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FINITE ELEMENT ANALYSIS OF VIBRATING BEAM STRUCTURA L ELEMENTS
WITH TRANSVERSAL CRACK

Milan NA D!, Eva LABASOVA?, Rastislav DURIS

Abstract: The existence of a crack in structural elementéhices local modification of flexibility and
consequently affects the dynamic behaviour of theked element. In this paper, the modal properties
such as the natural frequencies and eigenvectarbdading vibrations of cracked beams are studied.
The focus of this paper is on the modal analysia beam structural element with a transverse single
edge open crack. These modal properties are olairsing the finite element method. The influence of
the geometrical parameters of the crack, (especitile position and depth of the transversal cramk)
the modal properties is examined. Changes of theaimroperties due to the crack appearance are pre-

sented
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1. INTRODUCTION

The requirements on design and production of th

constructions, equipment and tools with higher guerf
mance, materially and economically effective bechigb-
er in the recent years. The increase of performanoest-
ly achieved by increasing of operating velocitiggeeds
and cycles. All these requirements and changestdffe

dynamical behaviour of a mechanical system. These m

chanical systems are often loaded by external digedm
effects, which produce undesirable structural aneachic
difficulties and overloading of structural elements

The structures under operation loading are sulijecte

to degenerative effects that may cause initiatibstic-
tural defects such as cracks which, in time leadhto
failure or breakdown of the structure. The cracketber
structural defects affect the dynamic behavioustatic-
tures and the change of stiffness and damping ptiepe
When a structural element is cracked, the craatgda a
local modification of structural flexibility whichis a
function of the crack depth, thereby changing ysainic
behaviour and its stability characteristics. Thespnce
of a crack in the structure could not only caudecal
variation of the stiffness but it also affects thechanical
behaviour of the entire structure to a consideraktent.
The presence of a crack in vibrating structures)c
lead, in time, to catastrophic failure of the stume. In
order to improve the safety, reliability and ope&naal
life, it is important to ensure the integrity ofsttural

comes more flexible [1]. The natural frequencies an
mode shapes of the structure contain informatioougb

€he location and dimensions of the damage.

The vibration characteristics of structures caube-
ful for an on-line detection of defects such asksq?],
offering thus an effective, inexpensive and fasanseof
"non-destructive testing” without actually dismamdl
the structureThe analysis to detect, locate and quantify
the extent of damages in beams from the knowledge o
their vibratory characteristics falls within what known
as “inverse problems”. To address the solutionsamf
inverse problem it is necessary to known the sohgtiof
the named “direct problem”, i.e. as a first, theunal
frequencies and mode shapes of cracked beamsédor th
defined parameters of crack must be determined. The
effects of location and dimensions of a crack oa th
modal properties of cracked beam structures arirodut
and analysed in this paper.

It is well-known that the beam is one of the miast
portant structural elements, which is very ofteeduin
equipments and constructions. The effect of crackhe
dynamic properties of beams has received muchtatten
because of its importance in mechanical, automptive
civil, shipbuilding and aerospace engineering apfitins.

In particular, the natural frequencies and modpss43
and 4] of cracked beams can provide an insight tino
extent of damage.

As representative models of the cracked structural

elements The cracks or other defects in a structural ele-beéam elements with a transversal edge crack aifiithet
ment influence its dynamical behaviour and charige i following boundary conditions:

stiffness and damping properties. Cracks in a tiga
structure modify its natural frequencies becausbeit
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e clamped-free (C-F),
e clamped-clamped (C-C),

are studied in this paper.

The modal analysis approach is used to formulste t
corresponding eigenvalue problems. The effect of ol
the crack parameters on the dynamic behaviour @f th
cracked beam under consideration is investigatbésd
two parameters are the depth and position of taekcr
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2. FORMULATION OF THE PROBLEM

The problem considered here is a beam structute wi
transversal crack as it is shown schematicallyiq E.
The beam structure of the lendtthas a uniform rectan-
gular cross-section (width by, height —hy). It is sup-
posed that the beam structure has the crack ohdgpt
located at a distandgfrom the right-side of the beam. It
is assumed that the crack has a uniform daptbss the
width of the beam structure. Only fully open cracke
considered.

The mathematical model used for modal analysis of

considered beam structure [6] is based on theefiglié-
ment method. A three-dimensional finite element elod
of the beam with transverse non-propagating crack i
used to the analysis of the crack effect on the ahod
properties of given beam structures.

Generally, the FE equation of motion for a frelerat
tion of beam structure without crack has the form

M§+Kqg =0. (1)

whereM - mass matrixK - stiffness matrixq - vector of
nodal displacementgj - vector of nodal accelerations.

Thebasicmodalpropertiegnatural angular frequencies,
eigenvectors) of a beam without crack, can be pbthi
from the solution of following eigenvalue problem

(K —0’M)@=0. )
wherew - natural angular frequencey,- eigenvector.

Both the initiation and growth of the crack in bea
structural element affect the natural frequencied ai-
genvectors of cracked beam. It must be noted that t
mass distribution of cracked beam is not changed, b
stiffness of this beam is considerably changed. Wthe
crack is considered, the stiffness matrix of tharbénas
to be changed.

