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Abstract: The most critical rotating parts of a gas turbine engine are turbine blades and disc, given that they must
operate under severe conditions such as high turbine inlet temperature, high speeds, and high compression ratios.
Owing to theses operating conditions and high rotational speed energy, some failures caused by turbine disks and blades
are categorized into catastrophic and critical, respectively. To maximize the margin of structural integrity, we aim to
optimize the vulnerable area of disc-blade interface region. Then, to check the robustness of the obtained optimized
solution, we evaluated structural reliability under uncertainties such as dimensional tolerance and fatigue life variant.
The results highlighted the necessity for and limitations of optimization which is one of deterministic methods, and
pointed out the requirement for introducing reliability-based design optimization which is one of stochastic methods.
Thermal-structural coupled-filed analysis and contact analysis are performed for them
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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 0.283
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Table 2 Thermal properties of INCO 718¥ Table 3 Design variables
Thermal conductivity | 25°C 13.33 Design Lower Initial Upper
(W/m-°C) 650°C 21.20 variable bound value bound
Mean Linear 25°C - R, (mm) 0.5 0.8 1'0
Expansion (m/m/°C) | 650°C | 15.1 x 10° Ro(mm) 0.5 0.8 0
R3(mm) 0.5 0.8 1.0
0:(°) 2.25 2.925 3.375
Rotational speed 92(0) 1.125 1.8 2.925
21,000mpm 05(°) 2.25 3.15 3.6
600°C
i”‘ ~ Root - . [ }
~ of blade | Dovetail
<
Coniact area B L Uppe
! eck neck
Cy#hc symmetry | 6-138
| > D Ra_o Smm 0
=315 £ _ /“‘-“1 6,=2.925
/ \\ R o I 4
T R,=08mm -

\ ¢/

/

hAA

450°C
Fig. 1 Initial design and boundary conditions
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Fig. 3 Definition of design variables
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Table 4 Results of optimization

Design Initial Optimal
variable value value
R(mm) 0.8 0.962
Ro(mm) 0.8 0.735
R3(mm) 0.8 0.962
0,(°) 2.925 2.586
0,(°) 1.8 1.495
0;(°) 3.15 2.773

6.80E-03

)
4+ (0.0055, 0.0065)

. (0.0050, 0.0054)

0 1 2 3 4 5 6

6.30E-03

5.80E-03

5.30E-03

4.80E-03

Fig. 4 History of objective function
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Table 5 Parameters for normal distributions

Component () Mean S.D.
R(mm) Normal 0.96 0.1/3
Ry(mm) Normal 0.74 0.1/3
R3(mm) Normal 0.96 0.1/3

0:(°) Normal 2.59 0.01/3

0,(°) Normal 1.50 0.01/3

0;(°) Normal 2.717 0.01/3
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