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Evaluation of Fatigue Crack Growth Characteristics
of WC-Co Cemented Carbides

by

‘Yukio Hirose*, Myung-Hwan Boo* *, Yoichi Kism* ** and Young-Chul Parg™*** *

The fatigue crack growth tests of WC-Co Cemented Carbides were carried out in a wide range of fatigue crack
growth rate covering the threshold stress intensity factor range A K. The effects of the stress ratio, Co volume frac-
tion and the phase transformation of Co on the fatigue crack growth characteristics were investigated on the basis of
fracture mechanics and fractography. The crack growth rate was measured using 3-point bending specimens. Crack
growth tests were carried out at 10Hz and the stress ratio R = 0.1 and 0.5. The main results obtained are as follows;

(1) The Paris rule can be applied between da/dN and A K and it is shown to be da/dN=C(AK)".

(2) The fractography of the fracture surface, shows that brittle fracture occurs in the Co binder phase at the
stress rate R = 0.1 but ductile fracture occurs in the Co binder phase at R = 0.5.

(3) The relation of da/dN-A Kett / E of WC-Co cemented carbides shows the characteristic in the middle of the
other metals and the alumina ceramics.

(4) The Co binder phase undergoes phase transformation by repeated deformation and so it affects the charac-
teristics delicately.
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Table I . Mechanical properties.

Materials E(GPa) | oy(MPa) | Kic(MPay'm) { HV
WC-16%Co 516 2925 14.4 969

WC-25%Co 456 2666 16.3 812
E :Young’s modulus or : Bending strength
Kjc : Fracture toughness value
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Fig. 1. Shape and dimensions of specimen.

a a : Crack length
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Fig. 2. Schematic illustration for EC method.
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Fig. 3. Relationship between crack growth rate and
stress intensity factor range.
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Table I . Constant values of C and #.

Materials R C m
15
WC-16%Co 0.1 2.23x10 ) 10.36
0.5 2.77x107 11.14
0.1 . 692
WC-25%Co 1.15x10 9

0.5 2.32x103 9.33
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Fig. 4. Relationship between crack opening ratio and
stress intensity factor range.
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Fig. 5. Relationship between crack growth rate and
effective stress intensity factor range.

PR E N SN BN E R G h 5.

FHEAOL L (K OHE» R @) 12k bke
ENBANCTIEREREEH A Ko 12 & DR LIET
SR T — 2 OBF L =i R % Fig. 5 IR T

da/dN = C’(AK )" @)

ZZTC &Em TEKTHS.

WC-25%Co D6, IS AEZ LT ZZEEAND
EHHPBR ENEVDT, AKgDEREIZLD Kop = Knin
THH75 AK TEM U Fig. 3 (b) £&bbk, —F
WC-16%Co D7 E ZUERFFEICBIL Tk, AKer 754
TENEFREIIHHTAZENTE LN, ZHZELT
X, EEOXBARERE TS V57 4 OFRE S
FATERTS.

3:3 T3V MTT7 1HMRE

WC-Co #BHEA%IZ WC & Co »5 A 3HAMI L&
%2%Z LM T%%, ] L Chermant 513 WC-Co A
&0 XFERRZIEIL WC ORIN, WC & WC LI
%K, WC & Co LDERBLV Co WIZHITBZ EMNT
EBHLHLEENTHD, &56IC Co IIHBERRICHERET
BZLENHMENTWBEDTZEDER - BREEENI MR
TIEBITRS KB XN T B EELONS, Lk

NI | -El ectronic Library Service



The Society of Materials Science, Japan

WC-Co #BA S DY & ZLERRHEDOFH 729

T, WC-Co BHiAED XML (D F DHIER
B BHATE Tl A<, MR ORE AR R,
J. L. Chermant 5 2R U 28R IS DWW D ANR XD
Lol DI TBBI NI NE. 22T, K
FERARI D E D & i TR RIS e > T B & F
52N T B DI EE 21T > 72, Fig. 6 12 WC-
25%Co AGOUEBSEO—GlERd. v 7 aficZo
TR R AR LT A% L, 2Z0E WC & Co DEIR,
WC & WC LDEIRBIUT Co WDWThr & EREL T
RV
RIZR=0.1F% K05 OB A KL TAB L, E
MR TH DA, HiE T Co MV VERNZHEEE L 7284
NELBOON, —HHE CIIESWIELRT T4 VT
ANEGLFERE N, £7=, R = 0.5 OBED—E T
AN WC BEEEES CIa N BRBHE 2 RS 5 U3 —
88—V BMERR &7z, DED WC-25%Co DIE, v
TENZIEE B SDB I BT EIROMEBD LS 1
MR s % L B0, ISz & 5T
WIEERE SR 5> TN B Z e S 2T 57z,

3-4 MOMEEDLE
MRIORBENE L 534 AK (AKey) &YV IHRT
B 5 L 350X 0SEVEIFRAE S NS ok
K DD 72912, AifZETHE 5z WC-Co 84

Tpm
(8 R=0. AKy=60MPaym  r

il

Tpum

() R=05 AKy=61MPa/m  +—

Fig. 6. Scanning electron micrographs of fatigue
fracture surfaces. (WC-25%Co Crack growth
direction is from left to right.)
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Fig. 7. Relationship between WC-Co cemented
carbides of crack propagation and other materials.
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Fig. 8. X-ray diffraction patterns of WC-25%Co alloy.
(Kimax = 10~12MPa+/m)

Tablelll. Integrated intensity rate of phase transformation.

) Integrated intensity rate
Materials R
Iy /Iy
. 0.1 0.297
WC-16%Co 05 0.110
WC25%C 0.1 0.701
O 05 0.269

Iy :Integrated intensity of &’ - Co 101
Ivy : Integrated intensity of y - Co 111
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Fig. 9. Schematic of phase transformation at crack tip.
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