wind — at the tip of the electrode.  The jet moves at
a velocity of over 500 miles per hour.  The force of this plasma jet exceeds the force of gravity and carries the molten metal
drops from the tip of the electrode into the weld pool.  That force also creates a stiff arc, which allows the welder to direct
the heat as the electrode is tilted and turned to any angle or position, even overhead.  The jet also helps protect the liquid
metal from oxidation by the surrounding air – and it pushes aside the melted weld pool, permitting deeper and stronger
welds.  The intense heat created by the plasma produces a pressure within the plasma that is high enough to counteract
the pressure produced by over 300 feet of water, allowing arc welding to be performed deep under water for offshore oil
rigs or ship repair.

Although most welding arc plasmas operate in the open atmosphere, an
even stiffer and more intense arc can be produced by operating the arc in
a small copper cavity which is cooled by either water or air.  The plasma,
which is heated and expands in this confined space, exits a small hole in
the cavity with even higher velocities than an arc that is produced in the
open atmosphere. This higher velocity and much stiffer plasma jet not only
melts metal very quickly, but has enough force to blow the molten metal
away, causing a very rapid cutting action. With a nitrogen plasma, metal
plates up to three inches thick can be cut at speeds up to 15 inches per
minute; with an oxygen plasma, half-inch steel can be cut at 160 inches per
minute. Thinner plates can be cut at over 20 feet per minute, making the
plasma arc process the fastest and most economical method of cutting
virtually any metal. In large production facilities the cutting is done under
several inches of water, eliminating smoke and fumes, thus making the
plasma cutting process the most environmentally friendly method of
cutting metals.

Plasma arcs, used for both welding metals together and cutting metals
apart, have revolutionized the way we construct bridges, buildings,
pipelines, energy generation facilities, cars, trucks, ships and airplanes. We
can fabricate these and other metal structures more quickly, more safely,

more economically, and in greater quantity and size than would otherwise be possible. These compact plasmas work more
efficiently than anything else available and have been harnessed to create much of the man-made world around us.

Text: Thomas Eagar, Massachusetts institute of Technology.  Editors: Paul Rivenberg, Gerald Rogoff
Images: Used with permission. Mechanical Engineering Magazine © ASME 2004; TWI Ltd.; Hypertherm, Inc.

References and Suggested Reading: Thomas Eagar Website: http://web.mit.edu/3.37/www/; H.B. Cary, Modern Welding Technology, 2nd Edition, Prentice Hall, 1989; A.C.
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Plasma can be manipulated to cut through
metals at high velocity.



<<
  /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


