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Abstract- In this literature review we observed that theckrehanges the dynamic behavior of the structuce an
by examining the change, the crack size and théigo®f the crack can be identified. Nondestruettesting
(NDT) methods are used for detection of crack whighvery costly and time consuming. Currently aesle has
focused on using modal parameters like naturautagy, mode shape and damping. In this paper aochdtin
detection of open transverse crack in a slendeerEBEernoulli beam is presented. Referring the ditene, an
Experimental Modal Analysis (EMA) will be performexh cracked beams and a healthy beam to demonstrate
the applicability and efficiency of the method segigd..

Index Terms- Crack, Euler—Bernoulli, mode shape, natural fregyen

1. INTRODUCTION Also structures and machine components in

1.1 Motivation: operational environment are often subjected tooweri
The physical discontinuity occured in the geometiry P S ‘en subj X
levels of vibration. Excess vibration levels in the

the structures or machine components is termed as . ; )
machine causes the fatigue failure. The process of

Crack or Damage’. These cracks occured in thL%tigue failure starts with initiation of micro ala

structures or machine components have vario .
; rack reduces strength of machine components
causes. They may be fatigue cracks that take place

under service conditions as a result of the "miteaonsmerably and endangers its safety. Most serious

fatigue strength. They may also be due to mechamc%IIureS are occur_red by crack growth _from a paint
Stress concentration or from a material defecthat t

defects as in case of turbine blades of jet turbine rface of the component. It is believed that i
engines. In these engines, the cracks are caused D) np . ; ) 9
ures occur without any warning, which is

sand and small stones sucked from the surfaceeof t .
angerous. In order to provide for safe and long

runway. Another group involve cracks which arg fing operations in the siructures, a plan of

inside the material and are created as a result gfeventive maintenance in the form. of periodic
manufacturing processes. P P

repairs, rehabilitation and sectional replacement i
The construction of supersonic aircraft structuaad required.

high speed rotating machines such as steam turbines

generators, motors and pumps used in proce€me of the essential requirement for an effective
industries or in manufacturing plant etc., has beaeo maintenance scheme is the development of an efficie
more complicated since last few decades. Althoughspection procedure which can provide accurate
these machines are carefully designed for fatigusetection of the degradation and deteriorationhef t
loading, possess high levels of safety, are cooisitu constituted structural components. One of the main
with high quality materials, and are thoroughlydegradation mechanisms in case of mechanical
inspected prior to service as well as periodicallgtructures is the formation of cracks resultingnfro
during their operating lives, still there are imstas of both environmental effects and external loads. yEarl
cracks or damage escaping inspection. Howevedetection of the formation of cracks will ensumaely
failure of just one of these machines can disrupt aepair or replacement which may in turn, avoid
entire process with staggering losses in terms chtastropic failures due to unstable crack propagat
production, manpower and equipment repair or

replacement. Also failure of a single machinan order to overcome above mentioned difficultias,
component in the process industries likenumber of crack detection techniques have been
petrochemicals or power stations can result inés lof  developed. Non-destructive testing methods forkcrac
millions of rupees per down time hour. diagnosis have a lot of practical utilities. Numlmdr
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such methods are available. The important one®mponent individually. Again the size of structure
among them are the ultrasonic testing, X-raynder inspection limits the suitability of common
technique, magnetic particle method, dye penetraNDT’s. It is a tedious, time consuming job to apply
technique etc. But these have drawbacks like trmommon NDT's to large structures like long pipetine

necessity to have access to all parts of compaaraht rail tracks, electric transmission towers etc.

the necessity to inspect the component individually

Again the size of structure under inspection liniits 1.2 Aim & Scope:

suitability of common NDT's. It is a tedious, time

consuming job to apply common NDT's to largeThe proposed method is based on the analysis of
structures like long pipelines, rail tracks, electr changes observed in the parameters of dynamic
transmission towers etc. system because of crack. There are number of

