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A Study on the Failure Characteristics of Ceramic Tool for Hardened Steels

Kwang-Lae Kim*, Bong-Hwan Ryu**

ABSTRACT

This thesis is concerned with the study on the characteristics of the tool failure occurring at the begin-
ning of cutting in finish machining of hardened steels such as carbon tool steel and alloy tool steel by a
ceramic tool(Al,O,+TiC) with nose radius.

In the machining of hardened carbon steel STC3, the wear mechanism on the flank face of the ceramic
tool is abrasion wear. The mode of tool failure is developed into catastropic fracture with flaking. It is
thought that the fracture caused by FeO and TiO, results from the oxidation of Fe in the workpiece and
TiC in the ceramic tool and the deposit of Fe formed on the surface of the ceramic tool. In the machining
of hardened alloy steel STD11, the wear mechanism on the flank face of the ceramic tool is that abrasion
and adhesion wear exist simultaneously. The mode of tool failure at the beginning of cutting features is
DOC notch wear. It is thought that the DOC notch wear caused by FeO and TiO, results from the oxida-
tion of Fe and TiC in the workpiece and ceramic tool, respectively.
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Table 1 Chemical compositions of workmaterial

Work Chemical Composition, %

KS C Mn P S Si Cr Mo V
STC3 | 14 028 002 002 023
STD11] 150 062 0.03 003 041

120 10 025

Table 2 Heat treatment and hardness

V:(osrk Heat treatment Hag}i{ngss
(600°C, l 5h) + (840°C,2.50/WC) -
STC3 (180°C,1 5h/AC) bo~62
(560°C15h) + (1020°C,250/WC) e
STD11 < (180°C.1 5/AC) 60~62
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speed for catastrophic fracture
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Fig. 4 Relation between feed and critical cutting
speed (T=2min)
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(a) V=100m/min, T=60min

(b) V=135m/min, T=2min

() V=130m/min, T=45min

Fig. 5 SEM photographs of tool failure
(f=0.15mm/rev, d=0.2mm)
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Fig. 8 SEM photographs of DOC notch wear

o o] darzzid l et 47] g2 vepte glo]
TAEG, ddtyg o ZAAnEde o fuld) WAl T
gand b An %é% g Jeun As g4
2ld STD11%9] HatolX e Fdantde] @Aw7] o
A Arrzrld @402 vepd
3.2 3FEMI|F

Fig. 9& AA2=7t 33ubd 7] 3o nlX& J &g

!
=

2y

2

bl AP0 2 7]A A vl (abrasion wear)d AARL
9] FgE A e gibobd (diffusion wear), &

nhd (adhesion wear) % 4t&lobE (oxidation wear)

34

anisms as function of cutting temperature-
proposed by Focke

8)

(a) Wear of ceamic tool on STC3

(b) Wear of ceamic tool on STDI

Fig. 10 SEM photographs of wear of ceamic tool
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