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Mask assisted Laser Percussion Drilling
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In this work, a mask assisted laser micromachining was presented. The mask was placed upside
the workpiece, and a laser beam passed through the opening hole inside the mask. Part of the plasma
debris would splash on the mask through the induced shock wave when laser was striking the work-
piece. Other parts of the plasma debris passed through the mask directly. The plasma debris sput-
tered around the top of the mask surface and avoided the plasma debris to be deposited around the
drilled hole inlet. Two different camera configurations (i.e., coaxial setup and radial setup) were de-
signed to capture the image of the plasma. By analyzing the image, the area and height of the plas-
ma were measured at three different laser radiation energy. The hole size of mask was determined
by correlated the area and height of the plasma image. Experimental results show that the pro-
cessing efficiency of the laser drilling was increased to 29% and the debris height was decreased to

51% when the mask was employed to assist laser micromachining.
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1. Introduction

Laser percussion drilling of aluminum sheet finds wide
applications in industry and cost competitive for a large
number of holes. Laser percussion drilling has the potential
to overcome the limitations by conventional methods e.g.,
slow processing and non-precise operation [1,2]. However,
the aluminum alloy is difficult to drill by a laser due to the
laser-induced plume, which reflects the optical energy and
dramatically reduces the processing efficiency. It lengthens
the cutting time, increasing the cost of the process and de-
creasing the yield.

Laser drilling utilizes the high power density to focus
on a workpiece. When a laser beam impinges on a work-
piece for laser drilling, laser ablation of the surface causes
the melting and vaporization of the metal material during
laser machining and causes the air and metallic vapor to
ionize simultaneously. This evaporated material is ejected
and collides with energetic electrons and result in a rapid
increase in the level of ionization within the plume with the
formation of the plasma. The expulsion of the ejected mate-
rial during the drilling process, which subsequently sprays
and re-solidifies on the material surface around the hole
periphery [3]. Plume particles during laser ablation process
might affect the appearance of the substrate and re-
deposited inside the cavity, which drastically deteriorates
the quality and efficiency of laser drilling.

The review of literature shows that most of the studies
are based on assisted gas solution [4,5,6] to prevent spatter
during the laser drilling. During drilling processes, a coaxi-
al assist gas jet is used in conjunction with the laser beam
to increase the material ejection rate and to prevent con-
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tamination of the laser optic lens surface from spatter.
However, the continuously supplied gas jets cause cooling
effect and the laser drilling efficiency deteriorated [7]. The
rebounding gas flows carrying the molten slag and the la-
ser-induced plume from the hole being processed may also
shade the laser beam, increase the hole entrance diameter
and thus reduce the processing efficiency [8]. Therefore,
the use of coaxial gas jets with laser drilling suffers the
problem of the molten material being over-cooled such that
it cannot be ejected from the hole during drilling.

Hence, the adoption of mask device upside the work-
piece is presented in this work to remove a great amount of
ejected plume particles to re-solidify around the laser
drilled hole. This paper investigates three different sized
mask affect the performance of percussion drilling of 1 mm
thick 5052 aluminum sheet using a 532 nm wavelength.
Two different camera configurations (i.e., coaxial setup and
radial setup) were designed to capture the image of the
plasma. By analyzing the plasma image, the area and
height of the plasma were measured at three different laser
radiation energy. The hole size of mask was determined by
correlated the area and height of the plasma image.

2. Experimental method

The configuration and experimental set-up are shown
schematically in Figs. 1 and 2, respectively. A Nd:YAG
pulsed laser was employed in laser drilling (Table 1), and
the depth and the diameter of the laser drilling hole was
inspected experimentally. The laser output was Q-switched,
producing pulses of 6 ns duration and three different power
levels of 1.41x10°, 2.45x10° and 3.52x10° W/cm?®, respec-
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tively. The focal position of the beam was not changed dur-
ing drilling. Characterization was carried out using optical
microscope and three holes were measured for each pro-
cessing set. The laser beam was focused with a focal length
of 120 mm.
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Fig. 1 Configuration for the proposed mask assisted laser percussion
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Fig. 2 Experimental setup.

Table 1 Experimental conditions.
Item Parameter
Laser system Nd:YAG laser
Wavelength 532 nm
Frequency 15Hz
Laser energy 1.41,2.45,3.52 (x10° W/em®)
Pulse duration 6 ns
Focal length 120 mm
Material Al 5052
Focus position Surface
Material thickness 0.6 mm
Ambient temperature 24 °C
Ambient moisture 45 %
Mask diameter 1.25, 1.5, 2mm
Mask gap 1 mm
Mask thickness 1 mm
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Fig. 3 Plasma image captured by (a) coaxial camera; (b) radial camera.
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Fig. 4 A series of coaxial and radial plasma images under laser power
level of 3.52x10° W/cm? and breakthrough occured at pulse numbe 28.
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Fig. 5 A series of coaxial and radial plasma images under laser power
level of 2.45x10° W/cm® and breakthrough occured at pulse numbe 29.

