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Drilling Characteristics and Modeling of Diamond Core Drilling Processes

Kwan-Woo Yoon*, Sung-Chong Chung’

[L Abstract ]I

Diamond core drills are applied to drill difficult-to-cut materials. This paper proposes basic understanding of ceramic
drilling mechanics and characteristics of main factors affecting tool life, tool wear, cutting force, and chipping thickness.
In contrast to conventional drilling, the core drilling process make deep grooves on the workpiece. One difficulty
of it is the evacuation of chips from the drilled groove. As the drilling depth increases, an increased amount of chips
tend to cluster together and clog the groove. Eventually severe wear develops and diamond grits are separated from
the drill body. To relieve the clogging problem and to evacuate chips from the groove easily, the helical drilling
process is applied for the core drilling process. To analyze drilling characteristics and derive optimal drilling conditions,
tool life, too] wear, cutting force, and chipping thickness are quantified through the monitoring system and the Taguchi
method. Mathematical models for the tool life and chipping thickness are derived from the response surface method.
Optimal drilling database has been constructed through the experimental models.

Key Words : Diamond core drill(vto]oH2 = Zoi=gl), Tool life(F-7-4~), Tool wear(-E-7-u}g), Cutting force(4}e), Chipping
thickness( 2155+ 7), Helical drifling(&2j =), Experimental design(4I$ 34
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ohaf 2a0] AEolA] Hrhel RS A2 4 A 4
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oA Wie) FANAL B GFoRTE E
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g E4 ;qu ke %}5\_ %H:H EQoE YT PEA
24 40| olo] 23t
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2 ey, o] AFe Ay ved AdA vike AF

HO2 goftlol 25l ) 53] 2 G T 0o
Sel7ke gohi BAyelt”. 2 alY) AFTS

9.01_4 A48 (degree of freedom)ZE L 1 491
Hat A F(mean square)o] Em, 22} F4tdt H]EW o
itk ol Aol g5 FEH FYrEE FASE ol%
sto] gristct EARA oA SS= AFY, DF= ARk,

JE

2> 58 F2
FE542 S &%A“ FEATEM T, 8 Table 2 Z,;(5°) Orthogonal array
A8, JUFEA7L ol 3tk
. S o P
== 101og[;2y?} (1)
=1 1 | 3000 | 60 0.4 30 1
n=—10log %;ﬂ @) 2 | 3000 | 70 | 06 60 2
§ 3 | 3000 | 80 0.8 90 3

A (D% Q) 22 g2 S o) 54l et SNy 4 | 3000 | %0 | 10 120 | 4
(@B)oIth. 6i71A, 3= ARHO|E, ne 48 ASE oy 5 | 3000 | 100 | 12 150 | 5
s}, 6 | 3500 | 60 0.6 90 4

oA VMg mabE o g Az ARl 2887 9 7 3500 70 0.8 120 5
3 AL ERE ol geich Mz A HAH 8 3500 80 1.0 150 1
7R AR dE EASt A AE 2o 9 | 3500 | 90 12 30 2
A4S FYAA AP 2718 HadelwA Ao g2 10 3500 100 0.4 60 3
LZ}QE . #—ig f‘f*": 7 ek el _ﬂq'mg } i1 | 4000 | 60 | 08 150 | 2

N A7lLZ A0 & o 7FZDB +& 3}

14 B 7o AR 54 A 99 e RN
& MAL o @ SEe AHHT, 52559 ATEE 2 13 | 4000 | 80 12 60 4
1, () AmAEE A5t Table 12 5 450 14 | 4000 | 90 0.4 90 5

ARE oloF 228 Lehia, Table 25 £, () Hmel 15 | 4000 | 100 0.6 120 1
Q8 Yepich Table 2004] Erroriz 28k, 37 %4 16 | 450 | 60 | 19 | % 10

17 | 4500 | 70 12 90 1
18 | 4500 | 80 0.4 120 2
Table 1 Levels of control factors 19 4500 90 0.6 150 3
20 | 4500 | 100 0.8 30 4

Factors 23 e 21 | 5000 | 60 12 120 3

Spindle rotation(rpm) |3000 | 3500 4000 | 4500 | 5000 22 | 5000 | 70 0.4 150 4

Helical feed(mm/min) | 60 | 70 | 80 | 90 | 100 23 | 5000 | 80 0.6 30 5

Helical diameter(mm) | 0.4 | 0.6 | 0.8 | 1.0 | 12 24 | 5000 | 90 0.8 60 1
Helical revolution(rpm) | 30 | 60 | 90 | 120 | 150 25 | 5000 | 100 1.0 90 2
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Fig. 6 Cutting force versus time
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Fig. 9 Experimental results for the tool life