The equation of motion [1], [5] for a free vibiati of
cracked beam has the form

Mq,+K . =0. @)

whereK ; — stiffness matrix of the cracked beayp,~ nod-

al displacement(j, — nodal accelerations.
The eigenvalue problem for equation (3) can baewri

(Ke—0aM)@, =0. 4)
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Detail of the crack

Fig. 1. Finite element model of beam structural elemettt wi
transversal crack.

The modal analysis of beam structural elementh wit
transversal crack are carried out by using FEM code
ANSYS. The 3D SOLID95 finite element from the stan-
dard elements of the ANSYS code database was osed t
create computational beam models.

3. NUMERICAL RESULTS

The effect of the position and size parameters of
transversal crack on the fundamental modal progedf
cracked beam structures is investigated. The rafnea
quencies of clamped-free (C-F) and clamped-clamped
(C-C) beams are studied.

The analyzed beams have the following geometrical
dimensions: uniform rectangular cross-section wiitith
b, =12 mm and height, = 6 mm, length, = 450 mm for
C-F beam,l, = 1000 mm for C-C beam. The material
properties of the both considered beam structures a
Young's modulu€ = 210 GPa, Poisson’s ratio= 0.3
and mass density of the beam matepial 7800 kgn.

The value of the crack depth is considered in dtrege
he= 15 mm.

The geometrical parameters of the crack are dpdcif
by using of the following non-dimensional crackaraeters
e non-dimensional crack position

wherew, — natural angular frequency of the cracked beam,

@ — eigenvector of the cracked beam.

The loss of integrity of the beam cross-sectiorseau
a change in bending stiffness of the beam, i.eintpact
of transverse crack is represented by a loss afaxtion
between nodes of the model. Then, the changesiixma
stiffness are represented by changes in the védlukeo
element stiffness matrix corresponding to the pasiof
the cracks in the beam body. When in the mathealatic
model (see EqQ's (3) (4)) the change of stiffnessrimaf
beam with transverse crack occurs, and its weiglesd
not change, also the change of modal propertigsiraa
frequenciesy, and mode shapeg) can be expected.

& = I_C 0¢00;10), (5)
b
* non-dimensional crack depth
e} :&D<00'083) (6)
C h .0; .

The non-dimensional natural frequency for fienode
shape is introduced and it is defined as a frequeat®

: (@)

where
f. - K" natural frequency of the beam without crack,
f - K" natural frequency of the cracked beam.
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Fig. 2. The first three natural frequencis(C-F beam) on crack  Fig. 3. The first three natural frequencis(C-C beam) on crack
positiong,, for differentd.. positiong,, for differentd,.
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The dependencies of the first three non-dimensiona  The comparison of the influence of the crack posit
natural frequencie§y of C-F beam on non-dimensional & on the first three non-dimensional natural freguies
crack positiorg. for the different non-dimensional crack 3y of the cracked beam can be deduced from the Fig.4
depthsd, are shown in Fig. 2. The curves for the first (C-F beam) and in Fig. 5 (C-C beam). The results in

natural frequency have minimum for valg§e= 0.1 and
maximum of the first natural frequency is f&rtend to
the free end of beam. Similar situations occurhiigther
natural frequencies of bending vibration of C-Fc&ed

beam. These curves have more local minima and max-

ima, respectively. Number of local extremes (maximu
minimum) of the curve depends on the order of the p
ticular natural frequency.

Next, the dependencies of the first three non-
dimensional natural frequencidg of C-C beam on the
non-dimensional crack positiofy and for the different
crack depth®, are shown on Fig. 3.
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Fig. 4. The first three natural frequenciggvs crack position
& (0.=0.5, C-F).
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Fig. 5. The first three natural frequenciggsvs. crack position
& (.= 0.5, C-C).

Figs. 4 and .5 are for non-dimensional crack depth
o.=0.5.

4. CONCLUSIONS

In the present paper, the influence of positiod an
geometrical dimensions of transversal crack on rahtu
frequencies of C-F beam and C-C beam are analysed.
The crack position and growth of crack depth caneta-

ble modification of natural frequencies of bendisitgration

of beam structures. The value of natural frequedey
pends on the crack position. From the obtainedltegu
follows that each of the curves describing the ddpe-

cy of K" natural frequency on the crack position has the
exact number of local extremes:

(K + L)in and K)max— C-F beam,
(K + 2)yinand K + L)na— C-C beam.

The maximal decrease of natural frequencies occurs
for the first natural frequencies. For the C-F bedme
first natural frequency is decreasing with aboWe4@rack
depthd, = 0.83, crack positiog, = 0.1). The decrease of
the first natural frequency of C-C beam is up t&a24
(crack depttd, = 0.83, crack positiof.= 0.0 oré. = 1.0).

Finally, we can say that the crack is a damagé tha
often occurs in structural elements and may caeseus
failure of the mechanical systems. Consequentlg, th
crack must be detected in the early state. It casdid
that the obtained results are generally valid tonstdered
beam structural elements. The knowledge is appécab
for detection and localization of cracks in struesi[2].
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