After the surface was hit by the pulsed laser, the work-
piece is heated, which causes the surface to be progressive-
ly drilled, producing a plasma plume of ionized particles
ejected normally to the working site. The spatial extent of
the radiation emission is obtained by the coaxial and radial
camera and the total pixels in the radiation emission region
of a single image frame are calculated, as shown in Fig.
3(a). During pulsed-laser drilling, several pulses are uti-
lized for the formation of a hole. The emission of laser-
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induced radiation during single-pulse drilling is detected by
the camera mounted coaxially 400 mm away from the
working site. Images are acquired at 15 fps and with an
exposure time of 117 us per frame, with a picture size of
128119 pixels. The radial camera was positioned radially
100 mm from the drilled workpiece in order to detect the
moment of breakthrough and acquired the height of plasma
image (i.e., Hp) , as shown in Fig. 3(b). The intensity of the
radiation emission is recorded as an 8-bit encoding. As a
result of the pulsed laser percussion drilling, the workpiece
surface is deepened for a number of pulses Np, until the
thickness of the material has been reached. A series of co-
axial and radial images for a number of pulse under three
different power levels of 1.41x10° 2.45x10° and 3.52x10°
W/em® were displayed in Figs. 4, 5 and 6, respectively.
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Fig. 6 A series of coaxial and radial plasma images under laser power

level of 1.41x10° W/cm® and breakthrough occured at pulse numbe 31.
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Fig. 7 Plasma image was raised as increasing the laser power with a high
coefficient of (R?) of 0.94.The hole size of mask was determined by corre-
lated the area of the plasma image. The results reveal a high coefficient of
(R of 0.98.

Fig. 8 The proposed mask with the different hole diameter D,.

As depicted in Fig. 7, the plasma image acquired by the
camera was raised as increasing the laser power. The re-
sults reveal a high coefficient of (R?) of 0.94. Hence, the
proposed mask was designed with a center hole within the
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plate and the material is made of acrylic sheet, which is
easily employed in the roll-to-roll processing to replace the
heavily polluted mask, as illustrated in Fig. 8. In this ap-
proach, the laser beam is projected through the center hole
of the mask and then focused onto the surface of work-
piece. To avoid shielding the sputter plasma, the hole diam-
eter of the mask (i.e., D,,,) was determined by correlated the
area of the plasma image. The hole diameter D,, was 1.25,
1.5 and 2 mm for power level of 1.41x10°, 2.45x10° and
3.52x10° W/cnr’ respectively. The results reveal a high co-
efficient of (R*) of 0.98 between the hole size of mask and
the plasma image, as depicted in Fig. 7.

Fig. 9 The Dya.is the maximum diameter of the hole inlet.

3. Drilling Results and Discussion

The results of comprehensive laser drilling experiments
on glass samples having dimensions of about 25 X 70 mm?
showed that standard drilling without any further treatment

The drilling characteristics for holes drilled with differ-
ent laser energy are reported for ambient conditions with-
out assist-gas. In this work, the diameter of holes, and the
thickness of recast were examined by optical microscopy
(Olympus STM). As shown in Fig. 9, pictures of the inlet
diameter D,,, for the hole entrance were taken; the inlet
diameter for each hole was the measured maximum diame-
ter of the hole entrance. The height of debris was measured
perpendicular to the inlet surface by optical microscopy to
displace the focus position from the hole entrance (Fig.
10(a)) to the ridges on top of debris flow deposits (Fig.10
(b)). A thin circular deposited material can be observed
directly in the vicinity of the hole entrance.

3.1 The influence of the laser energy

As shown in Fig. 11, the more laser energy leads to a
greater inlet diameter. However, the inlet diameters were
similar either with or without the mask employed during
laser percussion drilling. It was well recognized that that
the employed mask did not affect the inlet diameter of
holes. As exhibited in Fig. 12, the debris thickness signifi-
cantly decreased owing to the plasma plume produced by
the laser flew in a direction perpendicular to the target sur-
face and circulated outwards and the plume particles were
deposited onto the employed mask instead of the sidewall
areas of the laser drilled hole. Results revealed that the
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thickness of re-deposit was reduced by employing mask
configurations under different laser energies.

(b)
Fig. 10 The height of debris were measured by optical microscopy to
displace the focus position from the hole entrance (a) to the ridges on top
of de-bris flow deposits (b).

