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Abstract : Based on dislocation theory, an unified anisotropic crystallographic constitute has been
developed for nickel-base single crystal superalloys. Octahedral {111} <110>, {111} <112> and
cubic {100} <110>> slip systems are consdered in the model. The constitute utilizes drag stress and
back stress state variables to model the local inelastic flow. The model was tested with the experi-
ments of nickel-base crystal superalloy DD3 at 700 °C and 950 °C. The model parameters have been
also simultaneously obtained at the two temperatures. The constitute has been implemented into a
structure finite element program. The strength and life of a nickel-base single crystal turbine blade
have been calculated. .

Subject terms: Blade, Nickel base superalloy, Viscoplasticity , Strain rate, Finite element method,

Constitutive equation
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Fig. 1 The curve of shear stress of {111} <110> (7;) and
shear stress of {100} <<100> (7,) at 950°C



Fig. 3 The curve of shear stress of {100} <110> (7,) and
shear of {100} <110> (7,) at 700°C

®17 %
F3M Ni 38 50 5K 85 b 53
L e
&/ % e/ %
{111) 0
&/% . (011> [ (001>
1.04 1. 04
x Model result 9
0.8 _ ) % Model result x Model result
Experimental result .
0.6 «  350MPa - Experimental result - Experimental result-
350MPa
0. 4 1. 04 ‘3,50Mpa 0. 59 "
250MPa *
0. 21 250 * 250MPa
—t 150MPa MPa
* -— 150MPa 150MPa
0 10 20 ¢/h 0 20 t/h
0 10 t/h
Fig. 2 The creep curve at 950°C
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Fig. 4 The creep curve at 700°C

Table 1 Model parameters at 700°C

{111} <110> {111} <112> (100} <110> 100} <'110>

(High strain rate) (l.ow strain rate)
10000 1.0 10000 1.0
A 0.5 0.5 0.5 0.5
n 1.8 1.8 1.8 1. 8
v} 0.00212 0.0 0.0 0.0
vz 0. 0023 0.0 0.0 0.0
U3 —0. 0049 0.0 0.0 0.0
H, 375 300 800 100
H, 325 0.0 300 0.0
m 1.8 0.9 0.9 1. 8
q 1. 24 0.0 1. 24 0.0
' 100 0.0 100 0.0
a2 0.0 0.0 0.0 0.0
mg 1.8 0.0 0.7 0.0
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Table 2 Model parameters at 950°C
{111} <110> {111} <112> 100} <1-10'> 1100} 110>
(High strain rate) (l.ow strain rate)

D 10000 1.0 10000 1.0

A 0.5 0.5 0.5 0.5

n 0.53 . 0.53 0.53 0.53

vy 0.0 0.0 0.0 0.0

vz 0.0 0.0 0.0 0.0

v3 0.0 0.0 0.0 0.0
H, 400 200 400 200
Hy 150 200 120 200

m 1.0 0.0 1.0 0.0

q 1. 24 0.0 1. 24 0.0

0, 0.0 0.0 0.0 0.0

{2 0.0 0.0 0.0 0.0

m; 0.0 0.0 0.0 0.0
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Fig. 5 The mesh of blade
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