Along with this, due to the large scale and qugrdit parameters to analyse but in proposed methodology,

measurement required to assess a complete insmect'iBOdal frequency parameter is selected because modal
of most mechanical systems, it is desirable to haJéequencies are properties of whole component, so
such a procedure that requires minimal setup tinte aonly one test is required to assess the integrity o
is flexible in application. Thus, there exists &ar complete component. Crack induces local flexibility
need in developing an efficient, rapid, accuratd anhe structures at crack location and due to thisaho
cost effective procedure of crack detection ifequencies are reduced. The reduction in modal

structures or mgchme components. The use ?equencies depends on crack depth, crack location
vibration monitoring technique satisfies all above

requirements. The presence of crack changes tﬁ@d number of cracks. , i
parameters of dynamic system. The measurement of natural frequencies of a machine

component at two or more stages of its life offidues
These are modal and structural parameters. Thpessibility of locating damage in the component and
modal parameters include modal frequencies, modg determining severity of the damage. If one set o
shapes and modal damping values. On the other haf@équencies is measured before the component was pu

the structural parameters include stiffness Ofio service, subsequent frequency measurements
flexibility, mass and damping matrices. Analysis of

the changes makes it possible to identify the (Hackcould be used to test whether the structure i$ stil
without disengaging all the system. The techniqu@ound'
utilizes one or more of these parameters for cradier® we had taken beam element to carry out
detection. So what is required is an analyticaVibration analysis, because the beam representsfone
numerical and experimental analysis by which ome cahe most important structural members in engingerin
correlate the modal parameters (like naturadiesign and construction. There is no design in Whic
frequencies, mode shapes) to crack location affe peam problems in one form or other do not arise

severity. physical discontinuity occured in the-l-he dynamics of cracked structural members,

geometry of the structures or machine components ésspecially beams has been the subject of research

termed as ‘Crack or Damage’. These cracks occured | . . .
the structures or machine components have vario©rk- The method adopts weightless torsional spring

causes. They may be fatigue cracks that take platie the beam eIement. as a mechanical merI to
under service conditions as a result of the limitegepresent the local flexibility introduced by a akan
fatigue strength. They may also be due to mechhkniche structure.

defects as in case of turbine blades of jet turbinehe first objective here is to find out the effeaft
engines. In these engines, the cracks are caused BYck on lowest three natural frequencies of beams

sand and small stones supked from the surfa}ceeof t{R/ith different boundary conditions, when the crack
runway. Another group involve cracks which are th ratio) and location (R) of a crack is verie
inside the material and are created as a result %‘?p

manufacturing processes.In order to overcome abo®PNd length of beam. To achieve this, numerical
mentioned difficulties, a number of crack detectiorgnalysis is carried out by finite element method
techniques have been developed. Non-destructi¢ANSYS 12.0 package). The data of frequencies for
testing methods for crack diagnosis have a lot dfitact and cracked beams for different boundary
practical utilities. Number of such methods areonditions, thus generated is to be used as input t

available. The important ones among them are thg,aytical method which will then assess the crack
ultrasonic testing, X-ray technique, magnetic et sizes

method, dye penetrant technique etc. But these h L .
drawbacks like the necessity to have access fuaat a¥ﬁe another aim is to perform the experiments on

of component and the necessity to inspect tHeeams with single crack when the crack depth oyati
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and location (R) of a crack is varied along length in a structural system is greatly needed under the
beam. Again by using this experimental frequencpresent demands of constantly maintaining the wafet
data as a input to analytical method, the cracks iof civil engineering structures. Presented in gaper
beams are assessed. is a methodology based on vibration theory thathzan
The scope of present work is kept limited to cake aised for the detection of faults in a beam of eithe
beams with single crack. The requirement andniform or non uniform cross section and under a
potential of the method have provided motivation fovariety of boundary conditions, including simple
the present work.e proposed method is based on thapport, cantilever support, and beam on elastic
analysis of changes observed in the parameters folindation. Theoretical developments of the
dynamic system because of crack. There are numbreethodology are presented first, followed by
of parameters to analyse but in proposed methogiploghumerical experiments to demonstrate the feagibilit
modal frequency parameter is selected because modéthe method. Numerical experiments include vasiou
frequencies are properties of whole component, stamage scenarios such as those faults occurrigg in
only one test is required to assess the integrity dbeam section as well as in a sub grade foundation.
complete component. Crack induces local flexibiility Furthermore, damage scenarios involving both single
the structures at crack location and due to thislaho fault and multiple faults are also presented.Thedate
frequencies are reduced. The reduction in modaf the supporting sub grade foundation can be
frequencies depends on crack depth, crack locationodelled either as degrading sub grade stiffness or
and number of cracks. increasing damping values. Numerical experiments
The measurement of natural frequencies of a machidemonstrate the feasibility of the developed NDT
component at two or more stages of its life offdses methodology which warrants the next stage of field
possibility of locating damage in the component andtudy.Owolabi et.al.[5]reported an ongoing research
of determining severity of the damage. If one det mon the experimental investigations of the effects o
frequencies is measured before the component was jpuacks and damages on the integrity of structuveh,

