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Trend Analysis of Drilling Technology for
Top-Hammer Drilling Machine

Chang-heon Song, Ki-beom Kwon, Dae-Young Shin, Woon-kyu Hwang,
Jong-hyuk Lim, Jung-Woo Cho*

Abstract This report introduced the types of drilling equipment and their operation mechanisms. The state of the
art technologies of the Top-hammer drill equipment were investigated and the technology level of Korean drill
industry was compared to that of the advanced country. Based on the investigation, the necessity of fusion research
and development in the Korean drilling technology and industry was discussed, and the future strategy to catch

up with the advanced technology was suggested.
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Fig. 1. Drilling mechanism of three types of rock drill
machines. (a) Top hammer drilling; (b) Down the
hole drilling; (c) Rotary drilling.

Table 1. Type of rock drill machines (Ministry of Knowledge Economy 2010)

Machine type Operation mode Hole diameter (mm) | Maximum depth (m) Target rock

- . . Soft rock

Top-hammer(TH) drilling Percussion & rotating 50-127 40 Hard rock

- . . Soft rock

Down-the-hole(DTH) Drilling | Percussion & rotating 100-178 4,000 Hard rock
20,00

Rotary drilling(RD) rotating 100-610 3%%0% Soft rock
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Fig. 2. Applicable ranges of three types of drilling machines
(Ministry of Knowledge Economy, 2010)
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Fig. 4. Drilling technology and operation process of THD machine (Korea Evaluation Institute of Industrial Technology (KEIT), 2012)
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Fig. 8. Drill bit trial product with new button arrangement.
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Fig. 9. Conventional button arrangement (< 102 mm)

Bit Rotation (mm)
000

——Edge of dril bit

= Buttonl

4 Button2
Button3
Buttond

= Buttons

= Buttons

- Button?

~ Button§

+ Button9

u Button10

A Button1l

Button12

Button13

Button14

Button15

6000

Fig. 10. Blow spots on rock superposed at RPM=180 and
BPM=2200.

28E AT YeI4 54 L8RAINE HEo]
e AR B BASA| g B4l HE ujg
A7) 7140] Fol A A2 Bk YIekKwon 9], 2013).
el A= EAHL AT Al 9 @gAlE dlolE}
Zxo] =l A%l AETO] 7| 2ANE s A%
Mol & % 9l How ek

3 H371e 2 AsA e

We7le &7 9 Hdusl] 2astsie] =4A] 2
A 2 EES SHiEsy] f1ek Aol @A) Al
AoAde AuEs S8 Harles A8akstaL 9l
on, Sl A= A iEe] SAeHE AlEstal Qlrt
(AFAEZIARAR, 2013). Ap|7)zo] SAekEd A
ToRo A2 A& 9 247 FAEY o)A U
7le 9 AReR Ties st AA7|ARY 9

Ih et tatus of Detonatars and Explosives n s
Chere it e Tol chag
suface Titon chage
e o T papge g b Meebnite | Mebrile  fed  wem Neouie | |
() [ g) 5wizion | iz A, | CESmiin |
.7 11 025 b | 0l
1 1 50 041 4 15¢ 00 0 L=m 610
: 52 H41 4 150 10 10 R
o 3 53 D41 4 150 10 10 [E R
4 54 TSI 15 00 10 lm et
f s med 4 15 00 10 lm et
3 56 1541 4 150 0 10 Lem 60
7 57 1941 € €1 5 10 1 140 0
3 58 1541 € €1 5 10 1 140 0
E) 59 m+) € €1 5 10 L4 St
sue ] Z4] 4 5 [ 10 [SC R
¢ oM @) ¢ 5 . 10 st
[ ) € 3] ] 10 SR
[T ETE 3] ] 10 SR
¥ ! " M-t =R R 53 5 10 1140 LE18
3 ME-LS. H+) € E 00 10 0E5 sic
Bufiero 3 ME-L6 M+ € E 00 10 0E5 sic
=, el € £ 10 0 oE | HC
Ml ] € 11 10 150 6
B Ml ¢ 11 1) 1504 6
canar P ) E 11 00 150w 5
R TR 11 00 150w 5
I3 P3 041 € 13 0 15 0475, 61
g P-4 m+l € €1 5 10 1140 s
Lt il P35 am+) € €1 5 10 1140 s
“ s s ErTSI 3] i N w s
FRT) m)_¢ 5) 5 10 1M s
ar I3 11520
4] J )

