
Accepted Manuscript

Effects of crystal orientations on the cyclic deformation behavior
in the low cycle fatigue of a single crystal nickel-base superalloy

Liu Liu, Jie Meng, Jinlai Liu, Tao Jin, Xudong Sun, Haifeng
Zhang

PII: S0264-1275(17)30630-5
DOI: doi: 10.1016/j.matdes.2017.06.047
Reference: JMADE 3165

To appear in: Materials & Design

Received date: 20 March 2017
Revised date: 15 June 2017
Accepted date: 19 June 2017

Please cite this article as: Liu Liu, Jie Meng, Jinlai Liu, Tao Jin, Xudong Sun, Haifeng
Zhang , Effects of crystal orientations on the cyclic deformation behavior in the low
cycle fatigue of a single crystal nickel-base superalloy, Materials & Design (2017), doi:
10.1016/j.matdes.2017.06.047

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

http://dx.doi.org/10.1016/j.matdes.2017.06.047
http://dx.doi.org/10.1016/j.matdes.2017.06.047


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

*Corresponding author. Tel.: +86-24-2397-1713; Fax: +86-24-2397-1758. E-mail address: 

jmeng@imr.ac.cn(J.Meng). 

 

Effects of crystal orientations on the cyclic deformation behavior in the low cycle 

fatigue of a single crystal nickel-base superalloy 

Liu Liu 1,2, Jie Meng 2,*, Jinlai Liu 2, Tao Jin 2, Xudong Sun 1, Haifeng Zhang 1,2 

1 School of Materials Science and Engineering, Northeastern University, Shenyang 110819, China 

2 Superalloys Division, Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China 

 

Abstract: Cyclic stress responses during low cycle fatigue of a Re-bearing Ni-base single crystal 

superalloy with [001], [011] and [111] orientations have been investigated at 980 oC, and attention is 

paid to the corresponding deformation microstructure to establish a clear microstructure-mechanical 

relationship. It is found that deformation of the [001] specimens with increased strain amplitude is 

characterized by cyclic softening at the early stage, while the [011] and [111] specimens exhibit cyclic 

softening under large strain amplitude and cyclic hardening under small cyclic amplitude. The softening 

response is related chiefly to the formation of dislocation networks, ′ degradation and the dislocation 

recovery process. Moreover, plenty of parallel aligned dislocations in the [011] specimens reduce the 

probability of dislocation interactions among different slip systems, resulting in cyclic hardening. With 

respect to the [111] specimens, since a considerable number of dislocations pile up in channels, the 

resistance of the dislocation movement increases and cyclic hardening is resulted. Our results throw light 

upon microscopic deformation mechanism responsible for the cyclic stress response behaviors of the 

alloy with various orientations. 
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