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Estimation of Steady State Creep Behavior of AloO3/YAG Eutectic Composite
by Image-Based Finite Element Analysis

Noriyuki Miyazak: *, Toru Ikepa* and Toshihiro Komura *

*

Al,03/YAG eutectic composite has been developed for a structural material used in ultra high temperature envi-
ronments more than 1500°C such as in a gas turbine. Creep behavior is one of the important material properties in
ultra high temperature materials. In the present study, we propose image-based finite element analysis for estimating
the steady state creep behavior of the AloO3/YAG eutectic composite. In the image-based finite element analysis,
micro-structure of the material taken by a SEM is modeled into a finite element mesh using a software for image pro-
cessing. Then finite element creep analysis is carried out to obtain the steady state creep behavior of the
Al;03/YAG eutectic composite by using steady state creep constitutive equations for both AlzO3 single crystal and
YAG single crystal. The results of steady state creep behavior obtained from the image-based finite element analysis
are compared with the experimental results. It is found that the steady state creep behavior of the AlO3/YAG eutec-
tic composite is accurately estimated by the image-based finite element analysis. Furthermore, we examine the effect
of volume fractions of the constituents on the steady state creep behavior of the Al203/YAG eutectic composite.
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Fig. 1. Micro-structure of Al,O3/YAG eutectic composite
taken by SEM (dark regions : Al:O; single crystal,
light regions : YAG single crystal).
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Fig. 2. Comparison of steady state creep strain rate for
single crystals between the experimental data and
the analytical results obtained from steady state
creep constitutive equation.

Fig. 3. Micro-structure of Al,03/YAG eutectic
composite used in image-based finite element
analysis (dark regions : AlO3 single srystal, light
regions . YAG single crystal).
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Fig. 5. Finite element analysis model.
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Fig. 6. An example of creep curve obtained from finite
element analysis (7= 1773K, o = 400MPa).
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Fig. 7. Comparison of steady state creep strain rate for
Al;03/YAG eutectic composite between the
experimental data and the results of image-based
finite element analysis.
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Fig. 8. Comparison of steady state creep strain rate for Al
03/YAG eutectic composite among the experimental
data, the results of image-based finite element
analysis, and the analytical results obtained from
steady state creep constitutive equation.
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Fig. 10. Variations of parameters in steady state creep
constitutive equation with the volume fraction of YAG.
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Fig. 11. Comparison of steady state creep strain rate for
AlO3/YAG eutectic composite among the experimental
data, the results of image-based finite element analysis
and the analytical results obtained from steady state
creep constitutive equation (7'=1773K, Vy = 59%).

ZIT, BR7EC, A, YIRZERZhEREAME, ALO;
HifGeh, YAG BfE&4 R 7, BE 1773K, Vy = 59% O
BEIZOWT IS DRAHI» RO 6hBEH 2 ) —
FTOFLBE & A 2 — D N— ZGREZMIFOBROL
% Fig. 1210787, ERROWThORAH G £ F&EA
MBOER 2 ) —TOTAER LEBENI LIS,

4 # =

AlO3/YAG HFEEAMENZOWT, 2 DM
SEM BEE % /=4 4 — O — 2 GEEEEN 428 2
U =T OFTABEOHEIZH ., KRk ES R
T AEmEELDHETRDLIIIES.

(1) HEEAME AR L TR EEREOER 2 )
— TR & MRS O E B2 5 2 s hhud, 5
AEMBOREE 2 ) - TEHEEERSERES 22T
&5,

2 HEBEAMBOEEZ Y —-TOTHREEIZBEL
T, MREROEGHELEDOHBEERTRIRNERD:,
ud, FEA, WHIR, BIIRSORMLEARITIZE

0.0
-1.0
~ -20
@ 3.0 A
Q A
" 40 i
St -O
£ 0 A W0
B 60 u o]
v A <><> "
= 70 N Fel B FEM analysis
o 80 . O Logrithmic type
4 Parallel type } Law of
9.0 T O Series type mixture
-10.0 | ] T
1.5 2.0 2.5 30 35
log(Stress,MPa)

Fig. 12. Comparison of steady state creep strain rate for
AlO3/YAG eutectic composite among the results of
image-based finite element analysis and various types
of law of mixture (T'=1773K, Vy = 59%).
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