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How Printers Create in 3D

OLD JOKE: A man tells a sculptor of horses, “Your work is so lifelike. How do you do it¢” “Simple,” the sculptor replies, “I start with a big
rock and chip away anything that doesn’t look like a horse.”

For centuries that's the way we've made most our stuff—from toys to turbines. We started with a piece of metal, stone, or wood and milled,
ground, or carved it to become whatever it was we needed. These methods are all subtractive processes. Now that is changing with
the increased use of additive manufacturing—or more commonly, 3D-printing.

There are many varieties of 3D-printing, but they all are additive. Some material—a liquid, a powder, bits of plastic or metal—are added
together until they take on the size and shape of whatever a 3D printer is creating. The result is a real object you can hold in your hand—or
use to replace a scarce part, display as sculpture, wear as jewelry, or replace a bone. .

0 All 3D printers have in common that their E CAD adds lines between certain points fo B The computer can, in effect, paint

work starts with a computer-aided create a wireframe vision of what the those surfaces, finally making the
design (CAD) that describes in math- object will look like if it consisted only of object recognizable by humans. We
ematical terms the size and shape of an corners and intersections. Although the see only the “painted” sides of the
object. It begins with points in a three- object may appear to have some curved object facing us. Other planes are
dimensional space along the X (width), Y surfaces, they are actually constructed hidden behind those opaque sur-
(height), and Z (depth) axes. Located at the from myriad flat triangles, the simplest and faces, although the software lets you
intersection of three or more surfaces, the most versatile shape for constructing three- tilt, turn, and flip the image so that
points define the object. dimensional objects. The smaller the trian- you can view it from all angles.

gles, the more redlistic the design appears.

n For 3D printing, CAD software trans-
forms the design into virtual horizontal
cross-sections fypically 0.15mm to
0.5mm thin. The design is saved as an
STL formatted file that a variety
of 3D printers read. Free STL files are
widely available on the Internet. Some
printing enthusiasts use the Kinect game
device to scan objects and gather the
data a 3D printer would use o re-
create the objects. In any case, that's
where printing methods diverge.

Inkjet 3D Printing

E An ultraviolet light causes newly sprayed material to immediately

ﬂ By using colored powders in a multi-tank cartridge, it's possible

“Ink” cartridge and printing head
spray temporary and permanent
materials

Inkjet 3D printing should be familiar to anyone with an inkjet. The
principle is the same, except that instead of liquid ink, the 3D printing
cartridge contains a powder, such as plaster or resin, that is sprayed
through a system of jets that pass over the construction area.

<

harden and bond with the underlying layer. The printer may add wax
or a polymer to the layers to strengthen them.

Temporary

to make a full-color object. Multi-cartridges also can deposit a mate-
supporting material

rial that serves as a temporary support. Chemicals dissolve it from the
finished object to create voids.

" P Stereolithography

C/)— Mirror 0 In a dark room, a stereolithographic printer positions a platform

in a vat of liquid polymer so that the platform is just below the surface

(typically 0.2mm).

Build tray

A digital light processor focuses a sharp-edged pattern of bright
light on the liquid above the platform. The light pattern matches the
shape of the first layer of the object being printed.

Liquid polymer

ﬂ The light causes the polymer to harden in the shape of the light's pattern.

The printer moves the platform down the distance of one layer, and the
Support platform light again hardens another layer of polymer, which binds to the first
layer. The process repeats itself until the liquid can be drained from the
vat, leaving the solid model.

Gfﬂ““lur FUSing Piston pushes up pallet

Working with materials as varied as candy and titanium, granular fusing holding additional powder
Beam ofl hecttfolsinter lorTUser hinllayers oma powdersdfomcl fRligler spreods over the

uses a beam of heat to , or fuse, thin layers from a powdered form o Laser IR i the pla
the material belng shqped. As with sfereo|||hogrcphy, a p|qtform lowers with is lowered so the printer can
each new layer to leave free the space needed for the next layer. create the next layer.

ﬂ Selective sintering uses a laser fo bind the powder, typically ceramic
or plastic, without melting it. The laser sinters the powder, heating it only
enough to cause the atoms in each granule to break free and intermingle
with atoms from adjacent granules.

n Electron beam melting works with metal powder in a vacuum. The elec-
tron beam melts the powder layer by layer, one layer into the previous one.
The result is an object that is dense, strong, and without voids.

Pallet

Coil of wire
or plastic

Powder

ws  Molten Polymer Deposition

The printer feeds plastic, ceramic, or filament from a coil to an extrusion nozzle,
which heats the filament to about 500°F. to melt it.

H A computer controls stepper or servo motors that can move the nozzle
horizontally and vertically with extreme precision. The computer also tells the
nozzle when fo turn on and off the flow of molten material.

ﬂ The extruded material hardens immediately after leaving the nozzle, forming
one of the object’s layers as the printer moves the nozzle in the pattern needed
to create that layer. The size of the excrefion can vary from that delicate enough
for jewelry to thick enough to fabricate furniture. When one layer is done, the
printer deposits new material on the previous layer to create another section.

Built tray
movable in
three directions.




<<
  /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 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /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 <<
    /ENU (RR Donnelley 2009 Standard for creating press quality PDF files.)
  >>
  /ExportLayers /ExportVisiblePrintableLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /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 true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        13.500000
        13.500000
        13.500000
        13.500000
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 30
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


