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Abstract:-

In the present work a dynamic anaysis technique have been developed to
investigate and characterize the quantity of elastic module degradation of cracked
cantilever plates due to presence of a defect such as surface of internal crack under
free vibration. A new generalized technique represents the first step in developing a
health monitoring system, the effects of such defects on the modal frequencies has
been the main key quantifying the elasticity modulii due to presence any type of un-
visible defect. In this paper the finite element method has been used to determine the
free vibration characteristics for cracked cantilever plate (interna flaws), this present
work achieved by different position of crack. Stiffness reduction in term of elastic
material properties is analyzed through a parametric study of crack density factor.
Results are given for Y oung’s modulus and shear modulus variation with respects the
vibrational characteristics.
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1. Introduction

In many branches of modern general terms damage can be
engineering the vibration of defined as changes introduced into

cantilever plate, plays an important
role in the design and operation of
the final engineering systems.
Whether one is concerned with
propellers,  turbine  cantilever
plates, or satellite booms, where
the vibrational behaviors of such
system is perpendicular to the
plane of rotation, this behavior is
one of the most serious problems
that should be sudied and
considered. Basically in the most

system that adversely affect the
future performance of the plate
structure.  Thus, the study of
damage identification in structures
will be limited to changes of
material and for/or geometric
properties, but still the need for the
ability to monitor and detect
damage at earliest possible stages
is objected engineering aim. Such
investigations of damaged plates
are determined whether the damage
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recognized by measuring the
vibration characteristics so that,
severe damage can be prevented,
the need for quantitative global
damage detection techniques that
can be applied to complex
structures. This vibration based
damaged defection is deals with the
significantly alter the stiffness,
mass or energy dissipation
properties of plates.

Such structural element in rotor
craft requires assessment of their
dynamic tolerance, and then accurately
predicting technique tool for the
behavior of damaged structure [1]. The
dynamic analysis under present of
internal  (invisible) flaws is an
important issue of the structura
investigation and  design, and
determine  the  free  vibration
characteristics often appears to be the
fundamental task in dynamic analysis
[2]. Carnaege studied the vibration of
cantilever plate by using the energy
method [3]. The increment of strain
energy due to rotation was first
investigated. Further studies of the
vibration characteristics of thin
cantilever plates using the finite
difference method [4] and the extended
Holzer’s method [5] were presented by
Carnaege and co-workers. Krupka and
Baumanis [6] studied the bending-
bending mode of a cantilever plate
including rotary inertia and shear
deflection by the Myklestad method.
Stafford and Giurgiutiu [7] used a
semi-analytic method based on transfer
matrix method to study a Timoshenko
beam. Abbas [8] and Thomas and
Abbas [9] developed a finite element
model which can satisfy all the
geometric and natural  boundary
conditions of athick non-cantilever
plate. Abbas [10] further used the finite
element model for a thick cantilever
plate with flexible root. The effect of
the local flexibility of a cracked
column upon its buckling load was
studied by liebowitz et al. [11,12] and

okamura et al. [13]. Riceand levy [14]
recognized the coupling between
bending and extensional compliance of
a cracked column in compression.
Dimargonas [15], Dimargonas and
Paipetis [16] and Chondros and
Dimargonas [17] studied the effect of
cracks upon the dynamic behavior of
cracked beams. The effect of
peripheral cracks upon the torsional
vibration of a rod of circular cross-
section was studied by Dimarogonas
and Paipetis[16].

Recently, design for durability can
be important reason for the long time
material performance, thus for a
rotational design it is necessary to
quantify the damage tolerance of the
cantilever plate. The assessment of this
tolerance requires a capability to
simulate the progressive damage and
cracks characters of structures and
loading. A different type of defectsand
typical notable in cantilever plates and
the presence of these defects changes
the dynamic characteristics of structure
[18].

