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Study on Ultra-Precision Cutting for Hard and Brittle Materials

Ryuichi IWAMOTO, Eiji KONDO, Noriyuki OKUBO, Koichi ICHIKI and Norio KAWAGOISHI

It is well known that brittle materials such as glasses, silicon and so on, can be machined ductile mode cutting like soft

metals when the depth of cut is less than critical depth. Face turning using R shaped tool were carried out two types of cutting

method to distinguish brittle mode from ductile mode by AE-signal and cutting forces. Perfectly mirrored surface with

roughness of several tens nanometers can be obtained when maximum undeformed chip thickness was thin in extreme low

feed cutting. RMS value of AE-signal was larger and cutting force ratio was lower when PV of machined surface was larger.
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Fig.3 Schematic diagram of two types of
cutting method

Table.1 Experimental conditions
Type of cut low feed ‘ small depth
Material Silicon wafer (100)
Workpiece
Diameter mm 76.2
Material Single crystal diamond
Nose radius mm 2
Tool
Rake angle & deg. -15 0
Clearance angle deg. 20 5
Depthofcut 4 um 2~17 0.06 ~0.1
Feedrate [ pmfev 15~75 30
Cuttmg speed ¥ m/mm 145 ~ 240 4~240
Cutting fhud Non
(a) Rake face (a) Rake face
=] =
B
(b) Flank face (b) Flank face
New tool Worn tool

Fig.4 Photograph of cutting tools

Worm tool
d=2pm, 6=-15 deg.
||| =15,3,45,6,7.

New tool
d=2pm, &=-15deg.
f=15.2,4.5 pmir

New tool

Fig.5 Photograph of workpiece

(a) ZYGO image of interferometry

(a) ZYGO image of interferometry

Wom tool, = 6 /ey,
d=2,m, 0=-15deg.

Worn tool, = 1.5 umirev, Britle mode

d=2,m, 0= -15deg.

Ductile mode
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Fig.6 Surface texture after machined
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