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Design of key part on turbine disk using multi-arcs method

and multivariable optimization
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Abstract: In order to obtain the structure type of turbine disk satisfying minimum mas-
ses and stress standards. the influence of multi-arcs transition on stress distribution at key
parts was studied. Double-arcs and three-arcs structure design schemes were proposed, and
geometric theory on arcs transition was derived to support the design modifications and opti-
mization. Based on finite element calculation, the stress varying with structure parameters
was obtained. Based on ANSYS Workbench platform and parametric modeling technique,
optimization design variables were chosen to get minimum masses with constrained equiva-
lent stress. Result showed that, the maximum equivalent stress on two parts decreased by
6.62% and 11.40% , the mass of turbine disk decreased by 0.16%. The results provide use-

ful references for multi-arcs design and engineering applications of the gas turbine disk.

Key words: turbine disk; structure design; multi-arcs; change law;

multivariable optimization
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Fig. 1 Geometric model of two-arcs transition
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Fig. 2 Geometric model of three-arcs transition
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Fig. 3 Mutli-arcs part in turbine disk
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Table

1 Thermal expansion coefficients of material

GH4169 (t,, =20 )07

t/°C a/107°°C t=/C «/107°°C
100 11. 8 500 14. 4
200 13.0 600 15. 8
300 13.5 700 15. 4
400 14.1

#*2 GH4169 EE&MBHNESH
Table 2 Mechanical parameters of material GH4169""

t/°C E/GPa p o1.2/MPa
20 203 0. 30 1181
300 172 0.31 1063
450 162 0.31 1039
550 161 0. 32 1023
600 155 0. 32 1002
650 153 0.33 980
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Fig.4 Sketch of three-arcs transition on A part
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Fig. 7 Sketch of two-arcs transition on B part
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Table 4 Range of Ry, and Rj, for two-arcs transition

on B part
SR Ak 70
Ry /mm 35~70
Ry, /mm 1.0~2.4
Ly/mm 8
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Fig. 10 Contour of stress after optimization
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Table 5 Comparison of geometric parameters before

and after optimization

8 P15 B
EN IR Z 25t
L,/mm 10 8. 11
R4 /mm 20 18. 47
Raz /mm 16 14.78
R,;/mm 1.0 1. 26
Ly/mm 12 10. 02
Ry /mm 70 32.75
Ry, /mm 1.0 1. 34

x6 MUBMBEHMEANFRELLR
Table 6 Comparison of stress and mass results before and

after optimization
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A KR
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