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CRACKING MECHANISM AND PREDICTION OF CRACK SPACING
OF CERAMICS UNDER THERMAL SHOCK

WU Xiao-feng , WANG Peng , JIANG Chi-ping

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The cracking mechanism and crack distribution law of thermally shocked ceramics were studied. The
water quenching experiment of 99A1,05 ceramic specimens with thickness of 1mm showed that the spacing of
cracks decreased with the increase of thermal shock temperature differences. The difference between individual
crack spacing and the average spacing didn’t exceed 7% in 5 specimens at the same thermally shocked
temperature difference. The transient temperature field and stress field were calculated by combining heat transfer
and mechanical theory, and the cracking mechanism of ceramics under thermal shock was studied. A finite
element method for predicting thermal shock crack spacing was developed by using the minimum energy
principle with the crack spacing and depth as variables. In view of large dispersity of the Biot number in
references and its difficulty in direct measure, an “indirect measure method” was put forward, the Biot number in
experiment was inversely estimated, and the numerical predictions at other temperature differences which agreed
well with experimental results were obtained. The present research provides help for deeply understanding the
failure mechanism of ceramics under thermal shock, improving the performance and designing new ceramics.
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Table 1 Basic physical parameters of 99A1,04
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Fig.1 Sketch map of bound samples for thermal shock
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Fig.2 Thermal shock crack patterns on the surfaces of the
sheet quenched in water at initial temperature of 300°C, 400°C,
500°C, and water temperature of 15°C
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Table 2 The average spacing of cracks appeared on the
surfaces of ceramic sheets
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Fig.3 Sketch map of upper and lower surfaces suffering
convectional thermal shock
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Fig.4 The curves of temperature field in the plate under
conditions of T,=400°C, T,=15C, Bi=10
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Fig.5 The curves of thermal stress at different Bi
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H 18 Bi BN, AT SR TS 01 5
FA, RSt gt Bt iR A sz oK
VR DT AR R AREERS A , I SR
SRR RS R S F 2 he(4000,
40000)/(W/(K « m*), Bi A —JuHI{l, Bie(2,
20). Mk, R PR ZE T, e SR
ML e e Bi, FRLASE Bi RS ILARE R
MZLLIR]EE, ARG 1 S 4 BT LA

K10 24 T.=15CHI, SeHE T,=300°C 1525
B AR Bi=15, LA Bi=15 HHAARIKHLT
YN 1R FERE I AGTRIE Ty (78 4k 2k R 3 55 5256
S5 R (Ty=300°C LIS s PIXS L. I 10 v %0, Bi
S I, R 2L R R B AP TR ZEAT 13 T
TN e BUE RS S0 45 RS AR LT



i

2 463

0.25
SE 0.20
.
z 0.15
=
=
 0.104
L]
0.05 T T T T T
300 350 400 450 500
WHEHE T /(C)
K10 T,=15C, Bi=15 W F&ER PGt Rsrcm Y- iR
Bl T, 19754k 1h 2%

Fig.10 The curves of dimensionless half-spacing of cracks
varied with T, when T,,=15°C, Bi=15

4 £hig

(1) KA 1mm J& R B gl g AT o o
OKEE)ESRE, R TARA AR M= E TR 58
44, FALR) PR Ao R 22 BT kN, A [R]
—APepEE T, 5 AR RGN EE ST
V) PR i 22 AN R I 7%

(2) ditrteIAE . Wi )y A BR G E 43T
PAF T KB AR N1y, AT
AR P ITF RN KEEHN, MR
IR BT Bi SAT, 4X AN f i T4t
PIORBERT, MBI AT

(3) KA B/MER R, KE T Hphd2gn
PR BE TR TTv5. B1 T A SCHR S 19 21 (1) SR 40
SRR, JE HAME LB, AR T
ORIV, WAl T T SR R e R R A
IR T 5 S5 W & AR 4 1) 24 SUIR) R A TR
git,

AR ST IR ORR N B A ) 5 A ) A o 2 2
MLEE, 5 3B AR BT

2 30

[1] Danzer R, Lube T, Supancic P, et al. Fracture of
ceramics [J]. Advanced Engineering Materials, 2008,
10(4): 275—298.

[2] Kingery W D. Factors affecting thermal shock resistance
of ceramic material [J]. Journal of the American Ceramic
Society, 1955, 38(1): 3—15.

[3] Hasselman D P H. Elastic energy at fracture and surface

(10]

(11]

energy as design criteria for thermal shock [J]. Journal of
the American Ceramic Society, 1963, 46(11): 535—540.
Bahr H A, Fischer G, Weiss H J. Thermal-shock crack
patterns explained by single and multiple crack
propagation [J]. Journal of the American Ceramic
Society, 1986, 52(11): 2716—2720.

Song F, Liu Q N, Meng S H, et al. A universal Biot
number determining the susceptibility of ceramics to
quenching [J]. Europhysics Letters, 2009, 87(5): 54001.
Liu Q N, Song F, Meng S H, et al. Universal Biot
number determining stress duration and susceptibility of
ceramic cylinders to quenching [J].
Magazine, 2010, 90(13): 1725—1732.
Liu Q N, Meng S H, Jiang C P, et al. Critical Biot’s

number for determination of the sensitivity of spherical

Philosophical

ceramics to thermal shock [J]. Chinese Physics Letters,
2010, 27(8): 088104.

sKTe, PR, BANS K. b SRR R T AR R
-3 fle RO RIR 2 LR GUR 822 3B [0). LR )
2%,2010, 27(10): 47—51, 64.

Zhang Shiyuan, Zheng Bailin, He Pengfei. Mechanics
analysis of an edge crack of thermal barrier coatings
under thermal shock with non-Fourier model [J].
Engineering Mechanics, 2010, 27(10): 47—51, 64. (in
Chinese)

Han J C, Wang B L. Thermal shock resistance of
ceramics with temperature-dependent material properties
at elevated temperature [J]. Acta Materialia, 2011, 59:
1373 —1382.

Jenkins D R. Optimal spacing and penetration of cracks
in a shrinking slab [J]. Physical Review E, 2005, 71(5):
056117.

skE e, S SEHIBEEAEET M. et fes
Tkt kit 2006: 337—352.

Zhang Yulong, Ma Jianping. Applicable Ceramic
material manual [M]. Beijing: Chemical Industry Press,
2006: 337—352. (in Chinese)

SRIGAL. BB AR M. dEat: BEE H R
1987: 62—67.

Zhang Qingchun. Mechanical properties of ceramics [M].
Beijing: Science Press, 1987: 62—67. (in Chinese)
Holman J P. Heat transfer [M]. New York: MacGraw-
Hill, Inc., 2002: 139—143.

PUERE, BOOREE, ERATU. RN BS AT KN M.
Abxt: g ARk, 2004: 59—63.

Li Weite, Huang Baohai, Bi Zhongbo. Analysis and
application of thermal stress theory [M]. Beijing: China
Electric Power Press, 2004: 59—63. (in Chinese)



