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A Study on the Early Fracture Characteristics of Ceramic Tool
for Carbon Tool Steel

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

ABSTRACT

Early fracture and cutting force of ceramic tool for hardened STC3 steel was investigated in
this study. It was found that early fracture of ceramic tool was mostly occurred before nor-
mal wear was progressed beyond a critical cutting speed and normal wear was performed
under the critical cutting speed. The relationships among critical cutting speed, which was a
cause of early fracture, suggested cutting cross section, that is, maximum thickness of cut
and width of cut, and cutting force were examined. The following conclusions were
obtained: (1) Critical cutting speed showed a high value in the case of small maximum thick-
ness of cut and large nose radius, but was not influenced by width of cut, (2)Principal, feed
and radial force, respectively, showed the proportional value to constant cutting area, width
of cut and maximum thickness of cut orderly, (3)Occurrence of early fracture was dependent

upon radial force,

Key words : Early Fracture(®7]19<), Cutting Force(22H), Critical Cutting Speed (JAAAH4:
%), Ceramic Tool (M#=2F7), Hardened Steel (8227)

1. A

rhu

A28 B3, A%, ATAT 4% uAdY ¥
A% P $9¢ ol e FFSL Jug EAY
T2 PRNE EHoR Asg wFEsd Adde
A47t 37teka gieh,

* dgAEdE A
* =AUsn 7 AR

112

o

TARE B, 7|AREE0 EFE Y, o
Ql AAFTTFRME IFE, TAY 7170 v o
datAE BalEo] AEY Ao gl pEH
A0 78t a7sEa )itk

2479 Add el He 200 9]
o, BEHEEo] 42 FUF Ao A 4

s

&
ki

fo Ho

2
fo o



=AY FEE R A12W A 65 (19953 6%)

Qong FFAANGE 2B8 EUH FIT P4
< 94& & gvkn AzEr,

AR AxA A F2F FIIEL FFE
1A m glon e HAzH Hqx 3
P A4 $83 a4 etm € 4 g
asv, FrERE JAE, 944, 38E A8E o
617}11 R‘M 2894 2gd 93 g Adolnz
AL A d2dtte AL B dFgol Ytk

A2dE yetddo] $8 Azg FFALY AL
o gaf TrEge BE FAbe Fvkd B} EUF
o2 gAstE FPaES A70% e Aol ¥ F8
3 Sich

AREFAE 71E3EE ABsEL Ju 53,
Holgut @z 7R wel dagErt Wt
7] Qo #tHoz S 2\ 9e0e A8
FHE fustA Hla g 48 tg EA4
7} verde,

Wetgye] 3 AEYFre &8s
g% o 2AA TLEAEI wa BA °ﬂ é?ﬂ 7t
-LZHQH Aggol Hwr) Wi $5F A5 vER

AR gEA: o, | @’ﬂroﬂf\ﬂa CBNZ
TR $Ho] Atk BaE gk

a#y, AgE3FEe A4 eksly) Wi 443
o2 AME| YA E E9Ed S&g mEsteok
g},

duldes w297 Boh ddge|rt & At
A7 (Thickness of cut) e °l$9 2, F4
Z(Width of cut)& Hatgdele ¥4z ZARE7 o
2o datdabe] g 2AE URE ol FAz

off H‘l

o g
l:l

o
=
47
Q
=

+
o -]
Fig. 1 Geometry of cutting cross-section for small
depth of cut
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Table 1 Physical properties of ceramic tool

E H MOR Ko 4 a
GPa HeA GPa  Mpas™ W/m."K 10~ K
Bll 93.56 ©0.78 4.5 29,38 8.0
E ¢ young's modulus

H : hardness
MOR: modulas of rupture

K ! fracture toughness
K : thermsl conductivity
a : thermal expansion. coeff.

Table 2 Chemical compositions of work material

Work Chemical Composltion, %
ks | ¢ Hn P s 51
lsTc3[ 1. 04 0.28 0.02_ 0.02 0.23

Table 3 Heat treatment and hardness

Hard
l':;k Heoat treatment ”H;;”
300°C, 2h + 500°C, 2h + -
IST':S 810°C, 2h/¥C + 180°C,3h/ac | 90762
Chuck -
Workplece  Tallstock

1

Dynamormaeter

Recorder

Fig. 2 Experimental setup
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Table 4 Cutting conditions

1 d r H B A,
(om/rev) | (mm} | (mm) | (wm) {om) {un)
0,20 | 0.20 0.116 | 0.678
018 |0.22 |08 |01l |o.698 |o.o40
0,15 | 0,27 0.105 | 0.762
013 | 0.30 0.096 | 0.782
0.10 | 0.40 0.085 | 0,868
0,20 0,21 0.118 0,044
018 |0.22 |eoa |0.111 {0700 | 0,0
016 | 0.28 0,097 0.085
0.13 | 0.24 0. 087 0.081
0.20 0.18 0.658 | 0.036
018 [0.22 |08 [o.1u }0.700 | 0.0
0.15 | 0.30 0.792 | 0.045
0.13 | o4l 6.m4 | 0.053
0.8 [0.128 | 0.918
015 |0.40 1.2 [0.207 | 1.084 | 0,060
1.6 |0o.095 {1.281
2.0 10,086 }1.362
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Fig. 3 SEM photograph of tool fracture
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Fig. 4 Relation between B/H ratio and critical cut-
ting speed (r = 0.8mm, A = 0.04mm’ t = 2min)
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Fig. 5 Maximum thickness of cut and width of cut
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Fig. 9 Maximum thickness of cut and width of cut
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