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Measurement of displacement field at elevated temperature and its application
Wreaes RS HE Tk R B JRE &

Ryo Inoue

In—plane deformation of monolithic ceramics was measured using digital image correlation (DIC) technique
Quality of acquired image obtained using high temperature observation system (HTOS) was not changed up to 1200°C
The results of strain distribution measurement showed that HTOS could measure in—plane average strains up to 1200°C

Strain distribution measurement by DIC was also applied to understand damage evolution of multilayer ceramic
coating on SiC substrate. The observation demonstrated that mud—cracking of the protective surface mullite layer
occurred. The experimental results showed that mud cracks nucleated in the mullite layer during heating, primarily
due to shrinkage of the mullite during crystallization. The cracking event was detectable by mapping the maximum

principal strain distribution. We clearly demonstrated that HTOS and DIC are effective tools for investigating

the degradation mechanisms of coatings at high temperatures.
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Fig. 1 Schematic of high—temperature observation system
(HTOS) used in this study.
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Fig. 2 Typical optical micrograph of speckle pattern on
Al,0; surface.

A, SEHOTHER UTe. BHROMMGE
131004 X 1002pixel CTHYSF L7z, fifti7'm 77 LI
1% Neorr 2V, 7w k 29pixel, AT v 74
1% 3pixel OFATHETEAT 77

3. UFHHFETE

Fig. 3 137 v X L H — v & L= kb
a~A1,0;0 1000°C, 1100°C KN 1200°CIZIIT 5ED
BBIEROMRARLIZLDOTH D, BIEHHE L Fig.
2 LIAKRCHD. EHEONFBIR AT L TBIZ L
TBFHES I L > Car TR RHAELLTL
FHTEDNHBIVTNDD, FONTT VX Vi
X2 M7 R RMERFS I, IR DAL T
DI EMbinD. Fig. 4 1IF=IELON12000C T L
TCEBROE A LT b D Th D, =iRkE
1200°COBEAAILITFERETH Y, FIRLTH =
¥ N T A MI—EIZRTZAVTND Z EDEDD B
7. 72720, 12000CUA BICELIZ & &, MPEEEmIC
TE LT 2 — A HEL, EfRoREED=a

(a) 23°C (b) 1000°C

(c) 1100°C

(d) 1200°C

Fig. 3 Captured image of «~Al,0; specimen heated at (a)
23°C, (b) 1000°C, (c) at 1100°C and at (d)1200°C.
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Fig. 4 Grey scale histogram of captured image at room
temperature and 1200°C.
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Al203-Single crystal: Perpendicular to <0001>plane
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Fig. 5 Plots of average strain along x— and y-direction as a
function of temperature.
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Fig. 6 Typical SEM photograph of Mullite/Si multilayer coating
on SiC substrate. (a)Top view (b) cross sectional view.
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Fig. 7 (a)Strain distribution of mullite coating along x and
y-direction, and (b)maximum principle strain.
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Fig. 8 (a)Average strain of mullite layer (first heat cycle).
(b) Average strain of mullite layer (second heat cycle).
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