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Study on Creep Response of Nickel-base Single
Crystal Circular Notched Specimens

) )

( , 710072)

YU Qing-min, SHAO Xiao§un, YUE Zhu+eng

(Department of Engineering Mechanics,

Northwestern Polytechnical University, Xi'an 710072, China)

DD3 [001]

: TG115 A : 10014381 (2005) 02-0041-03

Abstract: Seven U-ype and V-ype circular notched specimens of nickel-base single crystal DD3 had
been creep numerical simulated under tensile orientation [ 001] and 950  with the software M ARC.

These finite element models are capable of representing complex stress state. The durability life—
times including circular notch and smooth specimens were investigated based on the maximum shear
stress amplitude. T he results show that the notch size has strong influence on stress distributions
and lifetime. The resolved shear stresses increase with the increasing of notch radii. For the same
net-section stress, the notched specimens have a longer lifetime than the smooth specimen. This re—
sult confirms to P. Lukas” research.
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Table 1 Geometry parameters of the 3 , 3
notched specimens , )
Specimen a/mm b/ mm ¢/ mm R /mm !/ (°) B B 6 7
Noteh 1 | 2.5 5.5 0 3 - 3-5
Notch 2 2.5 4.5 0 2 - ’ 5
Notch 3 2.5 3.5 0 1 - 1
Notch 4 2.5 5.5 2 1 -
Notch 5 2.5 4.5 1 1 - 150 e
Notch 6 | 2.5 5.5 - 2 60 T e
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Fig.2 3-D FE model of notched specimen
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Fig-3  Axial creep stress y ¥S creep time

( 1) (a) the center of the notch plane; (b) the notch root
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Fig. 4 Equivalent creep stress . vscreep time
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Fig.5 Contour lines of axis stress .,
in the notch plane for notch 1
2.2
2 2
[12],
tr= A" (2)
2 A ' N 2
2
te= B ::ICJX ( 3)
tole N max 5 B,
ne B, nc
[13]
tr= 2.76 % 10" wdmy (4)
st H oct2max

(a) the center of the notch plane;

Creep time /s

5 (b)

(b) the notch root

2,
oct2max
2 )
o R o
3 )
1 2.58 7 6 1.33
o 2
) [7]
2
Table 2 Creep rupture life of notched specimens
Notch[Notch|NotchNotch[Notch|Notch|Notch{Smooth
Specimen
1 2 3 4 5 6 7 bar
octZmax
l 43. 37|37. 88(27. 87|31. 26{36. 05[37. 75[33. 09| 47. 14
/M Pa
tr/h 8431 |11274(21787|17028(12538|11357{15070| 7049
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Table 3 High temperature stress rupture properties of (100095) .

alloy DM 02 and K21

Alloy T emper ature and stress /h
10.5
1050 /147MPa
9.0
DM 02
56.7
1100 /70M Pa
57.5
1090 /72.56M Pa 46. 8
K21
1100 /70M Pa 39.8
4 DMO02, K21

T able 4 Crack length at the tip of notch of thermal fatigue
specimens of alloys DM02 and K21

Crack length at the tip of notch/ mm

Alloy
5 times |10 times |20 times [50 times |80 times |100 times

0 - 0.43 1.65 - 4.76

0 - 0.39 1.17 - 5.04
DM 02

- - 0. 49 2 2.89 3.43

- - 0.42 1.35 2.1 2.95

0.54 | 0.81 4.5 -

K21 - - - 4.28
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