Table 3 ANOVA results for the tool life

Level(SN ratio)
Factor SS DF v Fo | p(%)
1 2 3 4 5
A 18.23 | 18.04 1 26.43 | 27.46 | 26.08 | 440.68 4 | 110.17 | 5.97 | 2570
B |33.18 2696 19.81 | 20.4]1 | 15.89 | 932.57 4 | 233.14§12.63 | 54.38
C 19.62 | 24.74 | 24.20 | 25.88 | 21.81 | 126.33 4 | 3158 § 1.71 { 7.37
D [2348]27.06|23.87 | 19.80 | 22.03 | 141.52 4 | 3538 | 1.92 | 825
Error 73.83 4 | 1846 431
Total 20 | 428.73 100
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3t A7 Vet Spindle rotation: 4500rpm, Helical feed:
70mm/min, Helical diameter: 1.2mm, Helical revolution:
90rpm o) A updo] 713 Ak oo, Spindle rotation: 3000
rpm, Helical feed: 100mm/min, Helical diameter: 1.2
mim, Helical revolution: 150rpmoj|A] ulgo] 713} A3ict,

Table 49| A Helical diameter®] H#A 42 Errore] H]
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Fig. 10 Experimental results for the tool wear

Table 4 ANOVA results for the tool wear

Level(SN ratio)
Factor SS DF v Fo | p(%)
1 2 3 4 5

A |-39.75|-39.80]-26.821-30.09|-28.24| 805.10 4 120127 | 14.72 | 50.78

B [-27.22}-31.98{-33.90(-30.36-41.24| 550.63 | 4 |137.66 | 10.07 { 34.73

C |-34.54-33.40]-32.38|-33.50{-30.88 | 38.24 4 | 956

D (-34.72|-31.78|-28.24|-35.14|-34.82| 174.98 4 | 4374 | 3.20 ] 11.04
Error 7101 4 | 1778

PE 109.35 8 | 13.67 3.45
Total 20 | 396.35 100
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et ol FPubEE A, AR s Thgas 5
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e 2= 9lt} Table 59| A Helical revolution®] A
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Fig. 11 Experimental results for the cutting force

Table 5 ANOVA results for the cutting force

Level(SN ratio}
Factor SS DF | V Fo | p(%)
1 2 3 4 5
A 45.67 -45.47-44.43 | -42.40 | -42.18 | 55.09 4 [13.77 | 8.84| 44.33
B -42.49 -43.09]-43.63 {-44.21 | 46.74 | 53.88 4 | 13.47 | 8.65| 43.36
C -43.98 | -44.251-43.601-45.04 | -43.28 | 9.07 4 | 227 | 1.46| 7.30
D -44.36 | -43.811-43.521-43.70 | 44.76 | 531 4 | 1.33
Error 7.15 4 [ 179
PE 12.46 8 | 156 5.01
Total 20 | 31.07 100
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rotation(44.33%)0] 11, Helical feed(43.36%), Helical diameter
(7.3%), PE(5.01%)9] <08 i 43k njdnt. &
3], ol& A=Y 7|97} PEO| wlel I gio] &8 A1
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Fubde] Gakg vlAls QAR Woel 4= gick Table 52
e AAEE #4380 it 282 Spindle rotation
£ 5000rpm, Helical feed: 60mum/min, Helical diameter
= 1.2mm, Helical revolution 90rpmojt}.
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Fig. 125 tolol2= 30j2d $4A8eI4 135 &
AgHS vebd). Spindle rotation: 4000rpm, Helical feed:
60mm/min, Helical diameter: 0.8mm, Helical revolution:
150rpmof| A AHEA7L 71 29k, Spindle rotation:
30007rpm, Hehca! feed: 100mm/min, Helical diameter:
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Fig. 12 Experimental results for the chipping thickness

Table 6 ANOVA results for the chipping thickness

Level(SN ratio)
Factor SS DF v Fo Pp(%0)
1 2 3 4 5

A 13661063} 042 092 ] 102 [ 7155 | 4 | 1789} 633 | 2871

B 119 | 1.04 | 0.80 | -1.30 | -4.50 | 117.73 | 4 {29.43 1042 147.24

C 028 | -02]1 | 037 | -216 1 -1.06 | 2259 | 4 | 565 2.00 { 9.06

D “2.17 | <119 [ 072 | -0.25 1 0.12 | 26.05 4 {631 1231|1045
Error 1130 | 4 1 282 4.53
Total 20 162,30 100 ’
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Fig. 13 Comparisons for the chipping thickness
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