& 3D Viewer

Fig. 11. 3D Drill hole design program (Geogeny consultants,
2006)

FEAE Y 5 Sk

L Aeia 9 AsTe AEAle] 71e2 24
go] A GAZF AR FEskar glom, A7|13E
o] ZeHA R U FASY AJET A4 7HAAL
Atk T A= 7] ARsAl0] lso] =atet A
ol ek AsAle] Ve HEEY 5 AT
Aer dddE & e 7leolth Fig. 110 yehd
Bd Aoky AA7IE W AL EFo|(TunDesign 4)=
A AR drEfeng, Yo gk 33}
A AAAe] 71, w9 ATA] 3 A% ASHE 7
& 5= 7R HE AArlen dsstd @713 W
o AE=H Jgo] 758 Ao 2 7|thEtHGeoGeny
Consultants Group, 2006).



278

4. 2 B

2 7leR e S devle dE AL =
U 7IerEe A=Y ZesE vk e
ARe] Rat Eore] dAIeR A= div) 2-3d
oHR 7EAAT Eole ARolAN HAAlel 'IT
7Ie 59 g7le 2oks of 5-89 A= AAP} £
A @A Sk S 59 TRl e
129 o2 F5i31 Agolol =] Aaakle] e
A §1717F FASFEAL Qi

AAAIA 8-S 7171 HsliMe
R ofuet AAoE e 1T, s5aAast 3 ks
o 59 Tlesde 9 AddAee Te4aE A
4388k Ao] FAlFolt: ol Fdll FHE Zleref
@ AAIES Artslior it VlesdE Fl A
T e AETIERe el e Aed AR, =
AsAlel 5 fAAA Vs, Ayas A7lE, e
2 Alef7le Fol Atk

T =l A ARl ok 7] e

Y

»

ForlolgAle] BT ST glow, HAA)
ofAle] A2 1ok WFAHE A Tt

T giek AAHOE g7k T ofuix) Hg A
o] ol¢i7} B gow, Adu], A, LaEo| A
27 AE| Shast Ao e ek oleft
2AE ek o, 18T A% 714 HEd 1
SpERe] NS st AAAE AAES
2% % Sl olF $IANE AL W37 % HEA
Bigo] W2 AFEE 98 PolE 4L vigow
T714 Holol e AW U $87148 P3| Pud)
ok g

2 7\gumold AR gl B askEr)
WA AE AL 8 A7 R Aoz 7l
glek. 5 @A) THD Aulol] A5} ol 3 13
AFS] T2 DTHS RD AhH] 5] S 27171
AES WS HEE TR AHE o BuE
o ae7] $siA BT 714 EH) choret Hofol
AR Q12 e Al7|&o] Aol s A

10.

12.

13.

14.

15.

Top-Hammer #57] SUj9] 71453 £4]

References

. Atlas Copco, 2006, Surface Drilling in Quarry and Cons-

truction.

. Atlas Copco, 2013, Technical specification; Face drilling

rigs, Boomer E3 C, pp. 1-4.

. Bu, C, Qu, Y., Cheng, Z., Liu, B., 2009, Numerical

simulation of impact on pneumatic DTH hammer percu-
ssive drilling, Journal of Earth Science, 20.5, 868-878.

. Franca, L., 2011, A bit-rock interaction model for

rotary-percussive drilling, Int. J. Rock Mech. Min. Sci.
Vol. 48, 827-835.

. Geogeny Consultants Group Inc., 2006, TunDesign 4;

Design & modeling program for tunnel blasting.

. Hustruid, W.A. and Fairhurst, C., 1971(a), A theoretical

and experimental study of the percussive drilling of rock,
Part I-Theory of percussive drilling, Int. J. Rock Mech.
Min. Sci. Vol. 8, 311-333.

. Hustruid, W.A. and Fairhurst, C., 1971(b), A theoretical

and experimental study of the percussive drilling of rock,
PART II-Force-penetration and specific energy determ-
inations, Int. J. Rock Mech. Min. Sci. Vol. 8, 335-356.

. Hustruid, W.A. and Fairhurst, C., 1972(a), A theoretical

and experimental study of the percussive drilling of rock,
PART III-Experimental verification of the mathematical
theory, Int. J. Rock Mech. Min. Sci. Vol. 9, 417-429.

