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A Study on Improved Drill Shape for Efficient Drilling of Inconel 718
Using the Design of Experiment
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Inconel 718, a typical ultraheat-resistant alloy, is recognized as a useful component in aircraft parts owing to its high-tem-
perature strength and good chemical stability. Although many studies have been conducted to determine the proper drill
shape to overcome the poor machinability when drilling into Inconel 718, most have involved a cutting process program
known as AdvantEdge, as an experimental approach requires much time and money. In this study, our purpose is to opti-
mize the drill shape for efficient drilling by conducting a trust force and temperature analysis using AdvantEdge. In order to
achieve this purpose, the reliability of the results of the analysis was verified and by applying design of experiment an anal-
ysis of the geometric parameters of the drill shape considering the thrust force and temperature was conducted.
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Company Hwacheon holder
Model Multi component Dynamometer
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Model DPPA01050
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Yo

Company
. A/D converter
Spindle speed 500 RPM
Feed 0.05, 0.075, 0.10, 0.15, 0.20, 0.30 mm/rev Thrust force

Fig. 2 Experimental set-up and cutting conditions
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Fig. 3 Reverse engineering process
Table 1 Analysis conditions
Parameters Value
Initial temperature (°C) 20
Min. element size (mm) 0.01
Max. element size (mm) 0.1
Min. edge element size (mm) 0.0152
Min. chip element size (mm) 0.0198
Min. workpiece element size (mm) 0.01
Angle of rotation (deg) 360
Number of steps 2851213
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Fig. 4 Effectiveness of analysis in Inconel 718 drilling
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Body diameter

learance[Dc] Chisel edge angle[Ca] Shape names Symbol
Flute radius[Fr]
Drill Diameter Do
Body Diameter Clearance | Dc
Helix Angle Ha
Web Web Thickness Y
thickness
W] Flute Radius Fr
Drill Diameter[Do] Flute Length Fl
Helix Angle[Ha] PomtAngle[Pa]
Point Angle Pa
Chisel Edge Angle Ca
‘ Flute Length[FI] Fdge Radins N
Fig. 5 Shape parameters of the drill
Table 2 Selection of factor and level
Level
Control factor Symbol 5
Body diameter clearance (mm) Dc 0.15 0.20
Helix angle (deg) Ha 30 35
Web thickness (mm) w 1.20 1.40
Flute radius (mm) Fr 1.85  2.00
Edge radius (mm) R 0.03 0.05
Point angle (deg) Pa 140 130
Chisel edge angle (deg) Ca 130 120
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Table 3 Orthogonal array of Lg(27) and results

Table 4 Analysis result of significance probability using ANOVA
on thrust force

Factor Thrust  Tool
No. De Ha W F R P c force  temp. Significance probability
¢ a r a ) 0 Control factor (%)
1 .15 30 12 185 .03 140 130 1208 262 Ist Pulling  2nd Pulling
2 .15 30 12 200 .05 130 120 1200 272 Body diameter clearance (mm) - -
3 .15 35 14 185 .03 130 120 1117 242 Helix angle (deg) 83.7 -
4 15 35 14 200 .05 140 130 1365 282 Web thickness (mm) 94.4 94.1
5 20 30 14 185 .05 140 120 1346 271 Flute radius (mm) 88.1 -
6 20 30 14 200 .03 130 130 1164 254 Edge radius (mm) 97.8 99.6
7 20 35 12 185 .05 130 130 1262 277 Point angle (deg) 95.4 96.5
8 20 35 12 200 .03 140 120 1099 297 Chisel edge angle (deg) 94.7 94.9
De Ha w Fr R Pa Ca Table 5 Analysis result of significance probability using ANOVA
(mm)  (deg) (mm)  (mm) (mm)  (deg) (deg) on temperature
612 .
\ Significance probability
614 \ . Control factor (%)
2 s % \ \\ \ Ist Pulling  2nd Pulling
é‘ - / \\ / \ \'\ \\ Body diameter clearance (mm) - -
@ o \ \ Voo Helix angle (deg) 89.5 91.6
-62 \ Web thickness (mm) 96.3 98.9
622 \. Flute radius (mm) 75.1 -
2 Edge radius (mm) 94.3 974
7 oas 02 30 35 12 14 185 2 003 005 130 140 120 130 Point angle (deg) 9.2 952
Signal-to-noise: Smaller is better Level ’ ’
Chisel edge angle (deg) 92.9 95.9

(a) S/N ratio of thrust force

De Ha w Fr R Pa Ca
(mm)  (deg) (mm) (mm) (com) (deg) (deg)
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015 02 30 35 12 14 L85 2 003 005 130 140 120 130
Signal-to-noise: Smaller is better Level

(b) S/N ratio of temperature
Fig. 6 Main effects plot for (a) and (b)
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Table 6 Confirmatory test on thrust force

Factor Thrust force
No.
Dc Ha W Fr R Pa Ca ™)
A-1 20 35 12 200 .03 130 120 1059
B-1|.15|35 12 200 .03 130 120 1065(+6)
C-1 20|30 12 200 .03 130 120 1116(+57)

D-1 20 35| 14 (200 .03 130 120 1165(+106)

E-1 20 35 12 ]185] .03 130 120 1076(+17)

F-1 20 35 12 200 .05 | 130 120 1305(+246)

G-1 20 35 12 200 .03 ] 140 | 120 1168(+ 109)

H-1 20 35 12 200 .03 130 | 130 [1161(+102)

(e

Table 7 Confirmatory test on temperature

Factor Tool temp.

No. o
Dc Ha W Fr R Pa Ca (°C)

A2 15 35 14 185 .03 130 120 218

B-2 | 20 | 35 14 185 .03 130 120 236(+17)
Cc2 15| 30 14 185 .03 130 120 241(+22)
D2 .15 35 1.2 [ 1.85 .03 130 120 250(+31)
E-2 15 35 14 200 | .03 130 120 235(+16)
F2 .15 35 14 185 | .05 [ 130 120 245(+27)
G2 .15 35 14 185 .03 [ 140 | 120 243(+25)
H-2 .15 35 14 185 .03 130 | 130 | 243(+25)
—=== Thrust force(N)
----- — Temperature(°C)
1220 . . . . .
L 265
1200 ¥ = 2175 — 4109x + 2931x? — 705x° 7 ]
y < - 260
1180 - Y |
7 |- 255
1160 - v |
- . —
Z 1140 4 // __250 g
3 S
S 1120 // 245 g
g 1100 4 // "240 §
" o0 // L 255
1060 4 e I 230
1040 = = 7298 - 15115x + 11876x” — 3005 225
1 12 13 14 s

Web thickness (mm)

Fig. 7 Analysis results of web thickness
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