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Abstract: Turbine blades and disc, which are one of the most important rotating parts of a gas turbine engine, are
required to have highly efficient performance in order to minimize the total life cycle costs. Owing to these
requirements, these components are exposed to severe conditions such as extreme turbine inlet temperatures, high
compression ratios, and high speeds. To evaluate the structural integrity of a turbine disc under these conditions,
material modeling and finite element analysis techniques are essential; furthermore, shape optimization is necessary for
determining the optimal solution. This study aims to generate 2D finite element models of an axisymmetry model and a
sector one and to perform thermal-structural coupled-field analysis and contact analysis. Structurally vulnerable areas
such as the disc bore and disc-blade interface region are analyzed by a parametric study. Finally, an improved design is
provided based on the results, and the necessity of elaborate shape optimization is confirmed.
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Table 1 Parameters for Bilinear Kinematic Hardening

Modulus of Elasticity | 25°C 199.9
(GPa) 650°C | 160.65
0.2 % Yield Strength | 25°C 1034
(MPa) 650°C 862
Tangent Modulus 25°C 1.75
(GPa) 650°C | 141
. , . 25°C 0.294
Poisson’s Ratio 650°C 0283

Table 2 Thermal Properties

Thermal conductivity | 25°C 13.33
(W/m-°C) 650°C | 21.20
Mean Linear 25°C -
Expansion (m/m/°C) |650°C |15.1 x 10°°
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(a) Axisymmetric model

(b) 1/50 sector model
Fig. 2 2-D Models of a turbine disc
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Fig. 3 Initial analysis results
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Table 3 Perturbations of 10 parameters
Parameter -1 0 1
h; (mm) 9 10 11
wi(mm) 7 8 9
h,(mm) 9 10 11
Wo(mm) 7 8 9
R;(mm) 0.6 0.7 0.8
R,(mm) 0.6 0.7 0.8
R3(mm) 0.6 0.7 0.8
0,(°) 2.48 2.7 2.93
0,(°) 1.44 1.575 1.71
03(°) 2.48 2.7 2.93
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(a) Axisymmetric model
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Fig. 5 Parameters of turbine disc model
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Fig. 6 Results of a parametric study at the bore area
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Fig. 7 Results of a parametric study at the dovetail region
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Table 4 Comparison between two configurations based
on 1/50 sector model

Initial Improved
A 0.00114m | 0.00114 m
(Evon)max LT:0.00543 | LT:0.00525
UT:0.00670 | UT:0.00546
(Gvon)max L':891 MPa | LT: 865 MPa
U':918MPa | UT: 895 MPa
LCF life 40,000 > 100,000
0.2% Creep ~2,000 Hr ~ 2,000 Hr

L': Lower neck, u': Upper neck

a4 \\J

Improved

Fig. 8 Comparison between an initial design and an
improved design
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