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ARTICLE INFO ABSTRACT
Article history: Recently, there has been an increase in the demand for the machining of high
Received 24  March 2020 -hardness materials using diamond electro-deposition tools. However, a
Revised 10 Apr%l 2020 systematic analysis of these tools in terms of machinability has not been
Accepted 14 April 2020 performed yet. In this study, a tool design optimization is performed to improve
the machinability of diamond electro-deposition drills in drilling SiC ceramic
Keywords: . . materials. Each drill is analyzed using FEM analysis and the results are compared
Ele.ctro-deposned drill with the corresponding experimental results. Additionally, the particle drop rate
Drillshape ' and surface roughness of the machined surface are analyzed for each drill.
F]?M analysis A Consequently, we discover that the most important aspect in drilling using a
High-Hardness workpiece diamond electro-deposition drill is the proper discharge of the machined chip.
Chip flow Furthermore, we determine the optimal drill shape for the improvement of
machinability.
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(c) 3-slot drill
Fig. 2 Diamond drill modeling for different number of drill slots

(d) 4-slot drill
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(a) Tapered drill  (b) Gundrill type drill

(c) Chip-space drill

Fig. 3 Diamond drill shape modeling for chip evacuation
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Fig. 4 Chip evacuation space of diamond drill

Table 1 Chip evacuation space that can be filled with chip

. Total space | Theoretical No.

Drill s?;zt:;niofji Slfélusif‘:e Volurf’le of drill rotation

type 3 3 | (VetVs, | for feedrate =

(Ve, mu) | (Vs, ) mm’) 0.5 mm/rev

No slot 53.24 0 53.24 3.5 rev.
2-slot 34.04 46.21 80.25 5.2 rev.
3-slot 28.1 69.04 97.14 6.3 rev.
4-slot 23.12 92.17 115.29 7.5 rev.

Table 2 Cutting conditions for FEM analysis

Number of drill - No slot/ 2-slot : 6 revolutions
revolutions for FEM | - 3-slot :8 revolutions
analysis - The others : 9 revolutions
Tool diameter 4 mm
Tool material Diamond
Workpiece material Al 7050
Feedrate 0.5 mm/rev (50 mm/min)
RPM 100 rpm
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Fig. 5 FEM analysis for drilling
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Fig. 6 FEM analysis results for different number of slots
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Fig. 7 FEM analysis results for different drill shapes

Table 3 Drilling torque and theoretical number of rotations in

FEM
Drilling torque | Theoretical No. of rotations
(N-cm) until drilling stops
No slot 2,980 42 rev
2-slot 2,413 5.6 rev
3-slot 2,012 7.8 rev
4-slot 2,298 8.1 rev
Tapered drill 2,243
Gun drill type 2,461
Chip-space drill 2,124
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(a) 3-slot drill

(b) 4-slot drill

(c) Tapered drill (d) Gun-drill type

=

(e) Chip-space drill
Fig. 8 Manufactured diamond drills
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Fig. 9 Experimental set-up

Table 4 Experimental conditions

Workpiece material CVD SiC
Feedrate 0.6 mm/min
rpm 1,200 rpm
Data sampling time 3,000 Hz
Low-pass filtering 300 Hz
Number of data 32,768
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Table 5 Comparison of drilling torque between experimental
result and FEM result (unit : N-cm)

FEM result
conversion

Error
(%)

Experimental
result

FEM Analysis
result

53.02
47.12
35.86
423
41.56
45.05

2980
2413
2012
2298
2243
2461

58.19
47.12
39.29
44.87
43.8
48.06

9.75
0.59
9.56
5.39
5.39
6.68

No slot

2-slot

3-slot

4-slot
Tapered drill
Gun drill type

Chip-space

drill 392

2124 41.47 5.79
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Weight loss ratio (%)

Surface Roughness (mm)
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Fig. 10 Diamond particle dropout rate
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