These changes can be used to
identify the existence location and
magnitude of effect damage, before
they can grow to their critical size [17].
The present work will be concerned
with the main macroscopic effects of
cracks on cantilever plates, where such
defects effects is reduction of stiffness.
Where it is more deterministic than
strength, such reduction can be related
to physical damage, In present work
the characteristics features of the
stiffness reduction cantilever plate will
be considered, and investigated under
unique boundary condition, While the
material properties presented by elastic
module take as variable, It must be
realized that the changes in
deformations response are given by the
total changes in stiffness matrix if the
crack is presence and characterized.
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2. Theory

In the present work, the finite element
formulation for a superparametric shell
element is introduced followed by the
required procedure to evaluate the
Eign- Value problem, for calculating
natural  frequencies, the present
proposed technique, Proceed for
investigate the influence of cracks.

The present element is a modified
form of shell element described by
Ahmed [20] is selected. The super
parametric shell element with eight
nodes and five degree of freedom at
each node is investigated. It is
presented by Zienkiewicz [21]. Which
the geometric shape functions are
higher order than the displacement
shape functions. The element is called
a superparametric element. If the
reverse the e€ement is caled
subparametric.

[M]{§ }+[K]{U}=0 (D)
U; =@; sin (o; t+6;) i=1,2,....DOF
.2

In this harmonic expression, ®; is a
vector of nodal amplitudes (mode
shape) for the ith mode of vibration.
The symbol w; represents the angular
frequency of mode i, and 6; denotes the
phase angle. By differentiating EQ. (2)
twice with respect to time t to get:

& =-w?F,sinwit+q;,) ...(3)

In which [A] is a symmetric matrix
(dynamic matrix) and [I] is an identity
matrix. The symbol | ; denotes the ith

eigenvalue. And XX; is the
corresponding eigenvector for a new
system of homogeneous equations.
Putting Eq. (4) into form of Eqg. (5) by
factoring either matrix [K] or matrix
[M], using the Cholesky sguare root

The superparametric shell elements are
derived from the original three-
dimensional isoparametric elements.
The development and application of
isoparametric family of elements is
presented by Zienkiewicz [21].

2.1. Free Vibration Analysis

If any elastic structures are disturb
in an appropriate manner initially at
t=0, the structure can be made to
oscillate harmonically. This oscillatory
motion is a characteristic property of
the structure and it depends on the
distribution of mass and stiffness in the
structure Rao [19].

The oscillatory motion occurs at
certain frequencies known as natura
frequencies or characteristic values,
and it follows well define deformation
patterns known as mode shapes or
characteristic modes. The equation of
motion by assuming the external force
vector { R} to be zero; i.e. homogenous
equation; and the displacements to be
harmonic [22] so:

Substitution of Eq. (3) and Eq. (2)
into Eqg. (1) alows cancellation of the
term sin (o; t+6;), which leaves,

(K]- Wi MDF; =0 .4

Eqg. (4) has the form of the algebraic
eigenvalue problem.

The most efficient type of EQ. (4)
for structural vibrations accepts the
eigenvalue problem only in the
following standard, symmetric form:

(A- LYY =0 .. (9

method (which is a direct method for
solving a linear system which makes
use of the fact that any square matrix
[A] can be expressed as the product of
an upper and lower triangular matrix,
weaver [22] ).

The step solution to solve Eq. (4) by
using this method (if the stiffness
matrix is positive definite) was:
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a Choosing of factor [K] for an
important reason that will soon be

KI=[QI'[Ql  ...(8)

Where the factor [Q] is an upper
triangular matrix,

b- Substituting Eq. (6) into Eq. (4) to
obtain:

(IQI'[Q- wi[M])F; =0
. (7
c- Pre-multiply this equation by [Q]™
and insert 1= [Q]" [Q] after matrix
[M], which yields:

[Q' T ([QI'[Q] - W [M])F; =0
... (8)

d- Rearranging terms in reverse order,
this found that:

apparent. Thus:
(IM a] =i [1))@ai =0 .. (9
Where,
[Mal =[Q] " [M] [Q]"
1
and Ii=_2; Dpj :[Q] Fi
W
...(10)
e Determination the  angular

frequencies and mode shapes (in
original coordinate):

w; =——; F; =[Q]"'F 4
. (11)

Because the matrix Ma in the new
coordinates is symmetric, all of its
eigenvectors are linearly independent.