into service, subsequent frequency measuremergsview to detect, quantify, and determine theieaig
could be used to test whether the structure i$ sténd locations. Two sets of aluminium beams were
sound. The methods of detecting location and dize o used for this experimental study.Each set consisted
crack based on vibration measurements are relgtivedeven beams, the first set had fixed ends, and the
new. Only in the last two decades, some work hagecond set was simply supported. Cracks were
been done on the possibility of using vibrationaas initiated at seven different locations from one ¢ad
basis for crack detection. The presence of cradke other end (along the length of the beam) fahea
changes the parameters of a dynamic system. Thesd, with crack depth ratios ranging from 0.1d 6d0
are modal and structural parameters. The modé was the beam depth) in steps of 0.1, at eadkcra
parameters include modal frequencies, mode shapesation. Measurements of the acceleration frequenc
and modal damping values. On the other handesponses at seven different points on each beam
structural parameters include stiffness or flekipil model were taken using a dual channel frequency
mass and damping matrices. The technique utilizesmalyzer. The damage detection schemes used in this
one or more of these parameteres for crack detectictudy depended on the measured changes in the first
A.V. Deokar et.al [1] in his paper study of effeaft three natural frequencies and the corresponding
cracks on vibration response of a structure is b amplitudes of the measured acceleration frequency
for developing vibration signature based crackesponse functions.Different researchers have
detection method. It is observed that, presence dfscussed damage detection of vibrating structimes
crack causes the reduction in stiffness of thecaire various ways. Chaudhari et al.[8] proposed modgllin
and hence the reduction in the natural frequenciesf transverse vibration of a beam of linearly valéa
Again it affects each mode of vibration differently depth and constant thickness in the presence of an
Particularly the stress is given on natural freqyems open edge crack normal to its axis using the carafep

a crack detection parameter. In this chapter, uario a rotational spring to represent the crack secBorP.
approaches and methods cited in literature to laere Nandwana And S. K. Maiti they said that, the method
cracks and modal parameters are discussed. F.l. CHmsed on measurement of natural frequencies is
et.al [2] in his paper capability of identifying tho presented for detection of the location and size of
location and severity of damages of faulted elementrack in a stepped cantilever beam. The crack is
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represented as a rotational springs and the methstlidies.Amit Banerjee*, G. Pohit he proved that,
involves obtaining plots of its stiffness with ckac cracks reduce the service life of structures. Akria
location for any three natural modes through tha structural member introduces local flexibilityath
characteristic equation. The point of intersecttbthe  would affect vibration response of the structuretB
three curves gives the crack location. A method fahe mode shape and frequency change significantly
detection of the location and size of a crack in due to the presence of crack. The objective of this
stepped cantilever beam has been presented. Tegper is to obtain information about the location a
details of the method are given. The accuracy ef thdepth of transverse open multiple cracks in a irgjat
method is illustrated by a case study involvingva t cantilever beams. Vibration parameter in the fofm o
step beam. The method predicts the location ofkcraenode shape of damaged rotating beam is obtained
quite accurately. The error in prediction of thedtion using finite element simulation. Using fractal

