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Optimization design of crystallographic-orientation in single crystal
turbinge blade
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Abstract: A\ two2damagevariable creep constitutive model was used to analyze the creep
deformation of nickelPbased single crystal turbine blades. Based on multidisciplinary design
optimization theory, the crystallographic orientation optimization was performed by ASA(a2
daptive simulation annealing) and NLSQP (nomn2linear sequential quadratic programming) al2
gorithm. The analysis results show that controlled orientation and uncontrolled orientation
have profound influence on creep deformation of single crystal turbine blades. The minimal
radial displacement of blade tip is 0. 07774mm, when one of uncontrolled crystal orientations
is 76. b in one dimensional optimization state. The optimization amplitude is 2. 0%. The
minimal radial displacement of blade tip is 0. 07378 mm, when two uncontrolled crystal orien2
tations are 63. b and 81. 4b, respectively in two dimensional optimization states. T he optimi2
zation amplitude is 5. 4%. Theradial displacements of blade tip are 0. 07929mm and 0. 09352
mm when the controlled orientations are Ob and 10b, respectively. The amplitude variation is
17.9%.
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Fig.1 Finite element mesh of a turbine blade

Table 1 Elastic modulus of DD3 in [ 001] orientation at different temperature

W e 26 400 500 600

700 800 900 950

E/GPa 131.5 112 117.5 113.5

108 104 98 93.5

2 DD3 [001]

Table 2 Poisson s ratio of DD3 in [001] orientation at different temperature

W/ e 26 400 500 600 700 800 900 950
TAFALE 0. 300 0.317 0.320 0. 320 0.322 0. 326 0.328 0.330

3 DD3 [001]

Table 3 Shear modulus of DD3 in [ 001] orientation at different temperature

WA e 26 400 500 600 700 800 900 950
G/ GPa 137 119 115 113 113 107 101 96
4 DD3

Table 4 Thermal expansion coefficient of DD3 in [ 001] orientation

%/ e 0 400 500 600 700 850 950
I R E
13.9 14.48 14.5 14.84 15.3 16. 19 17.6

(106 e 1)
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Fig. 3 Flow chart of optimization design in

crystallographic orientation
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Fig.4 Definition of the two uncontrolled orientations

of the blades
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Fig. 5 Change of uncontrolled orientation

in optimization
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Fig. 6 Change of radial displacement of blade tip

in optimization
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Fig. 7 Change of radial displacement of blade tip

with uncontrolled orientation
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Fig.8 Change of deviation of the axial orientation

in optimization
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Fig. 9 Change of radial displacement of blade tip
in optimization
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Fig.10 Influence of deviation of the axial orientation

on radial displacement of blade tip
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