DOI:10.13224/j.cnki.jasp.2013.06.018

28 6 Vol. 28 No. 6

2013 6 Journal of Aerospace Power Jun. 2013

:1000-8055(2013)06-1236-07

( , 100191)

s Walker s

, GHOo01 2

: V231 9 : A

Fatigue life prediction of turbine disk based on stress gradient

SHI Liang, WEI Da-sheng, WANG Yan-rong

(School of Energy and Power Engineering,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The effects of stress gradient and dimensional size on fatigue life were investi-
gated. The relationship between the notched specimen and the smooth specimen was correla-
ted by introducing the stress gradient effect factor, and a new model of predicting notched
specimen based on the Walker modification for the mean stress effect was established.
Three-dimensional elastic finite element (FE) analysis of a turbine disk was carried out to
obtain the fatigue parameters for predicting its life. The result shows that this model can
well reflect several effects on fatigue life, especially the effect of stress concentration on the
fatigue life of specimen. If the mean stress, stress gradient and size effect are considered
comprehensively, the prediction result of the disk is closer to the experiment result. This
model gives a prediction falling within a scatter of two for both GH901 standard specimen
and the disk.
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1 GH901 500°C ( :cycle)
Table 1 Fatigue properties of GH901 at 500 ‘C (unit:cycle)

N;=5Xx10* N;=10" N;=5X10" Ni=10°

K.=1 K.=3 K.=1 K.=3 K.=1 K.=3 K.=1 K.=3

/MP R, 725 875 625 665 405 581 330
Omax a
R_,, 620 470 540 390 390 245 350 200
2.1 >
(K.=1) Y=1.4214.
t
Walker 2. Neuber
(Kt =3) ’
2 Walker (R=—1.0) A.B
Table 2 Parameters in Walker life equation 5
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Table 3 Life prediction of notched pole specimen 8 9
Omx/  0u/ N¢/ N¢/
€a
MPa  MPa  cycle'™ cycles
470 978 5000 0.00998 5150
390 892 10000  0.00754 9590
Rovo 945 649 50000 0.00409 49600 i
200 541 100000  0.00326 101250 Fr
625 780 10000 0.00551 14965
R, 405 547 50000  0.00330 53200
330 450 100000 0.00273 91490
y
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Fig. 7 FE model of turbine disk sector (1/6 sector)
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Fig. 8 Hoop stress distribution of turbine disk
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Fig. 6 Predicted life of notched pole specimen
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