[#4F}] (Journal of the Society of Materials Science, Japan), Vol. 55, No. 3, pp. 264-270, Mar. 2006

o X

— 7 I EE N8 A D R T & SHRITBRE) 112

RIET

it i R D 52 B

1IN

=1

N

Sk %

17T

A ¥ B AR N B

Effect of Grain Arrangement on Driving Force of Crack Propagation
in High-Temperature Fatigue of Ni-Based Directionally Solidified Superalloy

by

Masato Yamamoro *, Takashi Ocara™ and Takayuki Krramura ™™

Crack propagation test is carried out in high temperature fatigue of a Nickel-based directionally solidified (DS)
superalloy, where the DS, load, and crack propagation axes are set to be perpendicular to each other. The magnitude
of J-integral are estimated by the finite-element-method using 2-dimentional models; (i) with the actual crack shape
and grain configuration, (ii) with the straight crack in homogeneous body, and (iii) with the actual crack shape in
homogeneous body. The driving force (J-integral) of crack propagation is affected by two factors, the local crack
propagation direction and anisotropy due to the grains. The former causes the sporadic drop of J-integral at the point
where the crack direction is largely apart from the direction normal to the load axis. The latter causes the stepwise
change in a (crack length) - J relationship which directly relates to the change of crack propagation rate in trans-
granular cracks. Then, the relationship between the J-integral which takes into accounts the factors and the crack
propagation rate in transgranular crack shows a good correlation to a certain extent. The J-integral at the grain
boundary cracking largely fluctuated and shows higher average magnitude than that in the other part. da/dN-] rela-
tion reveals that the intergranular crack has weaker resistance against propagation than that in the transgranular one,

though it shows eminent fluctuation.
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Table 1. Chemical composition of tested material. [wt%]

C Al B Co Cr Mo Ta Ti w Zr Ni

0.10 | 3.03 | 0.02 | 9.56 | 13.93 | 1.56 | 2.77 | 4.90 | 3.86 | 0.01 | Bal
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Fig. 1. Geometry of center-cracked plate specimen.
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Fig. 2. Orientation of grains near the crack and FEM
anarysis model.
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Fig. 3. Schematic image of integral path.
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Table 1. Definition of calcurated J integral.

FEM Model No. | Symbol Model

Crack shape | Material property

Description

(l) J aniso

Zigzag crack | Locally distributed | Energy release rate supporting both of

based on
fatigue crack |elasticity due to the|grain configuration and the "crack path
observation |grain configuration | shape effect" on the crack propagation

anisotropic the "microscopic anisotropy" related to

mode and crack driving force

T 5}%

(i1) I sraight Straight crack | [sotropic elasticity | Energy release rate with no locality of
crack shape and material properties
(1ii) Jio Zigzag crack | Isotropic elasticity Energy release rate supporting
based on only the "crack path shape effect”
fatigue crack
observation
J Straight crack | Locally distributed Energy release rate supporting

anisotropic only the "microscopic anisotropy".
elasticity due to the|The "crack path shape effect" has been
grain configuration cancelled by equation (2)
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Fig. 4. Crack propagation curve.

(a): Mean level J on transgranular crack

(b): High J on transgranular crack

(c): High J on intergranular crack

A: Transgranular crack macroscopicly on [001] surface
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C: Intergranular crack
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Fig. 5. Relationship between crack length and crack
propagation rate.
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Fig. 6. Effect of micro-structure on stress.
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