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Study on Crack Propagation Behavior of Cermets and Cemented
Carbides under repeated Thermal Shocks due to the improved quench test
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B Abstract

In order to deverop a good cutting tool, it is necessary to study basically the thermal shock behavior of the tool
material. So that in this study crack propagation behavior under repeated thermal shocks was studied on
cermets and cemented carbides for cutting tools.

The results thus obtained were summarized as five chapters.

Firstly an improved quench testing method that would enable us to estimate crack propagation behavior and
fracture toughness values under repeated thermal shocks as a characteristics of material has been proposed.
Nextly it was clarified that this method would enable us to give quantitatively crack propagation behavior
under repeated thermal shocks as a relationship between the crack propagation rate and the maximum stress
intensity factor.

Then this difference was discussed from the viewpoint of their microstructures.

Lastly about cermets contained different amount of TiN, the relationship between cutting speed and crack
growth vehavior of tool tips has been estimated by practising a milling test whose damages of tool tips would
be most strongly influenced thermal shocks.

Then it has been shown that an analysis by this proposed quenching method would proved a practical cutting
phenomenon.
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Fig.1 Applicable range of materials for cutting tools.
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Fig.1-1 The locations of thermocouples for measuring the temperature distribution along

the specimen height at an instance of thermal shock.
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Fig.1-2 A schematic illustration of the thermal shock

testing equipment.
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Table 1-1  Chemical compositions of the material used.

wi.(%)
wc TiC TaC NbC Co
72 8 8 2 10

Table 1-2 Mechanical properties of the material used.

Coefficient of linear expansion (K") 5.34X10°
Young's modulus (GPa) 527
Poisson'’s ratio 0.222
K (MPam'?) 12.7
Bending Strength (MPa) 2600
Q
@\
4
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Fig.1-3 The shapes and dimensions of the specimen
with height 2¢. (2c=8mm,16mm)
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Fig.1-4 The locations of thermocouples attached to the

specimen to measure the temperature
distribution in the specimen height during the

thermal shock. (2c=8mm,16mm)
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Fig.1-5 A schematic illustration of the measurement of
the transient thermal stresses at an instanse of
the thermal shock by the newly developed

quench tests used strain guages.
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Fig.1-6 Temperature changes in the direction of the

specimen width induced by the thermal shock.
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Fig.1-7 Temperature distribution in the specimen
induced by the thermal shock.
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Fig.1-8 Distributions of the thermal stress in the specimen
induced by the thermal shock with time.
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Fig.1-9 The variations of thermal stresses, o,,,, occurred

at the cooled surface with an elapsed time.
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Fig.1-10 Distributions of the thermal stress in the
_ specimen induced by the thermal shock

with time.
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Fig.1-11 Changes of thermal stresses occurred at the

location (y=2mm) with an elapsed time.
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Fig.1-12 The relationship between the maximum
thermal stress occurred at the location

(y=2mm) and the heating-temperature.
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Fig.2-1 Semielliptical surface crack loaded by bending and tensile stresses.
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Fig.2-2 The crack aspect ratio for the surface cracks
which appeared in the thermal shock

experiments.
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(b) Effect of the cooling media.

Fig.2-3 Variations of the thermal stresses o ,,,0ccurred at the cooled surface with elapsed time.
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Fig.2-4 Effect of specimen heights on the relationship
da/dN-K_,, for the repeated thermal shock test.
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Fig.2-5 Effect of quenching media on the relationship
da/dN-K_,, for the repeated thermal shock test.

BEALIIFRD b,

2.3.3.2 AHRAOKMEKIFHICET 5 %5

X 2-5 1%, ~FiE 16x4x25mm DFRERF % H W T,
ey arFANo 2 BEOWHERLTH WL
D, MR LAEET O X ZEREE da/dN &in))
KRB K, OBEREELSE T 7 LR LZD
DTHb, 25700, FEREELILTTILAR
ROBMBRIMNE T T 7 ETCWEFRogEe b 12138
BLL7zE 2R L, SEERDE NI L BEIEER
DN, TOFEEF, B 2GHEEEHw
Ba, KEF EHHEEOFREIZBIT 2 BRIER S
HEDEALL, FRIC X o TEAET HERBIL T HTZE
b4 555, HEF OMNERO —RICHIRE S % EH
L& 23S, REREICL Y RREREICT %
BIZEEMICFHMETE L Z L ARBLTWA,

