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Measurement of Fracture Toughness of WC-Co Composites
by Micro-Vickers Indentation Cracks
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ABSTRACT

Various techniques to measure fracture toughness which is an important parameter to pre-
dict fracture behaviors of structural materials have been reported. Among these methods, this
paper describes the micro-Vickers indentation crack method to estimate the fracture toughness
of some WC-Co composites. Two indentation crack patterns (such as radial-median cracks (or
half-penny cracks) and Palmqvist cracks generated during indentation) are referred precisely.
The fracture toughness of WC-4. Twt%Co, WC-6wt%Co and WC-9wt%Co composites were esti-
mated by using some equations given by Shetty et al., Niihara et al. and Anstis et al. in this
study, We show the reliability of indentation method by comparing the results with those
from literatures. The appropriate equation to estimate the fracture toughness in the case of
WC-Co composite is given. In addition, some technical informations in terms of the crack
length by indentation in estimating the existence of the surface residual stress that prevents
to obtain an accurate fracture toughness are presented.

Key Words : Fracture toughness, Micro-Vickers indentation crack, Vickers hardness, Radial
median cracks(or half-penny cracks), Palmavist cracks, Surface residual stress

.M E 2AEEY dEed 4L AxE goul QAo ¥

Z35lo] Ao ddo) OF AgHo] 3 Aol 2

WC-Co BEgARE 47149 A48 T 27, dolth, mEd, ¥ Axy HATY APAE BA
el WHg L 2 yniey, 1A%, IPEE L d 74dE WC 5EA5ge] Adsln on ofd ot

The AL FHEASA S&Hn At oHF & 2739 H4APXE Y 4PPYez 2%

+ deya AT
= daietan g

" Qshetm g4



ool - &8l - $AF - HQF - JAT

s —

& e PEEC U A7t Bl Y¥d1 Ut
L2l AN AYANE FE2E A2 FYAFE 458
T YE FRY dASo| o] gd AFs ZA3)
A% 8 PPE] AAH gtedl, dEH Aoz
= SENB (Single-Edge Notched Beam), CNB
(Chevron-Notched Beam), DCB (Double Can-
tilever Beam) AIBREE Al4sts v gs)A) Y
5ol gk, & AFdAE HEdEd FAAQ4R) K&
AR PHLEA v& vAL ARAE o8% 73
EAUNEE mysidth o Wl QAXF Be &
g, AaFH 22 HA5 fesiv, AR
AEEu|7t qdstn AEse e AHen H¥ol
7Vee ¥ olE, 5¥d ¥4a A7} dagle] A
=g E Ao dgo] slesitke Rl 2 F
Aot} T, ol#E sl e kA Fds
A G FAE ¢z At Z, 7Y Fo] EF3Ae]
A8z, 484504 TAHE 49 HFo) dig 2
o Uy, EYdeR Eusy Y 22 49 I
Q4 W44, SENB A4 Zo] F33d 71 AY
dhgel g QA oty QAR e EYR
52 ol n|&dd FA S0t} B

B A7 olfd #AEL A A AREA
WC-4, Twt%Co, WC-6wt%Cost WC-9wt%CoE Al
A AR AMgdle] A2 dddTe ofd FRoER
H 4& WC-Co AR & JAQ9X& viad
284, WC-Co B#ARNAY wli vAA ¢4 3
A o Az QA EHe FEHE &
g, o9 FET FAAAXNE 4] AP FHoEH
AR Ed EA Jbed A #7E Brkee
Hm A=E AAskaat g,

20

Evans 5& &% £499 Edo o8 3¢ &
4633 A8 72 HA9% s 494 A8 E
o] &8 QAo SEate], AR} FhdHel9
ddZre vl g ME DHE FAS YoieE AL W
ot ¥ o] 22¥ Blendell® Evans ¥9 483 A3
& FAZAEESE o 48 Ay

(Ko ®/H,a">)H, /| EDY'* = 0.055log(8.4a/c) (1)