. Hustruid, W.A. and Fairhurst, C., 1972(b) A theoretical

and experimental study of the percussive drilling of rock,
PART IV-Application of the model to actual percussion
drilling, Int. J. Rock Mech. Min. Sci. Vol. 9, 431-449.
Korea Evaluation Institute of Industrial Technology,
2012, 228 37 Y 71eEsE 2 A97IAEAY
BEAEkeE  KEIT PD Issue report, 12.10(2012. Nov.), pp.
33-58.

. Kwon, K. B., Song, C. H., Park, J. Y., Shin, D. Y., and

Cho, J. W., 2013, Investigation of drilling efficiency using
percussion test of drill bit, International Symposium on
Green Manufacturing and Applications (ISGMA 2013),
June 26th, 2013. P-C-Machining 19.

Kwon, K. B., Song, C. H., Park, J. Y., Shin, D. Y., Cho,
J. W, and Cho, S, H., 2013, Rock Fragmentation
Assessment of a Drill Bit by Hopkinson Bar Percussion
Test, Korean Society for Rock Mech., Tunnel & Under-
ground Space, 23.1, 42-53.

Kim, K. Y., Kim, C. Y., Kim, K. S., 2008, Assessment
of Hydraulic Drilling Data on Homogeneous Rock Mass,
Korean Society for Rock Mech., Tunnel & Underground
Space, 18.6, 480-490.

Shin, D. Y., Song, C. H., 2012, Performance Optimi-
zation of Down-the-Hole Hammer Using Taguchi Method,
Transactions of the Korean Society of Mechanical
Engineers-A 36.1, 109-116.

Ministry of Trade, Industry and Energy, 2013, *]2]ZA]|
HE2A7IENIA 71N 238 A= B
B, 3% gEIA

. Ministry of Knowledge Economy, 2010, X2 ZA] &4



17.

Bl Aakgzt

A7 e/NEAY, “22H8 A3=d B 7, AXBA 7l
A AEA

Ministry of Knowledge Economy, 2012, X|4]73A] HZ4
A7 714N 228 A3Ed B Y, 2
AP E AFE A

. Oh, J. Y., Lee, G. H., Song, C. S., 2011, A Study on

the Analysis of Hydraulic Circuit of a Rockdrill Drifter,

279

Proceedings of the KFPS 2011 Spring Conference, 70-75.

. Song, C. H., Kwon, K. B., Park, J. Y., Shin, D. Y., and

Cho, J. W, 2012, Optimization of Flow Path of Drill Bit
using CFD Simulation, Korean Society for Rock Mech.,
Tunnel & Underground Space, 22.4, 257-265.

. The freedonia Group Inc., 2009, Industry Study 2562:

World Mining Equipment.

ot
(L]

rar

20099 SHA1 7Tt 71414
Fop oA}

20114 A7t 71AA 2
QAT AA

Tel: 053-607-1124

E-mail: jsch8310@kitech.re.kr

A FPA7IEATE AA7IAR
2AT0E A7

rx
m
02

19899 ahofrfsta
b

1991 sordista A7) A Bskat
A2}

20009 FroFdista 4w A g skat
uba

071 A g}

Tel: 053-607-1100

E-mail: dyshin@kitech.re.kr

A A AT AR RE A
FRERY S4ed e

ol
=

1988 A&
skl s
19901 A&t gatehst 7)4)47)
skl A2

© OB
Lo Job

il ek 1A A

Tel: 043-530-3350
E-mail: jhlim@everdigm.com
A T SdakeE
B Ao]A}

2y
20099 A7t 71414
Fop oA}
20114 A7 esta 71AA 2
WAATRE AA

Tel: 053-607-1125

E-mail: kbkwon@kitech.re.kr

A FN7IEATE AA7IAR
2AT0E A7

o

g2
19999 Fojefsta 7| AlE3t At
20033 Sofrfgta 71Als s HAlA

SR

Tel: 043-530-3355
E-mail: ukhwang@everdigm.com
A oHTkd Ay e £

zZHe
20024 Ao Bakefet X787
AZEZE Bh}
20104 A oshi Bakefst 2|78
RECEL TR

Tel: 053-580-0185

E-mail: chojw1665@gmail.com

A I IEdTd AA7IAR
FALIF HADTY





<<
  /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