is always less. The crack size is also predictedimension of mode shape profile, damage is detected
accurately the error is again less. The procedare clt is also shown that this method can produce
easily be adapted for more steps and for a cradatisfactory results with some limitation based on
located in any of the segments.According to N.Tprofile. The dynamic behaviour of beam structure
Khiem. & T.V. Lien, Multi-crack detection for beam undergoes changes in presence of crack. Using these
by natural frequencies has been formulated inahe f characteristics of a vibrating beam, a new techmiqu
of a non-linear optimization problem, then solved b Fractal Dimension Analysis, has been employed for
using the MATLAB functions. The spring model ofidentification of crack in a rotating cantileveradve.
crack is applied to establish the frequency eqnatid=rom the results, it is evident that FD analysis ba
based on the dynamic stiffness of multiple crackedsed for detection of crack location and its depdim
beam. The equation is the basic instrument in sglvi the deformation profiles of the rotating mode slsape
the multi-crack detection of beam. The set of crackhe inaccuracy in input signal may produce the enois
parameters to be detected includes not only thekcraduring data processing leading to misleading csefal
position and depth, but also the quantity of pdesibreporting of damage in beam. It is shown that highe
cracks. Numerical result obtained for a cantileveresolution may be employed as possible measures for
beam with single, two and three cracks scenarigmise reduction. In some cases, it is better tdyapp
shows, the efficiency and acceptability of the bgre on more than one mode for meaningful detection of
proposed procedure.Abdul Salam Y. Alsabbaghnultiple cracks in a rotating beam.. The natural
Osama M. Abuzeid *, Mohammad H. Dado, in theifrequency of a component decreases as a result of
work gave a simplified formula for the stresscrack. Many methods have been developed to detect
correction factor in terms of the crack depth te thand locate the crack by measuring changes in the
beam height ratio, f(a/h), is presented. The medifi natural frequencies. One of the earliest works
formula is compared to a well-known similar factor regarding the crack detection using vibration isielo
the literature, and shows a good agreement for aly Adams and Cawley et.al. In their work, a
lower than 0.5. The modified formula is used taheoretical model based on the receptance technique
examine the lateral vibration of an Euler—Bernoullfor analysis of structures that can be treated asea
beam with a single-edge open crack. This is dordimensional is presented. The crack is modeled as a
through introducing the flexibility scalar. Thisadar massless linear spring of infinitesimal length, dexe

can be generated from the Irwin’s relationship gsinthe choice of modes of vibration was restrictedniyai

the modified factor f(a/h). The crack in this cdse to axial vibration and the theory has been develope
represented as rotational spring. With the modifietbr axial modes. Torsional spring is used in cake o
model, beam configurations with classical and nomodeling of transverse vibration of beam structures
classical support conditions could be studied. ThAlso in some cases the crack is modeled as a short
mode shapes for the cracked and the uncracked besettion with reduced modulus, which requires two
are obtained using this model. They are displaygohrameters for its definition: length and modulys.it
graphically for selected values of the systenmay be shown that the two models are equivalent
parameters; the crack depth ratio a/h, and thekcrawhen the length of the section with reduced modulus
location ratio s/L. The shift in the mode shape thue is small, the spring model was chosen as it is the
the existence of a crack is highlighted. The ol#din simpler of the two.The theory was developed
results showed good agreement with similar pubtisheneglecting damping, since only changes in natural
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frequencies were being considered. Suppose tRe2Crack Assessment Based On  Vibration

damage to be located at some unknown axial positidyi€asurement: o

x, the value of which is the object of the analyss, Depending on the vibration parameter used for the
. . . crack detection process the methods are broadly

the position of the crack. Let the spring represent

) . classified as under:
the damage or crack have stiffness Kx. If KX iSpethods based on change of natural frequencies

infinite, there is no damage, while decreasing @8lu «\jethods based on vibration mode shapes and

of Kx indicate increasing damage. If the parts B @ <Methods based on structural parameters.

