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Abstract- Crack changes the dynamic behavior of the stracamd by examining this change, crack size and
position can be identified. Non destructive testiNiPT) methods are used for detection of crack Wisce very
costly and time consuming. Currently research lbasided on using modal parameters like natural &equ
mode shape and damping. To detect crack in beanthid paper a method for detection of open trarsgve
crack in a slender Euler—Bernoulli beam is presknfxperimental Modal Analysis (EMA) was performeal
cracked beams and a healthy beam. The first thateral frequencies were considered as basic aniitefior
crack detection. To locate the crack, 3D graphshefnormalized frequency in terms of the crack llepid
location are plotted. The intersection of theseglrontours gives crack location and crack deptit.oDseveral
case studies conducted the results of one of the study is presented to demonstrate the appliyahihd
efficiency of the method suggested.

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

1. INTRODUCTION parameters to analyse but in proposed methodology,
1.1 Motivation. modal frequency parameter is selected because modal

The physical discontinuity occured in the geometiry frequencies are properties of whole component, so
the structures or machine components is termed 88ly one test is required to assess the integrity o
‘Crack or Damage’_ These cracks occured in théomplete Component. Crack induces local ﬂelellllr[y
structures or machine Components have Variodge structures at crack location and due to th|ﬂaho
causes. They may be fatigue cracks that take plaffi@quencies are reduced. The reduction in modal
under service conditions as a result of the limiteffequencies depends on crack depth, crack location
fatigue strength. They may also be due to mechknicand number of cracks.

defects as in case of turbine blades of jet turbinEhe measurement of natural frequencies of a machine
engines. In these engines, the cracks are caused ggynponent at two or more stages of its life offies
sand and small stones sucked from the surfaceeof tROSSibility of locating damage in the component and
runway. Another group involve cracks which areof determining severity of the damage. If one set o
inside the material and are created as a result Bequencies is measured before the component was pu
manufacturing processes.In order to overcome abo{d0 service, subsequent frequency measurements
mentioned difficulties, a number of crack detectiorfould be used to test whether the structure i$ stil
techniques have been developed. Non-destructiv@und..

testing methods for crack diagnosis have a lot of

practical utilities. Number of such methods ar&- LITERATURE SURVEY

available. The important ones among them are thhe methods of detecting location and size of alkcra
ultrasonic testing, X-ray technique, magnetic peti based on vibration measurements are relatively new.
method, dye penetrant technique etc. But these ha@dly in the last two decades, some work has been
drawbacks like the necessity to have access fmaaiy done on the possibility of using vibration as aiésr

of component and the necessity to inspect therack detection. The presence of crack changes the
component individually. Again the size of structurearameters of a dynamic system. These are modal an
under inspection limits the suitability of commonstructural parameters. The modal parameters include
NDT's. It is a tedious, time consuming job to applymodal frequencies, mode shapes and modal damping
common NDT'’s to |arge structures like |Ong p|peﬁne values. On the other hand, structural parameters

rail tracks, electric transmission towers etc. include stiffness or flexibility, mass and damping
matrices. The technique utilizes one or more of¢he
1.2 Aim & Scope: parameteres for crack detection.A.V. Deokar etldl [

The proposed method is based on the analysis #f his paper study of effect of cracks on vibration
changes observed in the parameters of dynamfigsponse of a structure is important for developing
system because of crack. There are number Wibration signature based crack detection methoid. |
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observed that, presence of crack causes the reducti oy
in stiffness of the structure and hence the redndti - /
the natural frequencies. Again it affects each maofde ° M ‘

vibration differently. Particularly the stress isen on

natural frequency as a crack detection parameter. |

this chapter, various approaches and methods icited
literature to correlate cracks and modal parameters o
discussed.F.K. Choy et.al [2] in his paper capghbdf
identifying both location and severity of damagéds o
faulted elements in a structural system is greatly
needed under the present demands of constantly

Figure 2.1 Scture with spving representation of damege:

Third Mode:

