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of Turbine Disk and its Application
LU Shan, HUANG Qi—ing
(Northwestern Polytechnic University, Xi an 710072, China)

Abstract A new method for damage tolerance analysis of three-dimensional component under

temperature and centrifugal loads is proposed in this paper. First. stress intensity factors of threedimensional

cracks on a pin-hole of a turbine disk under temperature and centrifugal loads can be analyzed by use of the

new type of dual boundary element method. Then incremental Euler forward analysis can be made to

determine the shape of crack and crack growth life of the turbine disk step by step, with the help of Paris s

formula of crack growth,until the maximum effective range of SIF of the 3-D crack reaches. Next,a second

order estimation of crack growth life can be obtained by the trapezoid{formula-integration through the curve

of crack length versus effective range of SIF. By virtue of the new type of dual boundary element method,

influences of pin loads, temperature fields and shapes of cracks on stress intensity factors are analyzed. The

crack growth life of a turbine disk is obtained using the method givenin this paper afterwards. Approximation

of an engineering method used before to calculate stress intensity factors of a crack near pin-hole of a turbine

disk is discussed too. Examples given in the paper demonstrate the high efficiency and easily-modeling of

threedimensional analysis of crack growth under complex loads by the present method.

Key words turbine disk; boundary element method damage tolerance analysis;

stress intensity factors; cracks

2000~ 10— 16; : 2001- 10— 10
(99C53026); ;
(1955- ), .



17

88
1 2
SIF
20 , . 7 Kt
el SIF
. ; Paris Euler
/ ( J » SIF, ;
SIF o :
’ 2 .
( . ( D,
) , [8]:
. [8]
Cuui (p) = J Ui (p, Q)i (Q)dS(Q) - J T (p, Q)ui (Q)dS(Q) + Jak(PaQ)dS(Q)+
s S-S s,
J
J[dkT_ fk(—;] dS—J Tl ui dS Y pe S (1)
5, st
[ (4 [ aT
i ()= i | Dus(@yas— i | sewcorass i | [ a(p.0) 70 - fuip.0) B9 asio)+
s s s
T
nfjal;/dS— n j Sildui dS - n?JSI;/A-dSAuk - f_rz; ny pE Se( ) (2)
5 st - s" s
c”°X X
s, Ay
[8] .
Auj, (j= 1,2,3) (
2)
(3)
Ay
Al = _é ZVCESH,
Ay
1
Fig. 1 Model of a cracked body (1-v)Ki B
+ (1- v)Ki|+ | BY rco (3)
+ Km B3
(1), ( )

(2).



89

>|

Crack tip

Crack face

2

Fig. 2 Local coordinate system at crack tip
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Fig- 3 Model of a strip with a corner crack

on the wall of a central hole

Mesh around crack

Fig. 4 BEM mesh of a strip with a corner crack

on the wall of a central hole
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Fig. 6 Section of a HP turbine disk and temperature

boundary conditions
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