of the bar on either side of the crack having hese are explained in the following sections.
receptances! and [ respectively, then the natural 2.2.1 Methods based on change of natural frequencie
frequencies of the cracked bar are such that thdostly modal frequencies are used for monitoring th

following equation is satisfiedThe methods Ofcrack because modal frequencies are properties of
detecti locai d si f Kk based whole component. The natural frequency of a
electing localion and size of a crack base 0&)mponent decreases as a result of crack.

vibration measurements are relatively new. Onlthin Many methods have been developed to detect and
last two decades, some work has been done on fla@ate the crack by measuring changes in the ratura
possibility of using vibration as a basis for crackrequencies. One of the earliest works regardireg th
detection. The presence of crack changes tiesack detection using vibration is done by Adamd an
parameters of a dynamic system. These are modal drawley et.al. In their work, a theoretical modebéc

structural parameters. The modal parameters inclu@8 the receptance technique for analysis of strestu

modal frequencies, mode shapes and modal dampiwgt can be treated as a one dimensional is prgkent

values. On the other hand, structural parameters —x /W x
include stiffness or flexibility, mass and damping " M c
matrices. The technique utilizes one or more of¢he e
parameteres for crack detection.A.V. Deokar etlal [
in his paper study of effect of cracks on vibration
response of a structure is important for developing -
vibration signature based crack detection methoid. |
observed that, presence of crack causes the reducti 8 Toeee
in stiffness of the structure and hence the redoat .
the natural frequencies. Again it affects each maofde 5 s
vibration differently. Particularly the stress isen on A Frstue
natural frequency as a crack detection parameter. | R
this chapter, various approaches and methods icited okt
literature to correlate cracks and modal parametess | mmmm— _ _

If Kx is infinite, there is no damage, while deasang

Fj|scqss_ed.F.K. Choy _et.al [2] in his baper caps f values of Kx indicate increasing damage. If theBr
identifying both Iogatlon and severity of damagés %and C of the bar on either side of the crack having
faulted elements in a structural system is great%ceptancesﬁ and y respectively, then the natural

needed under the present demands of constanfféquencies of the cracked bar are such that the
maintaining the safety of civil engineering strues! following equation is satisfied:

Presented in this paper is a methodology based on
vibration theory that can be used for the detectibn

faults in a beam of either uniform or non uniform B+, +i =0 (2.1)

cross section and under a variety of boundary Ky

conditions, including simple support, cantilever EA 1

support, and beam on elastic foundation. Theoletica —— =_[cot/]x+cot(/1 (- x))] ....... (2.2)

developments of the methodology are presented first X A

followed by numerical experiments to demonstrag th

feasibility of the method. Numerical experiments3. THEORETICAL ANALYSIS FOR CRACK
include various damage scenarios such as thoss fafh SSESSMENT

occurring in a beam section as well as in a subdggra i

foundation. Furthermore, damage scenarios involvin%]’llntmducuon:

both single fault and multiple faults are also prasd.
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Amplitude of vibration measured at

The literature survey implies the vibrational freqay y
measurement based crack assessment of large
structures as a faster, feasible and reliableifmie
crack assessment in beams (cantilever, simply E
supported etc.).

positionx

Modulus of elasticity of the beam
material
I = Moment of inertia of the beam

3.2 Free Vibrations Of Beam:

. = Density of the beam material
The beam represents one of the most important P y

structural members in engineering design and A = Cross-sectional area of the beam
construction. There is no design in which the beam

problems in one form or other do not arise. Its )

importance can be gauged not only from the vastnedé-Assessing a Crack In Beam Structures:

of literature that exists on the SubjeCt but ateonf the The |atera| Vibrations Of beam in XY plane is often

depth and thoroughness with which beam analysis has ) i
been carried out. modeled by Euler-Bernoulli beam. The beam equation

In considering the vibration of the beam, we netglecfor such vibration is as derived in section 3.2.1
rotary inertia and shear deflecticand only consider

2 4
the deflection due to bending. This model of beam i ﬂ+ az_y =0 e (3.15) Where
called the ‘Euler-Bernoulli model'. ot? ox*
, _El

3.3 Equation Of Motion Of Euler-Bernoulli for a

beam: PA

Lettingp be the volume density of the beam materiaBy method of separation of variables, the formal
‘A the cross sectional area, ‘El' the modulus of

oo ! solution of this equation is
flexural rigidity and 'y’ the transverse deflection q