2.2. Crack Characteristics Modeling
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Following the suggested procedure for
the crack characterization of the
damage mode and free vibration
consideration, for simplicity in one off-
exist plane, and the thickness of the
cracking(t,), and (t) is the tota
thickness of plate. Let(b)is the width

of a typical crack, which for a
uniformly vibrated cantilever plate.

The study of cracked cantilever
plate is based on the assumption that
cracks can be modeled as a statically
uniform array localized in a specified
position a surface, in transverse
direction. Usually these cracks almost
instantaneously propagate through the
thickness of the plate. Fig (1) describes
schematically the geometrical
dimenson a of cracked damaged
cantilever plate.

The damage vector in
cantilever plate can be defined as a
different mode for presenting the states
of defects. In the present work the
focusing study on the most common
type, which and surface cracks, then
the point of concentration subjected to
the failure tolerance in working
performance of such cantilever plates,
so the attempts of the siffness
degrading quantification based on
condition of unchanged geometry and
boundary condition, and loading where
the remain effective parameters still
the elastic material properties (i. e
E,G,n).

Firstly, it is important to focus
the light on the stiffness-damage
relation, the connected to dynamic load
conditions.

Consider now load-time history,
illustrated in Fig (2-a), which induced
damage in given cantilever plate [17].

If the loading is interrupted at
times (t,,t,,t,,...etc) and the cantilever

plate is subjected to smal,
monotonically increasing stress with
rotational speed increasing stresses at
these times such that no additiona

damage is induced under these stresses
then we might obtain the stress- strain
behavior illustrate in Fig. (2-b). Thus
the changes in stiffness with time (t)

would reflect the development of
damage under the applied load-time
history.

Based on this fact the present
study ams for investigation the
reduction in modules of elasticity (both
of axial, torsona modulus, at the
Same time it is important to quantify
this changes effects in materia
properties to decide the critical damage
tolerances, then Therese assessment
the cost-effective performance).

3. Resaults and Discussion

Several numerical investigations are
conducted to characterize the dynamic
detection of cracked cantilever plates
under free vibration consideration,
comparisons are made between the
response of healthy cantilever plate
and other cracked ones. Then a
parametric study is the main purpose of
using the developed computer
program. Firstly results showed this
numerical methodology technique a
accurately predicts the undamaged
reduction in natural frequencies, for
comparison examples of detaled
validation studies, then a various
parameters effects being taken into
consideration with a new developed
dynamic dtiffness degradation  of
cracked cantilever plate.

The present works were compared
with experimental and theoretical
results in Ref. [23] to find the natural
frequencies. Table (1) explains the
current results with experimental and
theoretical results in Ref. [23], and the
values of percentage error with
experimental and theoretical results.
Table (1) shows that the percentage
errors between the current results with
experimental results are less than the
percentage  error  between  the
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experimental results and theoretical
resultsin Ref. [23].

The calculating frequencies of cracked
plated are proceed the proposed block
diagramin Fig. (3), [24].

The following case will be used as
verification case to the equations
derived in this work. The results to be
presented here obtained by using the
following data[21]:

E=200 G N/m, r =7850 Kg/m?,
u=03

Width of cantilever plate(b) =0.025 m,
thickness of the cantilever plate (t)

=0.011m

The numerical values of the
fundamental natural frequencies for
different length are shown in Table (1).
The numerical results reported in Table
(1) Show good agreement with the
experimental and theoretical results in
Ref. [23]. For this table, it can be
observed that when length decreased,
the percentage error increased
especially with experimental result.

The second set of results will
initiate the tendency of changes in the
elastic parameters with the variation of
crack location and relatively length. In
Figs.(4),(5),(6),(7) the percentage loss
in elastic modules with different
location of crack (L1/L)at certain
relatively crack length(t1/t), are seems
logically changes, in dramatic form |,
where it is maximum near the fixed
end , then decreases as far as the crack
tends to be closer from the free end,
these values darts with 5%
approximatly closer to clamped edge ,
and tends to 1.5% at (L1/L) =0.4, the
same trend can be noticed from all
mentioned figures but with different
grades.

