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ABSTRACT: The aim of this paper is to use the vibration based analysis to detect the transverse crack location and depth in wind
turbine blades. The actual data for training neural network is obtained using finite element method via ANSY'S software for different
crack locations and depth. This data is validated using experimental data from literature. The test results show that the proposed
neural networks are able to predict the crack specifications accurately.
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I.LINTRODUCTION

The presence of crack leads to reduction in stiffness with an inherent reduction in natural frequency and increase in modal damping.
The study of vibration analysis of cantilever beam with crack finds application in wind turbine blade damage analysis.

In literature Yang et al. performed the analytical study on the vibration of beams containing open edge cracks. Analytical
solutions were obtained for cantilever, with different conditions to evaluate the dynamic response of the beam with edge crack.

Salawu and Williams presented an excellent review on the use of modal frequency change for damage diagnostics. The
observation that changes in structural properties cause changes in frequencies was the impetus for using modal methods for damage
identification and health monitoring.

In this paper Euler-Bernoulli beam is analysed. First the natural frequency and deflection of Un-cracked and cracked
cantilever beam is obtained using ANSYS with various conditions of beam with crack. The paper gives the effect of crack on
natural frequency of beam with crack depth at different location. This study implies how natural frequency changes as the structure
affected due to damage.

IL.THEORY

The stability and local flexibility of the beam depends on the material properties, physical dimensions, boundary conditions
of the structure. The characteristics of beam greatly depend on the position of crack, depth of crack orentiation of crack and number
of cracks.The beam with rectangular crackclamped at one end and free at other endand tapered width cross section and uniform
thickness. The crack is assumed to be open crackand no damping is considered.

El
on=C* |[—
pPAL4

I_bd3

T 12
C1=0.56 for first mode
C2=3.52 for second mode
C3=9.82 for third mode

b0= width of beam at base end and b1= width of beam at small end.
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Christides and Barr (1984) considered the effect of crack in continuous beam and calculated stiffness, El, for a rectangular beam to
involve an exponential function given by

El(x) =EI0/(1 + C exp(—2a(x — xc)/d)

Where C=( 10-Ic)/ Ic

10=wd®/12 and Ic=w(d-dc)3/12 are the area moment of inertia at the crack and dc is the depth of the crack. X is the position along
the beam and xc the position of the crack from the fixed end. a is estimated from experiments to be 0.667.

7 Iu’(-

Fig:1 Crack location and depth

111.CRACK CONFIGURATIONS

In this study, static and modal analysis of an aluminium cantilever beam having rectangular crack are
studied. The dimensions of the beam are 400mm long 30 mm width and 5 mm thickness. The material
properties are modulus of elasticity is 70¥10° N/m?, the density (p) 2700 kg/m3 and poison’s ratio (j1) 0.3.

Crack locations at 100 mm and 200 mm with crack depth as 1 mm and 2mm are used to find natural
frequency.

IV.FINITE ELEMENT ANALYSIS

The ANSYS 15.0 was used for static and model analysis of an un cracked and cracked beams. In pre-processor, eight key points
were created and area created. The area was extruded along normal plane to create a un cracked beam. And by deleting volume two
cracks are created. Solid 185 Element selected to mesh the beam with tetrahedral element. Refinement level 3 is used. First three
natural frequencies for each case were obtained. Cantilever boundary conditions were used by constraining all degrees of freedom
on the left end.

ELEMENTS

Fig:1 Un cracked beam ANSYS model
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Fig: 3 Cracked beam ANSYS model

V. EXPERIMENTAL ANALYSIS

A composite beam of E Glass Epoxy with dimensions 550mmx50mmx10mm is used for analysis. The transverse cracks
were created at different locations with varying depths by using Hack saw [32 teeth per inch]. The beam is excited for free
vibrations to obtain the natural frequencies. The beam is clamped on a table with the help of clamping device arrangement (baby
vice). The impact is applied by striking the hammer at different positions. During free vibrations, the dynamic responses of the beam
are measured through the accelerometer as shown in figure. For this test, the position of accelerometer is also varied in order to
extract the signals of vibration. The layout of the sensors on the test specimen is depicted in Figure A data acquisition system i.e.
vibration analyzer is used to record and transfer measured data to the user interference (laptop) for post processing. Frequency
response functions (FRFs) were obtained and analyzed.

Crack Accelrometer
' e[l
|

Data Acquisition
System

Test specimen

(Composite beam) -l

Wser Interference
A {Laptop)

l Fixture

Fig:4 Experimental setup schematic diagram

Nueral network Program in MATLAB
$crack size
al=0.0003:0.0003:0.003;
a2=0.0003:0.0003:0.003;

$crack location
L1=0.04:0.04:0.68;
L2=0.08:0.04:0.72;

$input

x=[al a2 L1 L2];

$target (transpose of f1)
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f1=[138.04 138.06 138.06 138.05 138.02 138.05 138.03 138.06 138.05 138.06
138.05 138.04 138.04 138.02 138.03 138.03 138.04 138.01 138.04 138.02 138.01
137.97 137.95 137.99 138.03 138.05 138.04 138.01 137.96 137.92 137.91 137.95
137.98 138.02 137.92 137.01 137.99 137.93 137.86 137.83 137.89 137.97 137.03
138 137.97 137.84 137.78 137.77 137.82 137.89 137.97 137.85 138.01 137.99

1

$initiation

net=newff (minmax (al), [13 1],{'logsig', '"purelin', 'trainln'});

%specifications

net.trainparam.epochs=100;

net.trainparam.goal=1le-25;

net.trainparam.lr=0.01;

$training

net=train(net,x,fl);

%testing

x=sim(net,al (6))

sanswer is 138.0400

VI. RESULTS AND DISCUSSION
The results obtained from the experimental and numerical analysis on cracked composite plate for crack depth 2 mm, 4 mm and 6
mm. The length of the crack location is also varied as 110mm, 220mm and 330mm from left hand support.The 1st, 2nd and 3rd
mode natural frequencies in case of both cracked and uncracked composite beams for cantilever condition are shown in Table Test
data in APPENDEX

VII. CONCLUSION

It can be seen that the natural frequencies for cantilever conditions decrease with the introduction of a crack. It can be concluded
that the natural frequency of vibration of the composite plate decreases with increase in depth of the crack. The natural frequency of
the beam decreases with increase in length of the crack from left hand fixed end till the mid span of beam and again starts increasing
towards free end. The nueral network is able to predict the location and depth of crack.
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APPENDEX
Test data
Sno al a2 L1 L2 fi f2 f3

1 0.0003 0.0003 0.04 0.08 7.8668 49.293 138.04
2 0.0003 0.0003 0.08 0.12 7.8678 49.302 138.06
3 0.0003 0.0003 0.12 0.16 7.8683 49.306 138.06
4 0.0003 0.0003 0.16 0.2 7.8682 49.305 138.05
5 0.0003 0.0003 0.2 0.24 7.8671 49.296 138.02
6 0.0003 0.0003 0.24 0.28 7.8694 49.306 138.05

7 0.0003 0.0003 0.28 0.32 7.8686 49.297 138.03
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