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Cyclic Crack Growth Behavior and Dynamic Thermal Stresses
of Silicon Nitride under Repeated Thermal Shock Tests

Sotomi ISHIHARA, Takahito GOSHIMA,
Koji NOMURA and Takashi ISHIZAKI

Dynamic thermal stresses and cyclic crack growth behavior produced by a single and repeated
thermal shocks were studied on silicon nitride. Thermal shock was applied to a square shaped bar
specimen using the improved water-quenching method. It was clarified that the cyclic crack growth
rates, da/dN, under the repeated thermal shock tests are represented by the following expression,
daldN =9.35%10"%Kmax—1.36)*"*. In addition, the experimentally observed maximum thermal
stresses, Omax, for silicon nitride in the present study as well as those for cemented carbides and
cermets in the previous report can be approximated by the expression, Omax=0.704aEAT —57.74,
where @, E, 4T denote a linear coefficient of expansion, Young’s modulus of the materials and
applied temperature differences at thermal shocks, respectively. By using this expression we can
directly evaluate the maximum thermal stresses induced by the thermal shocks without temperature
measurements.

Key Words: Fatigue, Thermal Shock, Thermal Stresses, Crack Propagation, Ceramics, Biot’s

Factor

1.

FELiFuFEE T T v 7 ARFRREBBEATRSCE A
BANRAY 7k L, BERANEET COEREISH
FENB 00, BREE N2 WREEEOBEY
BECR S, 73y 7 AMBOREHBREIICET 5
g~ ® 3 g THREL AN TERY, b
RO ENERGHBEZ JT, E\/ELHOT
H2, BEBEOLETEIIvIARERHT LD
K, SR U BVETIR T O & BUEREHE, W R
MWEEZERECT 5 e BLBEBbh 35, REELAT
BOHTFLLTHRERBBLONTVBEEEFFE AR,
REFOBBEA N BE R EE T3, SRABRK 2 5H
BARKIZIA L & &, BERF L wHEEO T B WL
TR Bl - BFOEL, AEERSKE (KL
T35, ZORDBMEREH S 2 EITEBRIC b HEER
Bz b REETH D, REROWNRAFEERETII,
BEREEOSRBE NS RAET 2 RESHIE S HH
DHBD—-RTBESFICRDEIRCLRTS, 2L T

il

* RRZIT 1998 %5 A 28 H.
“UIER, EILAEEE (8 930-8555 FILTALAR 3190).
" RUAFATH

E-mail : ishi@eng.toyama-u.ac.jp

HERF L WA DBGEESbP SR ED, O
BAPERREOER L L TEL L —RTRESHEE
BlaZrick), BEFRFRCARFASICHEET S
BBICHEFEL L5 324D TH 5.
EESE, IhETHELEANBRERERE
FHOTEEESBI UV — Ay FOBRE LAEET
DOERERBEHEEZHSHICL TE O, DT
OFEC > THEON LR UAERT O X ZERR
M, A TERE & ZLERFIIARE O R AE RIS 4L
KIEH Kic 53, EBRTRV 7 BB ~H ik & i HIgE I
HEE S, HHEEOBREREL52 2 2 L 2RL
720, ABEEEBIROBERANERA T 50010,
BEESE, — Xy S OMOBERMEHIZ OV T Y
FOEYELHZL TBLLEND S,

AL TR~ O REEREBE L H T,
2T VwELT 3y 7 ZADEE L BER T ORUINES
= ZLERF M RS M LT,

2. BRRBIURKLE

2:1 HBE AW RBREEMIE, TTHROE
i, B T80 SN-220 Th 5. ST EREER
#ErAOTRM O LRESAR ZRAE LS
BN 4 RiE1~2.5um, FET A7 G

162 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

LT CEOMER I L 2 BIEIET LR UAEE F oM X Witk REY 1111

256 THYHBPINAEHULBREET LI LM
iz, AAERSUETCEREtE 2 T E ]
BXUR2EZRT, RBA 12 8X4X25 mm OERRE
RTHy, BHAEZIAYELY FP—2 Mc kO EH
WA R RERICHE L 1,

2:2 MEEERE  SEcHLURRBE OB
HECE Y & — ABEEFIC LD 150~200 pm O F &
HEeBA LT, ZOHBEER L EREERZITV, 12
DR LET LTS HES 20 #FEMBC LT
#7400 {5205 1000 fFETHIE L 72, Bonl S BERE
LY, STEREE da/dN LI TIHEARIEE Kmax
DERERD 2,

WHIEOREA THEZBRVL T RTOH LT 2
e, M1IWRT L IRMANT TINS DHE %
L. z0% SR Z2FEPTHS0 SMEL, NE
BESMBERC R > I ERBRLLBTIERL
293 K DI I BB THEI D A4 % il X & B 1%
B2, SHEEIINS 2 TH S, B E LT
KERTe, R BERERIL, K2R Lo
F A < HEDO/NEE — 5 % v CREBRE 245 & S
EROMAE FFSR2ZLICEDfTFotz. 2OMOER
FEE DO TR0 10 R T 2 O T ED
RE BT 5,

2:3 BEZHAE HEBRBORBRFSIHA
~NOBRES 2 BENEHECTHELY:., f{idnE
BREEMENR OO ARy MEBC LD BES 255

Table 1 Chemical compositions of the material
[wt.%]

Si3N4 Al Y W
Bal 2.50 2.30 1.80

Table 2 Mechanical properties of the material

Coefficient of linear expansion 3.20x10°
Young's modulus (GPa) 294
Poisson’s modulus 0.28
Kic (MPam'?) 5.7
Bending Strength (MPa) 588

25

Fig.1 Shape and dimensions of the specimen
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Fig.2 A schematic illustration of the thermal shock
testing equipment
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Fig.3 Hole locations to set thermo-couples for measur-
ing temperature distribution in a direction of
specimen height at thermal shock tests
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Fig.4 Change of temperatures with an elapsed time at
several locations of the specimen
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Fig.5 Temperature distribution in the y direction of
the specimen at an elapsed time of 0.7s after
thermal shock
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Fig.6 Distributions of thermal stresses near the cooled
surface
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Fig.8 Changes of the maximum dynamic thermal stres-
ses as a function of heating temperatures of the
specimen
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Fig.9 The relationship between crack growth rate,
da/dN, and the maximum stress intensity factor,
Kmax, for silicon nitride
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Fig.12 The relationship between Biot’s factor and the
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Fig.13 The relationship between the maximum ther-
mal stresses, Omax, and the calculated thermal
stress, akE4dT
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