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Method of structural optimization design for turbine disk/tenon

TAO Ye, LU Shan
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Abstract: Considering the effect between tenon joints and meridional section of disk in
structure design, a general method of structural optimization design for turbine disk/tenon
was presented, including designing tenon joints/meridional section of disk in stages and syn-
thetically optimizing with coordination. Based on ANSYS platform and parametric modeling
technique, optimization design variables were chosen and a mathematic model of structural
optimization design for turbine disk/tenon was established for the purpose of getting mini-
mum masses with all constrained stresses of turbine disk and tenon joints being met. The re-
sults of the structural optimization designs of turbine disk and tenon joints for an aero-engine
show that the mass of two-tooth and three-tooth disk/tenon are both decreased obviously af-
ter optimization under the condition of meeting geometry and strength requirements, which
verifies the rationality of the method; the results also reveal that the structure of two-tooth
disk/tenon is less mass and the maximum first principle stress lower than that of three-tooth
disk/tenon. This method and platform of structural optimization design for turbine disk/
tenon with any number of teeth were applied to structure designs of different turbines,

which demonstrated a high engineering application.
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Table 2 Safety factors of constrained stresses
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Table 3 Independent variables’ feasible region ’ s
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Fig. 1 Model of two-tooth tenon joints Fig. 2 Model of three-tooth tenon joints
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Table 4 Characteristic parameters of turbine tenon joints
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Table S Safety factors of constrained stresses
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Table 6 Optimum results of two-tooth and three-tooth turbine disk/tenon
/ /
/() @ 12.5 16.5 12.5 13.0
/() 20.0 21.5 20. 0 15.5
A a 25.0 35.0 25.0 39.0
( )/mm Ry 0.8 1.29 0.8 1.58
( ) /mm R 1.6 1.87 1.6 1.96
/mm R, 5.0 3.55 5.0 5.83
/mm H, 9.65 8.41 10. 97 9.52
/MPa Oc 242.253 218.892 239.778 223.476
/MPa Ge.st 611. 469 591.177 635. 90 626. 353
/MPa Of.sc 809. 824 776. 438 942.052 889. 982
/MPa Of.ih 784.509 745. 382 874. 70 833. 147
/MPa Ge.px 741,475 716. 255 801.133 779.653
/ /kg m 28.543 26.12 30. 541 28.09
b b b
/ /
/ 11. 66% .,
R, 3 4 7.01%; /
. /
, ) 12.76% . , /
b 6 b
NODAL SOLUTION NODAL SOLUTION
STEP=1 STEP=1
SUB=1 SUB=1
TIME=1 TIME=1
S1 (AVG) SEQV  (AVG)
DMX=0.331x10-3 DMX=0.331x10"* o
SMN=-18.967 SMN=14.79
SMX=776.438 SMX=733.428

—-18.967 157.79 334546  511.303  688.06
69.411 246.168 422925  599.681  776.438
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3 /

14.79
94.639 254336 414033  573.731  733.428
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Fig. 3 Stress contour of two-tooth disk/tenon (unit; MPa)
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NODAL SOLUTION
STEP=1

SUB=1

TIME=1

sl (AVG)
DMX=0.411x10"?
SMN=-44.462
SMX=889.982

-44.462 163.192  370.846 578.501  786.155
59.365 267.019 474673  682.328  889.982
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NODAL SOLUTION
STEP=1

SUB=1

TIME=1

SEQV  (AVG)
DMX=0.411x10"
SMN=16.297
SMX=844.863

16.297 200423  384.549  568.674 752.8
108.36 292486  476.612 660.737  844.863

(b) ST ¥

( :MPa)

Fig. 4 Stress contour of three-tooth disk/tenon (unit; MPa)
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