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A Crystallographic Model for the Orientation
Dependence of Low Cyclic Fatigue Property
of a Nickel-Base Single Crystal Superalloy

Yue Zhufeng', Tao Xiande?, Ying Zeyong?, Li Haiyan!
(1. Department of Applied Mechanics, Northavestern
Polytechnical University, Xi’ an 710072, P R China;

2.608 Institute , Aeronqutical Department, Zhuzhou 412001, P R China)

Abstract: Fully reversed low cyclic fatigue (LCF) tests were conducted on [001],[012],[112],
(01 1] and [11 4] oriented single crystals of nickel-based superalloy DD3 with different cyclic strain
rates at 950C. The cyclic strain rates were chosen as 1.0 x 1072,1.33 x 10~3 and 0.33 x 10~%s"!.
The octahedral slip systems were confirmed to be activated on all the specimens. The experimental
result shows that the fatigue behavior depends on the crystallographic orientation and cyclic strain
rate. Except [0 0 1] orientation specimens, it is found from the scanning electron microscopy( SEM)
examination that there are typical fatigue striations on the fracture surfaces. These fatigue striations
are made up of cracks. The width of the fatigue striations depends on the crystallographic orientation
and varies with the total strain range. A simple linear relationship exists between the width and total
shear strain range modified by an orientation and strain rate parameter. The nonconformity to the
Schmid law of tensile/compressive flow stress and plastic behavior existed at 950°C, and an orienta-
tion and strain rate modified Lall-Chin-Pope(LCP) model was derived for the nonconformity. The in-
fluence of crystallographic orientation and cyclic strain rate on the LCF behavior can be predicted sat-
isfactorily by the model. In terms of an orientation and strain rate modified total strain range, a model
for fatigue life was proposed and used successfully to correlate the fatigue lives studied.

Key words: nickel-base single crystal superalloy; low cyclic fatigue; crystallographic orientation de-
pendence; strain rate; cyclic plastic; creep life; crystallographic plastics