£
& Damage Locations

maintaining the safety of civil engineering strueti ot
Presented in this paper is a methodology based on A Fratue
vibration theory that can be used for the detectibn e e
faults in a beam of either uniform or non uniform ottt

cross section and under a variety of boundary Fors220umge i S e

conditions, including simple support, cantileverIf Kx is infinite, there is no damage, while deasing
support, and beam on elastic foundation.Theoreticablues of Kx indicate increasing damage. If thepBr
developments of the methodology are presented firgtnd C of the bar on either side of the crack having
followed by numerical experiments to demonstrage threceptances3 and y respectively, then the natural
feasibility of the method. Numerical experimentsfrequencies of the cracked bar are such that the
include various damage scenarios such as thoses fadbllowing equation is satisfied:

occurring in a beam section as well as in a subdggra

foundation. Furthermore, damage scenarios involving 1

both single fault and multiple faults are also presd. ,BXX tYut—=0 e (2.2)
22Crack Assessment Based On Vibration K,

M easur ement: 1

Depending on the vibration parameter used for the EA=—l:COt/b("'COt(/1 (1 _X))] """" (2.2)
crack detection process the methods are broadly "™x A

classified as under:

*Methods based on change of natural frequencies
*Methods based on vibration mode shapes and
*Methods based on structural parameters.

These are explained in the following sections. 3.1 Introduction:
2.2.1 Methods based on change of natural frequencie™ :
Mostly modal frequencies are used for monitoring th
crack because modal frequencies are properties
whole component. The natural frequency of
component decreases as a result of crack.

Many methods have been developed to detect a
locate the crack by measuring changes in the datu%’pported etc.).

frequencies. One of the earliest works regardirgy th

crack detection using vibration is done by Adamd an3.2 Free Vibrations Of Beam:

Cawley et.al. In their work, a theoretical modesdd ,

on the receptance technique for analysis of strestu 1€ Peam represents one of the most important

that can be treated as a one dimensional is pegsent Structural members in engineering design and
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 vastness
of literature that exists on the subject but ateanfthe
depth and thoroughness with which beam analysis has
been carried out.

3 THEORETICAL ANALYSIS FOR CRACK
ASSESSMENT

'Blige literature survey implies the vibrational freqay
easurement based crack assessment of large

structures as a faster, feasible and reliableifmies

ﬁaack assessment in beams (cantilever, simply

In considering the vibration of the beam, we neglec
rotary inertia and shear deflecticand only consider
the deflection due to bending. This model of beam i
called the ‘Euler-Bernoulli model'.
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3.3 Equation Of Motion Of Euler-Bernoulli for
beam:

Lettingp be the volume density of the beam materia!

‘A’ the cross sectional area, ‘EI'’ the modulus o

By method of separation of variables, the formal
solution of this equation is
d'U dpt + A0, =0,

f 0<p<elL

flexural rigidity and 'y’ the transverse deflection U+ U =0,  oL<B<h.  Bi=LiL,
Then the strain energy V of the flexural deformato . =~ . . ;
of the beam is given by CUp +4U=0,  p<p<h.  h=L/L
El 2 Arr Apt L 1 .
equationV = ~ Io(yxx)zdx dUdp + RU=0,  R<pgl,
--------- (3.0 T
. N o = pALEL, B =wp4 LY EL. J5 = o p4; LY/EL and p=x]L.
The expression for the kinetic energy T is given by A 4 =gyt Bl =t p Ll o p
A 1
T = p—j VAR N — (3.2)

2 70 ! 0 \ 0 I T
Formulating the Lagrangian L from Eq. 3.1 and Eg. 0 ! 0 ! e 0wt
3.2 and applying the Hamilton’s principle, ! § 0 ¢ LI