A7NA, K : ZE T HE A8 93 A434

D HAA e

: 7& U=} (constraint factor= 2.7)
D eAs

. Vickers §t9A+e] Wiz doj9] it
: @E WA

o ntﬁpec:.:{

Niihara® Evans 5°] AA3ke 4 (1)9 24 ¥
A& zAEREd, WC-Co S8AEY g9 A%
U 28A8 4 (D & 24 452 Dohlz of
B9 AT fEAYe 994 g BE ol FE A
Aok ® Nijhara® 4 ()2 c/adl 93 (K0/
Ha"*)H/E®Y 9 2#ZT2 %A1 Dawihi 59
HYARE vz, BL o/a RoME o 1)F
Dawibi 59 A##E Atold] Ao/t d&d ¢ + A
Ak ol# exte H9E ADIY) A o/a @l
ne A F9 wde FEs dada AA)
o o ME HAEE AXAL F, YT 2
Feold 24 F Nz BRE £ ded, dx 3%
& co/a @M= Tgo] ¢UATE ¢4 EfNz
1= half-penny =¥ median cracks 38 (Fig.
l@)7F TAHs, *2 c/agt (c/a ( 2.5)94%&
Palmqvist cracks ¥® (Fig. 1b)7} LA &Y,
BE Z2 a5 LdM Palmqvist dEe] 45t
A3 AMAES A$ (WC-6vol%Co ol e &
FFHHNME o] Fdo] BAET: ALE HEoh
6

o] A% AMAE Hrslyl 98 4 (2)= TEY
+ a7} c/udt} AFeckn Az

lla=c/a~1 2)

o71A, 1 EW FEe dol

2, 2ol A9 did Nitharay K& Toke
A G oh2 2ol TP

Palmqvist cracks®] Z-¢ (0.25 {1/a (2.5

(K c®/Ha'*YH/E®Y'* =0.0351/a)™* (3)

Median cracks®] 7% (¢/a ) 2.5

(Ko ®/Ha"?)(H/E®Y” = 0.129(c/a)™? (4)

Y, AL vla FE g4 g 2AHE B
HEde A9 cermetss] 9 2Fd) dg
olg5x ged, AzE ABAA &d AFE 4



A FRAA A124 A 235 (1995 24)

Surface

Surface
radial radial
cracks cracks

PLAN VIEW PLAN VIEW
— -
—— ‘-—.
1 e 1 c
Sub-surface
, Palmqvidt crack
Sub-surface

median cracks

CROSS—-SECTION
(a)

CROSS~SECTION
(b)

Fig. 1 Geometries of (a)radial median (half-penny) and (b) radial Palmqvist cracks produced by Vickers inden-

'tation method
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Fig. 3 Relationship between fracture toughness and
indentation load in WC-4, Twt%Co;analysed
by Shetty eq. (10)
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Fig. 4 Relationship between fracture toughness and
indentation load in WC-6wt%Co;analysed by
Shetty eq. (10)
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Table 1 Experimental results of fracture toughness
of WC-Co by micro-Vickers indentation
method (load 294 ~ 490N)

Co |Grain| Vickers Ko K Ko
contents | size \hardnessl c/a | ipavm) | (MPavm) | (MPav)
(wi%) | (m) | (GPa)
134 10.73 11.84
47 2 1712 1 195~23 (6= 0.246) | (o= 0.184) | (o= 0682)
1447 1117 13.71
60 (12} 1562 (178207 | = 0328) | (2= 0256) | 0= 0563
1 1879 | 173 | 1565
90 12 | 1372 ’TS7'~1.78 (o= 0.685) | (6= 0.503) | (o= 0.883)

(K, : (K,c®/ Ha'*)H | E¢)** = 0.035 log(l/c), '
K,,;(“ K, = 5(E/H)”2(P/c”2), K’C(m) 1K= 0.089(HW)”’,
o :Standard Deviation)
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Fig. 6 Comparison of experimental fracture tough-
ness to those from literatures
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