Then the strain energy V of the flexural deformatio Ve il
of the beam is given by 5 2o
. _ EI 1 ) ! J:aKIS
equatior’V = 7.[0 (Y,,) dx . /,,,.
--------- (3.1) /
The expression for the kinetic energy T is given by gl X- axis
_ PA 2 L
T = 7! Yi dx --------- (3.2) 4 >

Formulating the Lagrangian L from Eq. 3.1 and Eq.
3.2 and applying the Hamilton’s principle,

3.3.1Dynamic Response Of Cantilever Beam:
The general differential equation governing transe

vibration of a beam is given as

2 4
M+a2_uzo

ot? ox*

El
where a=_|—

LA
And x = Distance from one of the ends of beam to

the desired point on the beam
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dUJdf* + 140, = 0,
dU A + it =0,
dUdp* + 20, =0,

;‘.T = (U:j!.'1|!_:;"fl"|. fj = i,'):IU.-fji'.i,-"Hj. f" = lﬂzp.fi]f.J'EJ'j. and f=x|L.
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4. Modding Of Stepped Cantilever BeamSolid
Modelling Of Stepped Cantilever Beam CATIA is
very powerful tool. You can harness this power to
capture the design intent of your models by
acquiring an understanding of fundamental
concepts that define the software and why exist.
This lesson discusses these concepts in detail.
You should keep them in mind as you progress
through this chapter.Design Concepts:You can
design many different types of models in CATIA.
However, before you begin your design project,
you need to understand a few basic design
concepts:Design Intent; Before you design your
model, you need to identify the design intent.
Design intent defines the purpose and function of
the finished product based on product
specifications or requirements. Capturing design
intent builds value and longevity into your
products. The key concept is at the core of the
CATIA feature based modeling.Feature-based
modelling:CATIA part modeling begins with the
creating individual geometric features one after
another. These features become interrelated to
other features as reference them during the design
process.Parametric design:The interrelationships
between features allow the model to become
parametric. So, if you alter one feature and that
change directly affects other related (dependent)
features, then CATIA dynamically changes those
related features. This parametric ability maintains
the integrity of the part and preserves your design
intent.Associativity: CATIA maintains design
intent outside Part mode through associativity. As
you continue to design the model, you can add
parts, or electrical wiring. All of these functions
are fully associative within CATIA. So, if you
change your design at any level, your project will
dynamically reflect the changes at levels,
preserving design intent.

5. CONCLUSION
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Detailed experimental investigations of the effects
of crack on the first three modes of vibrating

cantilever beams have been presented in this
paper. From the results, it is evident that the
vibration behavior of the beams is very sensitive
to the crack location, crack depth and mode
number. A simple method for predicting the

4)Prasad Ramchandra Baviskar and Vinod B.

Tungikar* Multiple Cracks Assessment using
Natural  Frequency Measurement and
Prediction of Crack Properties by Atrtificial
Neural Network”, International Journal of
Advanced Science and Technology Vol. 54,
May, 2013

location and depth of the crack based on changes 5)P. K. Jena, D. N. Thatoi, J. Nanda, D. R. K.

in the natural frequencies of the beam is also

presented, and discussed. This procedure becomes

feasible due to the fact that under robust test and

measurement conditions, the measured parameters

of frequencies are unique values, which will
remain the same (within a tolerance level),
wherever similar beams are tested and responses
measured. The experimental identification of
crack location and crack depth is very close to the
actual crack size and location on the
corresponding test specimen.

. The frequencies of vibration of cracked
beams decrease with increase in the depth of
crack for crack at particular location.

. The natural frequencies of a cantilever
cracked beam decreases with increase in the
number of cracks.

. The frequencies decrease with increase
in the relative depth of cracks at particular
location of cracks.

. The effect of crack is more pronounced

when the cracks are near to the fixed end than at
free end. Multiple cracks near the fixed end

makes the beam more flexible than the same
number of cracks at the free end of same
intensity.
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