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Influence of cavity morphology on creep behaviors of
single crystal nickel-base superalloy
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Abstract: By means of creep properties measurement and microstructure observation, the influence of cavity
morphology on the creep behaviors of a single crystal nickel-base alloy was investigated. Due to the cavity with or
without cracks exists in the as-cast superalloy, the stress distribution near the cavity with or without cracks during high
temperature creep was analyzed by finite elements analysis method (FEM), and the influence of the stress distribution
near the cavity regions on the creep behaviors and microstructure evolution of the superalloy was discussed according to
the feature of the stress distribution near the cavity. The results show that, during high temperature creep, the stress
distribution near the cavity with or without cracks has an obvious effect on the morphology of the rafted y’ phase in the
superalloy, the maximum stress value which appears in two sides of the cavity with or without cracks may promote the
initiation and propagation of the cracks along the direction vertical to the applied stress axis. Compared with the
crack-free cavity, the bigger stress value appears in two sides of the cavity with cracks which propagates easily as creep
goes on, this is the main reason resulting in the alloy with shorter creep lifetime.

Key words: single crystal; nickel-based superalloys; cavity morphology; FEM analysis; stress distribution; creep lifetime

2 [1-2] 2

2010-03-26 2010-06-30
024-25494089  E-mail: tiansuguig2003@163.com



21 4 763
[001]
v N-
[3-4]
/ 1072
7 137 MPa 1
20
[8-9]
[10-12] 1072°C
154 =137 MPa
1— No defect alloy
e 2— Alloy with cavity
% 3— Alloy with cavity with cracks
£
g
(7]
/
y 0 15 30 45 60 75 90 105
Time/h
1
Fig.1 Influence of cavity defect on creep properties of single
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Fig.2 Morphologies of single crystal nickel-base superalloy at y
different states: (a) Fully heat-treated; (b) After crept up to
fracture, y' phase transformed into rafted structure along
direction vertical to applied stress axis
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Fig.3 Morphologies of cavity in different regions of alloy crept for 43 h up to fracture at 1 072

from fracture; (b) Region near fracture

and 137 MPa: (a) Region far
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Fig.4 Morphologies of cavity in alloy crept for 38 h up to fracture at 1 072 and 137 MPa: (a) Cavity with cracks in region far

from fracture; (b) Cracks propagation in cavity region near fracture
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Fig.6 Change of von Mises stress distribution near cavity region of alloy with creep time: (a) 7 h; (b) 21 h; (c) 43 h
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Fig.7 Change of von Mises stress distribution near cracks-cavity region of alloy with creep time: (a) 7 h; (b) 19 h; (c) 38 h
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