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Cutting Characteristics of SiC-based Ceramic Cutting Tools
Part 2 : Tool Life and Cutting Force Characteristics
of SiC-based Ceramic Cutting Tools

June Suek Park*, Kyung Jae Kim*, Won Tae Kwon** and Young -Wook Kim***

ABSTRACT

Ceramic tool has to equip with not only high toughness and strength but also low thermal expansion and good
thermal conductivity which leads to the high thermal shock resistance. These characteristics make it have longer
tool life under thermal stress condition. In this study, commercial Si;N4 ceramic cutting tool and home-made SiC
based ceramic cutting tools which have different sintering time and chemical composition are tested under various
cutting conditions. The experimental results are compared in terms of tool life and cutting force. Generally, as the
cutting speed and the feed rate increase, the cutting force and the flank wear growth ratio increase, too. The
performance of home-made SiC based ceramic cutting tool shows the possibility to be a new ceramic tool.
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Table 1 Composition of SiC-based Ceramics

Sample Composition (wt.%) Sin.\ering
SiC | SisNg | G* | TiC |ALO; | Y205 time
sc | %0 45| 57| 1h
ST3 | 60 301 45| 57 1h
SCN1{ 20| 72 | 8 I h
SCN2| 20 | 72 | 8 2 h
SCN4| 20| 72 | 8 4h
SCNg| 20 | 72 | 8 S h

*G: YoaMgoreoSiva1aAlo32O01aNast

Table 2 Cutting conditions for SizNs insert during
machining heat treated SCM440 (depth of
cut is fixed at 0.25mm)

°|F % (mm/rev.)

0.2 0.3 04 0.5

A 55 o o 0 °
Al 85 o ] o 0
& 100 0 1} 0 0
= 140 0 [} o 0
(m/ 160 0 o 0 o
min.) | 210 X X X X

o: no chatter occurred, x:chatter occurred
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& 5 Fig. 4 Flank wear curve of SisNy insert  during

machining heat treated SCM440 under
various cutting speed  with 0.3mm/rev
feed rate and 0.25mm depth of cut
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Fig. 5 Cutting distance of SisNs insert until flank
wear reaches 300xm under various cutting
conditions during machining heat treated
SCM440 (depth of cut: 0.25mm)
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Fig. 6 Maximum cutting distance per hour of
SisNs insert considering insert changing
time under various cutting conditions
during machining heat treated SCM440
(depth of cut: 0.25mm)
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Fig. 9 Flank wear curve of various inserts during
machining heat treated SCM440 (cutting
speed : 160m/min, feedrate: 0.2mm/rev., depth
of cut: 0.25mm)
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Fig. 10 Photograph of Si:Nsinsert when flank wear
land length reaches 0.3mm during machining
of heat treated SCM440 (cutting speed:
160m/min, feedrate: 0.2mm/rev., depth of cut:
0.25mm)

Fig. 1 Photograph of SCN8 insert when flank wear
land length reaches 0.3mm during machining of
heat treated SCM440 (cutting speed:
160m/min, feedrate: 0.2mmy/rev., depth of cut:
0.25mm)
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Fig. 12 Feed force variations during machining heat
treated SCM440 (Cutting speed : 160m/min,
feed rate : 0.2mmv/rev., depth of cut: 0.25mm)
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Fig. 13 Thrust force variations during machining heat
treated SCM440 (Cutting speed : 160m/min,
feed rate: 0.2mmvrev., depth of cut; 0.25mm)
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Fig. 14 Tangential force variations during machining

heat treated SCM440  (Cutting speed :
160m/min, feed rate;  0.2mm/rev., depth of
cut; 0.25mm)
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Fig 15 Flank wear curves of various tools with
cutting distance in the machining of Gray
cast iron (Cutting speed : 330m/min, feedrate:
0.3mmy/rev., depth of cut: 0.25mm)
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