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ABSTRACT

Powder metallurgy turbine disks are worldwide adopted in most advanced aero-
engines nowadays whose low cycle fatigue failure is mainly caused by inclusions.
The research of powder metallurgy turbine disks’ engineering application is actively
being carried out in our country, and the key problem badly needed to solve is their
low cycle fatigue life prediction. This thesis is devoted to the study of inclusions’
effects on the stress distribution in material powder superalloy, and the method to
analysis the failure probability of powder metallurgy turbine disks.

Firstly Goodier formula is introduced to calculate the stress distribution in the

infinity with a sphere inclusion in it. Secondly the stress distribution with an elliptical

inclusion is studied using the Eshelby method. And lastly the results coming from the

upper two methods are compared with the ANSYS computational results. The
conclusion is that the sharper the ‘inclusion is, the more concentrative the stress
distribution is, and that inclusions’ elasticity modulus can effectively affect the stress
distribution.

Probability models are built considering the effects of surface inclusions, inner
inclusions respectively, and the probability model simultaneously considering surface
and inner ones within which the dimensional factor is used.

The model calculating the low cycle fatigue failure probability of rotating disks
with uniform thickness and temperature is derived using ideas of the above models.
And then the model is introduced in the analysis of a powder metallurgy turbine disk.
Lastly sensitive analysis is done on the parameters in the inclusions’ dimension
distribution function.

Keywords: powder superalloy, low cycle fatigue life, probability model, inclusion,
turbine disks.
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TR ITAEF, \ERK, R AR R RS E RS S,
WA HBRK. Za, > a,0f, o, < 0. Ha < a,ff, o, >0, KEFH
BHARFFRER . Bltn. RHAKEEEES, BEH 1000°C, a, = 16X107°/°C, a,=8
X107%/°C , WMo, = -1828MPa . WH a,= 16X107°/°C, a, = 24X107°%/°C , M|

= 1828 MPa . XK, RIMRATRERAETFREGTT, SHERERIEREZHE
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2. 2. 3 HEBARFARERTILFEEA TN 24

SERR A 2 BN ST AR A B L RME R, A58 BRI e 24 i B 44 7E
MU AT FIRE B AT L RER T RN /1 33T 9T W B R R I ik R o
#Aa = 10X107°/°C, a, = 8X107°/°C(ERPE AT a, = 0). 4. B AWK
BEARES. A4H8: c=600MPa, AT =600C. BJ: o=400MPa, AT=500°C.
HFa > a,0 BMNNo,, <0, 0pp >0 TEr =a kb, o0,,/0,4= 2. BiLit

B, BEINABKRWNT:

ARE:
2 Og = 1389MPa , o,y = 571 MPa , 6 = 90%
t&2RitE: o, = 557TMPa , o,, = 114MPa , 6 = 0%
—f&kZe: o, = 394MPa , o,y = 114MPa , 6 = 90° .
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2% O = 1913MPa , o,y = 685MPa , 6 = 90%
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