2.3.3.3 ZERERFHEODERN

DibEoE 2-4 MK 2-5 D#EE LBEET O &
WERZFH LD 3EHOLEMH I LTI RTHEEES
HRMEONT, N DEREH 2-4 B XU 2-5
IR END O L 9 IR/ ZFRFICL AT
LIk, BT, SEHBERIKS v &
SEREE L L CROERXEE2,

da

-&Ezzoleo”(K -32)"%° (3)

max

24 # B

(1) HHEEARE LTKERAVZSEE, dBiE S
8mm & l6mm (ZIKS T, FARBIRIEICTT IZEE
B 05 BTHRAELZ, LA L, ZOMIHER
HRERAE E 8mm 124 LCH#) 355MPa, 16mm {237
LTH 455MPa &2 1), ABRAESIZL BERN
O BT,

(2) &3 16mm ORI LT, Y arFA
VEGEHIEAR L L THOWRIGE, SR IEE
BEEH 6 HTHEL, ZDMEIFH 155MPa TH -
720 TOMBIXEEEA L LTKkEHWGE L
BL TS, FEMPNELLKDOEGEICHN
RN TH o7,

(3) #RLBEE T ORE XHOERERE da/dN &
JETTHERAREL Ko PR Z KD 72, FELRICIE
HEEH I NS EEARIC L 5 ER B LT,
ROEBRRE1H72,

da

— =202x107 (K, —32)"°
dN

max

SE

() #FFHEN, BIEE, HEAR, HISELE, 5, (1987), 65-70.

(2) BARZEESE, BWEN Y KTy 7, (1990), 3435, HEE.

(3) TPIE—RR, BJLT, (1989), 13-14, HETHAR.

@) BB, BN, BAREESHEERCE, 930-71, (1993), 49-50.

(5) MEEFEHHNG, HHEE, WERE, HEBLUBRGE, 40-1, (1993),
29-32.

(6) K%, BEESS L REHEEME (ERELIRH) , 1986), 2, AE.

(1 LB, BARFL, WAE, MHE, 41461, (1992), 253-259.

(8) Newman, J. C.Jr., and Raju, I. S., NASA Technical Paper, 1578, (1979).

BIE YV—Xv NbLUEEER
DIEE L FEET D ERE
B DR%E

31 #®& §

AETIH, B1ETREL, F2BTTORYN
DRSS N~ ARG EERIL A T,
BEEB LU — Ay P ORE LB T O S 25E
BHEE, $abb, SFEREE EAHERILIILA
RBOBER T EENISHE, BT LEEBMLE
LTwa, 2 LT OME L AEEERIZBIT
% SZFERFMEOEZRICH LT, W& OB
DERIEE LTEEEIT o720

A#HER Vol.56 No.1 5@% 120 5



NACHI

32 HREBIUEERFE

321 HEBEHA
REBRIMHEH LB ZMIE, =2y FB L
WC K E 8.5um DB EETH 5, £DILFERK
DEF31IRT, =2 v MITICN, TaC, WC
rERTETIBERTABEAY — XAy FTHD,
BREEA 4T WC, TIC, TaC % £168& 9% P30 R
HHREAETHL, TNOLOBETEMBREEELFN
FNE 3-1, B 3-2 [ZRY, B IZL EDOBs %
A L7omhiE IR, BAETRPERE, B
T, ABEAEZFETIE 4mm, & 8mm, & 25mm
DEFIRORERS THIRIAL L7 BERETR OB
EME TR 32 IURT, BRIEEAEMEIIE Yy 7 — XA
YT T avFEICLD, FoMTRE = A
TEBRL Y KD72, RI2LDVb0b L2, BiE
B E B A SOV T 127MPavm , H— X

Table 3-1 Chemical compositions of the materials used.

wt. ( % )
wc TiC TaC NbC Co
cemented carbides 72 8 8 2 10
wc TiCN TaC Ni Co Mo
cermets 15 52 11 8 8 6

Table 3-2 Mechanical properties of the materials used.

