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A Study on the Development of the Rotary and Linear Laser Modules
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Recently, laser processing technologies have been developed in many different industrial fields.
The laser processing technologies are widely being applied such as laser assisted machining,
cladding, heat treatment and coating. In the laser modules of the laser assisted machining
system, laser lens is very important for accuracy and productivity of product. As the laser beam
size, shape and focusing distance change, heat input energy of preheating point can be changed,
the laser module of the laser assisted machining system should be equipped with various lenses
differing beam size, beam shape and focusing distance. In this study, the rotary and linear laser
modules are suggested. The finite element analysis is carried out to certify the static and dynamic
stabilities of the developed laser modules. Finally, the rotary and linear laser modules have been
fabricated successfully using the analysis results.
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Fig. 1 Laser beam size for diode laser application'®
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Fig. 2 3D model of rotary and linear laser modules
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Table 1 Material properties

Material Al6061
Density 2700 kg/m’
Young’s modulus 68.90 GPa
Poisson ratio 0.33

(a) Maximum deformation

(b) Maximum stress

Fig. 3 The results of structural analysis of rotary laser

module
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Fig. 4 The results of structural analysis of linear laser
module
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Table 2 Natural frequency of rotary and linear laser

modules
Mode Rotary Linear
number frequency(Hz) frequency(Hz)
1 77.00 19.71
2 108.89 25.36
3 175.35 27.74
4 223.53 46.05
5 24224 56.02
6 278.98 84.52

(a) The rotary laser module

(b) The linear laser module

Fig. 5 Photograph of fabricated laser modules

32 BE &4y
3.2.1 3 ™4 Po|X 2E

FAYe o gL AE W B
A mE He FAHgoN wE HE Fa

Aol A3E Table 20 WERAATES & 32 o]
IARE BFAEFE 7690 HzolA skt
s deolA 2E AEAl 2HE EHE H
HAEE7E 100 pmol B2 FRFIHFE oF 167

Hzolt. mepd 1A48E SfA557r 30504
SRE I EEEY I EEERE R P R

2
b ow AAE A AekE)

322 HMA go|x 28
A4 dolAd nES] RE AL A
229 s A e

o
M mE AL Es

N

Lo 32
N,
Yy
ki
N
S

A BE AREE EE(K35-1)9 3
rpmO| L2 3] M A3} w2 &
1.67 Hzolt}. 12=RE 1535571 FXF 50
gl 34 =EHdenz 343 mrbA R
Qg A oletal AhE T

4. glO|X 2E M=

3 AT TN R Ry dds
oz Al Azs FHssY. 4 FEES
2AE A FdsHA Aleoel AAE AHEEES
om A T ARG HeolA EES AR Fig. 5

o vhepil .

5. 2E
B AT dHe 850} The tie W
2= ]

=g @7 gHst] 18T
gl mED 444 delq =

g
o
=
2
o,
32
o

T B REdY 5 FPesdye 3
of ke AAWHNAEA AT, WA

e Bz AEFS AFEsith & ATl

e AR ool Lok

DI AR B R < B s e B A
A71E 7 A= daw ok oo
Aol GEleh §5271 e |l g

=
— =
T e A B HAAA oA REs A



YU SSEX M 31 235 pp. 119-123

February 2014 / 123

skt

2) TERANE T AU, HAosHe Atet
R AR T2US 1SSl

3) B S T 1ARE af0EFE &)
Aor gRFokael vle afErt F A
SR Yegons # SRl Ao
AA Ak sddn

4 X ARE wReR oA Eas Al
I dFgeA FEEE s elsith

B ATE B3 AdE dold RES wolA
QA 9 dold nasky Azgel Hgdte] @
88 oIt

F 7

T2 (No. 2013035186).

028
1. Melkote, S., Kumar, M., Hashimoto, F., and Lahoti,

G, “Laser Assisted Micro-Milling of Hard-To-

Machine Materials,” Journal of the CIRP, Vol. 58, No.

