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ABSTRACT

This paper deals with the modeling offatigue crack propagation on a gear tooth using a dual boundary element
method. The effects of life cycle to the multiple site fatigue crack propagation were studied. Analysis ofstress inten
sity factor was performed by the deterministic approach using a dual boundary element method. The dual boundary
element method was used to simplifY the crack model through the numerical approach. The complex problems have
been solved using the information from a boundary condition only. Next, the initial crack and life cycle of the struc
ture have been predicted using stochastic method which is Monte Carlo. The crack size and fatigue life were com
puted until failure of the structure. The failure analysis was performed by a linear elastic fracture mechanics. The
scenarios of the fatigue crack propagation were given by all integration of both dual boundary element and Monte
Carlo method. Therefore. fatigue life ofmultiple site crack structure can be predicted.
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Introduction

Monte Carlo method is a stochastic characteristic which is nondeterministic behaviour of various physical and
mathematical applications. In the area of fatigue reliability, an estimation of failure is required. This is caused by
uncertainties in initial crack, surface roughness, material propeJ1y, applied load, f1aw, defects such as scratches or
weld defects from manufacturing process (Yang et. al 1988). In other words, as the crack grows, the crack size has a
variation according to those uncertainties and the residual life of the structure is not deterministic but stochastic. Fa
tigue crack propagation is inherently a random process because of the inhomogeneous of material, connected with its
crystal structure and with variations of convective film coefficient at the structures surface due to it non-smoothness
and other similar reasons (Cherniavsky 1996). The experimental results for the fatigue crack growth under constant
amplitude loading show that the material resistance against crack propagation has the inter-specimen as well as the
intra-specimen variability. A stochastic model considering both types of variability is thus needed for the rational
assessment of fatigue crack propagation. Therefore, the analysis of fatigue crack propagation should be based on the
probabilistic approach and the inspection interval or the repair method must be determined according to the possibil
ity of structural failure considering the uncertainties mentioned above.

This paper presents the development of an inspection programme for the fatigue crack propagation which is an
enhancement of an earlier programme (Kebir et. al. 200 I), and the major differences between these two programmes
are summarized below:

The crack propagation has been modelled using BEM principal of Beasy software with the combination of random
function of Matlab program.

The life cycle of a centre member bar with more than one notch has been analyzed using dual boundary element and
Monte Carlo.

Law of Fatigue Crack Propagation

In 1963, Paris and Erdogan created a Paris law equation for calculating fatigue crack propagation rate, daldN as
given in Equation (1).

da
-= C(~Kt
dN

(I)

M = KmflX - Kmi.. is the range of stress concentration factor and C and m are the material properties.

The stress concentration factor is one of the parameters that are considered in linear elastic fracture mechanic.
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