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Abstract: Recently, several studies are being conducted to achieve a curvature of 180° or more for the edge of the display
glass. The thermocompression molding process is applied to the manufacture of curved glass, and high hardness G5
graphite is used as the mold material to withstand the impact applied to the mold. G5 graphite has high hardness and
strong brittleness, which makes tool wear and surface damage easy during machining. Therefore, the demand for
diamond-coated tools with good mechanical properties is increasing in the G5 machining field. In this study, the optimal
cutting conditions and machinability of a nanodiamond (NCD) coated ball end mill being developed by a tool manufacturer
were analyzed and evaluated. For this purpose, the same test was performed on the microdiamond (MCD) coated ball end
mill and compared together. In summary, the machinability of MCD and NCD coated tools showed better cutting
performance at a cutting speed of 282 my/min, a feed rate of 1,400 mmy/min, and a radial depth of cut of 0.08 to 0.1 mm.
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Table 1 Specification of high-speed machine tool
Spindle Max. e
Company | Model speed feed rate accrlfacy
(RPM) | (mm/min) | *CT
Roeders Ig)(g 0~42,000 60,000 +0.2

Spindle

(a) Machine ool (b) Experimental set-up
Fig. 1 High speed machine tool and experimental
set-up

Table 2 Mechanical properties of G5 (Mersen)

Bulk density (g/cm’) 1.84
Grain size (um) 7
Flexural strength (MPa) 72
Hardness Rockwell “H” 90

Table 3 Information of WC-Co material (GKO5A)

Grain size Coblat Density Hardness
(um) (%) (g/en) (HV30)
1.0 6.0 14.9+0.1 174050

22. G5 Eo:l gl K-IAI-_T'_?. EXH

Graphite Grade Glass 5 (G5, MERSEN, USA)« =
E]r/\ Tl 48Har = iXHO]‘?‘r Aol

T 5 A0S AR 3191, Table 200 2419
Sa A B A

g2l Fhjo]=-FWE  (Tungsten Carbide -
Cobalt, WC-Co) &A= AAgo] BAZ 71 B
o] &5 a1 gt} FLE (Cobalt, Co)o| i3k %=
A& 37 DAY A SAE Aojsh &
o= el WSS A 24 Sl §)
Stk WC-Co A Tolobme] 4ol
golgk aAfo]7] wiEel theololr= 8 -]
ZAZ A3}, Table 30 E Aol Zgw
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WC-Co 2Al9] 58 ARE FAISISIch

23 713 g4 ¥ JE=A

AT T AlZARIA 7 F91 NCD
FY & d=dS ARESIITE - 32 A5 1l
g MCD ¥ & <=4 (2DRB-020-160-660,
HAN SONG, South Korea)@} 53t A9l o= A2}
Ak T 2 9hEe RS mmolal A= AEe
@6.0 mmo|™, #e 7} 3009] HAE L 27|t
SAF FE= 7 go] wxbeb, g2 8.0 mmo|Th

nfo] AR H= e thololtt AAL 747} 10
w8 ymo] FAR T BAjel SHEJ F =
go] EAL x|t Aol A EHolw] Q) o Table 4
o 13| ATt

24. 713 M A

7he @S 7 7] Aol diEl Fig. 29 2ol
tt2A AAEATE MCD %+ NCD 579 4
Az B AL HHos 4 Az )
o|Ae] 7kE AT Hlal A
7ol =S A

HA Az BF AFe reEde 3 Al
ZAFY] FH 2o R 483k A3 o 2
o] EE3ITE A3 Aol AWE £ 11,000
RPM, ©]%45% 1,200 mm/min, ©]% 8 A5k 0.1
mm= A2t 7FES SIS w, 7wl A
7} Ra 0.74-H Ra 1.6 /b4 W]aA 2 ghs B
o} weba 2 AT E Y 38 3R G4
71E8kolS o] W AZA7|7F Ra. 0.5 ym o8k
= s EEd] fE, 718 =ws 3
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Table 4 Information of MCD or NCD coatings
Grain size and MCD : 3~5 um Corn shape
Shape NCD : ~ few nm, Beads shape
] MCD : no delamination,
Adhesion strength NCD : aver. of critical load 14N
Surface roughness MCD : Ra. 0.618,
(um) NCD : Ra. 0.622

Table 5 Cutting condiitions for two different tests

Depth of
Tests Spindle speed | Feed rate cut of feed
(RPM) (mm/min) direction
(um)

N
Of

RN

Derive the 11,000 / 800 / 1,000
il 25000 /| /1200 | (067008
cutting 30,000 / 1,400 / ’ ) 02'
conditions 35,000 1,600 ’
Compare the
ARy 30,000 1,400 0.1

Spindle Speed & Feed Rate ¥4 Radial cutting depth ¥ %
] 1 L

noi [ no2 | noz |no4 | nos| no6| no7 | nos | noo | noi0| no.i1|noi2 [ne.i3 [noid

11,000(25,000 30,000(25,000 800 | 1,000 1,200 | 1.400 | 1,600 | 0.06 | 0.08 | 0.1 | 015 | 02

Feed 1,200 2% /

Spindle Speed 27 / spindle Speed 1F /
Radial cutting depth 0.1 2% &=

Radial cutting depth 0.1 2% Feed 27

(a) To derive the optimal cutting conditions for the
two-type diamond coating tools

(b) To compare the machinability of the two-type
diamond coating tools
Fig. 2 Machining shape of each fest
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Fig. 3 Machined surfaces according fo the cutting

conditions
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Fig. 5 Machined surface for different machining shape
by two type of diamond coated tools
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Fig. 6 Surface roughness for different shape machining
with two type of diamond coated tools
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