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A Study of New Quick Tool-Life Testing Method ()
——The Analysis of the Wear Behavior for Carbide Tool——

Yang Kyun Oh and Dong Yoon Chung
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Abstract

During the past decade, the Quick Tool-Life Testing Method has been studied. However, a

generalized theory and testing method for the quantitative measurement of tool wear have not

been developed yet.

Among many factors to affect the tool wear, the flank wear is regarded as a main factor.

In this study, the behavior of the flank wear for carbide tool was studied as a preceding

step to present a simple method for Quick Tool-Life Testing, and it was found that the flank

wear varies in direct proportion to cutting time, and the following general equation is obtained

for the flank wear curves with respect to cutting time and velociety.
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Table 1 Chemical and mechanical properties of
cutting materials

Chemical composition (w/0)

Elements] C ‘ Si 1 Mn ’ P } S
SM 35C| 0.380 0.280] 0.640[ 0.004| 0.010
SM 45C| 0.440 0.280, 0.700{ 0.017} 0.017
Mechanical properties
Yield st.[Tensile Reducti-|Hardn-
Items |(kgf/ st. (kgf/ El(o‘;%a, on of ess
mm?)| mm?) %) Jarea(%)| (Hs)
sM35C| 3.0 62 0‘ 29.0 50 180
SM 45C 38.0 68. 0| 25.0 44 200
.. wfting Lengtr
i of one pass
 —
Head
stock Cutting Tail stock
}. Materia!
Dead —— Feed

zone Tool

Fig. 1 Shape of cutting material
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Fig. 2 Flank wear curves at different velocities. (P20, SM45C)
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Fig. 3 Flank wear cuves at different velocities (Carbide Insert, SM35C)
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Table 2 Results of regression analysis (P20, SM45C)

Vel. Coefficient

Max. error

Std. error

1 bo=0. 1460898 E -01
b;=0. 1298698 E -02

0. 7157534 E -02

0. 3616650 E -02

80 2 bo=0. 1629877 E -01

b1=0. 1244426 E -02
2=(. 2888555 E ~06

0. 7950038 E -02

0. 3540128 E-02

1 0=0. 2787906 E -01
1=0. 1812707 E -02

0. 4951000 E -02

0. 2276426 E ~02

100 2 Bo=0. 2822208 E ~01

b1=0. 1795992 E -02
b:=0. 1417939 E -06

0. 5059958 E -02

0. 2272582E -02

1 bo=0. 2493304 E-01
b1=0. 2630135E -02

0. 7421210 E -02

0. 4469352 E ~02

120 2 bo=0. 1873827 E -01

b1=0. 2928421 E-02
b2=—0. 2539484 E-05

0. 7334545E-02

0. 3784789 E -02

1 bo=0. 4024941 E -01
b:1=0. 3457571 E -02

0. 1130095 E -01

0. 6898560 E ~02

140 2 bo=0. 2367640 E ~01

b1=0. 4644051 E -02
bz=—0. 1530047 E -04

0. 6759226 E -02

0. 2788672E -02

1 b,=0. 5307937 E -01
51=0. 4341718 E-02

0. 6826892 E -02

0. 4092243 E ~02

160 2 bo=0. 4919720 E -01

5:=0. 4717141 E-02
b:=—0.6859191 E-05

0.7707492E-02

0. 3935768 E -02
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Table 3 Results of regression analysis (P20, SM35C)
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Vel Coefficient Max. error Std. error
be=0. 1718044 E -01 0. 3708002E -02 0. 1969873 E -02
b1=0.1297862E -02
80 bo=0. 1785433 E -01 0. 3740834 E -02 0. 1998735E -02
b1=0. 1282040 E -02
b>,=0. 6488642 -07
bo==0. 2899027 E -01 0.6317606 E -02 0. 31487714 E-02
b1=0. 2054866 E -02
100 boy=0. 2834475 E ~01 0. 6168853 F ~02 0. 3280532 E ~02
b1=0. 2078844 E -02
by=—0. 1562260 E -06
5,=0. 4200596 E -01 0. 8399047 E -02 0.6301679E -02
b1=0. 2705521 E -02
120 bo=0. 3155434 E -01 0. 6554655E -02 0. 5431844 E-02
b1=0. 3229053 E -02
by=—0. 4820309 E -05
by=0.5073994 E -01 0. 4981546 E-02 0. 3427796 E -02
b1=0. 3380537 E -02
140 be=0. 5192506 E -01 0.4399348E -02 0.3671414E-02
51=0. 3307986 E -02
b:=0. 8076300 E -06
be=0. 6366837 E -01 0.1115513E-01 0.5784116 E -02
b1=0. 1420417E-02
160 be=0. 5378681 E -01 0. 8574927 E -02 0.6123152E -02
b1==0. 4916046 E -02
b=—0. 1197938 E -04
V=IEOM/min  V=R0OMAin v=I20m/min - =100 M/ min
Vz80m/min
e
15
[
]
(V]
X
Cutting Mat.:SM3SC
Tool Mat. :Carbide Insert
Feed Rate :d.3mm rev
Depth of Cut:!.5mm
:Measured
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I