Cemented carbides | . Cermets
Coefficient of linear expansion (K') 5.34x10° 7.65X10°
Young's modulus (GPa) 527 438
Poisson'’s ratio 0.222 0.235
K (MPam™) 12.7 10.2
Bending Strength (MPa) 2600 1900

Fig.3-1 SEM photographs of microstructures for

cermets .
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Fig.3-2 SEM photographs of microstructures for

cemented carbides.
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Fig.3-5 The relationship between da/dN and maximum
stress intensity factor for the repeated thermal

shock test.
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Fig.3-6 A model of the material microstructures.
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(a) Cermets
Fig.3-7(a) Differences between Cermets and Cemented

carbides in crack growth morphology.
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Fig.3-7(b) Differences between Cermets and Cemented

carbides in crack growth morphology.
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Table 4-1 The transition of cermets.

generation
The first generation TiC-MoC-Ni
The second generation TiC-WC-TaC-MoC-Ni
The third generation (TiN 20%~50%) | TICN-WC-TaC-MoC-Ni-Co |

Commponents system

AT #AER Vol.56 No.1 @4 120 5



NACHI

Lahh, BEYJHIRHM L ETRTEIT, #AHEICL
BB AN E LR T WYHIEHHEIRTIE, FarE
CF 7 HERBEDEBEMICRIT S &) MERD D
5720 Z9 L7-MBESOBRIIIIEA B DL,
2 REDUBEDVLETH DO,
ZDRBIZE, =Ry bOERMEOTH L,
ZAM (a7 —), ELME, e, MEREES
BEETOXFMERSEICRIITEE 2 EE2ITHE
BYDLENSDL, TOL) BEENL, RFFET
RSB T A EENKE W TIN EFEEOK
NS, BEET O FZLERFFEICRITTEEIIOW
THRET L7z, '

43 HBRAEBIUEEREZE

431 HE&H
REERIMHEH LB FA L, FEH TICN OF
KRN 1.5pm D TICN /Y — X PT, 37—
HOTIN GEERDI259DKERY A7 (LLFH—
Ay b A EBEEE) &, 385%DHEHES 1T (DT
F—Xv b B EBERE) BLY S000@ERES AT
(LLFH—=xv b C LBERE) O 3 BETH L, £
DALZES T 75 4-2 10" T o A TiICN R — A v b
I TICN # a7 =i e L, WC B LU TaC % EIR
BB A, EHICHEEMENI, Co)k DEEFEZ S0
B1DIHETED Mo x BATREREHRIHEE Y —
Ay FTHBHO, B 41 (ZH—2v h AL C O
BHAFIZOWT X v A 707 F 74 -2 &
DI LSRR E R T, SIS LIUE, BEAGERY
TORBIIETICEET>TBY, BAMBRIIHIE
v e

(a) Cermet A.
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Table 4-2 Chemical compositions of the materials.

wt.(%)
TiC TiN wc TaC Ni Co Mo
cermets A 39 13 15 11 8 8 6
cermets B 32 20 15 11 8 8 6
cermets C 26 26 15 11 8 8 6

Table 4-3 Mechanical properties of the materials.

Cermets A | Cermets B | Cermets C
(CKq:jff/C/ent of linear expansion 743X10° | 7.65x10° | 7.73x10°
Young's modulus (GPa) 435 438 442
Poisson’s ratio 0238 | 0235 0.230
K (MPam'™) 9.6 10.2 10.8
Bending Strength (MPa) 1600 1900 2000

(b) Cermet C.

Fig.4-1 Results of EPMA line profile.
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(c) Cermet C.
Fig.4-2 SEM photographs of microstructures for cermets A, Band C .
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Fig.4-3 The relationship between da/dN and maximum
stress intensity factor K, for the repeated

thermal shock tests.
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Fig. 4-4 SEM photograph of near crack end after receiving the therml shock damages for cermets C.
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Table 4-4 Linear coefficient of expansion and Young's

modulus of core and binder phase.

Core materials Linear goefﬁcient of Young’s modulus
expansion (x10°K") (GPa)
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(c) Cermets C (K,,,=9.0~9.5MPa+/m ).
Fig. 4-5 Crack morphology after receiving the thermal shock damages for cermets A, B and C.
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Fig.4-6 Microstructural difference between cermets A, B and C.
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Fig.4-7(a) Crack growth mechanism for cermets A.
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Fig.4-7(b) Crack growth mechanism for cermets B and C.
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Fig.5-1 A schematic illustration of cutting apparatus in milling test.
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Fig.5-2 The relationship between cutting speed and temperatures of tool tips.
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Fig.5-4 Relationship between crack growth rate and cutting speed.
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Fig.5-5 The result of cutting life in milling test.
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