0 0 0 0 0 0 0 0
i 0 0 0 cosh 2 sinha  cosm  sing
3.3.1Dynamic Response Of Cantilever Beam: 0 0 0 0 s sty -sha cost
The general differential equation governing traamse 0 0 0 0 ohn  smhn s —sing
vibration of a beam is given as 0 0 0 0 dimhn ey s -y
2 4 0 0 0 0 0 0 0 1]
0 y +a’. y =0 e (3.6) 0 0 0 0 0 To0 0
atz ox? 0 0 0 0 0 ¢ 0 0
0 0 0 0 0 0 1] 0
Where a= E cosh sinh 2 st sin —coshy  —sinha —cosy —sina
pA coshz sinha cos —sin g —cosh 4 smha cosx  smi
. sinh cosh s — 05 —sinha  —cosha -3 cos
And x = Distance from one of the ends of beam to _ o ¢ ) 1_ . " ; ‘ Am_ ‘ A" ' Am ;”
the desired pOint on the beam /_—‘smhxwmhz ;—f()siu--nnm -Zsmx- cos17mw--.\m1 —;smhx --’—cmhz ;.\mx --f_—[(‘iil

y = Amplitude of vibration measured at
positionx
E
material
I = Moment of inertia of the beam
L = Density of the beam material

A = Cross-sectional area of the beam

Modulus of elasticity of the beam

3.4. Assessing a Crack In Beam Structures:

The lateral vibrations of beam in XY plane is ofter sm:
modeled by Euler-Bernoulli beam. The beam equatic

for such vibration is as derived in section 3.2.1

92 0*
Yea2lY-0 (315  Where
ot ox
El
a®=—
PA
Y- axis
Z- axis
- ;/dr"‘
/ s X- aXis
L
4 P

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 cosh A sinh 2 €05 A —sin s
0 0 0 0 sinh 2 osh i sin & cos 4
—cosh 2 sinh 2 —cos @ ~5in & 0 0 0 0
— Fysinh oy Feoshe:  Fsme —Fceosm 0 0 0 0
—Gicosh o Gisinher  Gieosw  Gising 0 0 0 0
—Hisishewy  —Hieoshe, —Ihsine Hicosm 0 0 0 0
cosh o sinh cos sin a4 —cosh —sinha  —cosm —sin &
sinh 2; cosh x Sin o €05 o3 —Fysinhay —Freoshm  Fisinm —Freosm
cosh u; sinh o, —cos o -sing;  —Gicoshay —Gisinhay Gieoswy  Gising
cosh oy sinas —cosm  —HMhsinh Hicosas —Hising  Hicosos
0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 [} 0 0 0
0 0 0 0 0 0 0 0
=0, (I8)

4. MODELING OF
BEAM

Solid Modeling Of Stepped Cantilever Beam CATIA
is very powerful tool. You can harness this power t
capture the design intent of your models by acngiri
an understanding of fundamental concepts that éefin
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

STEPPED CANTILEVER
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begin your design project, you need to understand4a5 Conclosure:In this chapter, the analytical
few basic design concepts: method for single discrete crack in a uniform
Design Intent: Before you design your model, youwantilever beam is presented. In actual
need to identify the design intent. Design intenimplementation of method, it is observed that the
defines the purpose and function of the finishe&oung’'s modulus, E has to be modified. This is to
product based on product specifications otake care of error in stiffness of structure due to
requirements. Capturing design intent builds valné FEM modeling. The outcome of the method is
longevity into your products. The key concept ish&t  satisfactory as seen in tabulated results.

core of the CATIA feature based modeling. Featurg
based modelling: CATIA part modeling begins wit
the creating individual geometric features one raftg
another. These features become interrelated tor ot
features as reference them during the design moces

Parametric design:The interrelationships betwee
features allow the model to become parametric.ifSo,
you alter one feature and that change directlyctdfe
other related (dependent) features, then CATI
dynamically changes those related features. T
parametric ability maintains the integrity of tharp
and preserves your design intent.Associativit
CATIA maintains design intent outside Part modg¢
through associativity. As you continue to desiga th
model, you can add parts, or electrical wiring. &l
these functions are fully associative within CATIA.
So, if you change your design at any level, yo
project will dynamically reflect the changes atdisy
preserving design intent.