H
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Fig. 4 Flank wear curves at different velocities (P20, SM35C)
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Table 4 Results of regression analysis (Insert, SM35C)
Vel. ‘Coefficient Max. error Std. error
1 by=0. 1357543 E ~01 0. 843835 E ~02 0. 3782752 E -02
b,=0. 1553133 E ~02
30 2 by==0. 1882637 E ~01 0. 7358249 E -02 0. 3222096 E ~02
B1=0. 1387384 E-02
b2=0. 9265256 E 06
1 Bo=0. 2879846 E-01 0. 9726912 E -02 0. 4199371 E ~02
b,=0. 3082058 E -02
100 2 bo=0. 2485669 E -01 0. 7228532 E -02 0.4072392 E ~02
by=0. 3236880 E ~02
by=—0. 1094804 E ~05
1 bo=0. 4473847 E -01 0. 6207562 E -02 0. 9575671 E ~02
b,=0. 4212216 E -92
120 2 Bo=0. 3878319 E -01 0. 6969385 £ -02 0. 1054944 E 01
by=0. 4547495 E 02
by=—0. 3525377 E-02
1 Bo=0. 5025417 E -01 0. 9719850 E -02 0. 1602664 E ~01
b,=0. 5617429 E -02
140 2 Bo=0. 3750193 E ~01 0. 8891135 E -02 0. 1156655 E ~01
b1=0. 6477468 E -02
by=—0. 1070020 E-04
1 bo=0. 5647129 E -01 0. 4475137 E -02 0. 3857255 E ~02
b1=0. 6937813 E ~02
160 2 Bo=0. 6328446 E -01 0. 5244509 E -02 0. 3843119 E -02
b1=0. 6253481 E ~02
b,=0. 1315864 E ~04
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Fig. 6 Gradual wear of carbide tool (P20, SM45C
120m/min, 13min, 45min)

42 e EHRERY —BEYS oest o] sHE

gl

Ws=(a+btyVn
Ao Hadrde] A ook 4(4)9] dutEde A
o aVr& 7e ghole], =i AArde 5¢7] b
QutEele] sV 3 Folvh F

(boyi=aVm, (b)i=bVi
olth. o714 i=80, 100,120, 140, 160m/min e} =}, =
HEY ERRddA Ik by, 7T R Aol AY3

@

Table 5 Comparison of intercepts and slopes for

each model

& LREGHERE 23 He(l)

Velocity

(m/min)

We=bo+bit

Wi=(a+bt) .V
a=0.74059X107*
6=0.62236 X104,
m=1.7507

Intercept i
) ! Slope (84) |

Intercept ! n
@V iSlOpe(bV )

80
100
120
140
160

0.014611, 0. 0012987
0. 627883| 0. 0018127
0. 024933 0. 0026302,
0. 040246] 0. 0034576,
0. 033075| 0. 0043418

0. 015895/ 0. 0013357
0. 023491} 0.0019740
0.032324| 0. 0027160
0. 042338 0. 0035580
0. 053488| 0. 0044950
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Fig. 7 Comparison of intercept b, vs aV®

o a by m& T 4 3lon Table 55 o|gA
T —#rdsl BN vlogt Aol Fig 7
= EHREY o3 EE g bool — el o
B A aVr g R Eg Aom AL by, 44
& alV=d] 4& Aolth, aV= 2 o] gt FAmw
o bo o] EEREEE 0.004mm & JIERY 2 A E27t
o oA deuel glvk, zElRa —fEwde] FERE
AHE al ok AT AL gl glor wfuly
A EEHE AWle EEREGY] Jduzde 4
W= g =+ et

4.3 —RREEo) et &

4 @elA 3 HBRERE 4 sbgdl akEee
Tl oa, b2 mE T k] 24 wpd A (W),
S 4 Wl g R (W) 9 29 AFge

po=5[ (W= )] ®)
22 AR, A4 = 4PAg $o]t). Powell
o] nonderivertive direct search method & o] 23+
BUEMN #R A O)F 2= e 40,08, Y
B3} Zol T 5 Adoh

a=0.77263X107% b=0.62515X10"5,

m=1,7392
o] & BUEFEAY 1543 E S5t EHEE B5%=
oo LFE 4 v o) Ad HE P20 TAE 4F
43 f=0.3mm/rev., d=1.5mm & SM45C = A 4+
o RS RE it AEBERESY —%
2 whga o] FART

W= (0. 77263 X107+0. 62515 X 107%) V1732 (@)

4 @)l A7 4 M A ALY 3 WE
Aoll i Ei#ERzEE Table 63+ on, Hiiwdd
A% Asfe vl 4 DY —EEAY spFe] B
FAel 4% & 5 A+ Fig 8- BIEHE EER
9 o5 iRl 4 A3E 3 Rk,

mE



230 REB-8FEE

(mm)

Wear

V=1pa

Cutting Mat.:SM4SC
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B
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Fig. 8 Wear curves calculated by linear and general model (P20, SM45C)

Table 6 Intercepts, slopes and standard errors
at different speeds

Velocity In(;e;cspt (msrf}jniin) Std. error
miny | 070 OIS | S
1073V 10-8V .7
80 0. 015770 0. 0012760 0. 0038
100 0. 023247 0. 0018810 0.0032
120 0.031922 0. 0025828 0. 0064
140 0.041737 0. 0033770 0. 0069
160 0. 052647 0. 0042598 0. 0048
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