In the next demonstrated figures,
are shows the inversely relatively crack
length variation at different location.
The Figs. (8), (9), (10) and (11), shows
the percentage losses in elastic

modulus with quantification values.
The distinguished changes from these
figures indicates the increasing of these
quantified losses values with
increasing relatively crack depth it can
be noticed clearly, and such behavior
refer to the clear degradation in
gtiffness. The normalized elastic
modulus changes with different crack
length and location is shown clearly
.The degree for stiffening the cracked
cantilever plate can be related by
recognized the normalized reduction
degree for each location and relative
length under one crack only.

Where the resonant frequencies
are enforced in iterative process for
determining the percent variation in
elastic stiffness parameters, where the
geometry and boundary conditions are
considered fixed parameters under free
vibration analysis. .The results from
this mode analysis for cracked
cantilever  plate can be input initially
for the iterative during natural
frequency calculation where it is used
as a designated point for reaching,
when some elastic modules are
changed.

Where the recalculation the
normalized elastic modules (EJEp)
ratios, the influence of stiffness losses
degree on the axial and shear stiffness,
are well documented to an accurate
variation in elastic modules
Figures.(12),through (15), shows the
percent variation in axial and shear
stiffness modules, ratios (EJ/E,) ,and
(GJGy) for cracked cantilever plates
having such dynamic characteristics ,
the clear percentage changes are clear
starts at 5% for this case study as an
example , tends to 2% nearly, free
edges .The same note it can be
distinguished from the reduction in
axial/shear ratio variation  with
different cracks length or location.

Finaly, the correlation
between the present reduction, and
stiffening in elastic modules ratio with
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different crack length or location on
dynamic  characteristics  detection
signifies the importance of plate
giffress .And  more  detaled
observations can be useful in the
development of damage indices for
durability detection based on vibration
techniques

4. Conclusion

The present work gives a simplified
design methodology for determining
the dynamics stiffness characteristics
degradation based on the crack
location and thickness variety. This
design methodology is can be provide
adesign charts for any types of surface
damages. The conclusions obtained
from the present analysis can be

summarized as follows:

1. The crack position is very important
and effective on the frequency
parameters, the maximum effect of
crack occur a the fixed end of
cantilever plate and the minimum of
crack occur at near of the free end.

2. The maximum value of relative
frequency reduction is (4.85%) at
[(t,/t)=0.3] and[(L,/L)=0].

3. The maximum value of relative
elastic modulus reduction and relative
shear modulus reduction is (9.44%) at
[(t,/t)=0.3] and[(L,/L)=0].
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Table 1. Values of the fundamental natural frequencies for different length of
cantilever plate.

Length (m) | Present Rsf).([pzls] RTefh.([agé] Exp.Error %Theo.
00635 | 226835 | 19683 | 2282.20 15.44 0.60
00520 | 326849 | 27368 | 3286.30 19.42 0.54
0.0454 | 4437.58 | 35947 | 4473.10 23.44 0.79
00397 | 580333 | 45500 | 5842.40 2754 0.66
00353 | 734022 | 55135 | 7394.30 33.13 0.73
003175 | 854600 | 673180 | 8358.70 25,61 1.16

Table 2. Relative elastic modulus reduction variation with varies (t1/t) and (L1/L).

L1/L

0 0.1 0.2 0.3 0.4

0.02 0.47 0.42 0.33 0.17 0.13
0.04 0.83 0.67 053 0.30 0.20
0.06 1.22 0.97 0.74 0.44 0.28
0.08 165 1.28 0.94 0.60 0.36
0.10 211 162 117 0.75 0.45
0.12 259 1.98 1.45 0.93 0.56
L/t [ 014 3.14 2.38 1.72 112 0.67
0.16 372 2.80 2.08 131 0.81
0.18 4.35 3.27 2.38 154 0.92
0.20 5.02 3.78 275 178 1.07
0.22 5.77 4.34 3.15 2.05 1.22
0.24 6.77 4.95 3.58 234 1.42
0.26 7.45 5.60 4.08 267 161
0.28 8.40 6.33 4.60 3.04 181
0.30 9.44 7.15 517 3.44 2.07
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Table 3. Relative frequency reduction variation with varies (t1/t) and (L1/L).

