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Fig. 1 Weight function notation for semi-ellipitical crack:

(a) Relative location; (b) Shape parameters

MRQ)E 1 "T5, SRIEBRE m(x, y; P HI9R
BAET U ERIERE M (4,0, p) . RIERK M (4,a, B)
A ARINNHGIEIRS E o « B HIREL:

2 4

M(pa.)=2 > Ay B" 24/ )" 3)
m=0n=0

Amn (6‘() = 26:anl 'al (4)

=0
ISR 757, S BRI B, .
W B B4 1 T 20 AR L o, ) #0077 LA B
WA R BB ST R R T

2 WMEBRIERY M BHE

21 KRIERBMBTE

FENEREHA N, AU &AL L2 A2 m . 1A
INWALIOR (SIS TR SR e & A A ]
LSRR TE G AT Rl f T & g e S
PAF 4 N5t

1) EHRERSHER BRI KE 2¢ BN, —
M EE SR arctan(c/r.) <20°, HA r ARRRGHO R
P T ) R S

2) PRI LT R X )R B AR AN 10%.

3) HRERA TR, AR RS0 O B A
PRI T BE B AT Se(5 R IIREEEK).

4) IERLCFIH 7 A g SR ST S K AP
AR

GEA PRI BN TR SERRig L, 5 B i 2
SL— AN 5 mm. B 7T N FE arctan(c/r,) <20°.
BRI 10%. REh ORI MEEE KT Sc
MG OL, X G0 F AT R BANE BT . W T 2R
MEL RO K S5 IRRS0H 7 17 A 6K

PR R IE RS M R 5REURR T2
AR, HErzdimioR, REAGRTEHEASS
AT PR 2R AR N AN [T 00 2 R 2RS0T 1 8L 7 i T
B, A PR IGE5 FARN BIAH A 2 R AR I R 5L
M(g,a, ), HrikBirs Hkis "N

anm=ﬁ%%%+MmmmP—ggﬂ (5)

HARET G M o FIRAETTES WE 1(b).

ZIRIK 2, FIF Abaqus 6.14 £ PR ICHAE 8 7 AR
RGO, H PR REA wie=s,
wib=1, =0.05. 0.1, 0.2, 0.4, 0.6, a=0.2. 0.4, 0.6.
0.8. 1.0, 1.5\ 2.0, #RMSRPERIE E FMEA EL 530



642 hEA O RYR

2020 453 H

HY 70 GPa A1 0.3, #A1KH C3D20R H eI 77 .
FRBIRRMET TN, ERGERALIER 1/4 775 E
TG, AT HER ML RS = YE R )Y, TR
I 2R AR AL AT BRI RS . TRARSRT S LN E
MET 25 Fon; |ETRAWGL TN, LiKE
12 FHIt, HETAEELN 15°, SRR
(55— B R SRR T 0.02c0 S5, N
T IA RGAE S S Newman-Raju 2 U ff#xE
WRERUN, AT -2.57%~5.99%155 Bl A -

B2 PRERERIE R R
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Fig.3 Comparison of fitted coefficients M and FEM solutions
of surface semi-elliptical cracks on finite thickness plate:

(a) f=0.05; (b) p=0.6
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Fig. 4 Different models of tangential surface crack on sector
disks with uniform thickness: (a) Tangential crack on disk with
uniform thickness; (b) Radial crack on disk with non-uniform

thickness
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Fig. 5 Comparison of fitted coefficients M/ with FEM solutions of surface semi-elliptical cracks on sector disks with uniform

thickness: (a) p=0.2; (b) p=0.4
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Fig. 6 Comparison of fitted coefficients M with FEM solutions of surface semi- elliptical cracks on sector disks with non-uniform

thickness: (a) p=0.4; (b) =0.6
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Fig. 7 Dimension figures of surface cracks on rotating disks:
(a) Tangential crack on disk with central bulge; (b) Radial crack

on disk with non-uniform thickness
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Fig. 8 Stress distribution in vicinity of surface cracks on
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(b) Rotating disk with central bulge
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solutions of surface semi-elliptical cracks on rotating disks
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A weight function method for mode I stress intensity factor
calculation of surface semi-elliptical cracks in
disk-shaped part under centrifugal load

LI Ang"?

(1. Institute of Physical and Chemical Engineering of Nuclear industry, Tianjin 300180, China;
2. Innovation Center of Nuclear Materials for National Defense Industry, Tianjin 300180, China)

Abstract: The assessment of mode [ stress intensity factors (Kj) is a crucial step to calculate the damage tolerance and
evaluate the residual life of structures with defects. Solving the problem of time consuming in finite element modeling,
general weight function is developed to calculate K| of surface cracks on the rotating disk-shaped part with complex
structure. A cracked finite plate model based on some hypothesis was presented to describe the fracture performance for
small semi-elliptical cracks on surface of disk-shaped part. Within the range of a from 0.2 to 2, f from 0.05 to 0.6,
correction coefficients of surface semi-elliptical cracks on finite plate of aluminium alloy were fitted by multiple linear
regression, which was applied to calculate the weight function of cracked disk-shaped part. The average squared residual
of FEM and analytical solutions is 0.00975. Based on calculated stress distribution of certain parts, weight function
method was used to obtain K| factors of surface semi-elliptical cracks on rotating disks with non-uniform thickness and
central bulge, whose feature is similar with that in special purpose equipment. The comparison between the results
obtained from proposed weight function method and numerical solutions by FEM is presented, the relative error is from
—4.45% to0 2.80%.

Key words: stress intensity factor; semi-elliptical crack; weight function; disk-shaped part; centrifugal load
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