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Crack Growth Behavior Due to Repeated Thermal Shock
in Cemented Carbides and Cermets

Sotomi ISHIHARA, Takahito GOSHIMA,
Ichivo NAKAYAMA and Takashi YOSHIMOTO

Dynamic thermal stresses and crack growth behavior produced by single and repeated thermal
shocks were studied on cermets and cemented carbides. Thermal shock was applied to specimens
using a quenching method. Using the precracked specimen, crack growth behavior was investigated
under the repeated thermal shock tests. It was clarified that the crack growth resistance of cemented
carbides was lower than that of cermets in the low stress intensity factor range. This difference was
discussed from the viewpoint of their microstructures.

Key Words: Thermal Shock, Fatigue. Thermal Stress, Crack Propagation, Microstructure, Sinter-
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Wt (%)
WC  TiC  TaC NbC Co L, HSEEMNEGEE Z L icFRFRL, ST,
e, 72 8 8 2 10 SOV b O &S IR & LT, BETR O BhiY
WC TiCN TaC Ni Co Mo LTI OFHEIC IV T,
Cermets 15 50 10 8 8 9 2:2:2 B L O#RT RERN NI O R AL AR
Table 2 Mechanical properties of the materials T ‘1 E
. ,ﬁ Cemented oo’ l
Cermets carbides ‘ \
Linear coefficient of expansion 7.96x10°° 5.34x10° ! ! -t
Young's modulus (GPs) 428.26 52724 25 |\ o
Poisson's modulus 0.233 0.222 " 7 o
Kie (MPam') 10.86 1.7 Fig. 2 Shapes and dimension of specimens
Bending Strength (MPa) 2150 2600 Q)
o— Aﬁ;:}r
..,L i
-
1 Motor @ 523K
2 Timer
3 Furnace } )
4 Specimen L-lw ®
5 Water 1
5 4 m Fig.3 Schematic illustration of the thermal shock
(a) Cemented Carbides .__, equipment
y
Thermo couples
Silicone resi
. - C : ©
A NERN- < .
N LR N]_‘ Specimen R
(b) Cermets l I ' , X
Fig.1 SEM photographs of microstructures for Thermal shock
both cermets and cemented carbides Fig. 4 The location of thermocouples
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Fig. 6 Distributions of temperatures

200} P 473 |-
150} ) . 3
s -
g
o o}
100}~ by : 5§42
- - e a
- Cemented carbldes g
--O-- Cermets =
50}- =
373 L L L
| | } J i o 1 2 3
0 100 200 300 400 500 Distance from the cooled surface y (mm)
2a( ¢ m)
Fig.5 The aspect ratio of specimens

near the cooled surface

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1330 HMGEL LU — Xy b OB L BAES N X 2%

E oA BUS VIR R O B rE
RSB L, NEOBZE I L 2R Ot %
FF NS, N FE, B L ROE O BRI 5 2 AREB IS A
Fidh, BEECET 2O, Licai- T, EABEHER
BICFHI T A2 2L TERL, EAENSLE X,
AN O A8 L 2 BRI, MAEKE T OBz
FBC L AP U AN TR TE L, ZOHG, Mk
WD BREE ST A I IEIZ— KR & 2 B 708, BUG Il 1d/IN
EL AN, M, EXEAIAE L E X3, BULiR
KEL D, ZOERTEABIIBEROM L S 4%
FNT A=Y EnE L, £F, WHBIOEA AL
O ARGE U THRES dL7: BRERTIRIE 3 & HERHIR
DIRESME AHL, WHES--BT 204
BEKRDD 2 k- T, KEBRICE 2 EA KON
flizdats, ULal, BEANRSY 4 7OREEHER TIZ
EA BT & 2 b ic BT 5 0T, KESHE L MR

RREA- I 23T, ZoOLKETIRES
BOMEIENETH > 72, 22T, PRFLE%EES ©
IR DT T 5 2o, KO Becher
SO R,

33 EABOHE

1 -, 3.25 -
ok 1.5+ 3 0 exp( /3>
(1 7AV)0'max

Omux E'JCI'ATM
2T AT i (ERHENREE - S EmRE),
‘ifﬁ 7 /t&, Omax (¢ %’i‘:ﬁ‘i}\‘?ﬁ"bjj, E tié%ll‘tf:i?\"

Table 3 Evaluations of Biot’s factor in the present
thermal shock experiments

Matenals Temperature Taw(K) | Biot Modulous j
Cemented Carbides 473 2.23
523 347
Cermets 473 383
523 5.54
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Fig. 7 Change of the maximum stresses for cermets and
cemented carbides with an elapsed time
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Fig.8 The relationship between da/dN and
stress intensity factor range for the
repeated thermal shock tests
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