L1/L
0 0.1 0.2 0.3 0.4

0.02 0.25 0.22 0.18 0.10 0.08

0.04 0.43 0.35 0.27 0.17 0.11

0.06 0.63 0.50 0.38 0.24 0.15

0.08 0.84 0.66 0.49 0.31 0.20

0.10 1.07 0.83 0.61 0.39 0.24

0.12 1.32 1.01 0.74 0.48 0.29

t/t 0.14 1.59 1.21 0.88 0.57 0.35
0.16 1.89 1.43 1.04 0.67 0.41

0.18 221 1.67 1.21 0.79 0.48

0.20 2.56 1.92 1.39 0.91 0.55

0.22 2.94 221 1.60 1.05 0.63

0.24 3.35 2.52 1.82 1.19 0.72

0.26 3.81 2.86 2.06 1.36 0.82

0.28 431 3.23 2.33 1.54 0.93

0.30 4.85 3.65 2.63 1.74 1.05

Table 4. Relative shear modulus reduction variation with varies (t1/t) and (L1/L).

L1/ L
0 0.1 0.2 0.3 0.4
0.02 0.47 0.42 0.34 0.17 0.13
0.04 0.83 0.68 0.52 0.30 0.20
0.06 1.22 0.96 0.74 0.44 0.29
0.08 1.65 1.27 0.94 0.60 0.36
0.10 2.11 1.63 1.17 0.75 0.46
0.12 259 1.99 1.46 0.94 0.56
t/t [ 014 3.15 2.38 1.73 1.12 0.68
0.16 3.73 2.80 2.08 1.31 0.83
0.18 4.36 3.28 2.38 1.55 0.91
0.20 5.02 3.77 2.76 1.78 1.07
0.22 5.77 4.34 3.15 2.05 1.22
0.24 6.57 4.95 3.58 2.34 1.42
0.26 7.45 5.60 4.08 2.68 1.61
0.28 8.40 6.33 4.60 3.04 1.82
0.30 9.45 7.15 5.17 3.45 2.07
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(b) The section of side view of crack.
A
S |
|
:
1
! |
: t) ! S
Wy
ty ts
(a

(b)

Fig. 2
(8 A load-timehistory
(b) Stress-strain response at various timesin load-time history
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Fig. 3 The typical block diagram of the present stiffness reduction of
Cracked cantilever
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Fig. 4 Variation of Relative astic modulus reduction with different (L1/L) at (t1/t=0.1)
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Fig. 7 Variation of Relative e astic modulus reduction with different (t1/t) at (L1/L=0)
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Fig. 8 Variation of Relative dastic modulus reduction with different (t1/t) at (L1/L=0.2)
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Fig. 9 Variation of Relative dastic modulus reduction with different (t1/t) at (L1/L=0.4)
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Fig. 10 Variation of Relative eastic modulus ratio with different (L1/L) at (t1/t=0.1)
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Fig. 11 Variation of Relative eastic modulus ratio with different (L1/L) at (t1/t=0.2)
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Fig. 13 Variation of Relative eastic modulus ratio with different (t1/t) at (L1/L=0)
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Fig. 14 Variation of Relative eastic modulus ratio with different (t1/t) at (L1/L=0.2)
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Fig. 15 Variation of Relative elastic modulus ratio with different (t1/t) at (L1/L=0.4)
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6. Nomenclature:

t: Thickness of the cantilever plate (m)
t1: Thickness of the crack (m)

L1: The location of the crack (m)

L : The length of the cantilever plate (m)
b : The width of the cantilever plate (m)

E, : Health modulus of elasticity N/n

Ec: Cracked modulus of elagticity N /m?
G, : Health modulus of rigidity N/n

G, : Cracked modulus of rigidity

Uni. Of Baghdad, College of Engg.
Mech. Dept, 2004.

[((E - E.)/E,)*100] : Relative elastic modulus reduction

(E./E,) : Relative elastic modulus ratio
(G, /G,): Relative shear modulus ratio

[((G, - G,)/G,)*100] : Relative shear modulus reduction
[(w, - w,)/w,]*100: Relative frequency reduction

d=0.05 mm
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