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Abstract

In this paper we are focused on influence of setbgeometrical characteristics as are: inscribedleci
diameter, circumscribed circle diameter, eccenyricbvality and radius of curvature of inclusion etress
concentration around these defects modelling ubing-EM. This task was solved as plane stress. Rtosn
point of view there are monitored and evaluatedettiactors: maximum value of stress along the logdicross
the loading, shear stress and equivalent stregbese will be also presented algorithms for autéergdneration
of models that make possible to practice statilstiata processing.
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1. Introduction

Calculations on the strength of structures are griignbased on the theory of elasticity. If
the yield stress is exceeded plastic deformatiauiss more complex theory of plasticity has
to be used [5]. The macroscopic elastic behaviduanoisotropic is characterized by three
elastic constants, the elastic modulus or Youn@dutusk, shear modulu§& and Poisson's
ratiou [7]. The well-known relation between the constasts

E =2G(L+ ), (1)

In the structure, geometrical notches such as bal&ot be avoided. The notches are causing an
inhomogeneous stress distribution, see fig. 1, avétvess concentration at the root of the noicand
[4]. The theoretical stress concentration falids defined as a ratio between peek stress abdbefr
the notch and the nominal stress witch would beepitef a stress concentration does not occur, i.e.

o
Kt — peak , (2)
g

nomin al

The severity of the stress concentration dependh@meometry of the notch configuration,
generally referred to as the shape of the notaltdiimnotchis defined as a geometric discontinuity
that may be introduced either by design, such las tioby the manufacturing process in the form of
material and fabrication defect such as inclusiaig defects, casting defects or machining maiks [3
For a component with a surface notch, the maximastie notch stresg’ can be determined by the
product of a nominal stressand the elastic stress concentration fd¢tare.

o°=0lK,, (3)
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The maximum elastic notch stress can be calcufabted an elastic finite elements analysis
and is sometimes referred to as the pseudo-sfriees material at a notch is actually inelastic.
Because notch stress and strains are controlletebgection material behaviour, the nominal
stress for determinatidk; is defined by an engineering stress formula baseblasic elasticity
theory and the net section properties that do osider the presence of the notch [2] and [6].

It is known that the elastic stress concentratamidr is a function of the notch geometry
and the type of loading. For the case in whichab@ponent geometry and load conditions are
relatively simple and the nominal stress can bayedefined. However, because of complexities
of the geometry and loads in most real componenmtslifferent, the value of° can be directly
obtained from the elastic finite element analysis.
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Fig. 1. Strip with central hole as a prototype eiodched part.

2. Effect of theinclusion geometry on stress concentration

In an infinite sheet for a circular hole is impartaonly diameterD. However, for the
simple tension specimen with a central hole, sg€lfithere are already three dimensions: the
specimen widthw, the specimen lengthand the hole diamet&. The specimen thickness is
not yet considered here. In fig. 2 two specimerssaown, which are geometrical similar, but
the size is different. A geometrical similarity ifrgs that all ratios of the dimensions are the
same, in the present case the s&Ww andL/W.

Because stress concentration fackqris a dimensionless ratio, it can depend on
dimensionless geometrical ratios only. Assume alladimensions of speciméhin fig. 2 are
two times larger then the dimension of specimer\s a result of geometric similarity, all
displacements are also two times larger, but ttegive displacements will be the same. As a
result, the strains are the same. Consequentlgpmetrical similar stress distribution should
occur in both specimens as depicted in fig. 2. S&mme peak stress will be found, and stress
concentration facta; is the same. However, due to the difference ia,glze stress gradient
is not the same in the two specimens because tdiegt is not dimensionless, but the
gradient is inversely proportional to the root tedr. The consequence is that larger
specimens have larger volumes and larger inclusarface areas of highly stressed material,
which is significant for the size effect [8].
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Fig. 2. Geometrically similar specimens.

3. Computational model description

Calculations of stress concentration are solvedséyeral authors. These solutions are
assigned for homogeneous, elastics, isotropic rahi@nd also for single inclusion with the
defined profile. The theoretical value of stressasmtration factor for sphere inclusiorkis= 3.

The real inclusions have a random shape and di@mmtso stress concentration factor have a
random value too [4] and [5].

If we want to determine a relationship between shape of the inclusion and stress
distribution in the surround of inclusion thanstnecessary to prepare software generator of
the random geometrical models of inclusion. Byrdeeson of modelled inclusion shape it was
defined next geometrical parameters:

e inscribed circle diameter,
circumscribed circle diameter,
eccentricity,
ovality,
radius of curvature at point of maximal stress eoiation.

The stress analysis of inclusion model was madesdffjware ADINA R&D. These
solutions have next simplifications. The matrixhedterial is modelled as isotropic and elastic
material model. The inclusion was subtracted frammodel, it is a hole without mesh. This
kind of inclusion models is acceptable on the gtbahtheir properties: low tensile strength
and often decohesion from the matrix (e.g. grapmtehe nodular cast iron). The stress
concentration factor was simply calculated from mraxm value of stress in the direction of
applied load tractior = 1. This task was solved as plane stress with sirgabsion of
loading. The illustration of a simple FEM model gs/en in fig. 3. The geometry of the
component has been modelled by a large number aif srterconnected elements.

