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ARTICLE INFORMATION ABSTRACT
Original Research Paper A family of rotating disks used in Iranian turbine and compressor industry is investigated. Mechanical
Received 09 September 2015 and thermal loads due to working condition leads to the crack initiation in the inner surface of the disk.
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Available Online 11 Novermber 2015 The aim of this paper is the development of the two-dimensional weight function for the rotating disks

containing semi-elliptical longitudinal cracks. The general form of the two-dimensional weight function
is related to the proposed weight functions for embedded cracked domain in literature. In order to
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Ro¥atingdisk determine the unknown coefficient of the weight function, the reference stress intensity factors for
Two-dimensional weight function cracked geometry subjected to reference loads are calculated. The analysis indicated that the results are
Stress intensity factor independent of the number of terms in proposed weight function expansion. Extracting the weight

Surface crack function for disks from 90 to 420 mm thickness enables prediction of stress intensity factor for cracks in

the structure subjected to arbitrary loading. The stress intensity factor for each point on the crack front
subjected to one or two dimensional loads are calculated using the derived weight function. The results
reveal that increasing the height to thickness ratio in rotating disks leads to the increase of the stress
intensity factor for high depth ratio crack ones. Results show that the configuration of the disk sections
affects the stress intensity factors of the same aspect ratio cracks in the structures. Comparison of the
results obtained from the weight function method and those obtained with FEM are in good agreement.
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Fig. 1 The fracture surface of a turbine disk [1]
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Fig. 2 Weight function notation for embedded elliptical crack [18]
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Fig. 6 The comparison between the stress intensity factors obtained with the weight function and finite element methods for one-dimensional
distribution of stress and y = 0.3235
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Fig. 7 The tangential stress distribution in a thick disk obtained with
FEM method
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Fig. 8 The comparison between the stress intensity factors obtained with the weight function and finite element methods for two-dimensional

distribution of stress and y = 0.2143
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Fig. 10 The variation of the deepest point stress intensity factor for

different disks
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Table 3 The constant coefficients C;,

Cijo <ol <l o 3 Jgur

=4 j=3 j=2 =1 j=0 i
122.33 -435.6 506.5 -238.6 44.83 0
-20.873 169.46 -282.4 210.5 -93.64 1
-5502.6 16178.6 -16878.7  7389.5 -1170.1 2
154.4 -316.18 304.7 -274.7 185.62 3
9786.4  -28829.3 30130.3 -13077.4 2009.42 4
36463.25 -103786 1068155 -46753.3 729893 5
-407.13  1016.26 -1091.83  683.35 -262.04 6
-4703.24  12637.8 -11577.4  4046.58 -485.5 7
-56121.8 162361.2 -170252 75903.93 -12001.1 8
359.278 -996.286  1077.72 -558.634 140.672 9
1146.54 -1885.44  203.47 801.885 -239.3 10
13078.23 -40414.3 45069.22 -21211.8 3469.45 11

Table 4 The constant coefficients C;;

Cijr <o o 4 Jour

j=4 j=3 j=2 =1 j=0 i

-1410.16  4715.8 -5273.3 237256 -357.2 0

1578.1 -5410.3 6361.97 -3268.67 627.4 1
51148.2  -150752 157947  -69588.2  11105.6 2
-3860.58  10291.4 -10459.8 535387 -1065.43 3
-90641.3 268319  -282251 123579.3 -192035 4
-346684 088678.8 -1020466 448459 -70423.1 5
447752 -12506.4 14021 -7605.55  1457.87 6
543939  -146640 136529.7 -49813.1 6322.4 7
4979215 -1450513 1533412 -690053 1103635 8
-2830.66  8427.89 -9626 4912.75  -813.31 9
22209.4 48201 30973.3  4062.25 668.87 10
85659.6 280935  -330380 162946.1 27797.3 11

Table 5 The constant coefficients C;;,

Cijz <ol alyo D Jou

=4 j=3 j=2 =1 j=0 i
4281.97 -140419 155669  -6989.8 1055.7 0
-7713.86 23803  -26064.4 12502.8 -2233 1
-139854 4165295  -441736 1975385 -321385 2
18620.8  -493405  48889.6  -22616.8 3996.2 3
236565.7 -712325 7627432 -340459 541671 4
1036284  -2965906 3076588 -1361233 2157577 5
-15773.8 437396 -47691.1 246514 4495.8 6
-170219 459007  -429536 158757 -20482.8 7
-1350246 3980704 -4266925 1950606 -317787 8
6611.16 -20402 24232 -12771 2129.1 9
08487.6  -228579 1717585 -42919.2 2013.84 10
103178.3 -434253 6064247 -339035 63664.17 11
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-214785 569135 -55855.5 249958 -4187.6 3
-197050 608167 -667702 306020.1 -501074 4
-1011659 2906023 -3029275 1348784 -215405 5
14433.83 -40321.2 44120.1 -22669.8 4053.26 6
1710404  -462586 436365 -164122 216712 7
1191597 -3561365 3876136 -1801334 2985923 8
-3469.91 12169.16 -16345.8 9453.66 -1624.64 9
-124831 2978369 -238140 69647.8 -5684.72 10
37188.77 58184.25 -247989 196793.1 -441768 11

&'f) -11

[1] G.H. Farrahi M. Tirehdast, K. Mazaheri, Failure analysis of a gas turbine
compressor, Engineering Failure Analysis, Vol. 17, pp. 474-484, 2011.

[2] T.D. Liebster G. Glinka, D.J. Burns, S. R. Mettu, Calculation stress intensity
factors for internal circumferential cracks by using weightfunctions, PVP-
high pressure technology, Vol. 281, pp. 1-6, 1994.

[3] X.J. Zheng G. Glinka, R. Dubey, Calculation of stress intensity factors for
semi-elliptical cracks in a thick-wall cylinder, International Journal Press
Vessel Piping, Vol. 62, pp. 249-258, 1995.

[4] H.-Y. Lee Y.-W. Kim, b. I. Yun, Stress intensity factor solution for radial
and circumferential cracks in hollow cylinders using indirect boundary
integral, International Journal of Pressure Vessel and Piping, Vol. 69, pp.
45-52, 1996.

[5] I. V. Varfolomeyev, Weight function for external circumferential cracks in
hollow cylinder subjected to axisymmetric opening mode loading,
Engineering Fracture Mecanics, Vol. 60, pp. 333-339, 1998.

[6] I.S. Jones G. Rothwell, Reference stress intensity factors with application to
weight functions for inernal circumferential cracks incylinders, Engineering
Fracture Mecanics, Vol. 68, pp. 435-454, 2001.

94



