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Influence of Deviation and Randomness
of Crystallographic Orientations on the Strength
and Life of Nickel -Base Single Crystal Superalloy Turbine Blades
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Abstract: A two-damage-variable creep constitutive model has been presented for the
strength and life of nickel-base single crystal superalloy turbine blades. Uniaxial creep experi-
ments for different orientations and stress levels have been conducted and validated for the model
parameters. Modeling creep blades and double shear creep specimens were tested ex perimentally.
The model has been validated by the uniaxial stress state and multiaxial stress state specimens.
With the increase in deviation of the axial crystallographic orientations of the blade, the deviation
of the strength increases, by the name of resolved shear stress of the slip systems. T he random-
ness of the two uncontrolled crystallographic orientations of the blades results in a 15% deviation
of the strength. The life deviation increases with the increasing deviation of axial crystallographic
orientation. If there is a 15 <Ueviation of the axial orientation, the life will have a deviation of fac—
tor 6. The randomness of the two uncontrolled orientations reduces 50% deviation of life. The

study shows that the blade crystallographic orientations should be optimized for a better conjunc—
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tion of strength and creep life.

Key words: aerospace propulsion system; crystallographic orientations; deviation;

randomness; nickel-base single crystal superalloy turbine blade;

strength and life
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Table 1 The influence of the deviation of orientation on the number of activation slip systems ( N)
and Schmid factor ( S)
5< 10< 15<
S N N S N
[001]“ 0.4405- 0.4080 2- 8 0. 4657- 0. 4080 2-8 0.4837- 0. 4080 1- 8
[o11]“ 0.4318- 0.4080 2- 4 0. 4527- 0. 4080 1- 4 0.4690- 0. 4080 1- 4
[011]*® 0.3829- 0.3535 2- 4 0. 4087- 0. 3535 2- 4 0.4286- 0. 3535 1- 4
(111’ 0.4844- 0.4714 - 3 0.4929- 0. 4714 1-3 0.4977- 0. 4714 1- 3
ta {111} < 110> ;b {100} < 110>
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