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Structural optimization of fiber-reinforced ceramics by in-situ observation and
strain measurement

Kakisawa, hideki
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An UV optical microscopic system for high temperature observation to from room
temperature to 1400 free from the effect of thermal radiation is developed using a band-pass filter and
UV illumination. Random patterin% method for stable micro-pattern available to 1400 in digital image
correlation is established. Coefficient of thermal expansion of polycrystalline AlI203 is measured at high
temperature using the developed system. A system for applying load to the sample at h|?h temperature is
developed. It has been proven that the non-uniform thermal strain is induced |n a single complete weave
of woven fiber-reinforced ceramics.




CO;

cMC
cMC
Al,O;
(A1,O4/ALLO,)

Al;04
1000~1200 °C

Al,05/ALO;
Al O; 500~1000
AL O;

10 pm

CMC

CMC

ALO3/ALO;

Al O;

400 nm

400 nm

AlL,O05/ALO;

DIC

1400 °C
DIC

in-situ

CMC CMC
VH- Z50W
U340-25 CCD
BU-56EMU
USH-500SC2
CCD 1004
%1002 pixels 20
769 x 767 pm 365 nm
500 W uv
300
400 nm 328 nm
76.7%
ALO; 98N
4
50 °C/min 1400°C
20 min
-50 °C/min 23 °C
in-situ 25~1400 °C
Waber
COD COD
y
Xy
ERF E(X)
EC)=——[loeydy (1)
1 - 0 yo
I(X, ¥) Sobel operator

Yo Y1 Y 2
E) Yo W



ERF x
LSF
LSF Quick MTF 1.15,
developed by O. V. Kurtsev
LSF COD
SEM COD
DIC
Al,O4
1 0.8mm
Pattern A 2
AlLOs 30 40 nm
0.18mm
Pattem B 3
3um
Pattern C
3

Mean intensity gradient (MIG, &)

O DIC
DIC
502 pixels x 501 pixels 1.1
pm/pixel
X y 0.1 1
DIC
O da

Mean bias error  MBE MBE

ZNSSD  Zero-normalized sum of squared
differences

20x20 65 x 65 2
AlO;
10 °C /min 1400 °C
800 °C 1000 °C 1200 °C 1400 °C
DIC
29%29
ZNSSD

CMC

CMC PIP
SiC
50 °C/min 600 °C
80 x 80
pixels
30ms 1100 °C
Ims
1400 °C
1400 °C 30ms
Waber
1400 °C
COD
SEM COD
4pum
COD 1.2pm
23°C
LSF
X
COD 23°C
COD 12um SEM
1400°C
1400°C
1400°C COD 12um
COD
1400°C lpm
COD
23 °C
143 pm SEM
1400°C
1400°C
COD

PatternA B C

10° m

MIG



17 38 37 Pattern A

Pattern B pm 30 pm
30

Pattern C 10pm 10

Pattern B 3
30

MBE 1
0.25 0.75

Pattern C
MBE

0.03 0.02

Pattern A 65 x 65
MBE 0.03

20x20 0.06
MIG Pattern B
Pattern C

Patten B

Pattern C
3 30

Pattern A 20 x
20

Pattern A 31
Pattern
Pattern B Pattern C
MIG
Pattern B Pattern C
1400 DIC
Pattern C CMC
Pattern

B CMC DIC

Pattern B 800 °C 1000 °C 1200 °C
1400 °C el

AT

a~e /AT (3)

10
1400 °C

1400 °C
CMC

CTE

6.9x10° °C! 2.6 x10°°C!
SiC
5.13x10°°C!
4.72%10° °C’!
CMC
3

Yali Dong, Hideki Kakisawa, Yutaka Kagawa,
“Optical system for microscopic observation
and strain measurement at high temperature,”
MEASUREMENT SCIENCE &
TECHNOLOGY 25, 025002 (2014),

DOI: 10.1088/0957-0233/25/2/025002
Yali Dong, Hideki Kakisawa, Yutaka Kagawa,
“Development of new observation system
used for deformation measurement of
ceramics matrix = composites at  high
temperature,” CERAMIC TRNSACTIONS
244, 81-88 (2014), .
DOI: 10.1002/9781118889770.ch8
Yali Dong, Hideki Kakisawa, Yutaka Kagawa,
“Development of microscale pattern for digital
image correlation up to 1400 °C,” OPTICS
AND LASERS IN ENGINEERING 68, 7-15
(2015), .
DOI: 10.1016/j.optlaseng.2014.12.003
5

Yali Dong, Hideki Kakisawa, Yutaka Kagawa,
“Microscopic Surface Pattering for DIC Strain
Measurement at High Temperature,”

25 ,
2012 9



()

Yali Dong, Hideki Kakisawa, Yutaka Kagawa,
“High Magnification Optical Microscopic
System for Surface Observation and Strain
Measurement ~ at  High  Temperature:
Application to High Temperature Coatings,”
Materials Science & Technology 2012
Conference &  Exhibition, Oct. 2012,
Pittsburgh, US.

Hayato Suzuki, Hideki Kakisawa, Yutaka
Kagawa, “Effect of Extrinsic Factors on
Rumpling Behavior of TGO Layer formed by
oxidation of PtAl bond coat,” 37th
International Conference and Expo on
Advanced Ceramics and Composites, Jan.
2013, Daytona, US.

Yali Dong, Hideki Kakisawa, Yutaka Kagawa,
“Development of new observation system
used for deformation measurement of
ceramics matrix = composites at  high
temperature,” PACRIM 10, The American
Ceramic Society, Jun. 2013, San Diego, US.
Hideki  Kakisawa, “Microscopic  high
temperature observation in heat gradient
conditions,” The 4th international symposium
on micro and nano technology, Shanghai,
China.

0

KAKISAWA, Hideki