With the view of statistical evaluation of results,was needs to make a lot of FEM
analysis. Therefore it was necessary to prepareplsinalgorithm for random model
generation. The next step was the FEM analysisesatlation of the required results. The
best way is to create some simple evaluation prograll these programs were created in
user friendly software named OCTAVE.
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The algorithm for generation of random inclusion dab is based on following
parameters:

e diameter of inclusion,

e the number of apex interval for control polygortiud inclusion,

e the interval of apex value.

LI
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Fig. 3. FEM model of inclusion.

4. Results of FEM analysis

In first step, we must build the algorithm, whichtisfied requirements for generation
simplified geometrical models of inclusions of vars shapes. When it was generated a
sufficient number of models than it was realizedst analysis in program ADINA. As one of
representative parameters for evaluation of sti@sscentration in the surrounding of
inclusion was specified stress concentration fa€toimhe aim of FEM analysis was obtained
results to describing the influence of geometraracteristics on stress distribution in the
surrounding of inclusion. These results are shawfigi 4 - 7.
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Fig. 4. Analysis of stress concentration in the Fig. 5. Analysis of stress concentration in the

surrounding of inclusion along the loadiag. surrounding of inclusion using by HMH theory.
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Fig. 6. Analysis of stress concentration in the Fig. 7. Analysis of stress concentration in the
surrounding of inclusion along the loadiag. surrounding of inclusion using by HMH theory.

On the basis of these results we can say that & @anfirmed influence of some
geometrical characteristics of inclusion shape omagmitude distribution of stress
concentration in the surrounding of inclusion. Thest expressive influence have only two
from all monitored factors: ovality and radius afreature of particle in region with highest
stress concentration. As it results from FEM analysther geometrical characteristics
(inscribed circle diameter, circumscribed circlardeter and eccentricity) have no direct
(immediate) influence on magnitude of stress diation in the surrounding of inclusion.
These characteristics are important in relation niaterial characteristics. Mechanical
properties of materials (Young's modukisshear modulu& and Poisson's ratjg specified
the value of stress concentration in relation taymitade and distribution of inclusions in
matrix. From the analysis we can also generally #at the minimum value of the stress at
the edge of inclusion is three times the nomimnaisstin tension conditions.

Influence of ovality, in the sense of geometrichhm@acteristic, on stress concentration
factorK; is shown in fig. 4 and fig. 5. On the ground offpemed FEM analysis is possible to
say that value of stress concentration faé&tpcontinually increase from valug; = 3 (for
spherical shape of inclusion) to valkie= 7 (for elliptical shape of inclusion). This is in g
agreement with theoretical background which relat@t stress distribution. It is important,
however, to remember that elastic stress conce@mirdctors for homogeneous isotropic
materials depend only on geometry (independentaiernal) and mode of loading, and that
they apply only when the inclusion is in the linetastic deformation condition.

FEM analysis results have shown fig. 6. and fig.t@at the most expressive influence
from monitored geometrical characteristics haveiusadf curvature reviewed in region
with highest stress, i.e. in region with the snsilleadius of curvature of inclusion. It is
possible to observe that if radius of curvaturenigeased in reviewed region of inclusion
than stress concentration fackqrdecrease from valu& = 7 (for sharp notch) to valu€; = 3
(for spherical shape of notch). This kind of coméihdecrease of stress concentration fa€tis
good agreement with obtained results that was ptedeabove. This fact was documented
in a lot of published works.

Similar values of stress concentration fadt@rcalculated for equivalent stresses due to
HMH theory (fig. 5 and fig. 7) we can be caused fingsence of the other nonzero
components of the stress tensor in the surrounafimgclusion. With respect to this fact, it is
possible to assume the presence of multiaxial ststate in the surrounding of these
components.
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5. Conclusion

Stress concentration around the inclusion was dersil in this article with stress
concentration factoK; as an important parameter for characterizing éwerity of the stress
distribution in the surrounding of inclusion. l#ssumed idealized model of inclusions. If stress
concentration factors or stress distributions ageded, calculations should be made with
finite element techniques for which computationald®l have been developed. The solutions
obtained are not exact because of continuum mhierigeplaced by a simplified material
model. However, very satisfactory results can beeaed. Application of loads to the model,
boundary conditions and mesh distributions showdgiven careful attention. Obtained
results can be summarized as follows:

» created algorithm satisfied requirements for gdrmraof simplified geometrical

models of inclusions of various shapes,

* by means of FEM was realized analysis of the sthstress,

* the most expressive influence on stress concemtrdtom monitored geometrical
characteristics was confirmed for ovality and radaf curvature. Other monitored
geometrical parameters unconfirmed direct influenoestress concentration in the
surrounding of inclusion,

* highest values of stress or stress concentratiotorf&K; was calculated in the
surrounding of inclusion. In these regions was iolet highest change of geometrical
shape in comparison with spherical shape,

» accurate Kvalues can be calculated with FEM techniques. \tfighcurrent computers,
these calculations should be more accurate andetfestive in comparison to
measurements of stress distribution in the surrmgnof inclusions,

» the stress concentration produced by a given ilmtius not a unique number, it is depend
on the mode of loading and on the type of streagsishuse to calculatdgl.
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