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There has been a recent increase in the use of diamond tools with the increase in
the use of high hardness materials. In this study, the machinability of high
hardness ceramic materials was evaluated using an electro-deposited diamond
drill. Specifically, the machinability of four types of drills was analyzed by
changing the drill shape and electro-deposition method of the diamond particles
to address the limitations of commonly used diamond drills. In addition to
varying the cutting speed and feed rate, the cutting torque, diamond particle
fall-out rate, and roughness of the machined surfaces were compared and
analyzed. The results of this study will be helpful in tool design and setting the
appropriate machining conditions to improve the machinability of high hardness
ceramics using electrodeposited diamond tools.
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Fig. 1 General shape of electro-deposited diamond drill
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Fig. 2 CVD SiC layer Photograph

Table 1 General properties of CVD SiC material

Graphite
Direct Sintered

2.80
820
0.18
220

26(2,500)

CVD SiC |ALL,05/99.5%

321
665
021
468

27(2,750)

39
880
0.22
379

14.1(1,440)

Density (g/cm’)
Specific heat (J/kg- K)
Poisson's Ratio, 20°C

Bending strength (MPa)
Hardness (GPa, kg/mm?)
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Fig. 3 Two different types of diamond powder deposition
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Fig. 4 Geometry of slotted drill
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Fig. 5 Surface photographs of electro-deposited diamond drill
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Fig. 6 Experimental setup

Table 2 Experimental conditions

Tool 1-Layer, 1.3-Layer diamond drill
Tool diameter/length Z4 mm/80 mm
Workpiece material CVD SiC
Feedrate 0.4~0.8 mm/min
RPM 500~1,500 RPM
Data sampling time 1 kHz
Number of data 4096

HolFar glekh 22U} 1,200 RPM o402 M 27} o}
35 BA7F AR v AR RS Belal Sl o] A2 Ak
=7h 543 dAIgkE HolMA 2 A, @ Al el ook
= A geto] e 22 A WtEas) £v)e ek
31, Fig 70ll4] & 4= gl5o], AAF o= 15 A& 3| v)s)
13% A2 379 AAEI/L 2 e, L) gl A9
X0 fle AR daf BEaL dAs] sokds & 4 3tk

E™o] 15 A3 =3 10H tolok

_@
v}
N
i
L
Fl r
S
il
_\|:_l,
b
]
o
o
T

Clople sl §

T 4 93

= 01x]. E‘ra”ro il
A o|FEEE g =27 3l 7%6}04% Eis=4
3ol W2 Fo] EAS ol ] 93] 04~0.8 mmyminZHA]

i

]A/\]:
o -1

0.2 mm/min 5771 A3S AAISHITE AAEEE 1,200
Table 3 Drilling torque for the RPM change
[Unit : N-cm]
RPM 1-Layer, 1.3-Layer, 1-Layer, 1.3-layer,
No Slot No Slot Slot Slot
500 RPM 97 86 60 48.2
800 RPM 85 82.6 56.6 46.4
1,200 RPM 69.3 65.6 50.3 424
1,500 RPM 70.2 68.7 52.1 56.5
1,800 RPM 72.1 70.5 55.1 58.1
100 ---1layer No Slot
90 —1.3 layer No Slot
-=-1layer Slot
80 —1.3 layer Slot
7 N ————
T 60
2
% 50
'§ 40
30
20
10
(]
S00RPM 800RPM 1200RPM 1500RPM

Fig. 7 Drilling torque for the machining speed change
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Table 5 Diamond particle fall-out rate

; Unit : gram
4.1 X} ERtE (Partlcle fall-out rate) [ gram|]
Machining | 1-Layer, 1.3-Layer, 1-Layer, 1.3-layer,
o] I} gHES o 7 7}gm
del A e 1ast7] sfete] 2 mm 7keeie: Eas depth No Slot No Slot Slot Slot
] 0.0001 g?l OHAUS (EX324G)/\}4 A &S ALE-5he] 0 mm 0 0 0 0
I FAE Sk APFN 0 RE FAEE 1200 RPM 2 mm 0.01 0.027 0.037 0.007
4 mm 0.022 0.034 0.047 0.053
Table 4 Drilling torque for the feedrate change 6 mm 0.052 0.045 0.067 0.062
[Unit : N-cm] 8 mm 0.144 0.053 0.115 0.073
1-Layer, 1.3-Layer, | I-Layer, 1.3-layer, 10 mm 0.16 0.107 0.125 0.075
Feedrate
No Slot | No Slot Slot Slot 12 mm 0.162 0.154 0.133 0.095
0.4 mm/min | 47.6 42 40.5 235 14 mm 0.168 0.168 0.137 0.131
0.6 mm/min 69.3 65.6 50.3 42.4 16 mm 0.17 0.175 0.139 0.155
0.8 mm/min 89.4 86.6 86.3 74.5
0.2
100
0.18
L e
80 016 ——————————————————————~an==<
70 §~0 L AT
<
Te .go.u
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g So.08
S 40 S
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10 0.02 —1.3 layer Slot
0 0
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Fig. 8 Drilling torque for the feedrate change

Fig. 9 Particle fall-out rate
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(a) 1.3-Layer, No Slot

(b) 1.3-Layer, Slot
Fig. 10 Photographs of the remained particles after drilling
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Table 6 Surface roughness (R,) of machined part

[Unit : um]

sapes | S | o s | se | s

1 125 0.6 0.83 0.55

2 2.02 0.36 0.94 0.49

3 1.52 0.56 0.65 0.36

4 175 0.49 117 0.48

5 125 0.63 1.05 0.65

6 13 0.52 1.02 0.45

7 1.6 0.43 1.05 0.37

8 1.8 0.61 0.64 0.55

9 1.9 0.38 0.75 0.51

10 1.68 0.37 0.65 0.46

1 173 0.35 0.82 0.38

12 1.95 0.47 0.85 0.59
Average |  1.646 0.481 0.868 0.487
;Zav?:tﬁ 0.257 0.099 0.171 0.086
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