1, pp. 45-48, 20009.

2. Kim, J. D, Lee, S. J.,, and Park, S. J., “The Basic
Study on Machinability of Ceramics in CO2 Laser
Assisted Machining,” J. Korean Soc. Precis. Eng.,
Vol. 33, No. 2, pp. 322-329, 2009.

3. Olgun, U. and Budak, E., “Machining of Difficult-to-
Cut-Alloys Using Rotary Turning Tools,” Journal of
the CIRP, Vol. 8, pp. 81-87, 2013.

4. Kim, D. H., Kim, K. S, C. M,
“Environment-friendly Machining Technology of

and Lee,

Difficult-To-Cut Material,” Journal of the KSME, Vol.

52, No. 2, pp. 43-47, 2012.

5. Yilbas, B. S., “Laser Short-Pulse Heating : Moving
Heat
Considerations,” Physica A: Statistical Mechanics
and its Applications, Vol. 293, No. 1-2, pp. 157-177,
2011.

6. Jeon, Y. H. and Lee, C. M., “Current Research Trend
on Laser Assisted Machining,” Int. J. Precis. Eng.
Manuf., Vol. 13, No. 2, pp. 311-317, 2012.

Source  and  Convective  Boundary

10.

11.

12.

13.

14.

15.

16.

Lee, J. H., Shin, D. S., Suh, J., Cho, H. Y., and Kim,
K. W, “Trends of Laser Integrated Machine,” J.
Korean Soc. Precis. Eng., Vol. 25, No. 9, pp. 20-26,
2008.

Zhang, C. and Shin, Y. C., “A Novel Laser-Assisted
Truing and Dressing Technique for Vitrified CBN
Wheels,” Int. J. Precis. Eng. Manuf., Vol. 42, No. 7,
pp. 825-835, 2002.

Kalyon, M. and Yilbas, B. S., “Laser Pulse Heating: a
Formulation of Desired Temperature at the Surface,”
Optics and Lasers in Engineering, Vol. 39, No. 1, pp.
109-119, 2003.

Yang, B., Shen, X., and Lei, S., “Mechanisms of
Edge Chipping in laser-Assisted Milling of Silicon
Nitride Ceramics,” International Journal of Machine
Tools and Manufacture, Vol. 49, No. 3-4, pp. 344-350,
2009.

Ahn, S. H. and Lee, C. M., “A Study on Large-Area
Laser Processing Analysis in Consideration of the
Moving Heat Source,” Int. J. Precis. Eng. Manuf., Vol.
12, No. 2, pp. 285-292, 2011.

Rozzi, J. C., Pfefferkorn, F. E., Shin, Y. C., and
Incropera, F. P., “Experimental Evaluation of the
Assisted Machining of Silicon Nitride
Ceramics,” Journal of Manufacturing Science and
Engineering, Vol. 122, No. 4, pp. 666-670, 2000.

Kim, D. H., Cha, N. H., Kim, T. W,, and Lee, C. M.,
“A Fundamental Study on the Design of Two-axis

Laser

Drive Manipulator for Laser-assisted Machining,” J.
Korean Soc. Precis. Eng., Vol. 29, No. 8, pp. 813-817,
2012.

Kim, K. S., Kim, J. H,, Choi, J. Y., and Lee, C. M.,
“A Review on Research and Development of Laser
Assisted Turning,” Int. J. Precis. Eng. Manuf., Vol. 12,
No. 4, pp. 753-759, 2011.

Nasim, H. and Jamil, Y., “Diode Lasers: From
Laboratory to Industry,” Optics & Laser Technology,
Vol. 56, pp. 211-222, 2014.

Kim, D. H. and Lee, C. M., “The Static and Dynamic
Analysis of a 45,000rpm Spindle for a Machine Tool
and Evaluation of its Stiffness,” J. Korean Soc. Precis.
Eng., Vol. 28, No. 4, pp. 422-426, 2011.




<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