4.4 Assessment Of ANSYS Results:
The data from the ANSYS package 12.0 results wel

tabulated, and plotted (in a three dimensional)plot

the form of frequency ratianC/o) (ratio of the natural

frequency of the cracked beam to that of thi

uncracked beam) versus the crack depth (a) foowsri M

crack location (x). Tables 4.2 show the variatiéthe

frequency ratio as a function of the crack deptt an

crack location for beams with fixed-free ends.

Finite element model of a uniform cantilever bean

imposing boundary conditions is shown in Fig. 2.

finite element package, ANSYS 12.0 is used t 0.00 20000 () Z/YX
compute the eigen frequency changes for a mild ste 10000 oy
cantilever beam with combination of various crack

depth ratios and non-dimensional crack locatiotme T

results of those are given in Table 4.1

While applying the method to the present m, i Simulated crack data Natural Frequencies (Hz)
is found that the three curves do not interséca at

common point in a number of cases. In order T0@VOI | pcation®(L1/L2) a/h

this difficulty, a scheme, which is a sort of cadition Depth F1 F2 E3

of modulus of elasticity, suggested by Adams and Ratio

Cawley [1] is employed. The modulus of elastici{yncracked

used as an input in the analytical approach (egmati 7528 11356  366.36
3.19) for each mode is calculated using the FEM:tas 0.2 0.2 74.80 111.07 366.25
uncracked natural frequency for the corresponding 0.4 0.3 7486 111.13 366.63
mode. 3 0.6 04 7484 11069 35504
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CRACK DEPTH VS MODE OF
FREQUENCY
1.01
L
o 1
8 099
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T
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|
<L 0.93
% 0 0.5 1
This is mainly in the form of PC (Laptop) when =z CRACK LOCATION (R)

the excitation occurs to the structure the signals
transferred to the portable PULSE and after
conversion comes in graphical form through the
software. Mainly the data includes graphs of force
Vs time, frequency Vs time resonance frequency
data etc. It is displayed in Fig.

Fig. No. 12 Graph showing the variation of frequenc
mode for & specimen showing the crack location.

5. RESULTS AND DISCUSSIONS
. w CRACK DEPTH VS MODE OF
The material data is as follows. Six crack logagio 8 FREQUENCY
are considered for prediction. The natural freqiesnc o)
for both the uncracked and cracked geometries ai = 1.001
computed by the finite element method. While E"g 1
applying the method to the present problem, ibisfl 8 =z 0999
that the three curves do not intersect at a commo| & S 0998 —o—w1
point in a number of cases. In order to avoid this ; 8 0.997 MODE 1
difficulty, a scheme which is a sort of calibratiof HE 099
modulus of elasticity suggested in reference ig 5 0.995 — w2
employed The modulus of elasticity used as antinpy = 0.994 MODE 2
in the analytical approach equation for each msde E;‘ 0.993
calculated using the FEM based uncracked naturd Z 099y © = —Ow3
frequency for the corresponding mode. 0991 MODE 3
0 05 1
CRACK LOCATION (R)

Fig. No. 10 The graph showing variation of frequenc
mode for  specimen showing crack location.

6. CONCLUSION

Detailed experimental investigations of the effests
crack on the first three modes of vibrating camgle
beams have been presented in this paper. From the
results it is evident that the vibration behavidrttoe
beams is very sensitive to the crack location, kcrac
depth and mode number. A simple method for
predicting the location and depth of the crack base
changes in the natural frequencies of the beartsés a
presented, and discussed. This procedure becomes
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feasible due to the fact that under robust test and
measurement conditions, the measured parameters of
frequencies are unique values, which will remaia th
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 crémk s
and location on the corresponding test specimen.

The frequencies of vibration of cracked beams
decrease with increase in the depth of crack fackcr

at particular location.

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

The frequencies decrease with increase in theivelat
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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