Table 2 Number of laser pulse to breakthrough the workpiece

Laser energy  No Mask diameter D, (mm)

(><106W/cm2) mask ]

1.25 1.5 2 3 4
3.52 28 25 25 24 20 25 28
245 29 24 22 21 22 27 28
1.41 31 27 23 25 25 31 31

3.2 The influence of the mask diameter D,

To investigate the influence of the mask diameter D,,
under same laser energy, different mask diameters D,, were
employed. As shown in Table. 2, the number of break-
through pulses could be maximally decreased to 20 for the
laser energy at 3.52x10° W/cm® under the mask diameter
Dy, is 2 mm. The required number of breakthrough pulses
slightly increased when the mask diameter was changed. It
can be seen that the much plume impurities adhere to the
mask on the substrate surface for the mask diameter small
than 2 mm. However, the large part of the plasma debris
could not be sputtered around the top of the mask surface

44

for the mask diameter large than 2 mm. The situation was
same for the laser energy at 2.45x10° W/cm®. The mini-
mum breakthrough pulses were 21 under the mask diameter
Dy, is 1.5 mm. The lowest breakthrough pulses were 23 for
the laser energy at 1.41x10° W/cm’under the mask diame-
ter Dy, is 1.25 mm. A good agreement between plasma im-
age correlation (Fig. 7) and the experiment (Table. 2) is
found. Therefore, the drilling performance will be degraded
if mask diameter is not fit the plasma size. The optimum
performance in laser drilling depends on the proper selec-
tion of the mask diameter size.

No mask assisting (3.52x10° W/cm?)
Mask diameter D, :2.00 mm (3.52x10° W/cm?)
No mask assisting (2.45x10°W/cm?)
Mask diameter D, :1.50 mm (2.45x10° W/cm?)
No mask assisting (1.41x10° W/cm?)
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Fig. 11 The effect of mask on the diameter of debris under different laser

energy.
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Fig. 12 The effect of mask on the height of debris under different laser
energy.
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3.3 The influence of the gap distance

Melt ejection is a major mechanism of material removal
for the laser percussion drilling [10]. Melt particles were
ejected outside the surface of the drilled hole due to the
effect of recoil pressure. Therefore, the employed mask
aids the drilling process by collecting the ejected melt par-
ticles. However, ejected melt particles bounce on impact
when they hit the bottom of the mask surface and are de-
posited back onto the material surface around the hole pe-
riphery. Therefore, the decreased gap distance between the
mask and the surface of the drilled hole results in the in-
creased portion of particles to be deflected by the bottom of
the mask surface. In this work, the gap distance obtained is
the average of the height of plasma image over the entire
drilling process.

4. Conclusions

Laser drilled holes are inherently associated with spat-
ter deposition due to the expulsion of the ejected material
from the drilling site, which subsequently solidifies and
adheres on the material surface around the hole periphery.
However, it is found that the plume impurities on the laser
drilling surface were removed by the employed mask. By
analyzing the area of the plasma image at three different
laser energy. The hole size of mask was determined by cor-
related the area of the plasma image. Experimental results
show that the processing efficiency of the laser drilling was
increased to 29% and the debris height was decreased to
51% when the mask was employed to assist laser microm-
achining.

Acknowledgements

The work was supported by the National Science
Council, Taiwan, R.O.C. MOST 103-2221-E-224-030-
MY?2 and 103-2622-E-224-001-CC2.

References

[1] L. Brusberg, M. Queisser, C. Gentsch, H. Schroder,
and K.-D. Lang: Phys. Procedia., 39, (2012) 548.

[2] Y.-J. Chang, C.-L. Kuo, and N.-Y. Wang: J. Laser
Mcro/Nanoeng., 7, (2012) 254.

[3] E. Kacar, M. Mutlu, E. Akman, A. Demir, L. Candan,
T. Canel, V. Gunay, and T. Sinmazcelik: J. Mater.
Process Tech., 209, (2009) 2008.

[4] H. Sezer, L. Li, and S. Leigh: Int. J. Mach. Tool Manu.,
49, (2009) 1126.

[5] D.-Y. Tsai and J. Lin: Opt. Laser Technol., 39, (2007)
219.

[6] J.-C. Hsu, W.-Y. Lin, Y.-J. Chang, C.-C. Ho, and C.-L.
Kuo: Int. J. Adv. Manuf. Tech., 79, (2015) 449.

[7] K. Chen, Y. L. Yao, and V. Modi, "Gas jet-workpiece
interactions in laser machining: J. Manuf. Sci. Eng.,
122, (2000) 429.

[8] D. Low, L. Li, and A. Corfe: Appl. Surf. Sci., 154,
(2000) 689.

[9] A. Khan, S. Celotto, L. Tunna, W. O’Neill, and C.

Sutcliffe: Opt. Lasers Eng., 45, (2007) 709.

K. Voisey, S. Kudesia, W. Rodden, D. Hand, J.

Jones, and T. Clyne: Mater. Sci. Eng., A, 356, (2003)

414,

[10]

45

(Received: June 10, 2015, Accepted: January 17, 2016)




<<

  /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



